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The glassy carbon electrode (GCE) was modified with sunset yellow (SY) food dye to develop a simple, environmentally friendly, low-
cost electrochemical sensor. The electrode's performance as a helpful sensor was demonstrated in the simultaneous and selective measurement
of ascorbic acid (AA), dopamine (DA), and uric acid (UA). The SY dye was covalently fixed on the electrode surface. The structure and
morphology of the modified electrode were investigated by scanning electron microscopy (SEM), and the results showed that SY particles
were located on the surface of the GC electrode. The electrochemical activity of the modified electrode was measured using cyclic
voltammetry (CV), chronoamperometry, chronocoulometry, and impedance spectroscopy (EIS) techniques. The results showed that under
optimal conditions, the SY/NaOH-treated-GCE has good electrocatalytic activity, a suitable linear range (7-320, 0.2-45, 0.2-50 uM), a low
detection limit (4.78, 0.12, 0.12 uM) for AA, DA, and UA, respectively, and high stability. Analytical application of SY/NaOH-treated-GCE
was successfully evaluated to determine AA, DA, and UA in bell pepper, grapefruit, dopamine ampoule, vitamin C tablet, tap water, and
biological samples (human blood and urine). The results reported by our team show that the SY/NaOH-treated-GCE is suitable for

simultaneous and selective determination of electroactive species in various biologic and pharmaceutical samples.
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INTRODUCTION [15,16]. Dopamine (DA),

neurotransmitter and plays an essential role in the activity of

as a catecholamine, is a

Ascorbic acid (AA), an antioxidant that plays an essential
role in the oxidation and reduction processes in the human
body [1-4], is necessary for the formation of collagen in the
body [5] and helps absorb iron [6,7]. AA is mainly used to
treat Scorbut [8,9], kidney disease [10,11], and immune
enhancement against diseases [12,13]. The recommended
limit for this compound in the diet is about 30.0 to 40.0 mg
per day [14]. Some studies have shown that ascorbic acid
concentrations in the blood plasma of diabetic patients are
lower than those of healthy people, so measuring ascorbic
acid concentrations in the blood is vital to diagnose diabetes
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the nervous system and hormones [17-19]. An abnormal
concentration of DA in the body is a reason for diseases such
as premature aging, depression, Parkinson's disease [20-22],
osteoporosis, arthritis [23], schizophrenia [24], and epilepsy
[25,26]. Also, a rare tumor called pheochromocytoma can
increase the amount of catecholamines in the blood, causing
high blood pressure, excessive sweating, headaches,
palpitations, and trembles. Therefore, measuring dopamine
detect  the called
phaeochromocytoma [27]. The allowed limit for DA in the
blood is less than 30.0 pg ml! [28]. Uric acid (UA) is the

primary source of nitrogen compounds in the urine and one

helps adrenal gland  tumor

of the most common compounds in the blood serum. This
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compound outcome from the final metabolism of purine in
the human body [29,30]. UA normal range in the blood of
men is 3.5 to 7.2 mg dl”!, and in the urine is 1.48 to 4.43 mM
for 24 h [31]. Irregular levels of UA lead to diseases such as
ganglia [32], Lesch-Nyhan syndrome (LNS), renal disorder
[33], and cardiovascular problems [34]. According to the
importance and dual effects (positive and negative) of these
analytes on biological materials and their potential role in the
diagnosis, treatment, and prevention of diseases (biomarker
effects

determination of such analytes are of interest in medical

of compounds), detection and simultaneous
biochemistry, diagnostic, and pathological research fields.

Therefore, different analytical methods have been
proposed for the simultaneous determination of these
three compounds [35-43]. Among these methods, the
electrochemical methods have received the greatest attention
because of their simplicity, low cost, high sensitivity, high
speed, and low organic solvent consumption. Voltammetric
determinations of AA, UA, and DA have been widely
reported due to the appropriate electrochemical properties of
these compounds [44-46]. The main problem in the
simultaneous determination of these compounds is the
closeness of their oxidation potentials at the surface of
conventional solid electrodes, which causes the overlapping
of their electrooxidation peaks. Therefore, the successful
simultaneous voltammetric determination of these analytes
requires modifying the electrode surface. Different materials
have been used to modify the surface of the electrodes, such
as metal nanoparticles [47-50], nanocomposites [51-53],
ionic liquids [54,55], carbon nanotubes [56,57], graphene
[58-60], graphene oxide [61-63], and polymer materials [64-
67].

In recent years, synthetic organic dyes have been
considered in electrode modification due to their simplicity
and high electrocatalytic. Some of these organic dyes are
Alizarin Red [68], Methylene Blue [69], Malachite Green
[70], Bromo Cresol Purple [71], Alizarin Yellow [72], and
Trypan Blue (Direct Blue) [73]. Unfortunately, although
these dyes have high electrocatalytic activity, they are the
most important sources of water pollution [74-80]. Therefore,
their use as a reactant in developing electro-analytical
methods should be limited due to environmental pollution.
One way to take advantage of the high electrocatalytic
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activity of organic dyes without any environmental pollution
is using synthetic food colorings. In addition to having high
electrocatalytic activity, food colorings have advantages such
as simplicity, availability, and low environmental pollution.
Despite these advantages, only a few passers have been
reported using food colors (such as Brilliant Blue) as the
electrode modifiers [81-83]. Therefore, due to the intrinsic
advantages of food colors, their use in constructing modified
electrodes with desirable stability is of interest in the electro-
analytical research field.

In this study, for the first time, the glassy carbon electrode
(GCE) was modified using Sunset Yellow (SY) as a cheap,
available, environmentally friendly, and eatable food dye.
The modifier was immobilized on the surface of GCE
through electro-immobilization through covalent bonding by
the simple cyclic voltammetric (CV) method. According to
our knowledge, there is no report on modifying the GCE
surface with SY dye. The GCE modified by Sunset Yellow
(SY/NaOH-treated-GCE) was used to measure AA, DA, and
UA simultaneously. The modified electrode shows the
separation of peaks, high stability, low detection limit, and
suitable linear range. Analytical performances of the
modified electrode were studied by detecting ascorbic acid,
dopamine, and uric acid in various real samples such as; bell
peppers, grapefruit, city water, dopamine injection, human
serum, and urine. The results showed ethical recovery values.

REAGENTS AND SOLUTIONS

Ascorbic acid (AA), Dopamine hydrochloride (DA), and
Uric acid (UA) were purchased from Merck. Sunset Yellow
FCF (90%) dye (SY) was purchased from Sigma-Aldrich.
Other reagents include citric acid, sodium citrate, sodium
hydroxide, potassium chloride, potassium ferrocyanide,
potassium ferricyanide, sulfuric acid, hydrochloric acid,
potassium dihydrogen phosphate, and disodium phosphate,
which were purchased from credible companies. All reagents
were analytical grade and were used without additional
purification. Doubly distilled water was used for the
preparation and dilution of all solutions.

