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Abstract

Dopamine (DA) and Folic acid (FA) are co-existing compounds in biological fluids that
plays a vital role in central nervous system and human metabolism. DA is an important
neurotransmitter in the brain’s neural circuits and its diminution often results in Parkinson’s
disease. Folate is another form of folic acid, which is known as one of the B vitamins. It is
utilized as an additive by women during pregnancy in order to prevent the neural tube defects.
The present study reports on the fabrication of electrochemical sensor for the simultaneous
determination of DA and FA using poly(o-methoxyaniline)-gold (POMA-AuU) nanocomposite.
The POMA-Au nanocomposite was prepared via insitu chemical oxidative polymerization
method and characterized using X-ray diffraction (XRD), high-resolution transmission electron
microscopy (HRTEM) and X-ray photoelectron spectroscopy (XPS). The suitability of POMA-
Au nanocomposite as a modifier for the electrocatalytic detection of DA and FA in aqueous
solution was investigated by cyclic voltammetry (CV), differential pulse voltammetry (DPV) and
chronoamperometry (CA) techniques. The fabricated POMA-AU/GCE sensor exhibited sharp
and intense peaks towards the electro-oxidation of DA and FA as compared to bare electrode.
The sensor exhibited the promising electron mediating behavior with well separated oxidation
peaks with a potential difference of about 350.0 mV. The linear calibration plots of DA and FA
were obtained from 10.0 to 300.0 uM and 0.5 to 900.0 uM with the detection limits of 0.062 uM
and 0.090 uM, respectively. The reliability of this sensor was verified to be precise as well as
sensitive for the determination of DA and FA in pharmaceutical samples and human urine

samples.

Keywords: poly(o-methoxyaniline); gold nanoparticles; voltammetric sensor; dopamine; folic

acid; simultaneous determination.



1. Introduction

The development of electroanalytical methods that permits sensitive detection and
quantification of electroactive compounds in biological fluids are of great importance in
diagnosing and monitoring several diseases. In recent times, electrochemical techniques have
been widely acknowledged as a feasible and inexpensive method for the detection of small
bioanalytes with better sensitivity and fast response [1-3]. The neurotransmitter dopamine (DA)
is a naturally occurring catecholamine, which is widely distributed in central nervous system for
transmitting messages, to maintain hormonal balance, emotion control and also plays a vital role
in human metabolism and cardiovascular systems [4, 5]. Abnormality and dysfunction of DA
implicates many chronic ailments such as Schizophrenia, Parkinson’s, Alzheimer’s and addiction
[6]. Folic acid (FA) is a water-soluble vitamin that is created in nature by plants and micro-
organisms. An inadequate concentration of FA in body fluids is proven to be associated with the
presence of neural tube defects in newborns, risk of colorectal cancer, psychiatric disorders and
increasing risk of heart attack and stroke [7-10]. Since, DA and FA are coexisting in the
biological fluids such as blood serum and urine, it is essential to develop a selective and sensitive
method for the simultaneous determination of these electroactive species for analytical and
clinical research. However, DA and FA exhibits overlapping oxidation potential at the surface of
unmodified electrode due to their similar electrochemical responses which leads to the search of

promising materials to address the problem.

The advent of conducting polymers (CPs) is a breakthrough in electroanalytical studies
and they have been extensively used as modifiers in electrochemical sensors due to their
promising charge transport properties and biocompatibility [11-14]. In recent times,

poly(o-methoxyaniline) (POMA), a substituted derivative of polyaniline is studied for sensor



applications, as it exhibits various special features including good solubility in organic solvents,
excellent electrochemical redox behaviour even in neutral solutions, high biocompatibility and
environmental stability [15-18]. Though POMA is a favourable mediator, the drawbacks such as
electronic transfer resistance, poor specificity and sensitivity hinders its vital role in modification
process [19]. Our previous works were shown an improvement in the sensing performances such
as limit of detection, sensitivity and selectivity in the fabricated electrochemical sensors using
conducting polymer nanocomposite with organic/inorganic counterparts [20-22]. Thus, the usage
of nanoparticles as a composite material would be a propitious approach to improve the catalytic
activity and sensing performance of POMA.

