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ABSTRACT

Electrochemical methods are a class of techniques in chemistry which study an analyte by
measuring the potential and/or current in an electrochemical cell containing the analyte. It is an
attractive alternative for sensing owing to its advantages of sensitivity, simplicity, low cost, and
easy miniaturization. Various materials for modification on the electrode surfaces have been
widely utilized to enhance sensitivity and chemical specificity of electrochemical sensors. The aim
of this work is to develop a sensitive analytical method for determination of Dopamine (DA) at
poly amino-naphthalene sulfonic acid modified glassy carbon electrode (poly (ANSA)/GCE).
Poly(ANSA)/GCE is prepared by electrochemical polymerization of amino-naphthalene sulfonic
acid (ANSA) by successive potential scanning between -0.8 and +1.8 V at 0.1 Vs—1! for 12 scans
in 0.1 M HNOz solution at GCE using cyclic voltammetry (CV). The electrochemical active surface
areas of bare and modified electrode in [Fe (CN) ] “were 0.07cm? and 0.11cm?, respectively.
These results indicated that the modification of GCE with poly (ANSA) results high surface area.
The oxidation of DA was examined at both bare GCE and poly (ANSA)/GCE. Poly (ANSA)/GCE
exhibited higher oxidation current than bare GCE. The higher oxidation current at poly
(ANSA)/GCE attributed to the higher electroactive surface area and the presence of amino and
sulfonic groups in its structure that can facilitate electron transfer processes. Common
electrochemical parameters have been optimized for better electroanalytical performance of poly-
ANSA/GCE. It was calculated that the rate constant (K) and diffusion coefficient (D) of DA were
4.4x103M s and 8.7 x 10°® cm? 572, respectively, at poly (ANSA)/GCE. A detection limit and a
dynamic working linear range of DA at poly-ANSA/GCE were 0.089 uM and 0.5 uM - 100 uM,
respectively which was studied using linear sweep voltammetry (LSV). For practical applicability
poly (ANSA)/GCE was evaluated by detecting DA in DA injection sample. Hence, a percentage
recovery in the range of 94.1 - 102.4% was obtained which it can be a good candidate for the
practical useability of the proposed electrochemical sensor for DA detection. The poly
(ANSA)/GCE additionally displays good repeatability and reproducibility and satisfactory
selectivity.

Keyword: - Dopamine, electrochemical determination, electropolymerization,

Aminonaphthalene-sulfonic acid.
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1. INTRODUCTION

1.1 Background of the study
Dopamine (DA) is a highly significant catecholamine that is a member of the excitatory chemical

neurotransmitter family . It is crucial for the proper functioning of the central neurological, renal,
and cardiovascular systems 2. It is commonly known as 3, 4-dihydroxyphenylethylamine. The
brain's caudate nucleus contains high levels of (DA), whereas extracellular fluids have relatively
low levels of the neurotransmitter (0.01 — 1 uM) 3. Accordingly, elevated DA levels signify
cardiotoxicity, which causes fast heartbeats, anxiety, sleeplessness, delusions, hypertension, and
heart failure 4. Conversely, a number of neurological conditions, including stress, depression,
schizophrenia, Parkinson's disease, and Alzheimer's disease, are linked to low DA levels in the
central nervous system °.  Therefore, it is obvious that DA measurements are required to

understand its biological functions and related biological processes and mechanisms.

Due to this, numerous analytical methods have recently been proposed for determining the amount
of DA. These methods include gas chromatography (GC) °, capillary electrophoresis (CEs) 7,
fluorescence & , colorimeter method ° and High performance liquid chromatography (HPLC) °.
However, the GC can complicate the process, increase analysis time * and make samples unstable
for larger or thermal labile molecules 2, the other (CEs) can struggle with the analysis of complex
mixtures * and limited sample volume 2 | also fluorescence can complicate sample preparation,
and Colorimetric methods have lower sensitivity. While a technique such as high (HPLC) with
tandem mass spectrometry (MS) detection is a powerful technique for the quantitative
determination of DA 3. However, its cost is high and consumes more time ! .Therefore,
electrochemical detection methods could be applied for the determination of this compound. Due
to high sensitivity, low detection limit, cost effectiveness, versatility in analytical detection, and
fast response 4. However, the direct electrochemical oxidation of DA has poor selectivity towards
DA in the presence of common interfering compounds, These interfering species can be oxidized
at similar potentials as DA, resulting in overlapping voltammetric responses *°. Also, DA can be
electropolymerized on the electrode surface, leading to electrode fouling and degradation of the
response over time 6. To overcome these limitations, various electrode modification strategies
have been explored, such as using conductive polymers, carbon nanomaterials, metal

nanoparticles, and other nanomaterial’s to improve the selectivity, sensitivity, and stability of DA
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detection *’. Among these, the methods using conductive polymers have gained great influence
due to the high sensitivity and selectivity as well as the modest and rapid response *¢. Moreover,
the conductive polymers biosensors provide quick and sensitive responses, enabling real-time

monitoring.

The most popular strategies used for the modification of electrodes are: the deposition of polymers
film acting as redox mediators. The deposition of a polymer material on the substrate provide
specific functional groups to facilitate the charge transfer and a high specific surface area to
increase the sensitivity of the electrode. Therefore; highly sensitive conducting polymers (CPs) are
the most widely studied classes of materials due to the incredibly attractive chemical and
electrochemical properties, together with their relatively low cost, easy processing, and their
application as sustainable materials. These materials and their composite play different roles in
chemical sensors besides providing mechanical stability and improving the Nano filler dispersion,
leading to enhanced sensitivity and selectivity 1°. Although a number of recent research reports
related to the use of conducting polymers in chemical sensors development *° and there are certain

conducting polymers based sensors applied for determination of DA .

The properties of Poly (ANSA), an aniline derivative polymer material synthesized by
electrochemical means, have been thoroughly examined 2° and well characterized .. Its structure
consists functional group such as amino (-NHz), hydroxyl (-OH), and sulfonic acid (-SOsH). The
functional groups present in monomers and their incorporation into the polymer backbone
significantly impact a variety of applications 2. To enhance the solubility of polymers in common
polar solvents, for example, the presence of sulfonic acid groups in polymer chains is beneficial 23
. Further, the polymers develop an inherent proton doping capacity, which results in the production
of highly soluble homo- and co-polymers that are self-doped 2. Quite the opposite when compared
to their substituted benzene counterparts, the additional benzene ring on substituted naphthalene
molecules would increase the hydrophobicity of the films made from these materials. Moreover,
it might lead to less solvation, tighter polymer chain packing, and less solvated species diffusing
through the film 24, Additionally, free -OH and -NH in the polymer chain aid in the promotion of
attachment to other functional groups, which can provide the polymer film with good compatibility
and strong binding qualities with other polymer layers and surfaces underneath 2°. Hence, poly

(ANSA) enhances the electrochemical performance of GCE through improved sensitivity,



electrocatalytic activity, stability, versatility, and cost-effectiveness, making it a valuable material

in electrochemical sensing applications 2.

To the best of our knowledge, there is no report devoted to poly (ANSA) based for specific
application, i.e. electoanalytical determination of selective DA sensor based on GCE as recognition
element is presented. In this research electropolymerization is selected as a good approach to
prepare polymer-modified electrodes in which the electrochemical parameters like film thickness,
and charge transport can controlled and characterized. Generally, poly (ANSA) can be used for
the selective determination of DA even in the presence of high concentrations of interfering
materials such as 4-Aminoantipyrine (4-AP), 2, 4-Dichlorophenoxyacetic acid (2, 4-DPA),
Oxyquinoline (0Q), and uric acid (UA). The present work aims to provide a comprehensive
overview of the latest research on polymerized modified electrodes, which have demonstrated
efficacy in the highly sensitive and selective electrochemical detection of DA. Of the various
polymers available, we focused on CPs, which can all improve the electrocatalytic oxidation of
DA.

1.2 Statement of Problem

Enhancement of life quality has recently drawn significant research attention. The regulation of
food safety and quality as well as drinking water directly affects people’s life. In all these fields
continuous, fast and sensitive monitoring of various chemical and biological materials are
required. Certain electrochemical techniques modified electrodes solved some of the analytical
problems such as selectivity, sensitivity and catalytic activities 2’. Unmodified (bare) electrodes
are poor in their analytical performance, hence modification of bare electrodes by electro active
material allow for an increase in the electro analytical activities 28, For this reason the analytical
applicability of carbon-based electrodes can be greatly enhanced by highly ordered mono- or

multi-layer deposition modification 2°

. Mostly this deposition performed either chemically or
electrochemically, in such case chemically modified electrode may of lack limited control over
film thickness , whereas electrochemical deposition (electropolymerization) has great influence

for control film thickness, leading to high sensitivity and selectivity .

The chemical functionality of carbon surfaces can be enhanced by electrochemically oxidizing

amine-containing compounds, aliphatic alcohols, and aryl acetates have been applied 3! . However,



Since they have similar oxidation potentials, it is always difficult to detect DA when other
interferences such as uric acid and others are present *2. Moreover the lower detection limit is
essential for determination of lower amount of DA in high concentration of interference. Various

modified electrodes have been fabricated to overcome this problem.

In this work ANSA is used for modification of glassy carbon and provide several advantages such
as, enhanced electron transfer due to the presence of the aromatic naphthalene structure, increased
surface area and stability for long-term use because the sulfonic acid group can facilitate the
formation of a stable and uniform film on the electrode surface, increasing the effective surface

area for electrochemical reactions and suitable for repeated use.