Phosphate buffer solutions (PBS) in the pH range of (4.0-
8.0) were prepared by mixing appropriate volumes of 0.10 M
KH>PO4 and Na;HPO4 with hydrochloric acid. Citrate buffer
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solutions (CBS) at different pHs (4.0-8.0) were prepared by
mixing appropriate volumes of 0.10 M citric acid, sodium
hydroxide, and hydrochloric acid and adjusting the pH using
the pH meter.

A 100.0 ml of 10.0 X 1073M SY stock solution was
prepared by dissolving 0.502 g of SY in a 100.0 ml
volumetric flask. The diluted SY solutions with different
concentrations were daily prepared by appropriate diluting of
known required volumes of the stock solution.

A 100.0 ml stock solution of 1.0 X 1073M UA was
prepared by dissolving 0.0168 g of UA in a 100.0 ml
volumetric flask.

A 1.0 X 1073M stock solution of DA was prepared by
dissolving 0.0189 g of dopamine hydrochloride in a
100.0 ml volumetric flask. The stock solution of AA with a
concentration of 1.0 X 1073M was prepared by solving
0.0176 g of AA in a 100.0 ml volumetric flask. Due to the
low stability of AA acid and DA solutions, the stock solutions
should be prepared daily. Dilute solutions of AA, DA, and
UA with different concentrations were prepared by diluting
the appropriate volumes of corresponding stock solutions.

100.0 ml of the 2.00 M sodium hydroxide solution and
0.10 M hydrochloric acid solution were prepared and
standardized through the appropriate methods [84]. Dilute
solutions were prepared daily by suitable dilution .

Sample Preparation

The fresh bell pepper and grapefruit samples were
obtained from the local market. 85.00 g of bell pepper was
finely ground with a mechanical grinder, and then the pepper
juice was extracted by hand pressure and filtered with a filter
paper (Whatman No 1). After that, the pH of pepper juice was
adjusted to 5.0 using the CBS and centrifuged for 5 min at
4000 rpm. The resulting solution was decantated and
transferred entirely to a 250.0 ml volumetric flask. The
solution was diluted to the mark with distilled water, and
2.0 ml of the clear solution was used for electrochemical
analysis.

The fruit juice of 120.0 g of grapefruit sample was
collected using a mechanical juicer. The resulting juice was
filtered using filter paper (Whatman No: 1). The pH of the
solution was adjusted to 5.0 using CBS. The solution was
centrifuged at 4000 rpm for 5 min. The resultant solution was
decanted and put into a volumetric flask with a capacity of

250.0 ml. The solution was diluted to the mark with distilled
water, and 2.0 ml of the clear solution was used for
electrochemical analysis.

The biological samples (urine and blood serum) were
taken from a healthy helper in our laboratory. A 10.0 ml urine
sample was diluted 1000-fold, and 1.0 ml of the diluted
sample was used for electrochemical determination. In the
blood serum sample preparation, 5.0 ml of blood serum
sample was centrifuged for ten minutes at 4000 rpm. The
centrifuged solution was separated and diluted 100-fold.
Precisely 1.0 ml of the resultant solution was used for
electrochemical analysis.

The pharmaceutical samples, including dopamine
ampules and Vitamin C tablets, were purchased from a local
drugstore. 1.0 ml of dopamine ampule with a certified
concentration of 200 mg per 5.0 ml was diluted 10000-fold
with distilled water. Precisely 1.0 ml of the resultant solution
was used for electrochemical analysis. Five vitamin C tablets
(500 mg AA per tablet) were entirely crushed by hand mill.
Then one-fifth of the powder obtained, weighing 4.1230 g
was taken and dissolved in a 50.0 ml volumetric flask with
distilled water. 1.0 ml of the solution was diluted 100-fold,
and 1.0 ml of the resultant solution was used for analysis.

Apparatus

Electrochemical measurements were performed by a
Metrohm 746 VA trace analyzer with a 747 VA stand. The
three-electrode system consisted of a modified GCE
(GCE/SY) working electrode, an Ag/AgCl (KCI 3.0 M)
reference electrode, and a Pt wire auxiliary electrode. They
were used for controlled potential electrochemical
measurements. All potentials were measured and reported
versus the Ag/AgCl reference electrode. GCE was purchased
from Azar Electrode Company with a geometrical area of
2.0 mm. pH measurements were performed using a pH meter
(Metrohm Model 780) equipped with a combined saturated
calomel electrode (SCE)/glass membrane electrode. The
reagents were weighed using a digital balance (Sartorius,
Model A200S). A universal centrifuge (Hakim Azma Tajhiz

Company) was used to centrifuge the sample solutions.

Preparation of Sunset Yellow Modified Glassy
Carbon Electrode (SY/NAOH-treated-GCE)
At first, the surface of the GCE was mechanically
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polished using a slurry of alumina powder (with an average
particle size of 0.05 pum) on the surface of the electrode
polishing plate to achieve a glossy surface. Then, 10.0 ml of
1.0 mM SY solution containing 0.20 M NaOH was
transferred to the electrochemical cell. The GCE was then
placed in the electrochemical cell, and 20 successive
potential cyclings were performed in the range of -0.5 to
+1.5 V with a scan rate of 100 mV s’ using the cyclic
voltammetry (CV) technique. The modified electrode was
washed twice with distilled water to remove any impurities
from its surface. Then, the modified electrode was placed in
a 0.20 M NaOH solution, and an additional five successive
potential cyclings were applied using the CV technique at
the above-mentioned instrumental conditions. This further
potential cycling removes the unreacted SY monomers from
the electrode surface, and the modified electrode creates a
stable electrochemical response.

Analytical Procedure

For differential pulse voltammetry (DPV) measurement,
an aliquot volume of standard or sample solution containing
known amounts of AA, DA, and UA as analytes was
transferred into the electrochemical cell. Then, 4.0 ml of CBS
at pH = 5.0 was added, and the solution was diluted up to
10.0 ml using distilled water. Then, the DP voltammogram
of the solution was recorded by applying a positive-going
potential scan in the potential range of -0.10 to 0.70 V with
the potential scan rate of 60 mV.s! and a pulse amplitude of
60 mV. The peak currents for AA, DA, and UA (is) oxidation
were measured at the peak potentials of -0.10, 0.30, and
0.47 V, respectively. Also, the DP voltammogram for the
blank solution was recorded under the same conditions. The
currents at the potentials of 0.10, 0.30, and 0.47 V were
recorded and used as the background current (i) to calculate
the analytical signal (Al = i, - iy). The analytical signals (Ai)
at the corresponding peak potentials were used to construct
calibration curves for the quantitative determination of
analytes. After each measurement, the modified electrode
was cleaned by twice washing with distilled water; then, the
electrode surface was thoroughly reactivated in 0.2 M
NaOH solution by five consecutive CV potential cycling in
the potential range of -0.5 to 1.5 V with a scan rate of
100 mV s,

RESULTS AND DISCUSSION

Immobilization of SY on the Surface of GCE
la and 1b
voltammograms recorded in the modification of the GCE

Figures show the successive cyclic
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Fig. 1. Cyclic voltammograms (20 cycles) for a: NaOH-
treated-GCE, and b: SY/NaOH-treated-GCE. Inset is
locally-amplified cyclic voltammograms. Conditions:
1.0 X 1073M of SY in 0.20 M NaOH, the scan rate
of 100 mV s,
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surface in the 0.2 M NaOH solution (NaOH-treated-GCE)
and the mixed solution containing 0.2 M NaOH solution and
1.0 x 1073M SY (SY/NaOH-treated-GCE). No redox peak
was observed in the cyclic voltammograms of the GC
electrode surface when treated with NaOH (Fig. 1a).