In the recent past, a burst of research activity has been dedicated to the progress of
inorganic nanomaterials and are widely used in numerous fields based on their unique and
promising features [23-28]. The utilization of inorganic nanoparticles in electrochemistry is
proven to develop the electrochemical performance, which stands for their excellent
electrocatalytic properties [29, 30]. Among various inorganic nanomaterials, gold (Au)
nanoparticles are promising due to their superior properties, such as strong ability to bind and
adsorb, high surface reaction activity and fast electron transfer rate which enable them to be a
composite material to enrich the properties of CPs and making them as preferable mediators for
electrochemical sensors [31-36]. The synthesis of gold nanoparticles and gold based polymer
nanocomposite systems has attracted much attention owing to their influential role in novel
applications. Zohara et al. reported on the bio-synthesis of optically tunable gold nanoparticles
for the effective detection of mercuric ions by capitalizing upon the amalgamation tendency of
mercury with gold [37]. Shan et al. developed a new gene delivery vector using dendrimer-
entrapped gold nanoparticles, which exhibited higher gene transfection efficiency than that of

dendrimers without gold nanoparticles [38]. Khan et al. studied the photocatalytic and



antibacterial activity of biosynthesized gold nanoparticles. The synthesized gold particles were
found to possess excellent antibacterial properties against both gram positive and gram negative
bacteria and photocatalytic activity in terms of degrading methylene blue under ambient
temperature [39]. Mendoza et al. investigated the bactericidal effect of gold-chitosan
nanocomposite in coculture models of pathogenic bacteria. It was reported that, the prepared
gold-chitosan colloid exhibited superior bactericidal ability against bacterial models without
showing cytotoxicity on human cells at the tested concentrations [40]. Zhao et al. reported on the
reliable dopamine (DA) sensor based on polythionine/gold nanoparticles (PTh/AuNPS)
composite modified glassy carbon electrode (GCE). Compared with pure polythionine, the
synthesized PTh/AuNPs exhibited enhanced electron transfer property, higher electroactive areas
and more efficient electrocatalytic activity of DA [41]. The fabrication of PANI/Au
nanocomposite modified nanoelectrode for sensitive dopamine nanosensor design was reported
by Zhang et al. The modified nanoelectrode exhibited excellent electrocatalytic activity for the

oxidation of ascorbic acid and dopamine in neutral pH solution [42].

Nanocomposite system consisting of poly(o-methoxyaniline) and gold nanoparticles
would be a powerful choice, since it encompasses the special features of both the moieties and
enable the system to be functionalized in modified sensors with improved sensitivity and
selectivity. To the best of our knowledge, there are no reports available on the simultaneous
determination of DA and FA using poly(o-methoxyaniline) and gold nanocomposite. With this
concern, the present study focuses on the preparation of polymer nanocomposite using
poly(o-methoxyaniline) and gold nanoparticles (POMA-Au) via insitu chemical oxidative
polymerization method. The prepared nanocomposite was functionalized to modify glassy
carbon electrode and designed as an electrochemical sensor for the simultaneous determination

of two co-existing biomolecules such as DA and FA. POMA-AuU/GCE showed an improved



electrocatalytic activity towards the determination of DA and FA with enhanced oxidation
currents when compared to bare GCE, POMA/GCE and Au/GCE. The catalytic ability of the
designed sensor for the detection of DA and FA in real and pharmaceutical samples has also

been studied using voltammetric method.

2. Experimental

2.1 Chemicals

Gold chloride (HAuCl,) with 50% Au basis, 0-anisidine with > 99% purity, ammonium
persulfate with > 98% purity, B-napthalene sulfonic acid were received from Sigma Aldrich,
trisodium citrate extrapure 99% purity from Finar reagents, India, were used for the synthesis.
Dopamine (DA), folic acid (FA), sodium dihydrogen phosphate, disodium hydrogen phosphate
was purchased from Sigma Aldrich. All the chemicals used were of analytical grade. Doubly

distilled water was utilized to prepare all the solutions and to carry out the experiments.

2.2 Preparation of gold nanoparticles

Gold nanoparticles were synthesized by citrate reduction method [43]. In a typical
procedure, 100 mL of 5 mM HAuUCI, aqueous solution was prepared in a round-bottom flask and
the solution was heated to boil under constant stirring. Subsequently, 10 mL of 125 mM
trisodium citrate was added rapidly to the above solution. The reaction mixture was boiled for
another 15 min during which the solution colour was changed from pale yellow to deep red. The
deep red colour indicated the formation of gold nanoparticles. The obtained solution was

continuously stirred and cooled down to room temperature.