In this regard, this research is going to give answers for the following questions.

» How polymer based sensor is advantageous for qualitative and quantitative analysis of DA?

> Why DA detection is important and challenging (mention interference issues, low detection limits,
etc.)?

> Why bare electrodes are inadequate and require modification?

» Why ANSA is a suitable material for electrode modification?

1.3. Objective of the study

1.3.1. General objective
The general aim of this research work

» To study the electrochemical sensing and kinetics of poly (amino-naphthalene sulfonic acid)

as a low-cost electrode modifier for DA detection.

1.3.2. Specific objectives
» To synthesize poly (ANSA)/GCE by electro-polymerization under optimized

conditions for enhanced electrochemical sensing.

» To optimize experimental parameters for poly (ANSA)/GCE for its electrochemical
performance.
To evaluate the electrochemical activities of the modified electrodes.
To investigate the electrochemical sensing, electrokinetics properties and rate constant
of DA at poly (ANSA)/GCE.

> To apply the method for the quantification of DA in a real sample.



1.3. Significance of the study
A number of modified electrode materials have been reported for the electrochemical

determination dopamine. This paper presents an efficient, and simple approach for the detection
of dopamine using electrochemical polymerized polyanilne derivative conducting polymer.
Moreover; the electrochemical method has more sensitivity, selectivity, rapid and cost effective

approach. Hence, this study will have the following significances

> It helps to provide a possible alternative for electrochemical determination of dopamine
in terms of performance, cost and time.
> ltservesasabase for further research for electrochemical determination of DA at

polymer modified electrodes.



2. REVIEW OF LITERATURE

2.1 Dopamine
DA is a neurotransmitter and hormone that plays a crucial role in the brain and body.

Neurotransmitters are categorized as excitatory or inhibitory based on their capacity to either
stimulate or block the formation of a nerve impulse in the receiving neuron; dopamine is a member
of both types and plays important roles in various bodily regions ’. It is mostly produced in the
brain system and adrenal medulla 3. Tyrosine is hydrolyzed by tyrosine hydroxylase to 3,4-
dihydroxyphenylalanine (DA), which is then further decarboxylated to dopamine by aromatic |-
amino acid decarboxylase as part of its production. Additionally, dopamine is a precursor of
noradrenalin and adrenaline; in fact, dopamine is hydrolyzed to noradrenalin by dopamine -
hydroxylase, and noradrenalin is converted to adrenaline by phenylethanolamine N-
methyltransferase 3*. It is clearly involved in motor control, learning, and cognition in the central
nervous system; however, it also affects blood pressure, gastrointestinal motility, salt levels, and
hormone release in peripheral organs *°. Many studies conducted over the last few decades have
shown that dopamine has a major effect on immune cell function in both the peripheral and central
nervous systems; this is crucial because dopaminergic immunoregulation may be a target for drug

discovery and disease surveillance *.

2.1.1 Effect of DA
Numerous disorders in humans can result from abnormal dopamine levels in the body. As an

illustration, cardiotoxicity is a symptom of elevated dopamine levels, which can progress to
tachycardia, hypertension, and cardiac decompensation 3. Excessive dopamine levels can also
indicate an overactive sympathetic nervous system, which can be brought on by a variety of
conditions, including chronic stress, post-traumatic stress disorder, anxiety, and fatigue/e. It can
also be linked to conditions like neuroblastoma, pheochromocytoma, neuroendocrine disorders,
and neurodegenerative diseases *8. Conversely, a variety of pathological illnesses, including
depression, senile dementia, Parkinson's, and Alzheimer's diseases, have been linked to low
dopamine levels *°. Owing to the numerous physiological and pathological effects of dopamine,

clinical diagnosis and medication treatment monitoring depend heavily on its detection.



2.2. Chemical, Physical and electrochemical Properties of dopamine.

2.2.1. Chemical and Proprietary Names
The free base (dopamine) has also been known in the chemical literature as 3-hydroxytyramine

and 3,4 dihydroxyphenethylamine, and mostly in commercial exist in the form of dopamine
hydrochloride with non-proprietary name of 4-(2-aminoethyl) -1,2-benzenediol hydrochloride.
The drug is available generically for the correction of ham dynamic imbalances present in the
shock syndrome due to myocardial infarction, tram, endotoxic septicemia, open heart surgery,
renal failure and chronic cardiac decanpensation as in congestive heart failure “°. Proprietary
names include Cardiosteril, Docard, Dopamine Fabre, Dopamine Gullini, Dopastat, Dynatra,
Intropin, Intropinject, Intropine and Orion. Its Empirical Formula (CsH11NO2), molecular weight

(153.18 g/mol) #* , and the structural formula in Figure 1 below.

NH,

HO
OH

Figure 1. Molecular structure of dopamine

Dopamine (pKa 8.9) has a positive charge at pH 7.0 “2. Numerous electrochemical techniques have
been developed due to the ease with which dopamine can be oxidized “3. Brown coloration results
from self-oxidation and polymerization, which are processes that can be used to prepare
polydopamine in an alkaline environment. In order to investigate the initial phases of dopamine
oxidation, peroxidase (H202) and peroxidase mimics were employed as biomimetic oxidizing
agents *4. Furthermore, because of their oxidation susceptibility, uric acid (UA) and ascorbic acid
(AA) typically obstructed the detection of dopamine. As a result, in order to effectively discern

dopamine from its analogs and interferes, particular ligands are required.

2.2.2. Physical Properties

Dopamine is practically insoluble in ether, chloroform, benzene, and toluene, but freely soluble in
water, methanol, and heated ethanol. Dopamine's UV-Vis absorption peak is located at 300 nm,

and when it was oxidized, a new peak appeared at about 350 nm #°.



Dopamine fluorescence was examined between pH 2.0 and pH 12.0, with a greater emission seen
at pH values of less than 6-7 . At the ideal pH of 3.6, the fluorescence emission was observed at
315 nm with excitation at 279 nm. Recently, dopamine was imaged using multiphoton microscopy

with an excitation wavelength of 540 nm 47

2.2.3. Electrochemical behaviors of dopamine

A reversible redox process with an oxidation peak was clearly defined by the electrochemical
behavior of DA in cyclic voltammogram. The obtained oxidation peak for DA is electrochemically
active, which gives dopamine-o-quinone as oxidation product through a two-electron process 8.
In Figure 2 displays the CV for DA oxidation at the poly (ANSA)/GCE in 0.1 M of PBS. According
to the ECE mechanism shown in Scheme, the electrochemical oxidation of DA in aqueous solution
proceeds in three steps, with E denoting the electrochemical step and C the chemical step. DA
undergoes oxidation to dopaquinone and partial reduction to dopamine in the first scan (Figure 3,
curve 1). Leucodopaminechrome, which is formed when part of dopaquinone undergoes a
cyclization reaction, is instantly oxidized to dopaminechrome. This dopaminechrome is then

reduced back to leucodopaminechrome #°.
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Figure 2. Schematic representation for electrochemical oxidation of DA.

However, electrochemical irreversibility in which the cyclization reaction exerts a profound
influence on the Tafel slopes. Moreover, the oxidation product dopaminechrome show some slow

kinetic liability on the voltammetric timescale *°.

2.3. Electrochemical methods

There are so many group of electrochemical methods, voltammetry techniques are one of them in
which information about the analyte is derived from the measurement of current as a function of
applied potential, the measurements being obtained under conditions that encourage polarization

of an indicator, or working electrode. There are different types of voltammetry depending on



potential wave supplied for the analysis. Among these cyclic voltammetry, amperiometry, linear
sweep voltammetry, and differential pulse voltammetry are most commonly used in different

electroanalytical experiments .

2.3.1. Cyclic Voltammetry (CV)

A current is created in cyclic voltammetry experiments by sweeping the potential between two
electrodes over a range that is connected to the analyte's redox reaction. This redox reaction
produces a change in peak current that can be used to determine the analyte concentration and
provide precise quantitative analytical data °2. The benefit of this approach is that it can yield
quantitative data from the peak current's intensity as well as qualitative data derived from the

current peak's possible location.

oxidative scan
—— ]

i (A)

reductive scan
p—

s | e

0.0 0.2 0.4

E (V)
Figure 3. Cyclic voltammogram for reversible redox probe.
As shown figure 3, initially the potential is not sufficient to oxidize the analyte (a).As the potential
approaches several gas constant and temperature of the standard potential, the onset (E oxe) Of
oxidation is reached. Following this, the current exponentially increases (b) as the analyte begins its
oxidation at the working electrode surface. For a reversible process, here the current rises initially as
if there is no change in the concentration of oxidant. The current is dictated by the rate of diffusion of
the oxidant to the electrode, as well as the proportion converted to the reduced form. This can be

understood according to the Nernst equation. Gradually, as the scan continues, more oxidant is
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depleted. The concentration gradient adjusts to this. It is this change which causes a peak in the
voltammogram. The decrease in current from depletion of the oxidant outweighs the increase from

changing the proportion of oxidant oxidized at the electrode.

The current reaches peak maximum at point ¢ (anodic peak current (i) for oxidation at the anodic peak
potential (E..). Here, more positive potentials cause an increase in current that is offset by a decreasing
flux of analyte from further and further distance from the electrode surface. From this point the current
is limited by the mass transport of analyte from the bulk to the double layer diffusion interface, which
is slow on the electrochemical timescale. This results in a decrease in current (d), as the potentials are
scanned more positive. This occurs until a steady-state is reached where further increases in potential
no longer has an effect.