However, an oxidation peak at a potential of 0.54 V is
observed in GCE modification using NaOH and SY mixed
solution, related to SY oxidation. The oxidation peak current
of the SY decreases with the increasing number of cycles.
This is probably associated with the covalent formation of the
SY film on the GCE surface through the formation of the
cationic radicals [85,86] (Scheme 2).

The anodic scan of SY in an aqueous medium can cause
radical cation formation (Scheme 2). The azo-SY group
becomes a radical cation with the loss of one electron. A
covalent bond is probably formed between the nitrogen group
of the SY and the sp? carbon of the GC electrode. The results
are consistent with previous work for covalently stabilizing
other modifiers on the GCE surface using the cyclic
voltammetric technique [85-91].

Characterizations of SY-Modified Electrodes
(SY/NaOH-treated-GCE)

The morphology of the electrode surface was studied
using the recorded FESEM images. As shown in Fig. 2a, the
surface of the unmodified GCE is uneven and non-uniform.
While the surface of SY/NaOH-treated-GCE has become
uniformly rougher, it shows that the SY modifier is
immobilized at the surface of the SY/NaOH-treated-GCE
(Fig. 2b).

Electrochemical Impedance Studies

Electrochemical impedance spectroscopy (EIS) is an
efficient method to evaluate the resistance of the electrode
surface against charge transfer. The effect of electrode
modification on charge transfer resistance was investigated
by immersing both modified and unmodified GC electrodes
in a solution containing 5.0 mM [Fe(CN)g]* and 0.10 mM
KClI and recording EI spectrum. The recorded Nyquist plots
and equivalent circuits are shown in Fig. 3. In the designed
equivalent circuit (Fig. 3I), Ry, Ry, and C are the solution
resistance, charge transfer resistance, and double layer
capacitance, respectively. Zw is related to semi-finite linear
diffusion. Both electrode Nyquist diagrams (Fig. 3) consist
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Fig. 2. SEM images of (a): bare GCE, and (b): SY/NaOH-
treated-GCE.

of two parts, the linear part related to the diffusion-controlled
process and the semi-circular part associated with the
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Fig. 3. Electrochemical impedance spectra for bare GCE
(a), NaOH-treated-GCE (b), and SY/NaOH-treated-
GCE (c). The inset shows the equivalent circuit. Ry
is solution/electrolyte resistance, R, is charge-
transfer resistance, Z,, is Warburg impedance
related to semi-infinite linear diffusion, and C; is
double-layer capacitance.

electron transfer process. The diameter of the semi-circular
section indicates charge transfer resistance (Rc;). According
to the results obtained (Fig. 31I), the smaller diameter of the
semi-circle in the Nyquist plot of the modified electrode
(SY/NaOH-treated-GCE) indicates lower charge transfer
resistance and easier electron transfer on the surface of the
SY/NaOH-treated-GCE compared to the GCE-treated and
bare GCE. After data processing with Ivium software, the
values of 9.80 x 102, 6.45 x 10? and 2.14 X 10% Q were
calculated for R of the bare GCE, NaOH-treated-GCE,
and SY/NaOH-treated-GCE, respectively. The less R¢; in

AARged,DARed,UARed

o

AADK! DA Dx:UA{)x

80;Na

Scheme 1. The proposed electrocatalytic mechanism for the
oxidation of AA, DA, and UA on the surface of
the SY/NaOH-treated-GCE

SY/NaOH-treated-GCE indicated that the SY film on
SY/NaOH-treated-GCE accelerated the electron transfer
process according to the electrocatalytic mechanism
suggested in Scheme 1.

The active surface area of modified and unmodified
electrodes were calculated using the chronoamperometry
technique via the Cottrell equation under the diffusion-
controlled condition [92]. For this purpose, the modified and
unmodified electrodes were placed in the solutions with

different concentrations of [Fe(CN)g]* containing 0.10 M
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Scheme 2. Proposed mechanism for modification of GCE with SY
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KCl, and the chronoamprograms were recorded at the applied
potential of 0.35 V. The results are shown in Figs. 1S-3S
(Supplementary). The chronoamprograms of a blank solution
(containing only 0.10 mM KCI) were also recorded. After
making point-to-point corrections for the blank, the graphs of
current versus t2 at different concentrations of [Fe(CN)s]*
were drawn for bare GCE, NaOH-treated-GCE, and
SY/NaOH-treated-GCE (inset of Figs 1S-3S). According to
the Cottrell equation, the obtained graphs (I vs. t'/?) are linear
with slopes of nNFAD/?t1/2_ The slopes are dependent on the
concentration of [Fe(CN)s]* ,therefore, the slopes of the
[Fe(CN)e]*
concentrations. The following equations were obtained:

resulting straight lines were plotted wvs.

GCE: slope = 3.970C — 1.450 (R? = 0.9775) (1)

NaOH-treated-GCE: slope = 5.534C — 0.620 (R? =
0.987) (2

SY/NaOH-treated-GCE: slope = 6.259C —
1.293 (R? = 0.998) 3)

Based on the results, with n =1 and D = 6.5 x
106 cm? s7! for [Fe(CN)g]* in 0.10 M KCl, the active surface
areas were calculated to be 0.029, 0.04, and 0.045 cm? for
the bare GCE, NaOH-treated-GCE, and SY/NaOH-treated-
GCE, showed that the
electrochemical effective surface area of the electrode is

respectively. The results
larger after modification with SY, demonstrating that SY
increases the electrochemical effective surface area of the
electrode; consequently, it increases the oxidation peak
current.

The amount of the SY as a modifier on the electrode
surface is a crucible parameter and should be studied when
the electrode is chemically modified. Therefore, the
chronocoulometry technique was chosen to quantify SY
concentration on the GC electrode surface. For this purpose,
SY/NaOH-treated-GCE was placed in a PBS solution
(pH =5.0) containing 30.0 uM DA, and the chronocoulogram
was recorded by applying a sufficiently positive potential
step of 0.5 V (more positive than the potential of SY). The
chronocoulograms at the surfaces of bare-GCE and
SY/NaOH-treated-GCE were also recorded. The following
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equation shows the relationship between Q and time in the
presence of surface adsorbed species [93].