2.3 Preparation of poly(o-methoxyaniline)-gold (POMA-Au) nanocomposite

Poly(o-methoxyaniline)-gold (POMA-AuU) nanocomposite was prepared by insitu
chemical oxidative polymerization method. 6.16 mL (0.2 M) of o-methoxyaniline and 10.41 g
(0.2 M) B-napthalene sulfonic acid was dissolved in distilled water and kept under magnetic
stirring for 30 min. The amount of gold was taken in such a way that the composite would
contain 10 wt% (i.e 0.616 g) of gold nanoparticles, and added to the acidified monomer solution
and then allowed to stir for 30 min. The polymerization was initiated by adding aqueous solution
of ammonium persulfate (0.1 M) dropwise to the above solution. After the addition of oxidant,
the reaction was continued for 12 h at 0-5 °C. The dark green precipitate obtained from the
reaction vessel was washed with water and methanol for several times and dried in air oven. Pure

POMA was synthesized using the same procedure without the addition of gold nanoparticles.
2.4 Instrumentation

Cyclic voltammograms (CVs), differential pulse voltammograms (DPVs) and
chronoamperograms (CAs) were obtained using CHI 1103A electrochemical workstation with a
typical three-electrode cell arrangement. Glassy carbon electrode (GCE) with an electrode area
of 0.07 cm? was used as working electrode, reference electrode was saturated calomel electrode
(SCE) and the counter electrode was platinum wire. The X-ray diffraction patterns were recorded
using GE X-ray diffraction system — XRD 303 TT with CuK,, radiation with a wavelength of
1.5406 A. X-ray photoelectron spectroscopy experiments were done using DAR400-XM 1000
(OMICRON Nanotechnologies, Germany) coupled with Al anode as the X-ray source. High
resolution transmission electron microscope images were obtained using PHILIPS CM200

transmission electron microscope instrument operating at 200 kV coupled with SAED facility.



2.5 Fabrication of modified electrodes

Glassy carbon electrode (GCE) was polished with 0.3 and 0.05 um alumina slurries on a
silk polishing cloth to obtain a mirror-like electrode surface, rinsed with doubly distilled water,
ultrasonicated for 10 min and then dried at room temperature. 3 mg of POMA-Au
nanocomposite was dispersed in 1 mL of ethanol and sonicated for 30 min to attain a uniform
solution. 2 uL of the solution was coated on the electrode surface to obtain POMA-Au-modified
GCE (POMA-AU/GCE). For comparative analysis, 2 uL of POMA in ethanol (3 mg/mL) and
2 uL of Au nanoparticles in ethanol (3 mg/mL) was coated on GCE surface to obtain the

POMAJ/GCE and Au/GCE, respectively.

2.6 Preparation of real samples

Pharmaceutical samples and human urine samples were taken for the determination of
DA and FA. Standard addition method was used for estimating DA and FA concentration in the
samples. Dopamine injection and folvite tablets were purchased from drugstore. Human urine
sample was collected from Government Hospital, Chennai. The injection solution was diluted to
200 mL using deionized water, and then different quantity of diluted solution was transferred to
volumetric flasks and then further diluted with phosphate buffer solution (pH 7.0). 10 mL of the
prepared test solution was placed in an electrochemical cell and DPV experiment was performed.
The purchased folvite tablets were well-grinded to a fine powder. The sample was weighed and
mixed with 150 mL of deionized water and then ultra-sonicated for 15 min to get a clear
solution. 100 pL of the solution was added with phosphate buffer solution (PBS, pH 7.0) to carry
out the analysis. The human urine samples were diluted 10 times with PBS (pH 7.0) and used for

analysis without any other treatment.



3. Results and Discussion

3.1 Structural analysis

Fig.1 shows the XRD patterns of as-prepared gold nanoparticles and POMA-Au
nanocomposite. The diffraction pattern of gold nanoparticles presented the face-centered cubic
(fcc) structure with peaks at 38.1°, 44.4°, 64.5° and 77.7° corresponding to (111), (200), (220)
and (311) planes, respectively (Fig. 1a). The observed pattern is in good agreement with the
JCPDS card No. 04-0784 [44]. The average crystallite size of gold nanoparticles calculated using
Scherrer’s formula was ~ 5 nm. The XRD pattern of POMA-Au (Fig. 1b) showed the presence of
both POMA (11.9° and 25.3°) [45] and Au (38.1°, 44.4°, 64.5° and 77.7°), confirming the
formation of nanocomposite. The XRD pattern of nanocomposite clearly depicted the crystalline

structure of gold nanoparticles even after the polymerization.