Scan reversal to negative potentials (reductive scan) continues to oxidize the analyte. This continues
until the applied potential reaches the value where the oxidized analyte (which has accumulated at the

electrode surface) can be re-reduced (e).

The process for reduction mirrors that for the oxidation. The only difference is that it occurs with an
opposite scan direction and a cathodic peak (i) at the cathodic peak potential (E..) (f). The anodic and
cathodic peak currents should be of equal magnitude but with opposite sign. This is only provided that
the process is reversible (and if the cathodic peak is measured relative to the base line after the anodic
peak) °L.

2.3.2. Amperiometry (AMP)

AMP for analyte detection involves applying a constant oxidising or reducing potential over a
defined period to the working electrode and recording the resulting steady-state current as the
detection signal 3. In AMP, as the capacitance current decays quickly, sensitive analyte detection
can be achieved with detection limits comparable to sensors using differential pulse voltammetry
and square wave voltammetry. Additionally, the simple instrumentation required for amperometric
experiments makes these sensors easy to program, while allowing them to be fabricated into
compact sizes at relatively low costs that on-site detection desires. A constant potential that is
sufficient to oxidize dopamine to dopamine-o-quinone through a two-electron process is applied
in the case of dopamine biosensors. The quantification of dopamine concentration in the sample is
made possible by the current's proportionality to dopamine concentration over a relatively wide

concentration range >*. However, amperometric sensors usually suffer from poor cross-selectivity
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arising from the oxidation/reduction reactions of electrochemically active species in the electrolyte
with a lower standard potential than the applied potential. In this way, these species will also
contribute to the Faradaic current detected in the amperometric profile, leading to interference in
the detection process.

Applied potential

® / g Steady-state

€ § current measured
B -

a 0

N\

Time Time

Figure 4. Amperiometry.

2.3.3. Linear Sweep Voltammetry (LSV)
In linear sweep voltammetry, the potential between a working electrode and a reference electrode

is swept linearly in time as the current at the working electrode is measured. At the potential where
a species starts to be oxidized or reduced, oxidation or reduction of that species is recorded as a
peak or through in the current signal *°.
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Figure 5. Linear sweep voltammogram.

2.3.4. Differential Pulse Voltammetry (DPV)

Differential pulse voltammetry is a method that can effectively mitigate background (non-
Faradaic) current interference and selectively isolate Faradaic current (i.e. oxidation and reduction
current) to enhance analyte detection. In a typical potential waveform used in differential pulse
voltammetry (Figure. 6), an initial potential is applied for a predetermined duration. This potential
is then incrementally raised by several hundred millivolts and maintained at this level for a brief
duration before gradually decreasing to a level slightly higher than the initial baseline, resulting in
a potential pulse. Such a process is iterated to generate a waveform resembling a staircase (Figure.
6). To minimize the influence of capacitive current, the current in differential pulse voltammetry
is sampled twice in each step, (1) just before the pulse, and then again (2) at the end of the pulse
((s1 and s2, respectively, Figure. 6). The difference between these two current samples is plotted
against the potential to obtain the voltammogram. By using differential pulse voltammetry,
detection limits for common volatile organic compounds such as formaldehyde were reported as

low as 10 nM in some studies, depending on the sensor design and conditions >3,
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Figure 6. Differential Pulse VVoltammetry.

2.3.5. Square Wave Voltammetry (SWV)

Square wave voltammetry represents another promising electroanalytical sensing method based
on pulse voltammetric principles. In this technique, a series of forward and backward pulses (e.g.,
oxidation and reduction) from an initial potential to a final potential is applied to the working
electrode. Electrical currents are recorded twice in each forward-reverse scan cycle. By subtracting
the reverse current from the forward current, the capacitive current is significantly minimized. In
comparing the two pulse techniques, square wave voltammetry offers several advantages for
electroanalytical compound sensing. Notably, due to the reduction of capacitive current, it readily
allows much faster volatile organic compound detection at high scan rates (e.g., 1V s~ 1) than
differential pulse voltammetry (e.g., 0.05V s~ 1) %3 . Square wave voltammetry also ensures high
detection resolution even at low concentrations (e.g., at parts per billion level). With these merits,
square wave voltammetry is often considered a preferred technique for current research and
development of electroanalytical sensing °3.
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Figure 7. Square wave Voltammetry.

2.4. Three-electrode system electrochemical setup

An electrochemical cell is considered to be a sample holder, where the analyte dissolved in an
appropriate solvent (and supporting electrolyte) which electrodes are immersed. Figure 8 represent
a typical three electrodes system named as working electrode, counter electrode, and reference
electrode. The current flows between the working and counter electrodes, the reference electrode
is used to accurately measure the applied potential relative to a stable reference reaction. The
reduction or oxidation of a substance at the surface of a working electrode, at the appropriately
applied potential, results in the mass transport of new material to the electrode surface and the
generation of a current. Even though the various types of voltammetric techniques may appear to
be very different at first glance, their fundamental principles and applications derive from the same

electrochemical theory .
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Figure 8. Three-electrode set-up: (1) working electrode, (2) auxiliary electrode, (3) reference

electrode

2.4.1. Working Electrode
The interesting electrochemical event is carried out by the working electrode. The applied potential
of the working electrode can be adjusted as a function of the reference electrode potential using a
potentiostat. Being made of redox inert material within the potential range of interest is the most
significant feature of the working electrode. To provide distinct potential windows or to lessen or
increase the species of interest's surface adsorption, the working electrode type can be changed
from experiment to experiment. Common working electrodes can be made of inert materials such

as Au, Ag, Pt, glassy carbon (GC), Hg drop, film electrodes °’ .

2.4.2. Reference electrode

A reference electrode's equilibrium potential is steady and well-defined. In an electrochemical cell,
it serves as a benchmark for measuring the potential of other electrodes. Standard hydrogen
electrode (SHE), AgCI/Ag electrode, and saturated calomel electrode (SCE) are a few examples
of reference electrodes that are frequently used in aqueous media. In the three-electrode technique,
the reference electrode's general function is to serve as a reference for measuring and controlling

the working electrode's potential in the absence of a current flow °8,

2.4.3. Counter Electrode

Current starts to flow when the working electrode is potentialized to allow for the reduction (or
oxidation) of the analyte. Completing the electrical circuit is the goal of the counter electrode.
Electrons moving between the working electrode and counter electrode are recorded as current.
The surface area of the counter electrode is larger than that of the working electrode in order to
guarantee that the kinetics of the reaction taking place there do not impede those taking place there.
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A counter electrode is usually a platinum wire or disk, although carbon-based counter electrodes

are also available °.

2.5. Modification of working electrode.

Electrode surface modification is a widely used technique in electrochemistry that enhances the
performance of electrodes for various applications. It also advantageous for improved Selectivity,
Versatility, sensitivity , Faster Response Times and Stability ©. The most common techniques used
for modifying electrode surfaces like Chemical Modification, Electroadsorption, Deposition

Techniques, Electrochemical Polymerization, and Enzyme Immobilization which is listed.
1. Chemical Modification

Chemical modification involves altering the electrode surface through chemical reactions to
improve its properties. This can include Covalent bonding and Self-Assembled Monolayers.
Attaching organic groups to the electrode surface have formed by Covalent bonding, which can
enhance selectivity and sensitivity for specific analytes. For example, gold electrodes can be
modified using thiolic compounds to create stable surfaces for further applications like enzyme
immobilization ®. Whereas Formation of organized molecular layers on the electrode surface that
can enhance electron transfer and provide specific binding sites for biomolecules have been Self-

Assembled Monolayers.

2. Electro-adsorption

Electro-adsorption is the process where charged species are adsorbed onto the electrode surface
under an electric field. This technique can significantly increase the concentration of reactants at
the electrode interface, enhancing electrochemical responses. It is particularly useful in sensor

applications where rapid detection is required.

3. Deposition Techniques

Deposition techniques involve applying materials on to the electrode surface to modify its
characteristics. Electrodeposition is one of deposition method that allows for the deposition of
metals or nanoparticles on to the electrode through electrochemical reactions. For instance, gold
electrodes can be modified by electrodeposition of diazonium compounds, resulting in stable and

functionalized surface 8. Physical and Chemical Vapor Deposition, also deposition methods
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create thin films on electrodes through physical or chemical processes, enhancing their properties

for specific applications.
4. Electrochemical Polymerization

Electrochemical polymerization involves forming polymer films on the electrode surface through
electrochemical reactions. This technique is beneficial for creating conductive polymer coatings
that improve electron transfer rates. Conductive polymers like polypyrrole or polyaniline are

commonly used to enhance the electrochemical properties of electrodes.
5. Enzyme Immobilization

Enzyme immobilization is a critical technique for developing biosensors. It involves attaching
enzymes to the electrode surface to facilitate specific biochemical reactions. Enzymes can be
immobilized through covalent bonding, adsorption, or entrapment within polymer matrices. This
enhances the stability and reusability of enzymes in electrochemical sensors. Applications Enzyme
Immobilization electrodes with immobilized enzymes are widely used in biosensors for detecting

glucose, lactate, and other biomolecules due to their high specificity and sensitivity.

Table 1. Summarize the possible techniques used for modifying electrode surfaces.