2nFAC,DY/?
Qtotal = # . t1/2 + Qads + le (4)

where Qg is the double layer charge (C), Qags is the
adsorption charge (C), F is the Faraday constant (C mol), A
is the surface area of the electrode (cm?), n is the number of
electrons exchanged, C, is the concentration of ox species
(M), and D, the diffusion coefficient of ox species (cm” s™).
According to Eq. (1), the graph of Q vs. t'? for Q-t data of
SY/NaOH-treated-GCE in the sample solution is linear with
the intercept of Qadgs + Qai. On the other hand, assuming the
absence of electroactive species at the bare-GCE surface does
not affect the structure of the electrode surface double layer,
the Qg term could compensate by point-by-point subtraction
of the Q-t data of bare-GCE in blank solution from the Q-t
data of SY/NaOH-treated-GCE in DA solution. Therefore,
data of SY/NaOH-treated-GCE
immersed in DA solution relative to blank data, the graph of

after correcting Q-t
Q vs. t'2 was drawn (Fig. 4S). The intercept of the linear
Q - tl4 diagram is equal to Q.¢s and was found as
0.1652 X 107°C. The concentration of electroactive species
at the modified electrode surface (I') was calculated using the
equation Qags= nFAT [93,94]. By taking the values of n =1,
A = 0.045 cm? for SY/NaOH-treated-GCE, and the defined
value for F, the surface concentration of the SY (I') on
SY/NaOH-treated-GCE was estimated to be 3.8 x 107!
(mol cm2).

The electrons and protons involved in the redox process
of the SY film modifier were investigated using the
dependence of the peak potential of SY oxidation on the pH.
Therefore, the effect of pH on SY oxidation peak potential
(Ep) was investigated by cyclic scanning of the potential in
the range of -0.3 to 1.0 V at a scan rate of 200 mV s™' when
SY/NaOH-treated-GCE was immersed in phosphate buffer
solutions with different pH values in the range of 3.0-8.0. The
recorded CVs are shown in Fig. 4. The results show a redox
peak at different pHs, confirming that the SY film is
electroactive in the studied range. Additionally, at pH ranges
of 3.0-8.0, with increasing pH, the potential of the SY redox
peak shifts towards negative values. These observations
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Fig. 4. Cyclic voltammograms of SY/NaOH-treated-GCE in
PBS solution pH = (3.0, 4.0, 5.0, 6.0,7.0, 8.0) at scan
rate 200 mV s,

confirm that the reaction is associated with proton transfer
[95-97]. As illustrated in the inset of Fig. 5S, the linear
relationship between the SY anodic peak potential (Ep.)
and pH can be expressed with the equation of
Epe(V) = 0.0586pH + 0.5205 (R?> = 0.9959). The slope
obtained is close to the theoretical Nernst slope (0.0592 V);
therefore, the number of exchanged electrons and protons in
the electrochemical redox process of surface adsorbed SY is
equal. According to the proposed mechanism in Scheme 1,
the transfer process involves one proton and one electron.
The electrochemical behavior of SY on the SY/NaOH-
treated-GCE surface was investigated using the CV
technique at different scan rates. For this purpose, cyclic
voltammograms of SY/NaOH-treated-GCE were recorded in
PBS with pH = 5.0, in the potential range of -0.3 to 1.0 V
with scan rates of 50-250 mV s (Fig. 5). The diagrams of
anodic peak currents (I,a) vs. the scan rate were plotted
(Fig. 6S). The results show that I, increases linearly with
increasing scan rates (linear I vs. v), indicating that the current
of species is surface controlled [98]. Also, thel Ipa/Ipc | is
approximately equal to one. On the other hand, the potential
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Fig. 5. Cyclic voltammograms of SY/NaOH-treated-GCE in
PBS solution of pH = 5.0 at different scan rates. (50,
100, 150, 200 and 250 (mV s™)).

difference between anodic and cathodic peaks (Epa - Eyc) is
more significant than 59/n (mV) and increases linearly with
increasing scan rate. Besides, the E,c potential shifts
negatively as the scan rate increases. These results confirm
that the modifier reaction at the electrode surface is quasi-
reversible [99,100].

The DPV technique was used to investigate the
electrochemical responses of AA, DA, and UA on bare GCE,
NaOH-treated-GCE, and SY/NaOH-treated-GCE. The DP
voltammograms of bare GCE, NaOH-treated-GCE, and
SY/NaOH-treated-GCE, in CBS pH = 5.0 containing 100.0,
5.0, and 10.0 uM of AA, DA, and UA, respectively, are
shown in Fig. 6. Due to the slow electron transfer process at
the bare GCE surface, the oxidation peaks of AA, DA, and
UA are very weak, wide, and asymmetric at potentials of
0.13, 0.31, and 0.47, respectively (Fig. 6a). However, at the
NaOH-treated-GCE (Fig. 6b), the oxidation peaks of all three
analytes are well separated (0.11 V, 0.30 V, and 0.47 V for
AA, DA, and UA, respectively). Moreover, the analytes
signals are enhanced due to the improved active surface area
of NaOH-treated-GCE (0.040 cm? for NaOH-treated-GCE
compared with 0.029 c¢m? for SY/NaOH-treated-GCE).
According to Fig. 6¢, the anodic peak potentials (Epa) of AA,
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Fig. 6. DP voltammograms of the 300.0 um AA, 5.0 pm
DA, and 10.0 um UA at bare GCE (a) NaOH-treated
GCE (b) and SY/NaOH-treated-GCE (c) in PBS
pH=5.0.

DA, and UA were observed at 0.09 V, 0.29 V, and 0.46 V,
respectively, at the surface of the SY/NaOH-treated-GCE.
The observed peak potentials are lower than the
corresponded anodic peak potentials at NaOH-treated-GCE,
and the oxidation currents are enhanced in the presence of SY
at the electrode surface. With these results and the fact that
the surface areas of NaOH-treated-GCE (0.040 cm?) and
SY/NaOH-treated-GCE (0.045 ¢cm?) are nearly equal, it can
be concluded that the SY, as a modifier, facilitates the rate of
electron transfer at the SY/NaOH-treated-GCE. In addition,
the peak potential difference of the analytes in the SY/NaOH-
treated-GCE is more significant, which indicates a better
peak separation in the presence of SY as a modifier.
However, the results confirm that the SY is an appropriate
modifier for constructing a sensitive electrochemical sensor
for the simultaneous determination of AA, DA, and UA.

Optimization of Experimental Conditions
Optimization of modified electrode -construction
conditions. During the electrode modification process, an
electrolyte is used as a reaction medium to increase the
conductivity, reduce the internal resistance of the solution,
and eliminate the migration current. The influence of
electrolyte type on the signal of the analytes was evaluated
using the CV technique. Cyclic voltammograms were
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recorded in solutions containing SY (1.0 mM) and 0.1 M of
various supporting electrolytes, including; NaOH, H>SOs,
KNO3s, and PBS. After that, the DP voltammograms were
recorded in a solution containing a specific amount of
analytes and CBS, pH = 5.0. As shown in Fig. 7S, the PBS
and NaOH synthesis medium have the highest DPV signal.
However, according to Table 1S, NaOH has better
repeatability and less standard deviation than PBS. So, NaOH
was used as a medium for synthesis to achieve better
repeatability and sensitivity.

