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Abstract. Dopamine (DA) is a hormone and a neurotransmitter that plays many important roles
within the brain and body. It is an organic compound in the catecholamines and phenethylamines
groups. A considerable effort has been made since its discovery, and numerous techniques for DA
detection have been developed. Graphene and its derivatives have great potential for the
development of sensors and biosensors. Since it has excellent characteristics, such as good
conductivity and a large surface area, a graphene-based biosensor is expected to have high
sensitivity, selectivity, and long-term stability characteristics. Graphene oxide (GO) was synthesized
using a chemical method through graphite oxidation. Graphene oxide/poly (3,4-ethylene-
dioxythiophene):poly (4-styrenesulfonate) (GO/PEDOT:PSS) composite films were prepared using
an electropolymerization method on the surface of the working electrode. The properties of this
composite electrode were characterized by cyclic voltammetry (CV) and scanning electron
microscopy (SEM). The performance of the composite film was evaluated using three-electrode
systems that consisted of a glassy carbon electrode (GCE) modifying a composite film electrode as
a working electrode, a platinum electrode as an auxiliary electrode, and Ag/AgCl as a reference
electrode. The variation of the composite electrode was applied and evaluated to DA
electrochemical sensing. The GO/PEDOT:PSS-modified electrode also exhibits high performance
with a low detection limit of 1 uM. The results obtained have shown that GO/PEDOT:PSS/GCE
composites are promising candidates for modifying electrode material used in electrochemical
sensing.
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1. Introduction

Dopamine (DA) is one of the important neurotransmitters that plays a role in memory,
hormonal, and cardiovascular processes (Sun et al., 2013; Zheng et al., 2015; Rahman, et al,,
2016a). Neurological conditions like dementia, schizophrenia, and Parkinson's disease are
likely to cause a deficiency or insufficient DA levels (Ali et al,, 2007; Caudle et al., 2008; Guo
et al.,, 2013). Various methods have been developed for the detection of DA. Biosensor-
based electrochemical sensors are highly accurate, user friendly, and have a quick response
time (Rahman, et al.,, 2016b; Hayat et al., 2019). Recently, chemically modified electrodes
were established and reported with greater sensitivity and selectivity to effectively detect
DA (Zhang et al,, 2013; Wu etal,, 2014; Xu et al,, 2014).
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Graphene is widely used in electrochemical sensor production and holds great promise
as an ideal candidate for sensing platforms. Materials based on graphene play an important
role in every part of the environment (Arifutzzaman et al.,, 2019; Kusrini et al., 2019).
Graphene is one of the greatest of recently studied materials, particularly in the field of
electronics. It has many applications because of its characteristics, such as being the
thinnest, strongest, and most conductive material (Morozov et al., 2008). Graphenes can be
effectively used in electrochemical sensing systems for the selective detection of chemical
species. One of the methods to synthesize graphene oxide (GO) through chemical synthesis,
known as the Hummers method, is achieved by adding an oxidizing agent into the
concentrated acid that contains graphite. Many researchers modify the methods to
synthesize the graphene (Hummers and Offeman, 1958). One famous modification was
carried out by Marcano et al. and is known as the Tour method. The Tour method
demonstrates a less risky method since it does not use sodium nitrate (NaNO3) and is a
more effective graphite oxidation mechanism (Marcano et al.,, 2010).

The present research aimed to synthesize graphene oxide and investigate
electrochemical studies of GO with poly (3,4-ethylene-dioxythiophene):poly (4-
styrenesulfonate) (PEDOT:PSS) polymer on the surface of a glassy carbon electrode (GCE).
GO was chosen since it is cheaper and easier to spread into a homogeneous PEDOT: PSS
solution compared to reduced graphene. The properties of GO are hydrophilic and PEDOT:
PSS is soluble in water. The modified electrodes used to study DA oxidation are provided by
cyclic voltammetry (CV).