Techniques Modification Ref
Chemical Attaching specific chemical groups or compounds to the 62
Modification electrode surface.

Electroadsorption  The electrostatic attraction between charged species in solution

and the electrode surface

Deposition Depositing materials onto the electrode surface to create thin 63

Techniques films or coatings.

Electrochemical The formation of polymer films on the electrode surface, 64
Polymerization which can enhance the electrode's electrochemical properties
Enzyme Attaching enzymes to the electrode surface creates biosensors
Immobilization that can selectively detect specific analytes through

biochemical reactions
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2.6. Conducting polymers (CPs)

CPs are widely used modifiers that can be deposited over bare electrodes by chemical or
electrochemical means from their monomer solutions. Their exceptional electrical and optical
properties stem from their extended m-conjugated structure. The conjugated double bonds across
the polymeric chain and delocalization of = - electrons in the polymeric backbone is a common
feature. As the 7 - electrons delocalization increase resulting in the decrease in energy band gap
between valence band and conduction band. CPs, in particular, are capable of achieving excellent
electrical conductivity. Due to such excellent electrical property, CPs have benefits for various
electrochemical sensing the application. A number of CPs like Polypyrrole %, Poly (3,4-
ethylenedioxythiophene) ¢” have been used for modification and fabrication of working electrode for
electrochemical sensing of DA

Modification with a particular functional groups or nanoparticles, like conducting polymer, metal
oxide nanoparticles ® and metal or carbon nanostructures °, form analytical advantage on the
surface of substrate by form a protective layer to prevent surface fouling, high biocompatibility,
and the ability to be selective towards the target bioanalytes. Such modification avoid the effect of
interfering species through hydrophobic, hydrophilic, ion-exchange, or electrostatic interactions.
All of these allow conducting polymers and their nanocomposites to be more popular in the
biomedical field " , especially for electrochemical biomolecule sensing ", which includes the
detection of neurotransmitters like dopamine . In conductive polymer, like ANSA can be used as
a reagent for the detection and quantification of certain substances due to its unique property and
interaction with various analyte. The oxidation of dopamine was demonstrated to be facilitated by
the electrostatically attractive interactions between positively charged amino groups of dopamine
and negatively charged sulfonate groups of the polymer as well as by the hydrogen bond formation

between hydroxyl groups of dopamine and the polymer's sulfonate groups 2.
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Figure 9. Schematic representation for ANSA.

Table 2 : Names, structures, and conductivities of some common conducting polymers

Conducting Polymer

Conductivity (S/cm)

Polyacetylene

Polyparaphenylene

Polyparaphenylene vinylene

Polyazulene

Polyaniline

Polyparaphenylene sulfide

Polypyrrole

Polythiophene

Polycarbazole

Polydiaminonaphthalene
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3. MATERIAL AND METHODS
3.1. Chemicals and Materials

3.1.1. Chemicals

All of the chemicals used in this study were of the reagent grade, including: aminonaphtaline-
sulfonic acid (ANSA) (Sigma-Aldrich); dopamine (FINKE, India); alumina slurries (Sancial,
China); Hexacyano-ferrate (BDH); disodium hydrogen phosphate (FINKE, India); sodium
dihydrogen phosphate (Nice, India); potassium chloride (FINKE, India); hydroquinone (BCH,
Germany); uric acid (FINKE, India); hydrochloric acid (37%) (Riedel-de Haen, Germany); and
sulfuric acid (98%) (Shanghai, China).

3.1.2. Material and instruments

All the electrochemical measurements was performed with Epsilion EC-Ver 1.40.67, voltammetric
analyzer (Bioanalytical Systems, USA) using three-electrode system consisting of glassy carbon
(GCE) working electrode, a platinum wire counter electrode, and an Ag/AgCI/ClI (3.0 M) reference
electrode. pH meter (pH -016 pH METER, China), analytical balance (WANT Balance Instrument
Co., Ltd, China), ultrasonic washer (Elma-78224 singen/l, made in Germany), Micro pipette (BS-
220x300T, made in china) and Magnetic stirrers were used whenever necessary.

3.2. Methods

3.2.1 Preparation of standard solutions

0.1 M standard DA stock solution in 100 mL volumetric flask was prepared by dissolving an
accurately weighed amount of DA in deionized water. The 0.1 M phosphate buffer solutions with
various pH values were prepared by mixing the stock solutions of 0.1 M NaH2PO4 and Na2HPOsa.
The working solutions of 0.1 M HNOgz, 0.5 M H2S04, 0.1 M UA, 0.1 M 2,4-DPA, 0.1 M OQ and
0.1 M 4AP were prepared just prior to use. Other chemicals used were of analytical grade. All
solutions were prepared with doubly distilled water. All experiments were carried out at room

temperature.

3.2.2. Preparation of polymer-modified/GCE

The poly (ANSA)/GCE was prepared based on the previous report 2°. Prior to electrochemical
modification, GCE was polished up to the mirror finish using 0.05 uM alumina slurries on a
polishing pad, then sonicated successively with distilled water. Then the electrode was treated by

potential scanning between -0.8 and +1.8 V at 0.1 Vs—! for 12 cycle in 0.1M HNOj3 solution

21



containing 2 mM monomer. The polymer films on the electrodes was then stabilized in monomer
free 0.5 M H,SO4 solution by scanning the potential between -0.8 and +0.8 V until the
voltammogram become stable. Then the modified electrode poly (ANSA)/GCE was obtained.

3.3. Electrochemical characterization of the working electrode
The redox behavior of poly (ANSA)/GCE was studied in the redox probe [Fe2(CN)s]*” system.

To evaluate the electroactivity of the modified electrode toward 1 mM [Fe(CN)gs]*~ prepared in

0.1 M KCI was selected as probe and cyclic voltammetry was performed at a scan rate 100 mVs™*

3.4. Real sample analysis
For the practical application of the developed modified electrode DA hydrochloride injection was

used as real sample. Standard addition method was used for LSV determination of DA at poly
(ANSA)/GCE. 1.00 mL of dopamine hydrochloride injection (specified content of DA is 10.00
mg mL 1) was diluted to 50 mL with distilled water. The LSV response of 5 uM of the DA injection
sample solution spiked in 0.1 M PBS (pH 7) was measured. For every successive 20 s intervals,

the standard DA solution was added into the cell as internal standards.
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4. RESULT AND DISCUSSION

4.1 Electropolymerization of the poly (ANSA) on modified GCE.

The poly (ANSA)/GCE was prepared potentiodynamically from 2 mM monomer solution prepared
in 0.1 M HNO:s. Electropolymerization was carried out for 12 cycles, at a scan rate of 100 mV/s,
over the potential range of -0.8 V to +1.8 V, as shown in Figure 10. Initially all the peak current
gradually rose at -0.48 V in the cathodic sweep and peaks of 0.2 V and 1.47 V in the anodic sweep
with increasing number of cycles which indicate the growth of polymer film on the surface of
GCE. After a few consecutive sweeps, a steady state voltammogram was seen during the cyclic
scanning process. It suggests that the GCE surface was covered with a polymerization coating that

eventually developed ° .
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Figure 10. CVs of 2mM developed poly (ANSA) in 0.1M HNOs3 at 12 cycles with a scan rate of
100mV/S.

4.2 Optimization of film thickness
The polymer film thickness was controlled by controlling the number of polymerization cycle. The

number of polymerization cycles was varied from 5 to 20 cycles, which was directly connected
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with the electrocatalytic activity of poly (ANSA)/GCE. The optimal polymeric film thickness was
obtained in 12 cycles, as shown in Figure 11, due to the observed significant increase in sensitivity.
A further increase in scan cycles to 16 was linked to a dramatic fall in sensitivity. The observed
phenomenon can be explained by the excess polymer building up on the GCE surface, which
prevents the electron transfer required for the DA oxidation process "4, Because of their enhanced
conductivity and convenience of analyte access which can be deduced from the increased charge
transferred during polymerization thin polymer films are generally superior in sensing
investigations. Hence, twelve polymerization cycles were employed as optimal film thickness for
proceeding studies.
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Figure 11. Effect of film thickness on the linear sweep voltammetry response of 10 uM DA at
poly (ANSA)/GCE.

4.3. Electrochemical Characteristics of bare GCE, and poly (ANSA)/GCE

The bare GCE and poly (ANSA)/GCE electrochemical behaviors were examined in 1 mM
[Fe(CN)s]* " redox probe prepared in 0.1 M KCI supporting solution. The CV responses of bare
GCE and poly (ANSA)/GCE in [Fe(CN)s]** demonstrates the redox reaction of [Fe(CN)s]* "+
has two distinct redox peaks. Nonetheless, in comparison to the bare GCE, the poly (ANSA)/GCE
showed enhanced redox peak current and a smaller peak-to-peak potential separation. This is may
be the presence of —OH and —NH functional cites give rise to ANSA to provide higher active
surface area and conductivity, which facilitates fast electron transfer at the interface 2° . Both -
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NH. and -OH groups appear to be involved in the electropolymerization process, and the film's
conductivity is 4.9x107 Scm™ °
Moreover, CVs of [Fe(CN)s]*"* were recorded at various scan rates ranging from 10 to 300 mV/s
on bare GCE and poly (ANSA)/GCE to determine electrochemical active surface area (Figure 12).
The Randles—Sevcik equation was used to determine the electrochemical active surface area of
bare GCE and poly (ANSA)/GCE ’®.