The electrolyte concentration affects the quality of the
modified film by oxidizing the surface of GCE and increasing
the electroactive sites. The GCE was modified to optimize
supporting electrolyte concentration using the CV technique
in solutions containing 1.0x10°M of SY and different
concentrations (0.03-0.3 M) of NaOH. The effect of
electrolyte concentration on the electrochemical response
was then investigated using DPV in a solution containing a
known concentration of analytes and CBS with a pH of 5.0.
8S, with
concentration up to 0.2 M, the analyte signal increases and

As shown in Fig. increasing electrolyte
subsequently decreases. Increased NaOH concentration
causes oxidation of the electrode surface, an increase in
electroactive sites, and the functional groups (hydroxyl,
carbonyl, and carboxyl) formation, which leads to an increase
in the peak current of analytes [101]. However, at higher
concentrations of 0.2 M, the most active sites on the GC
surface were oxidized, and the possibility of bond formation
between the SY and the GC surface was limited. Therefore,
the amount of SY on the GCE surface decreased. This
problem reduced the quality of the SY film on the GC surface
and ultimately reduced the analyte signal. As a result, 0.2 M
was chosen as the optimal electrolyte concentration for
SY/NaOH-treated-GCE modification.

The modifier amount on the electrode surface plays an
essential role in the voltammetric signal of the modified
electrode. Therefore, the effect of different concentrations of
SY as a GC modifier on the oxidation current of analytes was
studied. For this purpose, the GCE was immersed in a 0.2 M
NaOH solution containing different amounts of SY (0.25 x
10-3-2.0 x 103 M). Then the GCE was modified using the CV
technique with 20 potential sweeps from -0.5 to 1.5 V.
Then, using the DPV technique, the signal of analytes
was recorded with an applied potential of -0.3 to 0.7. As
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illustrated in Fig. 9S, increasing the SY concentration from
0.25 x 103 to 1.0 x 103 M increased the signal of analytes.
However, at concentrations greater than 1 x 103 M,
increasing the thickness of the modifier layer on the electrode
surface decreases electrical conductivity, hence decreasing
the analyte signal [64]. As a result, 1.0 X 1073M was chosen
as the best modifier concentration.

The thickness of the modifier film is affected by the
number of voltammetric cycles. Therefore, the effect of
increasing the scan number (from 10 to 30) on the
voltammetric response of analytes was investigated. The
obtained data indicates that when the number of cycles
increases to 20, the oxidation current intensity of the analytes
also increases. However, as the number of cycles exceeds 20,
the oxidation current of the analyte decreases due to the
increased film thickness and decreased electron transfer of
the analyte at the electrode surface. As a result, 20 cycles
were selected in the electrode modification process.

Optimization of simultaneous determination
conditions. Using the DPV technique, the effect of pH on the
electrochemical behavior of AA, DA, and UA, as well as the
sensitivity of the proposed electrochemical sensor, were
studied. For this purpose, the SY/NaOH-treated-GCE was
placed in phosphate buffer solutions with pH values between
3.0 to 8.0, including known quantities of AA, DA, and UA.
Then, the potential was scanned from -0.3 V to 1.0 V at a
scan rate of 50 mV s”!, and the DP voltammograms were
recorded (Fig. 7). As shown in Fig. 7, as the pH increases, the
anodic peak potentials (E,) of the analytes shift to negative
values, which indicates the association of proton transfer in
the oxidation of analytes [97,102].

As illustrated in Fig. 7, as pH rises, the anodic peak

potentials (Epa) of the analytes shift to negative values,
indicating proton transfer in the oxidation of analytes
[97,102]. The Epa values of each analyte were plotted against
pH for further investigation. The results (shown in Fig. 10S
(a-b)) indicate a linear relationship between Epa and pH for
all three analytes, as demonstrated by the linear regression
equations listed below:
For more investigations, the E,. values of each analyte were
plotted against pH. The results ((shown in Fig. 10S (a-b))
show that there is a linear relationship between Ep, and pH
for all three analytes with the below linear regression
equations:
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Fig. 7. DP voltammograms of a mixture of 100.0 uM AA,
20.0 uM DA, and 10.0 uM UA at SY/NaOH-
treated-GCE in 0.1 M PBS of various pHs

For AA:E,, = —0.0409pH + 0.03298 (R>=0.984)
(%)

For DA: Ep, = —0.0528pH + 0.5944 (R%=0.997)
(6)

For UA: Ey, = —0.0661pH + 0.8212 (R? = 0.9789)
(N

According to Eq. (5), the slope of the linear equation for
AA is 0.0409, which indicates the inequality of the number
of electrons and protons in the AA oxidation process;
therefore, two electrons per one proton mechanism is
involved. Egs. (6) and (7) show that the slopes of E,. vs. pH
linear relationships for DA and UA are similar to the slope of
the Nernst equation. Therefore, the number of e and protons
exchanged in the oxidation of DA and UA is identical. The
results are in good agreement with the previously reported
results for the oxidation of AA, DA, and UA [103-105]. The
effect of pH on the sensitivity (oxidation peak current) was
also studied. For this purpose, the anodic peak currents of
analytes were plotted versus pH (Fig. 11S). Figure 11S shows
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the anodic peak currents are maximum at pH = 5.0 for AA
and UA, whereas at pH = 7.0. A decrease in the anodic peak
current of DA at pH values greater than 7.0 is due to the
self-polymerization of DA at alkaline pH values [58,106].
Also, the highest peak separation (AE,) between AA and DA
and between DA and UA was observed at pH = 5.0. Thus,
pH = 5.0 was selected as the optimal pH to achieve better
peak resolutions and appropriate sensitivity.

In this study, the buffer solution was used as the
supporting electrolyte. The nature of supporting electrolytes
has an influential role in electrochemical determinations.
Therefore, the effect of buffer type (supporting electrolyte)
on the oxidation peak current of each analyte was
investigated using acetate, citrate, phthalate, and phosphate
buffer with a pH of 5.0 as supporting electrolytes. For this
purpose, differential pulse voltammograms of solutions
containing AA, DA, and UA with concentrations of 300.0,
10.0, and 20.0 puM, respectively, and different buffers types
with the same concentration of 0.1 M and pH of 5.0 were
recorded in the potential range of -0.1 to 0.7 V at the
Sy/NaOH-treated-GCE. According to the results obtained
(Fig. 12S), the highest peak current was observed in the CBS.
Hence, a 0.10 M CBS with a pH of 5.0 was used as the
supporting electrolyte for the simultaneous determination of
AA, DA, and UA.