3.2 Morphology studies

The HRTEM images of as-prepared gold nanoparticles and POMA-Au nanocomposite
with different magnifications are shown in Fig. 2. The micrographs of spherically shaped gold
nanoparticles with an average particle size of ~5 nm is observed from Fig. 2(a & b). The
formation of polymer matrix nanocomposite with POMA as the matrix phase with gold
nanoparticles as the filler phase is evident from Fig. 2(c & d). The image of the composite at a
resolution of 2 nm is shown in Fig. 2(e), at which the fringes in the particle are clearly visible.
The d-spacing values were calculated as 0.236, 0.204 and 0.16 nm, corresponding to (111), (200)
and (220) planes of gold nanoparticles. This confirms that the particles observed in the POMA

matrix are gold nanoparticles.

The selected area electron diffraction (Fig. 2f) of POMA-Au nanocomposite shows the

high crystalline nature of gold nanoparticles in the composite. The d-spacing values were



measured from the observed SAED pattern which signifies (111), (200), (220) and (311) planes
of gold. The obtained planes correlate well to the planes of face centered cubic structure of gold

and the results are in good agreement with XRD report.
3.3 X-ray photoelectron spectroscopy (XPS)

Fig. 3 shows the XPS spectra of POMA-Au nanocomposite. The presence of carbon,
nitrogen, oxygen, sulfur and gold (Fig. 3a) is revealed from the survey spectrum without any
other impurities, thus indicating the purity of the sample. The C 1s spectrum was deconvoluted
into 3 peaks at 284.5, 286.1 and 288.5 eV as shown in Fig. 3b. The peak observed at the binding
energy of 284.5 eV is attributed to C—C/C—H bond. The presence of peak at 286.1 eV is
associated to C—N/C=N/C—S bonding, while the peak at 288.5 eV is due to —C=N" bond [46-
48]. The core level spectrum of N 1s energy level showed the presence of 3 peaks, as seen in
Fig. 3c. The peaks observed at the binding energies of 399.3 eV is due to the presence of
—NH— (neural N at the POMA ring) [49]. Further, the peaks at 400.5 eV and 402.4 eV are
attributed to the presence of cationic nitrogen atoms (=N*) and the protonated amine units
(—NH"—) in POMA [50]. The deconvoluted XPS spectrum of O 1s (Fig. 3d) exhibited the
presence of OH bonds, C=0 bonds, O=S of SO3" groups of B-NSA in the composites, C—O—C
and C—O—H environments [51-54] at the binding energies of 530.0, 531.1 532.3, 533.5 and
534.7 eV, respectively. As seen in Fig. 3(e), the core level spectrum of S (2p) exhibited the
double peak feature at the binding energies of 163.9 and 168.8 eV associated to 2Pz, and 2Py,
energy levels. The core level spectrum of gold (Fig. 3f) showed the presence of 4f;,, and 4fs, at
the binding energies of 84.24 eV and 87.84 eV, respectively with a difference of 3.6 eV. The
Au 4f;, peak was shifted towards higher binding energy by 0.2 eV when compared to the

original binding energy value of metallic gold (84.04 eV). This shift in binding energy towards



higher value is attributed to the binding of gold nanoparticles to polymer and also due to the
particle size effect [55, 56]. Thus, XPS results confirm the binding of gold nanoparticles to

POMA and thus signify the formation of POMA-Au nanocomposite.
3.4 Electrochemical characterizations

The electroactive surface area of the working electrode was determined using
[Fe(CN)s]*™ as redox probes by cyclic voltammetry (CV). Fig. 4A shows the CVs of bare GCE
and the composite POMA-Au/GCE recorded with 1 mM [Fe(CN)s]*"* in 0.1 M KCI at 50 mV/s.
A pair of redox peaks was observed at the surface of bare GCE (curve a) with a peak separation
of 285 mV. On the other side, POMA-Au/GCE exhibited a highly intense redox peaks with AE,
value of ~ 135 mV smaller while compared to bare GCE. The observed minimal AE, and the
corresponding improvement in the redox peak currents at POMA-AU/GCE indicates the good
electron transfer kinetics and large active surface area of POMA and Au nanoparticles. The
active surface area of the modified electrode was calculated using Randles-Sevcik equation

(equation 1),
ip = (2.69x 10°)n®2DY2CAVY?  —ommmereemeeee 1)

where, A represents the microscopic area of the working electrode, n stands for the number of
electrons involved in the reaction (n = 1), D is the diffusion coefficient (D = 6.70 x 10°® cm?s),
C is the concentration of [Fe(CN)s]*"* (1 mM) and v is the scan rate (V/s). From the plot of I peak
and square root of the scan rate (v}?) (inset of Fig. 4B), the surface areas of bare GCE and
POMA-AU/GCE were calculated as 3.85 mm? and 9.96 mm?, respectively. The observed results
show that the composite of POMA and Au nanoparticles have significantly increased the surface

area of the working electrode.