Ip=2.69 % 10°Nn¥2 Av2DY2 .. (1)

Where, I, is the peak current, D is the diffusion coefficient (7.6x10°cm?s™2), C is the concentration
of the [Fe(CN)s]**~ molecules (mol L™), A is the electrochemical active area (cm?), n is the
number of electron transfer and v is the scan rate (V s ). From the slopes of the Ipa versus v/
(Figure 12B and 12D) the electro active surface areas were calculated to be 0.07 cm?and 0.11cm?
for the bare GCE and poly (ANSA)/GCE, respectively. These results indicated that the poly (8-
AN2SA)/GCE has a high electroactive surface area, due to the presence of amino and sulfonic
groups in the structure of ANSA that can facilitate electron transfer processes, making the modified
surface more reactive. This reactivity can lead to higher current responses in electrochemical
measurements, which is indicative of a larger active surface area ’’. Additionally the structure of
the modified surface often exhibits a more porous morphology due to the polymerization process.
This porosity allows for better penetration of electrolytes and increased interaction with analyte
during electrochemical processes, further enhancing the effective surface area available for

reactions 7',
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Figure 12. (A) CVs of the bare GCE and (C) poly (ANSA)/GCE in 1 mM [Fe(CN)6]*"* in 0.1 M

KCl at various scan rates for ECSA calculation and (B) and (D) shows the plot of I vs.v*2 for bare

CGE and ANSA respectively.

4.4 Electrochemical Behavior of DA at bare GCE and poly (ANSA)/GCE.

Figure 13 depicts the CVs of bare GCE and poly (ANSA)/GCE in blank PBS (0.1 M pH 7.0) and
in the presence of 10 uM DA (0.1 M pH 7.0 PBS). Bare GCE shows no redox peaks in blank PBS.
But a greater background current was observed for the poly (ANSA)/GCE, which is the result of

analyte ions interacting with the poly (ANSA)/GCE surface interlayer. On the other hand with the




presence of DA, bare GCE shows very weak anodic and cathodic currents. The redox current
response of DA at poly (ANSA)/GCE increased considerably, demonstrating that ANSA is used
for modification of glassy carbon and provide enhanced electron transfer due to the presence of
the aromatic naphthalene structure and also increased electrochemical active surface area because
the sulfonic acid group increasing the effective surface area for electrochemical reactions. Our

results are clearly in line with the results of the electrochemical active surface area ',

—

—— BGCE (Blank)
B —— ANSA (Bank)
——BGCE (10 uM DA)
——— ANSA (10 utM DA)

02 00 02 04 06
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Figure 13. Cyclic voltammogram for response of bare GCE and poly (ANSA/GCE) in the absence

and presence of 10 uM DA in 0.1M of PBS at 100 mV/s scan rate.

4.5. Effect of pH

The effect of buffer pH on DA oxidation at poly (ANSA)/GCE was studied by recording CVs of
10 uM DA in 0.1 M PBS in the pH range of 3.0 to 8.3, as shown in Figure 14A and 14B. The
greatest DA oxidation current (lpa) was recorded at pH 5.5. But, the pH of human blood and urine
were quite near to 7.0, the PBS of pH 7.0 was chosen as the ideal threshold for detection of DA.
As a result, pH 7.0 was selected as optimal condition to determine DA 78 . Moreover, the anodic
peak potentials (Epa) values of DA shifted to less potential as the pH value increases. This
observation suggested that in the oxidation reaction of DA at poly (ANSA)/GCE proton transfer

is involved. A linear relationship with a slope of about -0.063 V/pH was found.
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Where m and n are the protons’ and electrons’ numbers, respectively.

The slope of -0.063 V/pH is in close proximity to the theoretical value of -0.0591 V/pH, suggesting
that the oxidation process involves two protons and two electrons . It is estimated that two protons

and two electrons are involved in the electrochemical process of DA.
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Figure 14. (A) Effect of pH on oxidation of 10 uM DA at 100 mV/S by poly (ANSA)/GCE in
0.1M PBS. (B) Plot of oxidation current and potential of DA as a function of pH.

4.5.1. Mechanism Behaviors of DA at poly (ANSA)/GCE

According to the mechanism shown in Scheme 1, the electrochemical oxidation of DA in aqueous
solution proceeds in to dopamine o-quinone and also Leucodopaminechrome, which could be
formed when part of dopamine o-quinone undergoes a cyclization reaction, is instantly oxidized
to dopaminechrome. However the oxidation of DA to dopamine o-quinone would be drawn, due to
the oxidation product dopaminechrome show some slow Kinetic liability on the voltammetric

timescale °.
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Scheme 1. Mechanism of Electrochemical Oxidation of DA at the poly (ANSA)/GCE.

4.6. Effects of Scan Rate

Cyclic voltammograms of DA at the poly (ANSA/GCE) in 0.1 M buffer solutions (pH = 7) were
studied at various scan rates are shown in Figure 15. When the scan rate was increased from 10 to
200 mV/s, the anodic peak currents (lpa) and cathodic peack currents (lyc) also increased (Figure
15A). Plots of the lpa, Ipc VS. square root of the scan rate (v2) and the Ipa, Ipc Vs. scan rate (v) are
displayed in Figures 15C and 15B, respectively. The lpa and Ipc were linearly related with v in the
range of 10 mV/s to 200 mV/s than v*2, with the correlation coefficients shown in Figure 15B and
15C. The lpa were linearly related with the (v) in the range of 10 mV/s to 200 mV/s, with correlation
coefficients of 0.991. Nonetheless, the correlation coefficient value suggests that the redox reaction
of DA at poly (ANSA)/GCE is an adsorption-controlled mechanism. As shown in Figure 15B,
from the slope of the linear plot of I versus v, the surface coverage of the electroactive species (I')

can be estimated to be approximately 0.43 nmol/cm? according to the following equation &,

Where n is the number of electrons, F (96500 C/mol) is the Faraday's constant, R (8.31 J/mol) is
the gas constant, T is the temperature (K) (298.15), A is the area of the electrode (0.07cm?)
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Figure 15. (A) CVs at various scan rates for 10 uM DA in PBS (pH = 7) at poly (ANSA)/GCE:
10, 20, 40, 60, 80, 100, 125, 150, and 200 mV s —1. (B) Plots of the linear relationship between
peak currents vs. scan rate and (C) peak currents vs square root of scan rate.

4.7. Reaction kinetics for oxidation of DA at poly (ANSA)
Using chronoamperometry (CA) in 0.1 M of PBS (pH 7.0) at a voltage of 0.6 V, the
electrochemical kinetic rate of poly (ANSA) was examined. The Cottrell equation, which is stated

in equation 4, can be used to calculate the diffusion coefficient (D) of DA 8L,

_ nFAC\D

o 7

Where Ip stands for peak current (A), n is the number of electrons, F is the Faraday constant

(96,500 C mol ™), A is the electrode surface area (cm?), C is the bulk concentration of the analyte

(mol cm™®), and t is the time (seconds). A linear relationship was obtained from the plot of Ip vs
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t V2 of the CA measurements for different concentrations of DA (Figure 16 B). Next, the
concentration of DA was plotted against the slopes of Ip vs t™'/? of each individual curve from

Figure 16 B (Figure 16 C). As a result, the estimated value of D for DA was 8.7 x 10°® cm?s ™1,
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Figure 16. (A) CA obtained at poly (ANSA)/GCE with the addition of different concentrations of

DA. (B) Plot Ip vs t X2, (C) plot of the slopes from (i) vs concentration of DA.

The poly (ANSA)/GCE's CA response with and without the addition of DA is displayed in (Figure
17). A more current response was noted in the absence of DA addition, which may have resulted
from their surface imperfections. But when 40 uM of DA was gradually injected at the poly
(ANSA)/GCE in 0.1M PBS (pH 7.0), the current response grew significantly and exceeded that of
bare. The kinetic rate constant (K) can be determined based on equation (5) 8.
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b

Where I, and Iy are the obtained current in with and without the addition of the DA, K is the
catalytic rate constant, C is the substrate concentration (mol cm~3) and t is the time (s). From the
slope of Ip/ly vs. t¥2 (Figure 17B), the calculated value of K was about 4.4x103M's™!,
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Figure 17. (A) Chronoamperometric (CA) response of poly (ANSA)/GCE in with (40 uM) and
without addition of DA; (B) I/l vs. t 2,