The influence of the potential scan rate (v) on the anodic
peak currents (ip) of analytes was investigated. For this
purpose, DP voltammograms of SY/NaOH-treated-GCE
immersed in the CBS with a pH of 5.0 containing a specific
analyte concentration were recorded at a potential ranging
from 0.1 to 0.7 V at various scan rates, in the range of 20 to
120 mV s!. The results indicate that the analytical signal
reaches its maximum value at a scan rate of 60 mV s’!'; after
that, it becomes nearly constant. However, the background
current is also increased at high potential scan rates. So, the
scan rate of 60 mV s™' was selected as the optimal value for
the next studies .

Since the analytical signal in the DPV technique depends
on the pulse amplitude [87]. The effect of pulse amplitude on
the analytical signals of analytes was investigated in the
range of 10 to 80 mV. DP voltammograms of solutions
containing 300.0, 10.0, and 20.0 uM of AA, DA, and UA,
respectively, in the CBS with pH = 5.0 were recorded in the
potential range of -0.1 to 0.7 V using different values of the
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pulse amplitude. According to the obtained evidence, with
increasing pulse amplitude, the peak oxidation current of the
analytes increases. However, peak width also increases with
increasing pulse amplitude; therefore, the peak separation
decreases at a higher pulse amplitude, and the peak
separations are not favorable at pulse amplitudes higher than
60 mV. Therefore, a potential pulse with an amplitude of
60 mV was selected as the optimal value for further studies .
differential
parameter, the effect of pulse time was studied in the range

As an effective pulse voltammetric
of 10-60 ms. Under optimal conditions of other parameters,
the DP voltammogram of the modified electrode was
recorded in a solution containing 300.0, 10.0, and 20.0 uM
of AA, DA, and UA, respectively. As shown in Fig. 13S
(supplementary materials), the anodic peak currents of
analytes increase with increasing pulse time up to 20.0 ms
and then decrease with increasing pulse time; therefore, a

pulse duration of 20.0 ms was chosen for further studies.

Analytical Parameters in the DP Simultaneous
Determination of DA, AA, and UA Using SY/NaOH-
Treated-GCE

The lack of synergic effects amongst analytes when using
the DPV method for the simultancous determination of
multiple analytes is crucial and should be investigated.
Therefore, voltammograms of solutions containing all three
analytes were recorded under optimum conditions to detect
the possible synergistic effects. The solutions were made so
that the concentration of one analyte remained constant in
each solution while the concentrations of the other two
analytes varied. According to the results (Fig. 14-17S), the
peak current of the analyte with constant concentration is
mainly independent of the concentration of other analytes.
Furthermore, regardless of which analyte concentration was
constant, the oxidation current of the analytes with various
concentrations increased linearly as the concentration. These
results confirm the lack of synergistic effects between the
analytes. Finally, as shown in Fig. 17S, by increasing the
concentration of all three analytes simultaneously, the signal
of analytes increases simultaneously and linearly with a
correlation coefficient of about 0.999 for all three analytes.
Therefore, the results are dedicated to the possible
simultaneous determination of three analytes with reliable
results and the least error via drawing linear calibration
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graphs. To obtain the linear relationships between DP
oxidation peak currents and analyte concentrations, as
calibration curves, DP voltammograms at the surface of GCE
immersed in four different solutions with a pH of 5.0
containing different concentrations of analytes (solutions I to
IV) were recorded at the optimum conditions. The obtained
results for the solution I (a constant concentration of 50.0 uM
for AA; different concentrations in the ranges of 5.0-25.0 uM
for both DA and UA), the solution II (a constant
concentration of 5.0 uM for DA; different concentrations in
the ranges of 30.0-200.0 uM, and 5.0-25.0 uM for AA and
UA, respectively), the solution III (a constant concentration
of 5.0 uM for UA; different concentrations in the ranges of
30.0-200.0 pM, and 5.0-25.0 uM for AA and DA
respectively), and the solution IV (different concentrations in
the ranges of 30.0-200.0 uM, for AA 5.0-25.0 uM for both
DA and UA, respectively are shown in Fig. 18-20S. As
shown in Fig. 18S, at constant AA concentrations, the
oxidation peak current for AA is nearly constant, while the
oxidation peak currents of DA and UA increase linearly with
concentrations according to the regression equations of
iga(HA) = 0.0211C4,(1M) + 0.1042 (R2 = 0.9983, n = 3),
ipa (MA) = 0.786Cp, (UM) — 1.120 (R2=0.999, n=3), and
iya (MA) = 0.875Cy, (M) — 1.428 (R?=0.999, n = 3) for
DA and UA, respectively. According to Fig. 19S, at constant
DA concentrations, with increasing concentrations of AA
and UA, the oxidation peak currents of AA and UA increase
linearly (with a correlation coefficient of 0.998 for both AA
and UA). In contrast, the oxidation peak current of dopamine
is constant. Also, at constant UA concentration, with
increasing concentrations of DA and AA, the oxidation peak
currents of DA and AA increase linearly (with a correlation
coefficient of 0.999 for both AA and DA), while the
oxidation peak currents of UA are constant (Fig. 20S).
Finally, according to Fig. 8, by increasing the concentration
of all three analytes simultaneously, the analytical signals
increase simultaneously and linearly with the concentration
increasing. Data analysis using the least square method
shows that the calibration graphs are linear in the
concentration ranges of 7.0-320.0 uM, 0.2-45.0 uM, and
0.2-50.0 uM (n = 7) for AA, DA, and UA. The calibration
curve equations for three analytes at the corresponding
concentration range are as follows:
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Fig. 8. DP voltammograms of SY/NaOH-treated-GCE with
0.1 M CBS (pH 5) containing different concentrations
of AA (7-320 uM), DA (0.2-45 uM), and UA (0.2-
50) uM. Insets are typical calibration plots of AA,
DA and UA sensor.

iga (MA) = 0.0211C,, (M) + 0.1042  (R>=0.9983,
n=_8) (®)
ipa (HA) = 0.7455C,, (UM) — 0.3466 (R2=
0.9985,n = 8) )
iya (MA) = 0.8042Cy, (UM) — 0.1649 (R2=
0.9987,n=8) (10)

The calculated detection limit of the proposed sensor was
also estimated according to the below equation:

LOD = KSym (11)

K is the numerical factor chosen according to the desired
confidence level and generally equals 3, Sy is the standard
deviation of the blank signal, and m is the calibration curve
slope. The values of S, were calculated using the blank
currents at the oxidation peak potentials of analytes by six
repeated recordings of DP voltammograms for blank solution
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(CBS with pH 5.0). According to the results, the Sb values of
0.033,0.031, and 0.033 were calculated for AA, DA, and UA.
By taking and calibration curve slopes (m values) of 0.021,
0.74, and 0.80 for AA, DA, and UA, respectively, and the
corresponding values of Sb, the detection limit of the
proposed sensor was found to be 4.78, 0.12, and 0.12 for AA,
DA, and UA, respectively.