3.5 Electrochemical behaviors of DA and FA

Cyclic voltammetry was used to study the electrochemical behaviours of DA and FA at
POMA-AU/GCE in phosphate buffer solution (PBS) with pH 7.0. Fig. Sland S2 (supplementary
information) shows the effect of pH solution towards the determination of DA and FA. Based on
the results of pH analysis, PBS (pH 7.0) was chosen as the optimal supporting electrolyte for the
electrochemical determination of DA and FA and thus used in subsequent studies. Fig. 5A shows
the CV responses of 1 mM DA at bare GCE (curve a), POMA/GCE (curve b), Au/GCE (curve c)
and POMA-AU/GCE (curve d). The oxidation-reduction potentials and catalytic currents for DA
reaction are listed in Table 1. As shown in Fig. 5A, an ill-defined redox behavior with high over-
potential was observed at the surface of bare GCE with AE, ~ 960 mV. This indicates the slow
electron transfer rate owing to the fouling of bare electrode surface by the adsorption of DA
oxidation products. A pair of well-defined redox peaks was recorded with a systematic increment
in the peak currents on modification of nanomaterials suggesting the efficient detection of DA at
the surface of modified electrodes. However, POMA-Au/GCE exhibited a well-defined redox
peaks with the oxidation and reduction potential at 0.33 V and -0.02 V (AE, ~ 350 mV),
respectively with higher current values in comparison to bare GCE, POMA/GCE and Au/GCE.
The combination of POMA and Au nanoparticles facilitated the charge transfer ability and thus
improved the electron rate between DA and working electrode. The effect of scan rate on the
electrochemical behavior of DA at POMA-AuU/GCE showed the proportionality of peak currents
with the square root of the scan rate in the range of 5 to 200 mV/s (Fig. 5B). The corresponding
linear regression equation was deduced as ly, (RA) = 2.71 v'* (mV/s) + 1.96 (r* = 0.990) and

lpe (MA) = —2.34 V12 (mV/s) — 1.73 (r* = 0.993), which suggests that the POMA-AU/GCE is



diffusion — controlled process. The calibration plot of oxidation and reduction peak potential
(Epa and E,c) with In v also displayed a linear relationship with the regression equations as
Epa = 0.004 In v + 0.313 (* = 0.992) and E,c = —0.003 In v — 0.026 (r* = 0.991). The
electrochemical parameters such as electron transfer coefficient (a), the electron transfer number
(n) and the standard electron transfer rate constant (ks) of DA at POMA-Au/GCE were calculated

based on Laviron’s equations [57].

E°'+2.3RT
E,q = — 2
pa (1—-a)nF logv ( )
E°'—23RT
Epe = —2550 i 3
pc anF logv ( )

RT (1-a)anFAE,
wie) T aam )

logk; = alog(1—a) + (1 — a)loga — log(

Using equations (2) and (3), the values of « and n were evaluated as 0.63 and 2.3. Then, the

average value of ks was calculated to be 0.75 s,

To evaluate the limit of detection (LOD) of the fabricated sensor, differential pulse
voltammograms (DPVs) were recorded with different concentrations of DA at POMA-Au/GCE.
As shown in Fig. 5C, DA showed the oxidation peak at a potential of ~ 0.3 V. The peak current
was improved with the increasing concentration of DA in the range of 10.0 to 300.0 uM. The
experimental plot of peak current versus DA concentration exhibited a linear relationship with
the regression equation of lp; (LA) = 0.06 Cpa (UM) + 5.76 (r® = 0.998), as shown in Fig. 5D.
On analyzing the results, limit of detection (LOD) of this system was calculated as 0.062 uM
(LOD = 3Sp/q; where Sy, is the standard deviation of the blank signal and q is the slope of the
calibration curve). The performance of the POMA-AU/GCE is in comparison with the other

modified electrodes as summarized in Table 2. It can be seen that the developed POMA-



Au/GCE has comparable sensing performance for the detection of DA when compared to other

electrodes reported in the literature [58-63].