2. Methods

2.1. Chemicals

Graphite flakes (99% carbon basis, -325 mesh particle size), dopamine hydrochloride,
and PEDOT:PSS were purchased from Sigma Aldrich, Singapore. Ethanol (99%), sulfuric
acid (H2S04), orthophosphoric acid (H3PO4), potassium permanganate (KMnO4), 30% H202,
and hydrochloric acid (HCI) 37% were purchased from Mercks, Germany. Alumina polish
with 0.05 pm particle size was obtained from Basinc, USA. The supporting electrolyte,
sodium phosphate buffer solution, was prepared by using disodium hydrogen phosphate
(NazHPO4) and monosodium phosphate (NaH2PO4) solutions in distilled water. All
chemicals used for this work were analytical grade and all the solutions were prepared
using distilled water without any further purification.

2.2. Apparatus

CV was performed with a Rodeostat electrochemical analyzer open source potentiostat
(IO Rodeo, USA) with Sigma Plot software. The three electrodes used for electrochemical
experiments consisted of Ag/AgCl as reference electrodes, platinum auxiliary electrodes,
and modified GCE working electrodes. All the electrodes were purchased from Basinc, USA.
All measurements were carried out at room temperature.

2.3. Graphene Oxide Synthesis using the Tour Method

The GO was synthesized using the Tour method (Marcano etal., 2010) by mixing 90 mL
of concentrated H,SO4 and 10 mL of concentrated H3PO4 at a ratio of 9:1. Orthophosphoric
acid was added to avoid further oxidation (Higginbotham et al., 2010). First, 0.5 g of
graphite powder was poured into the concentrated acid. Then 4.5 g of KMnO4was poured
slowly into the mixture. The temperature was then changed from 40°C to 50°C, and the
mixture was then stirred for 12 hours.

The mixture transforms into a paste as the reaction progresses. The mixture was cooled
to room temperature. The mixture was then added to 250 ml of distilled water to stop the
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reaction. Ten milliliters of 30% H202 was used to reduce the manganese ions and to dissolve
the manganese sulfate and manganese oxide. H202 aims to reduce the remaining KMnO4 in
acidic media and dissolved manganese sulfate. Bubbling occurred when 30% of H,02 was
applied, and a bright yellow color appeared, suggesting that high oxidation had occurred.
The mixture was filtered to separate between cake and solution using filter paper. The cake
was washed with 5% HCI. The cake was then washed two times using water and alcohol by
centrifugation. The resulting supernatant had been decanted away. The cake that was
collected was stirred for 12 hours in distilled water at 60°C. This method is called
exfoliation (Emiru and Ayele, 2017). After that, the graphene oxide was dried for 24 hours
at 70°C.

2.4. Fabrication of a Working Electrode

First, the GCE electrode was sequentially polished with alumina slurry to create a
mirror-like surface. It was then rinsed and cleaned using ultrasonic equipment for 3
minutes in water and ethanol, 1:1, and dried at room temperature. Second, the suspension
of GO/PEDOT: PSS (8 pL) was cast onto the GCE surface and kept at room temperature for
1 hour to ensure that it was dry, smooth, and stable. Third, the electropolymerization of
GCE using GO (0.01 g), PEDOT:PSS, and a phosphate buffer was conducted by CV. CV was
performed from —1.4 to + 2.4V for ten cycles with a scan rate of 100 mV s-1. Before being
used, the modified electrode was again electropolymerized with CV from +0.3 to +1.2 Vin
a 0.1 M phosphate buffer solution of pH 7 until it was a stable cyclic voltammogram (Xu et
al,, 2010).

2.5. Electrochemical Measurements

Electrochemical measurements were performed using an open-source potentiostat (10
Rodeo, USA). The electrochemical cells containing the modified GCE (3 mm diameter) as the
working electrode, the platinum wire as the counter, and the Ag/AgCl as the reference
electrode were connected to the potentiostat, as shown in Figure 1. All experiments were
performed at room temperature.