4.8. Performance of the Developed Electrochemical Sensor for DA Detection in Analytical
Tests.
The linear range and limit of detection (LOD) of DA were investigated by using the LSV

technique. As shown in Figure 18 LSVs of varied DA concentrations at the poly (ANSA)/GCE
recorded under optimal experimental conditions. The anodic current response of DA was rises with
increasing the concentration of DA (Figure. 18A). The anodic current of DA at poly (ANSA)/GCE
is proportional to DA concentrations ranging from 0.50 - 100 uM (Figure 18B), with the regression
equation: 1 (pA) = 1.28 C (uM) + 0.63, R? = 0.998. The LOD was calculated to be 0.089 pM
(30/m) 8. Where o is the standard deviation of the blank and m is the slope of the calibration
equation. The dynamic linear range, modifier type, and LOD of the current work were compared

with other related voltammetric techniques reported previously for the detection of DA and
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summarized in Table 3. We can confirm that the poly (ANSA)/GCE attained a comparable linear

range, the type of modifier used and LOD with the previously reported electrochemical methods.
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Figure 18. (A) LSV response of poly (ANSA/GCE) in the presence of DA a range of DA in
concentrations ranging from 0.5 to 100 uM. (B) Calibration curve of DA at poly (ANSA)/GCE at
a pH of 7.0.
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Table 3. A comparison of the performances of electrochemical dopamine biosensors based on

different conducting polymers and electrochemical method

Active Layer Electro Working Linear LOD(uM) Ref
chemical electrode range(ug/L)
method
Poly(pyrrole-3-carboxylic acid) EOPGE 0.025-7.5 uM 2.5nM 84
ASDPVs
Polypyrrole DPV PGE 1-1000 pM 7nM 8
Polycystine-Carbon Nanotube ~ CV GCE 10-200 uM 2.8 uM 8
Poly(2-naphtol) DPV PIGE 0.6-250 uM 95 nM &7
Polypyrrole-Graphene DPV GCE 0.8-10 uM 4nM 88
Poly(eriochrome black T) DPV GCE 0.1-200 uM 20 nM 8
PANI-Au NPs DPV PANI/GCE 20-100 uM 16 uM %
Poly (ANSA) LSV ANSA/GCE 0.5-100 Mm 0.089 uM This work

4.9. Repeatability and reproducibility

The oxidation current response for 10 uM DA were recorded for 12 repeated tests to determine the
repeatability of poly (ANSA)/GCE. As aresult, the RSD was determined to be 3.3% (Figure 19A).
A reproducibility test was conducted using three distinct poly (ANSA)/GCE assemblies that were

assembled independently using the same assembly technique. The results showed an RSD of 4.03%

for the measurement of 10 uM DA (Figure 19B).

Therefore, we can conclude that the DA at poly (ANSA)/GCE was determined with extremely

good repeatability and reproducibility. Furthermore, following at the same condition reserve for

the electrode, the stability of the anodic current response of 10 uM DA was examined at poly
(ANSA)/GCE. Excellent stability was demonstrated by the observed result, which shows that 87%

of the initial oxidation current value was obtained.
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Figure 19. (A) LSV recorded for 12 successive measurements at poly (ANSA)/GCE using 10uM
DA in 0.1M PBS (PH =7.0); (B) Reproducibility study of the poly (ANSA)/GCE for the detection
of 10 uM DA at three different modified electrodes.

4.10. Recovery test
It was possible to detect DA in DA hydrochloride injection by using the prepared modified GCE's

to observe the practical applicability for sensing DA. Utilizing the LSV approach, it was
completed. According to the injection parameters, the average determination result of DA in the
injections closely matched the prescribed value. With regard to DA, the anodic peak current was
measured and the LSV was noted. Ultimately, dopamine injection detection was achieved with the
application of the designed poly (ANSA)/GCE. As shown in Table 4, the recovery of the tested
samples were within the range of 94.1to 102.4%, which indicating that our method is sufficiently
effective to detect DA in real samples.

Table 4. Determination of DA by poly (ANSA)/GCE in real sample

Real sample Addition Measurements | Recovers (%) RSD (%)
amount (uM) (UM)
DA injection - 5 - 3.2
2 7.12 101.7 2.8
4 8.47 94.1 4.6
8 13.31 102.4 3.8

35




4.11. Interference study

As shown in Figure 20 LSV recordings of DA with interference such as UA, 2,4-DPA, OQ and
4AP at modified electrode in PBS. The line (A) corresponds to 10uM DA, line (B) corresponds to
(10uM DA + 100uM OQ), line (C) corresponds to (10uM DA + 100uM UA) and line (D)
corresponding to (10uM DA + 100uM 4AP) at modified electrode in PBS. At the modified
electrode, it is evident that the electrochemical signals of DA and interference (UA, 2,4-DPA, 0OQ,
and 4AP) are separable. The anodic peak potentials signal for DA, UA, 2,4-DPA, OQ, and 4AP
were occurred at +0.229, +0.433, +0.332, +0.542, and +0.412 V, respectively. The result showed
that the LSV response of DA did not interfered due to the presences of UA, 2,4-DPA, OQ, or 4AP.
Hence, a LSV response of poly (ANSA)/GCE could detect DA with high selectivity and sensitivity
even in the presence of UA, 2,4-DPA, OQ, and 4AP: Different current responses or unique

stimulated potentials for their oxidation was result from variations in current intensities .
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Figure 20. (A) LSV recorded for 12 successive measurements at poly (ANSA)/GCE using 10uM
DA in 0.1M PBS (PH =7.0); (B) Reproducibility study of the poly (ANSA)/GCE for the detection
of 10 uM DA at three different modified electrodes.
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5. Conclusion
The development of Poly (ANSA)/GCE for the sensitive determination of DA is described in the

current work. Electropolymerization of the poly (ANSA) on modified GCE was optimized on film
thickness in order to enhance conductivity and convenience of analyte. The created sensor
demonstrated strong catalytic activity in the process of determining DA. The electrochemical
oxidation mechanism was observed based on the DA redox process. The qualitative and
quantitative performance of the sensor was well characterized by CV, LSV and CA. Diffusion
coefficient and kinetic rate constant values were assessed as examples of kinetic parameters. The
values of LOD was computed based on the influence of concentration. It was successful to
determine the DA in the presence of UA, 2,4-DPA, 0Q, and 4AP. Good stability, reproducibility,
and repeatability have been demonstrated by the designed sensor. Ultimately, the created sensor

underwent successful testing to recover DA in a pharmaceutical formulation.
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Recommendation
Simultaneous determination of DA with other compound like ascorbic acid, UA, OQ and others

by using poly (ANSA) on glass carbon electrode has forward to the future. In order to improve
sensitivity during determination of DA on polymer modified electrode, using other voltammetry

techniques that have best sensitivity than LSV to be suggested as suitable.

38



References

1.
2.

10.

11.

Wightman, R. M., May, L. J. & Michael, A. C. Detection of Dopamine. 60, (1988).
Damier, P., Hirsch, E. C., Agid, Y. & Graybiel, A. M. The substantia nigra of the human
brain Il . Patterns of loss of dopamine-containing neurons in Parkinson ’ s disease. 1437—
1448 (1999).

Breana Channer, Stephanie M. Matt, Emily A. Nickoloff-Bybel, Vasiliki Pappa, Yash
Agarwal, Jason Wickman, and P. J. G. Dopamine , Immunity , and Disease. (2023).
Bucolo, C., Leggio, G. M., Drago, F. & Salomone, S. Pharmacology & Therapeutics
Dopamine outside the brain: The eye , cardiovascular system and endocrine pancreas.
Pharmacol. Ther. 203, 107392 (2019).

Hauser, M. O.K. - D.S.B.- A.R.C. - D.N. & Jackson C. Bittencourt, - Ricardo G. Correa.
Dopamine : Functions , Signaling , and Association with Neurological Diseases. Cell. Mol.
Neurobiol. (2018).

Y. Sun, J. Tian, L. Wang, H. Yan, F. Q. & X. Qiao. One pot synthesis of magnetic
graphene/carbon nanotube composites as magnetic dispersive solid-phase extraction
adsorbent for rapid determination of oxytetracycline in sewage water. J. Chromatogr. A
(2015) .

Lee, H. & Chen, S. Microchip capillary electrophoresis with electrochemical detector for
precolumn enzymatic analysis of glucose , creatinine , uric acid and ascorbic acid in urine
and serum. 64, 750-757 (2004).

Dongri Jin, Min-Ho Seo, Bui The Huy, Quoc-Thai Pham, Maxwell L. Conte, D. T.and Y .-
I. L. Quantitative determination of uric acid using CdTe Nanoparticles as fluorescence
Probes,. Biosens. Bioelectron. (2015) .

Tan, Kanghui Yang, Guang Chen, Huide Shen, Pengfei Huang, Yucheng Xia, Y. Biosensors
and Bioelectronics Facet dependent binding and etching: Ultra-sensitive colorimetric
visualization of blood uric acid by unmodi fi ed silver nanoprisms. Biosens. Bioelectron.
59, 227-232 (2014).

Zuo, R., Zhou, S., Zuo, Y. & Deng, Y. Determination of Creatinine , Uric and Ascorbic
Acid in Bovine Milk and Orange Juice by Hydrophilic Interaction HPLC. FOOD Chem.
(2015) .

Guiard, B. P. & Gotti, G. Neurotransmitters and Their Metabolites : A Review. 1-15 (2024).

39



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chew, Y. L., Khor, M. A. & Lim, Y. Y. Choices of chromatographic methods as stability
indicating assays for pharmaceutical products: A review. Heliyon 7, e06553 (2021).
Matuszewski, B. K. & Constanzer, M. L. Strategies for the Assessment of Matrix Effect in
Quantitative Bioanalytical Methods Based on HPLC - MS / MS. 75, 3019-3030 (2003).
Baranwal, J., Barse, B., Gatto, G. & Broncova, G. Chemosensors-10-00363.Pdf. (2022).
Jackowska, K. & Krysinski, P. New trends in the electrochemical sensing of dopamine.
Anal. Bioanal. Chem. 405, 3753-3771 (2013).

Saha, S., Sarkar, P. & Turner, A. P. F. Interference-free electrochemical detection of
nanomolar dopamine using doped polypyrrole and silver nanoparticles. Electroanalysis 26,
2197-2206 (2014).