For the electro-oxidation of FA (Fig. 6A), a broad and low-intense oxidation peak was
observed with a potential of ~ 0.75 V at the surface of bare GCE (curve a). A well-defined
oxidation peak with improved peak current was recorded on modifying the electrode surface
with POMA and Au nanoparticles (curves b & c), respectively. In contrast, POMA-Au/GCE
(curve d) exhibited highly intense peak at an oxidation potential of ~ 0.68 V, which is an
evidence for the facile electron transfer reaction and improved electrocatalytic oxidation. The
standard rate constant (k) values of the modified electrodes at the surface of POMA/GCE,

AuU/GCE and POMA-Au/GCE were measured using the following equation [64, 65].
ks = 1.11 DYV2(E, — E, 1) /2012 e (5)

where, D is the diffusion coefficient (D = 2.13 x 10”° cm?/s), E, is the oxidation peak potential;
Ep2 is the half-wave oxidation peak potential and v is the scan rate. For the electro-oxidation of
FA, the ks values were calculated as 0.58 x 10, 0.67 x 10 and 2.0 x 10" cm/s at the surface of
POMAJ/GCE, Au/GCE and POMA-AU/GCE, respectively. The obtained values indicate that, the
fast electron transfer for the electro-oxidation of FA was achieved at the surface of POMA.-
AU/GCE than that of POMA/GCE and Au/GCE. In addition, a good linear relationship was
observed between the anodic peak current and the square root of the scan rate in the range of 5 to
200 mV/s (Ipa (RA) = 2.49 v2 (mV/s) + 16.40 (r* = 0.993)) (Fig. 6B). The observed results
demonstrate that the electrode reaction is controlled by diffusion process. The plot of anodic
peak potential and In v, exhibited a linear relationship with a regression equation of,

Epa = 0.016 In v + 0.643 (r* = 0.992, E,; in V, v in mVs™). On using the following equation [66],



1
E,o = E°+ m[0.78 4 In (D2 K;') — 0.5Inm] + %ln(V) -------------------------- (6)

RT

with, m= ————
(1-a)naF

where R is the gas constant, T is the temperature (K), n is the electron transfer number, « is the
electron transfer coefficient and F is the Faraday constant. The value of m was determined as
0.051 and thus, the electron transfer coefficient («) for the electro-oxidation of FA is

approximately 0.48.

Fig. 6C shows the DPV curves for different concentrations of FA at POMA-AU/GCE.
The peak current was increased with the concentrations of FA over the range of 0.5 to 900.0 uM.
The calibration plot of peak current was in linear proportion to the concentration of FA
(Fig. 6D). The corresponding regression equation deduced from the plot was
lpa (LA) = 0.024 Cpa (uM) + 12.10 (r* = 0.994) and the limit of detection was 0.090 uM, which
is found to be comparable and better than the previously reported values as shown in Table 3 [3,

67-71].
3.6 Simultaneous determination of DA and FA

The most significant objective of the present study is the simultaneous determination of
DA and FA at POMA-AU/GCE, since the oxidative potentials of the two compounds are very
close to each other. Thus, we have investigated the simultaneous determination and sensitivity of
the analytes in the presence of other compound using DPV. Fig. 7 shows the DPVs obtained
from the mixture of both the analytes with different concentrations. Two well-defined oxidation
peaks were observed in a mixture of DA and FA solution, with highly resolved signals and a
large peak potential separation of about 350.0 mV at the surface of POMA-AU/GCE. On

simultaneously increasing the concentration of DA and FA, the corresponding anodic peak



currents also increased linearly. From the plot between the concentration of analytes and peak
current, a linear relationship was observed over the concentration range of 10.0 to 300.0 puM for
DA and 0.5 to 900.0 uM for FA. The corresponding linear regression equation was
la (A) = 0052 Cpa (uM) + 598 (* = 0.997) (inset (i) of Fig.7) and
lpa (MA) = 0.03 Cra (uM) + 9.0 (r* = 0.997) (inset (ii) of Fig.7) for DA and FA, respectively.
From the obtained data, it is found that the sensitivities of the modified electrodes for the
determination of DA and FA are almost same even in the presence of other compound. This
indicates the electro-oxidation process of DA and FA at POMA-Au/GCE is non-overlapping and
thus simultaneous detection of these species is attainable without much change in the sensitivity

parameters.
3.7 Interference evaluation of DA and FA

DPVs were recorded at the surface of POMA-AU/GCE to study the electro-oxidation
process by varying the concentration of one compound while keeping the other as constant.
Fig. 8A shows the DPV curves with different concentrations of DA mixed with a constant
amount of FA (200.0 uM). The peak current of FA was found to be almost similar for each
addition of DA in the mixture solution which depicts the good resolution of the two species at
the surface of fabricated sensor. The experimental plot of DA exhibited a linear range of 50.0 to
300.0 uM and the regression equation was lps (LA) = 0.042 Cpa (UM) + 15.32 (r* = 0.997).
Similarly, the DPV experiment was conducted with a mixture solution containing constant
amount of DA (30.0 uM) with various concentrations of FA (Fig. 8B). The calibration plot of
peak current with concentration of FA was found to be proportional in the range of 350.0 to
900.0 uM of FA and the corresponding regression equation was determined to be

lpa (LA) = 0.02 Cea (M) + 16.02 (r* = 0.998).