Accuracy and Precision

Three different concentrations of AA, UA, and DA were
repeatedly measured within the linear range of the related
calibration curves to assess the accuracy and precision of the
proposed method. For this purpose, five repeated DP
voltammograms of solutions containing known amounts of
three analytes were recorded, and the analytical signals (Aip)
of each analyte were extracted. The analytical signals were
converted to concentration using the related calibration
equations. The results obtained are summarized in Table 1.
Application of the t-test at the 95% confidence level (with the
critical t value of 2.27 for n = 5) indicates no statistically
significant difference between the measured and actual
concentration of analytes. However, the results show that the
method has appropriate accuracy (R% is between 96.9 and
103.1) and precision (RSD% is in the range of 0.03 and 0.05).

The lifetime and Stability of the Proposed Sensor
The lifetime of the  SY/NaOH-treated-GCE
electrochemical sensor was evaluated with daily detection of
analytical signals for three analytes for one week. For this
purpose, the DPV analytical signals (Aip) of analytes were
measured daily for a solution containing AA, DA, and UA
of 250.0, 15.0, and 20.0 pM,
respectively, under the optimal conditions. After each daily

with concentrations

measurement, the electrode surface was first washed with
distilled water and then placed in CBS pH = 5.0, and five
potential cyclings were applied in the range of -0.5 to 1.5 V
with a scan rate of 100 mV s to clean the surface of the
electrode. The cleaned electrode was kept in a glass tube for
the subsequent experiments in the following days. The results
show that the Ai, of all three analytes was stable after one
week, and only a 7% decrease in the analytical signals was
observed during the seven repeated signal detection at one
week .

The stability of the sensor response was also studied by
about 60 sequential detections of analytical signals of
analytes. The results obtained showed that after about 55
consecutive measurements of analytical signals in a CBS
with a pH of 5.0, the analytical signals for three analytes are
about 95% of the first recorded analytical signal, which
confirms the excellent stability of the proposed sensor.

Repeatability and Reproducibility

Three SY/NaOH-treated-GCE sensors were constructed
on three different days under optimum conditions and used
to test sensor repeatability and reproducibility. Each
electrode was subjected to four repeated DPV measurements
of analytical signals. The obtained data is summarized in
Table 2. Applying the analysis of variance (ANOVA) test to
the data shows calculated F-values of 0.62, 0.9, and 0.5 for
AA, DA, and UA, respectively, which are smaller than the
critical F-value of 4.25 at the 95% confidence level. The
three-day-made sensors exhibit good levels of repeatability
and reproducibility in their responses, with a confidence
level of 95%,

Interference Studies
Sensor selectivity is another important factor in the

Table 1. Accuracy and Precision Results for Simultaneous Determination of AA, DA, and UA with SY/NaOH-Treated-GCE

No. Added Founded Recovery RSD
(LM) (1M) (%0)
AA DA UA AA DA UA AA DA UA AA DA UA
15.0 2.0 2.0 15.2 2.0 2.0 101.3  100.0 101.1 0.04 0.04 0.05
2 100.0 8.0 10.0 96.9 8.2 9.9 96.9 103.1 99.4 0.05 0.05 0.04
170.0 15.0 20.0 172.5 15.3 20.1 101.,5  101.9  100.5 0.03 0.04 0.05
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Table 2. Repeatability and Reproducibility Results for Simultaneous Determination of AA (150 uM), DA (5 uM),
and UA (8 uM) in 4 ml CBS pH = 5 at SY/NaOH-treated-GCE

Mean analytical signal (uM) =+ standard deviation

Modified electrode

UA DA AA
The first electrode 5.3+0.1 35+0.2 26+0.2
The second electrode 54402 33+04 23+0.6
The third electrode 54+04 36+0.2 24+03

Table 3. Investigating the Effect of Interferences on DPV Current for Simultaneous Determination of 20 uM, AA, and

5 uM, of Both DA and UA, Respectively

Coexisting species

Tolerance concentration
AA or DA, or UA

M)
Glucose, Fructose, Saccharose, Urea, EDTA, L-Alanine, NOs~, SO4*, F-, ClO4, NH4", 20000
Li*, Ca%!, Ba?"
Cr 15000
SCN- 14000
COs> 11000
Vitamin Bl 1200
CN- 1000
Thiourea 500
Cefixime 400
Vitamin B6 200

simultaneous electrochemical measurement of analytes,
especially in biological samples and in the presence of
bioactive species. Therefore, to investigate the effect of
the presence of different species in AA, DA, and UA
measurements, five repeated DPV measurements of solutions
containing specific concentrations of analytes (20 uM of AA,
and 5 uM, of both DA and UA, respectively) were performed
by SY/NaOH-treated-GCE under optimal conditions. In the
absence of the interference species, the mean (X) and
standard deviation (S) of the analytical signals were
calculated. Then known amounts of the interference species
were added to the solution containing the analytes, and their
analytical signal was recorded in the presence of the
interference. If the analytical signals measured in the
presence of interference are within the range of X + 38,
the added species has not interfered in the simultaneous
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determination. The results are presented in Table 3. As can
be seen, numerous species do not affect the analyte signal
measurement, confirming the selectivity of the method.

Real Sample Analysis

The application of the SY/NaOH-treated-GCE sensor in
the routine analysis was validated by detecting the
concentration of AA, DA, and UA in real samples such as
water, bell peppers, grapefruit, and vitamin C tablets, and
dopamine hydrochloride ampoules, urine, and human blood
serum samples. After preparing real samples, a 2 ml of the
aliquot of bell pepper and grapefruit sample and a 1 ml of the
aliquot of tap water, urine, blood, dopamine injection, and
vitamin C tablet sample were used to determine AA, DA, and
UA according to the analytical procedure by applying the
standard addition method.
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Table 4. Results for AA, DA, and UA Determination in Di
under the Optimum Conditions