Kamal Eddin, F. B. & Wing Fen, Y. Recent Advances in Electrochemical and Optical
Sensing of Dopamine. Sensors (Basel). 20, 1-47 (2020).

Selvarajan, S., Suganthi, A. & Rajarajan, M. A Facile Approach to Syn- thesis of
Mesoporous SnO2/Chitosan Nanocomposite Modified Electrode for Simultaneous De-
termination of Ascorbic acid, Dopamine and Uric acid,. Surfaces and Interfaces (2017) .
Rahman, M. A., Kumar, P., Park, D. S. & Shim, Y. B. Electrochemical sensors based on
organic conjugated polymers. Sensors 8, 118-141 (2008).

Yifru, A., Dare, G., Demissie, T. B., Mehretie, S. & Admassie, S. Cheap And Sensitive
Polymer/Bismuth Film Modified Electrode For Simultaneous Determination Of Pb(li) And
Cd(li) lons. Heliyon 7, 0-8 (2021).

N. Karikalan, M. Velmurugan, S. CHEN, C. Karuppiah, K.M. Al-Anazi, A. A. M. and B.
Lou. Flame synthesis of nitrogen doped carbon for the oxygen reduction reaction and non-
enzymatic methyl parathion sensor. (2016) .

Bhandari, H., Bansal, V., Choudhary, V. & Dhawan, S. K. Influence of reaction conditions
on the formation of nanotubes/nanoparticles of polyaniline in the presence of 1-amino-2-
naphthol-4-sulfonic acid and applications as electrostatic charge dissipation material.
Polym. Int. 58, 489-502 (2009).

ciric-Marjanovic, G.Trchova, M.Matejka, P.Holler, P.Marjanovic, B.Juranic, .
Electrochemical oxidative polymerization of sodium 4-amino-3-hydroxynaphthalene-1-
sulfonate and structural characterization of polymeric products. React. Funct. Polym. 66,
1670-1683 (2006).

40



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Murphy, L. J. Reduction of Interference Response at a Hydrogen Peroxide Detecting
Electrode Using Electropolymerized Films of Substituted Naphthalenes. Anal. Chem. 70,
2928-2935 (1998).

Meneguzzi, A., Ferreira, C. A., Pham, M. C., Delamar, M. & Lacaze, P. C. Electrochemical
synthesis and characterization of poly(5-amino-1-naphthol) on mild steel electrodes for
corrosion protection. Electrochim. Acta 44, 2149-2156 (1999).

Debalkie, A., Guadie, A., Kassa, A. & Tefera, M. Selective Determination of Norfloxacin
in  Pharmaceutical Formulations and Human Urine Samples Using Poly(8-
aminonaphthaline-2-sulfonic Acid)-Modified Glassy Carbon Electrodes. ACS Omega 8,
25758-25765 (2023).

Oztekin, Y., Tok, M., Nalvuran, H., Kiyak, S. & Gover, T. Electrochimica Acta
Electrochemical modification of glassy carbon electrode by poly-4-nitroaniline and its
application for determination of copper ( 11). Electrochim. Acta 56, 387-395 (2010).
Nazemi, Z., Shams, E. & Amini, M. K. Electrochimica Acta Covalent modification of
glassy carbon electrode by Nile blue : Preparation , electrochemistry and electrocatalysis.
Electrochim. Acta 55, 72467253 (2010).

Oztekin, Y. & Ramanaviciene, A. Electrochemical Glutathione Sensor Based on
Electrochemically Deposited Poly- m -aminophenol. 701-709 (2011) .

Boumya, W., Taoufik, N., Achak, M. & Barka, N. Chemically modified carbon-based
electrodes for the determination of paracetamol in drugs and biological samples. J. Pharm.
Anal. 11, 138-154 (2021).

Buriez, O., Labbé, E., Pigeon, P., Jaouen, G. & Amatore, C. Electrochemical attachment of
a conjugated amino — ferrocifen complex onto carbon and metal surfaces. 620, 169-175
(2008).

Guan, J., Zou, J., Liu, Y., Jiang, X. & Yu, J. Ecotoxicology and Environmental Safety
Hybrid carbon nanotubes modi fi ed glassy carbon electrode for selective , sensitive and
simultaneous detection of dopamine and uric acid. Ecotoxicol. Environ. Saf. 201, 110872
(2020).

Pecina, Marta Martinez-Jauand, Mercedes Love, Tiffany Heffernan, Joseph Montoya,
Pedro Hodgkinson, Colin Stohler, Christian S.Goldman, DavidZubieta, J. K. Valence-
specific effects of BDNF Val66Met polymorphism on dopaminergic stress and reward

41



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

processing in humans. J. Neurosci. 34, 5874-5881 (2014).

Fernandez, C. J., Nagendra, L., Alkhalifah, M. & Pappachan, J. M. Endocrine Hypertension:
The Urgent Need for Greater Global Awareness. touchREVIEWS Endocrinol. 19, 31-41
(2023).

Harris, R. C. & Zhang, M. Z. Dopamine, the kidney, and hypertension. Curr. Hypertens.
Rep. 14, 138-143 (2012).

Channer, Breana Matt, S. M., Nickoloff-bybel, Emily A Pappa, V. & Agarwal, Yash
Wickman, Jason Gaskill, P. J. Dopamine , Immunity , and Disease. (2023).

Liaudet, L., Calderari, B. & Pacher, P. Pathophysiological mechanisms of catecholamine
and cocaine-mediated cardiotoxicity. Heart Fail. Rev. 19, 815-824 (2014).

Ferrer, D. G., Garcia, A. G., Peris-Vicente, J., Gimeno-Adelantado, J. V. & Esteve-Romero,
J. Analysis of epinephrine, norepinephrine, and dopamine in urine samples of hospital
patients by micellar liquid chromatography. Anal. Bioanal. Chem. 407, 9009-9018 (2015).
Dunlop, B. W. & Nemeroff, C. B. The role of dopamine in the pathophysiology of
depression. Arch. Gen. Psychiatry 64, 327-337 (2007).

A.K.Sharma, P. K. mahannti. spectrophotometric determination of dopamine
hydrochloride. 22,(1995).

Cervini, P., Mattioli, I. A. & Cavalheiro, D. T. G. RSC Advances Developing a screen-
printed graphite — polyurethane composite electrode modi fi ed with gold nanoparticles for
the voltammetric determination of dopamine. 4230642315 (2019) .

Alvarez-martos, |. & Ferapontova, E. E. SC. Biochem. Biophys. Res. Commun. (2017) .
Ferapontova, E. E. Electrochemical Analysis of Dopamine : Perspectives of Specific In
Vivo Detection. Electrochim. Acta (2017) .

Liu, Y., Wang, C. & Cai, N. Negatively charged gold nanoparticles as an intrinsic
peroxidase mimic and their applications in the oxidation of dopamine. 7143-7150 (2014) .
Cheng, L., Wu, H., Li, J.,, Zhao, H. & Wang, L. Polydopamine modified ultrathin
hydroxyapatite nanosheets for anti-corrosion reinforcement in polymeric coatings. Corros.
Sci. 109064 (2020)

Wang, H. Y., Sun, Y. & Tang, B. Study on fluorescence property of dopamine and
determination of dopamine by fluorimetry. 57, 899-907 (2002).

Sarkar, Bidyut Banerjee, A., Das, Anand Kant Nag, Suman Kaushalya, Sanjeev Kumar

42



48.

49,

50.

51.

52.

53.

54,

55.

56.

S7.

58.

Tripathy, Umakanta Shameem, M. & Shukla, Shubha Maiti, S. Label-Free Dopamine
Imaging in Live Rat Brain Slices. (2014).

Chandra, U., Swamy, B. E. K., Gilbert, O. & Sherigara, B. S. Electrochimica Acta
Voltammetric resolution of dopamine in the presence of ascorbic acid and uric acid at poly
( calmagite ) film coated carbon paste electrode. Electrochim. Acta 55, 71667174 (2010).
Zablocka, 1., Wysocka-Zolopa, M. & Winkler, K. Electrochemical detection of dopamine
at a gold electrode modified with a polypyrrole—mesoporous silica molecular sieves (MCM-
48) film. Int. J. Mol. Sci. 20, (2019).

Bacil, Raphael P.Chen, LifuSerrano, Silvia H.P.Compton, R. G. Dopamine oxidation at
gold electrodes: Mechanism and kinetics near neutral pH. Phys. Chem. Chem. Phys. 22,
607-614 (2020).

Elgrishi, Noemie Rountree, Kelley J. McCarthy, Brian D.Rountree, E. S. & Eisenhart,
Thomas T.Dempsey, J. L. A Practical Beginner’s Guide to Cyclic Voltammetry. J. Chem.
Educ. 95, 197-206 (2018).

Lakard, B. applied sciences Electrochemical Biosensors Based on Conducting Polymers :
A Review. (2020).

Gebicki, J. Application of electrochemical sensors and sensor matrixes for measurement of
odorous chemical compounds. TrAC - Trends Anal. Chem. 77, 1-13 (2016).

Lupu, S., Lete, C., Paul, C., Caval, D. I. & Mihailciuc, C. Development of Amperometric
Biosensors Based on Nanostructured Tyrosinase-Conducting Polymer Composite
Electrodes. 6759-6774 (2013).

Bereket, Y. & (PhD), S. A. Electrochemical Detection of Methyl Parathion using poly-(4-
amino-3-hydroxynaphthalene-1-sulphonic acid) Modified Glassy Carbon Electrode.
(2009).