3.8 Chronoamperometric studies

Chronoamperometric measurements were carried out to investigate the electrode
processes at the surface of modified electrodes. Chronoamperometry studies of DA were done by
fixing the working electrode potential at 0.3 V for different concentrations of DA (0.1, 0.3, 0.5,
0.7 and 0.9 mM) and the results are shown in Fig. 9A. The diffusion coefficient (D) of DA was

determined using the Cottrell equation [72],

-1 -1

1
I = NFAD2CTT 2 t 2 ~—=--mmmmmmmmmmmmmeee @)

where, C is the concentration (mol cm™) of DA, and all other parameters are the same as stated

Y2 \were constructed for different

in the above equation. The plots of current (I) versus t
concentrations of DA (inset (i) of Fig. 9A) in 0.1 M PBS (pH 7.0). The slope values of the
resultant straight lines were plotted with concentrations of DA (inset (ii) of Fig. 9A). Using the
Cottrell equation (equation 7), the mean value of diffusion coefficient (D) was calculated to be
6.796 x 10°° cm?/s. In a similar way, the D value of FA was evaluated as 2.13 x 10™ cm?/s, by

fixing the electrode potential at 0.68 V, then carried out the above-mentioned steps and the

obtained results are shown in Fig. 9B.
3.9 Reproducibility and stability

The reproducibility of the POMA-AuU/GCE sensor was evaluated by determining the peak
currents of 15 successive measurements in the binary mixture solution of 0.2 mM DA and
0.1 mM FA using DPV technique. The relative standard deviation of 3.17% and 3.52% was
obtained for DA and FA, respectively. The stability of the modified electrode was tested using
DPV technique with phosphate buffer solution containing 100 uM of DA and FA. After 25

continuous runs, the recorded curves showed a loss of 1.32% and 1.17% from its initial value.



The storage stability of the fabricated electrode was also tested by preserving the electrode in a
refrigerator (4 °C) for 2 weeks. The peak current values of DA and FA were decreased by 5.2%
and 4.8%, respectively at the surface of POMA-AuU/GCE. The observed results suggest the good

reproducibility and stability without any surface fouling of the fabricated electrode.

3.10 Analysis of DA and FA in real samples

The reliability of the proposed method was verified by applying POMA-AuU/GCE for the
determination of DA and FA in pharmaceutical samples and in human urine samples using
standard addition method. The analytical results obtained for pharmaceutical samples are given
in Table 4, showing the recovery rate in the range of 97.3% to 100.2% for DA in dopamine

injections and 97.1% to 99.6% for FA in folvite tablets.

The applicability of the proposed sensor was also analyzed for the determination of DA
and FA in human urine samples and the corresponding results are summarized in Table 5. The
recovery of the samples was ranged from 97.5% to 99.3% for DA and 96.2% to 99.0% for FA.
The results indicate the effectiveness of the proposed sensor towards the determination of DA

and FA in pharmaceutical and in human urine samples with good recovery rate.

4. Conclusion

A sensitive electrochemical sensor was fabricated using poly(o-methoxyaniline)-gold
(POMA-AuU) nanocomposite for the simultaneous determination of dopamine (DA) and folic acid
(FA). The POMA-AU/GCE exhibited a favorable electrochemical behavior for the oxidation of
DA and FA with enhanced current response together with lowering the over-potentials and also
separated the overlapping peaks of these species with high resolution. The sensor incorporates
the excellent catalytic activity and biocompatibility of POMA with the large surface area and

high electrical conductivity of gold nanoparticles which was used not only to improve the



sensing performance but also to increase the stability of the sensor. Besides, the POMA-Au
sensor exhibited wide linear range and low detection limit for the determination of DA (10.0 to
300.0 pM & 0.062 puM) and FA (0.5 to 900.0 uM & 0.090 pM), respectively. The proposed
nanocomposite sensor is shown to be useful for the determination of DA and FA in

pharmaceutical and human urine samples.
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Table 1: Redox peak potentials and currents for DA reaction at the surface of modified electrodes:

Modified electrode Epa (V) Epc (V) AE, (V) loa (LA) Ipe (HA)
bare GCE 0.700 -0.260 0.960 5.33 -4.103
POMAJ/GCE 0.523 -0.262 0.785 10.73 -8.022
Au/GCE 0.455 -0.186 0.641 12.00 -8.713

POMA-Au/GCE 0.330 -0.020 0.350 23.85 -19.98




Table 2: Comparison of the efficiency of some modified electrodes used in the electrocatalysis of DA.