fferent Real Samples were Obtained by the Proposed Method

The analyte The calculated
Added Found (uM) + SD Recovery
amount listed on analyte amount +
Sample (uUM) (n=3) (%)
the label SD (n=13)
AA DA UA AA DA UA AA DA UA
0.0 0.0 0.0 N.D 2.1+0.4 ND ND - ND 40.0 mg ml"! 40.942.2 mg ml"!
10.0 2.0 2.0 10.7£0.5 3.9+0.5 2.0+0.05 107.0 101.4 100.4
Dopamine 45.0 8.0 8.0 46.2+0.6 9.840.7 8.1+0.04 102.8 99.3 101.6
injection 110.0 12.0 12.0 110.2+0.8 13.8+0.4 11.8+0.04 100.2 99.6 98.7
0.0 0.0 0.0 6.140.5 ND ND - ND ND 0.121 gg! 0.118+0.01 g g
10.0 2.0 2.0 21.6+0.7 2.140.5 2.0+0.6 103.8 104.8 99.2
vitamin C
45.0 8.0 8.0 56.7+1.5 8.2+0.8 8.3£0.5 101.7 102.0 103.7
tablet
110.0 12.0 12.0 124.4 +0.5 11.6£0.5 11.7+0.4 103.8 96.9 97.6
0.0 0.0 0.0 N.D N.D N.D N.D N.D N.D
10.0 2.0 2.0 10.7+£0.5 2.1+0.4 1.9+0.4 107.5 107.7 101.9
45.0 8.0 8.0 46.7+0.4 8.240.3 8.1+0.4 103.8 102.0 101.3
Tap water
110.0 12.0 12.0 109.3+0.4 11.9£0.4 12.1+0.3 99.3 99.2 101.2
0.0 0.0 0.0 42.4+0.4 ND ND - ND ND
10.0 2.0 2.0 58.6 +0.5 2.140.5 2.00+0.5 99.04 107.1 100.4
45.0 8.0 8.0 95.0+0.4 8.1£0.5 8.05+0.4 103.9 101.0 100.6
Bell pepper
110.0 12.0 12.0 159.5+0.5 12.240.5 12.4+0.4 101.6 101.8 103.7
0.0 0.0 0.0 20.6+0.6 ND ND - ND ND
10.0 2.0 2.0 36.5+£0.4 2.240.45 2.0+0.4 108.9 108.4 101.0
45.0 8.0 8.0 71.4£0.5 8.2+0.5 8.3£0.5 101.7 103.2 103.6
Grapefruit
110.0 12.0 12.0 136.8+0.6 12.6+0.5 12.4+0.4 101.1 104.7 103.7
0.0 0.0 0.0 ND ND 0.67+0.83 ND ND -
10.0 2.0 2.0 10.7+£0.5 2.1+0.4 2.44+0.4 107.0 107.1 97.9
Human 45.0 8.0 8.0 46.7+0.6 8.01+0.7 8.5+0.5 103.8 100.2 100.5
serum 110.0 12.0 12.0 111.6+0.5 12.4+£0.5 12.6+0.8 101.5 103.6 101.4
0.0 0.0 0.0 N.D N.D 2.8+0.7 ND ND -
10.0 2.0 2.0 10.6+£0.4 2.1+0.8 4.5+0.4 106.5 107.7 99.2
45.0 8.0 8.0 46.2+0.5 8.0+0.5 10.4+0.7 102.8 100.2 98.0
Human urine
110.0 12.0 12.0 109.7+0.5 12.4+0.6 15.0+0.4 99.8 103.6 103.5

The dopamine amount listed on the ampoule label is 200 mg/5 ml. The amount of vitamin C listed on the pill label is 500 mg/4 g.

Then the real samples were spiked with specific and
different volumes of standard samples AA, DA, and UA and
tested by the proposed method. According to Table 4, the
obtained recovery from the Spike method is in the range
0196.95-108.91. The results show that the SY/NaOH-treated-

GCE is suitable for measuring AA, DA, and UA. In addition,
the amount of AA measured in vitamin C tablets and the
amount of DA measured in dopamine injections according to
the t-test at a 95% confidence level were not significantly
different from the amounts indicated on the packaging of
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Table 5. Comparison of SY/NaOH-Treated-GCE for the Determination of AA, DA, and UA with Previously Reported Ones

Electrode materials Method The detection limit Linear range Real sample Ref.
(uM) (uM)
AA DA UA AA DA UA
C3F7-azo+/RGO/GCE DPV 0.008 0.065 0.011  0.04-6.01 57.28-134.28  9.23-23.45 human serum [107]
HNGA/GCE DPV 16.7 0.22 0.12 50-1500 5-50 5-50 human urine [108]
rGo/pd@ppy nps/GCE DPV 0.049  0.056  0.047 38-1647 1.4-219 1.4-219 human serum [109]
ZnClL-CF/GCE DPV 0.02 0.16 0.11 0.05-200 2-2000 1-2500 human urine [110]
SPES-SWCNT/GCE DPV 10.6 0.015  0.113  200-1600 5.0-50 5.0-60 vitamin C tablets and DA injection [111]
G-30 cv 17.8 1.44 0.29 50-1000 3-140 0.5-150 vitamin C and DA hydrochloride tablet [112]
Fe;04@Au-Cys/PANI/GFE © DPV 3.20 2.19 1.80 20-700 20-1,000 20-1,000 dopamine [113]
hydrochloride solution
human urine
SY/NaOH-treated-GCE DPV 4.78 0.12 0.12 7-320 0.2-45 0.2-50 Pimento This work
Grapefruit

Dopamine injection
human serum
human urine

Tap water

C3F7-azo+/RGO: polyfluorinated azobenzene/reduced graphene oxide nanocomposite. HNGA: holey nitrogen-doped graphene
aerogel. rGo/pd@ppy nps: palladium nanoparticles supported on polypyrrole/reduced graphene oxide. ZnCl,-CF: zinc chloride
nanoparticles- kiwi skin-derived microporous carbons electrochemical sensor. SPES-SWCNT/GCE: sulfonated poly (ether
sulfone)-single-walled carbon nanotubes/glassy carbon electrode. G-30: graphene ink coated glass. Fe;Os@Au-Cys/PANI/
GFE: Magnetite nanoparticle@ conjugated gold-coated based on cysteine/polyaniline/ modified graphite electrodes.

these samples, which indicates the accuracy of the method.
CONCLUSIONS

In this report, for the first time, the GC electrode was
modified using a simple, environmentally friendly, and
inexpensive Sunset Yellow modifier. The SY/NaOH-treated-
GCE was characterized by EIS,
chronocoulometry, and CV. The collected data demonstrate
that electrochemical treatment of GCE with SY/NaOH
increases its active surface area, lifetime, stability, and

chronoamperometry,

electrical conductivity. Also, the appropriate electrocatalytic
response with significant peak separation in the simultaneous
electrochemical oxidation of AA, DA, and UA on the surface
of the SY/NaOH-treated-GCE indicates that this modified
electrode is a suitable sensor for practical applications. The
modified electrode for measuring AA, DA, and UA showed
excellent recovery (96.95-108.91) in real samples such as

bell peppers, grapefruit, dopamine ampoules, vitamin C pills,
urine, and blood serum. Due to the efficiency of the electrode
in the numerous real samples, the SY/NaOH-treated-GCE
provides an efficient analytical utility for on-site biologic
analysis and food safety monitoring. In comparison to
other sensors (HNGA/GCE, SPES-SWCNT/GCE, G-30,
Fe304@Au-Cys/PANI/GFE) reported by the researchers in
Table 5, our sensor has a high figure of merit due to its low
detection limits of 4.78 M, 0.12 M, and 0.12 M, respectively.
Moreover, the proposed sensor has a more straightforward
and faster modification method than Cs;F7-azo+/RGO/GCE
and ZnCl,-CF/GCE sensors.
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