Serhan, Michael Jackemeyer, D. & Long, Mindy Sprowls, Mark Diez Perez, Ismael Maret,
Wolfgang Chen, Fang Tao, Nongjian Forzani, E. Total Iron Measurement in Human Serum
with a Novel Smartphone-Based Assay. 8, (2020).

Area, A. Application Area: Fundamental Basic overview of the working principle of a
potentiostat / galvanostat ( PGSTAT ) — Electrochemical cell setup. 2—4.

Vonau, W., OelB3ner, W., Guth, U. & Henze, J. Sensors and Actuators B : Chemical An all-
solid-state reference electrode. 144, 368-373 (2010).

43



59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

Technologies, K. Electrochemistry 3-Electrode Measurement Workflows for Li-ion Cells
and Sensors Using the B2900 SMU Application Note.

Tanner, E. E. L. & Compton, R. G. How can Electrode Surface Modification Benefit
Electroanalysis? Electroanalysis 30, 1336-1341 (2018).

Chira, Ana Covaci, Ovidiu llie Radu, G. L. A comparative study of gold electrodes
modification methods with aromatic compounds based on diazonium and thiol chemistry.
UPB Sci. Bull. Ser. B Chem. Mater. Sci. 74, 183-192 (2012).

Bard, A. J. Chemical modification of electrodes. J. Chem. Educ. 60, 302-304 (1983).
Torres-Rivero, Karina Torralba-Cadena, Lourdes Espriu-Gascon, Alexandra Casas, Ignasi
Bastos-Arrieta, Julio Florido, A. Strategies for surface modification with ag-shaped
nanoparticles: Electrocatalytic enhancement of screen-printed electrodes for the detection
of heavy metals. 19, 1-14 (2019).

Quiroz-Arturo, H., Reinoso, C., Scherf, U. & Palma-Cando, A. Microporous Polymer-
Modified Glassy Carbon Electrodes for the Electrochemical Detection of Metronidazole:
Experimental and Theoretical Insights. Nanomaterials 14, (2024).

Sarakatsanou, C., Karastogianni, S. & Girousi, S. Promising Electrode Surfaces, Modified
with Nanoparticles, in the Sensitive and Selective Electroanalytical Determination of
Antibiotics: A Review. Appl. Sci. 13, (2023).

Alahmadi, N. & EI-Said, W. A. Electrochemical Sensing of Dopamine Using
Polypyrrole/Molybdenum Oxide Bilayer-Modified ITO Electrode. Biosensors 13, (2023).
Park, Seon Joo Lee, Jiyeon Seo, Sung Eun Kim, Kyung Ho Park, Chul Soon Lee, Sang Hun
Ban, Hyun Seung Lee, Byoung Dae Song, Hyun Seok Kim, Jinyeong Lee, C. S. B. High-
Performance Conducting Polymer Nanotube-based Liquid-lon Gated Field-Effect
Transistor Aptasensor for Dopamine Exocytosis. Sci. Rep. 10, 1-12 (2020).

Dakshayini, B. S. Reddy, Kakarla Raghava Mishra, Amit Shetti, Nagraj P. Malode, Shweta
J. Basu, Soumen Naveen, S. Raghu, A. V. Role of conducting polymer and metal oxide-
based hybrids for applications in ampereometric sensors and biosensors. Microchem. J. 147,
7-24 (2019).

Shrivastava, S., Jadon, N. & Jain, R. Next generation polymer nanocomposites based
electrochemical sensors and biosensors: a review. Trends Anal. Chem. (2016) .

Zare, E. N., Makvandi, P., Rossi, F., Motahari, A. & Perale, G. Progresses in conductive

44



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

polyaniline-based nanocomposites for biomedical applications: A review Progresses in
conductive polyaniline-based nanocomposites for biomedical applications: A review.
(2019).

Naveen, M. H., Gurudatt, N. G. & Shim, Y. Applications of conducting polymer composites
to electrochemical sensors : A review. Appl. Mater. Today 9, 419-433 (2017).

Moon, J., Thapliyal, N., Khadim, K. & Goyal, R. N. Biosensors and Bioelectronics
Conducting polymer-based electrochemical biosensors for neurotransmitters : A review.
Biosens. Bioelectron. 102, 540-552 (2018).

Chandra, P., Son, N. X., Noh, H., Goyal, R. N. & Shim, Y. Biosensors and Bioelectronics
Investigation on the downregulation of dopamine by acetaminophen administration based
on their simultaneous determination in urine. Biosens. Bioelectron. 39, 139-144 (2013).
Yeet Hoong Chang, Pei Meng Woi, Y. A. Optimization parameters for
electropolymerization of melamine in deep eutectic solvent. 26, 202-214 (2022).

Pham, M., Mostefai, M., Simon, M. & Lacaze, P. Electrochemical synthesis and study of
poly ( 5-amino 1-naphthol ) film in aqueous and organic media. 63, 7-15 (1994).

Elgrishi, Noémie Rountree, Kelley J. Mc Carthy, Brian D. Dountree, E. S. & Eisenhart,
Thomas T.Dempsey, J. L. A Practical Beginner’s Guide to Cyclic Voltammetry. J. Chem.
Educ. 95, 197-206 (2018).

Amare, M. & Admassie, S. Potentiodynamic fabrication and characterization of poly(4-
amino-3-hydroxynaphthalene sulfonic acid) modified glassy carbon electrode. J. Mater.
Res. Technol. 9, 11484-11496 (2020).

Zhao, Yankun Yang, Z., Fan, Wenxin Wang, Y. & Li, Guangzhen Cong, Hailin Yuan, H.
Carbon nanotube/carbon fiber electrodes via chemical vapor deposition for simultaneous
determination of ascorbic acid, dopamine and uric acid. J. Chem. 13, 3266-3275 (2020).
Renjini, S., Jyothish, T., Sreevalsan, K. & Kumary, V. A. Electrochemical Behaviour of
Dopamine on A Glassy Carbon Electrode Modified by Graphene Chitosan Copper
Composite. 3-8 (2017).

Sharp, M. & Petersson, M. Preliminary note Preliminary determinations of electron transfer
Kinetics involving ferrocene covalently attached to a platinum surface. 95, 123-130 (1979).
Mihret, Y., Sisay, A., Hailemariam, S. & Kitte, S. A. Nitrogen Defect-Rich Graphitic
Carbon Nitride for Highly Sensitive VVoltammetric Determination of Tryptophan. (2023) .

45



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Rajkumar, C., Thirumalraj, B., Chen, S. M., Veerakumar, P. & Liu, S. Bin. Ruthenium
Nanoparticles Decorated Tungsten Oxide as a Bifunctional Catalyst for Electrocatalytic and
Catalytic Applications. ACS Appl. Mater. Interfaces 9, 31794-31805 (2017).

Manjunatha, J. G. Kumara Swamy, B. E.Mamatha, G. P.Gilbert, Ongera Shreenivas, M.
T.Sherigara, B. S. Electrocatalytic response of dopamine at mannitol and triton x-100
modified carbon paste electrode: A cyclicvoltammetric study. Int. J. Electrochem. Sci. 4,
1706-1718 (2009).

Ozcan, A., Salih, I. & At, A. Talanta Development of a disposable and low-cost
electrochemical sensor for dopamine detection based on poly ( pyrrole-3-carboxylic acid )
-modi fi ed electrochemically over-oxidized pencil graphite electrode. 165, 489-495 (2017).
Koyun, O., Gursu, H., Gorduk, S. & Sahin, Y. Highly Sensitive Electrochemical
Determination of Dopamine with an Overoxidized Polypyrrole Nanofiber Pencil Graphite
Electrode. Int. J. Electrochem. Sci. 12, 6428-6444 (2017).

G.; Gopal; Madhusudana Reddy; P.; P. Fabrication; Shaikshavali; T.; Venkataprasad. (L-
Cystine)/multi Walled Carbon Nanotubes Modified; 9; 940-955; Characterization and
Application of Poly; Dopamine in presence of Uric Acid and Folic Acid.

Manikandan, R., Deepa, P. N. & Narayanan, S. S. Fabrication and characterization of poly
2-napthol orange film modified electrode and its application to selective detection of
dopamine. (2017) .

Li Wang, Huiren Xu, Yilin Song, Jinping Luo, Wenjing , Shengwei Xu, and X. C. Highly
Sensitive Detection of Quantal Dopamine Secretion from Pheochromocytoma Cells Using
Neural Microelectrode Array Electrodeposited with Polypyrrole Graphene. 6-13 (2015).
Yao, H., Sun, Y., Lin, X, Tang, Y. & Huang, L. Electrochemical characterization of poly (
eriochrome black T ) modified glassy carbon electrode and its application to simultaneous
determination of dopamine , ascorbic acid and uric acid. 52, 6165-6171 (2007).

Sridevi, S. M. V. In Situ Electrodeposited Gold Nanoparticles on Polyaniline - Modified
Electrode Surface for the Detection of Dopamine in Presence of Ascorbic Acid and Uric
Acid. Electrocatalysis (2021) .

Li, Su-Juan, Jun-Zhi He, Meng-Jie Zhang, Rong-Xia Zhang, Xia-Lei Lv Shao-Hua Li, H.
P. Electrochemical detection of dopamine using water-soluble sulfonated graphene.
Electrochim. Acta 102, 58-65 (2013).

46



47