Modified electrode Method LOD LDR References
(uM) (uM)
HAuU-G/GCE CA 0.050 0.08-600 [58]
rGO/MWCNTSs/AuNPs/GCE ECL 0.067 0.2-70 [59]
HNP-AuAg alloy/GCE CA 0.200 5-335 [60]
AUNPs/SDS-LDH/GCE DPV 0.130 0.5-400 [61]
Gr/AuNps/GCE DPV 1.860 5-1000 [62]
AUNPs/Ch/GCE DPV 0.120 0.2-80 [63]
POMA-AU/GCE DPV 0.062 10.0-300 Present Study

HAu-G/GCE: hollow gold-graphene nanocomposite modified GCE; Gr/AuNps/GCE: graphene-gold nanoparticles
nanocomposite modified GCE; rGO/MWCNTs/AUNPs/GCE: reduced graphene oxide-multiwalled carbon
nanotubes-gold nanoparticles modified GCE; HNP-AuAg alloy/GCE: hierarchical nanoporous AuAg alloy modified
GCE; AuNPs/Ch/GCE: gold nanoparticles-choline  modified GCE:  AuNPs/SDS-LDH/GCE: gold
nanoparticleslayered double hydroxide-sodium dodecyl sulphate; CA: chronoamperometry; ECL: Electrogenerated
chemiluminescence; DPV: differential pulse voltammetry; LOD: limit of detection; LDR: linear dynamic range.



Table 3: Comparison of the efficiency of some modified electrodes used in the electrocatalysis of FA.

Modified electrode Method LOD LDR References
(uM) (uM)

Mn-SnO,/GCE DPV 0.079 0.5-900 [3]
Au-ERGO/CILE Amperometry 0.027 0.01-50 [67]
ZrO, nanoparticles/CPE DPV 0.089 10-2000 [68]
Ni-POA/CPE CcVv 91.000 100-5000 [69]
MWCNT/GCE Stripping voltammetry 0.130 0.3-80 [70]
POMANS-MWCNT/GPE LSV 0.113 0.5-68 [71]
POMA-Au/GCE DPV 0.090 0.5-900 Present Study

Au-ERGO/CILE: gold nanoparticles-electrochemical reduced graphene oxide modified carbon ionic liquid
electrode; ZrO, nanoparticles/CPE: ZrO, nanoparticles modified carbon paste electrode; Ni-POA/CPE: nickel
modified poly(o-anisidine) carbon paste electrode; MWCNT/GCE: multiwalled carbon nanotubes modified GCE;
POMANS-MWCNT/GPE: poly(o-methoxyanline)-multiwalled carbon nanotubes modified graphite paste electrode;
Mn-SnO,/GCE: Mn doped SnO, modified GCE; CV: cyclic voltammetry; LSV: linear sweep voltammetry.



Table 4: Recovery tests of DA and FA in pharmaceutical samples (n=3) using POMA-Au/GCE sensor.

Sample Added (uM) Expected (uM) Found (pM)? Recovery (%)
DA 10 10 9.73+0.41 97.3
Injection 20 20 19.54+0.24 97.7

30 30 30.06+0.35 100.2
Folvite 10 10 9.87+0.16 98.7

20 20 19.92+0.37 99.6

30 30 29.14+0.63 97.1

& Average of three measurements; +: represents the standard deviation.



Table 5. Recovery tests of DA and FA in human urine samples (n=3) using POMA-AU/GCE sensor.

Sample Added (uM) Found (uM)*? Recovery ((%)
DA FA DA FA DA FA
5 5 4.89+0.31 4.95+0.12 97.8 99.0
Human Urine 10 10 9.75+0.22 9.62+0.17 97.5 96.2
15 15 14.85+0.11 14.77+0.24 99.0 98.5
20 20 19.86+0.25 19.7440.53 99.3 98.7

& Average of three measurements; +: represents the standard deviation.



Highlights

Simultaneous determination of DA and FA was studied using POMA-Au nanocomposite.
The nanocomposite was characterized by XRD, XPS and HRTEM.
The important electrochemical parameters of DA and FA were determined.

The practicality of the POMA-AuU/GCE sensor has been determined.
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