Personal computer

Reference electrode ( Ag/AgCI )

Working electrode ( GCE )
Counter electrode ( platinum ) ——Jf

Sample ( dopamine ) ——

Potentiostat

Figure 1 Setup CV measurement

3. Results and Discussion

3.1. Visual Observation

Figure 2a shows the graphite oxidized by H.S04/H3POs and KMnOs with a dark
greenish color. The oxidation cycle is improved by combining sulfuric acid, ortho-
phosphoric acid, and potassium permanganate (Marcano et al.,, 2010). The paste has been
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mixed with 250 mL of water and 10 mL of 30% H20; resulting in a brownish-yellow
suspension, as shown in Figure 2b. This full-color switch suggested a greater degree of
graphite oxidation to GO. The model in Figure 2c shows that the GO suspension is filtered
directly with acids and metal ions, and then the filter surface is easily covered by a compact
film, as shown in Figure 2d. The suspension was centrifuged (Figure 2e) with the
elimination of the supernatant. Figure 2e shows a dark brown paste. The cake was
exfoliated for 12 hours at 60°C, as shown in Figure 2f. Eventually, the GO solution turns
black. The resulting GO was then filtered and dried in an oven (Figures 2g and 2h).

Figure 2 Synthesis of graphene oxide

Figure 3 shows the graphene oxide synthesis mechanism using the Tour method. Two
major important steps in graphene synthesis take place in the graphite layer, namely
oxidation and exfoliation. The first step in the GO synthesis mechanism begins after
graphite has been mixed into H2SO4+ and H3PO4 as an intercalant. As a result of this
mechanism, graphite layers tend to separate. The oxidizing stage happens after KMnO4 as
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an oxidizing agent was added into the solution. The oxidizing stage converts graphite
powder to oxidized graphite, which is known as pristine oxide of graphite (PGO). The next
step is to convert PGO to GO after water has been added, which involves sulfate hydrolysis
and the release of the interlayer PGO.

Intercalation

Graphite intercalation

compound

Graphite powder

Exfoliation
R ———

o

Single graphene layer Intercalant ( Hz8Q4 / HaPOa ) Oxygen containing

Figure 3 The graphene oxide synthesis mechanism

Figure 4 shows the scanning electron microscopy (SEM) images of the GO. The sample
shows platelike forms. GO morphology is observed as a flaccid texture which represents its
layered microstructure, as shown in Figure 4. Figure 4 clearly indicates the wider
interspaces of the sheet and the thinner edges of the GO paper. The SEM images of graphene
were similar to other researchers (Marcano et al.,, 2010; Paulchamy et al., 2015), which
indicates that graphene oxide was formed through this mechanism.
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Figure 4 SEM images of graphite (a), graphene oxide with 500x (b) and 1000x magnification (c)
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3.2. Electropolymerization Characteristics of the Modified Electrode
The electropolymerization modified electrode using polymer (in this research using
PEDOT: PSS) obtains stable, uniform, and compact polymer films on the electrode surface
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(Wang and Hui, 2017). Figure 5 shows the CV electropolymerization characteristics of
GO/PEDOT:PSS on the surface of the GCE as a working electrode. Two anodic peaks and one
cathodic peak were formed during the electropolymerization process. The anodic peaks
were approximately 0.321 V and 1.636 V. The cathodic peak was approximately -0.479 V.
The anodic and cathodic peak currents steadily improved as the scanning cycles improved,
and the resulting potential changed to more positive and negative values, respectively.
These findings revealed that the polymer film had accumulated on the electrode surface,
and with increasing scanning cycles, its thickness grew steadily.
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Figure 5 Cyclic voltammograms of electropolymerization GO/PEDOT: PSS-modified GCE. Scan
rate: 100 mV s-1; ten cycles

3.3. Electrochemical Characteristics of DA on Modified Electrode

Dopamine (DA) detection was achieved using CV. The electro-oxidation of DA was first
investigated by CV in a phosphate buffer at pH 7 in bare and modified GCE (Figure 6).
PEDOT:PSS-modified GCE was observed with a pair of distinct redox peaks of DA,
suggesting a reversible electron transfer cycle. But the CV response of DA to
GO/PEDOT:PSS-modified GCE is larger than that of PEDOT:PSS-modified GCE and bare GCE,
which is attributed to high electrical conductivity and a large specific surface area of GO.
Therefore, these results suggest that the GO and PEDOT:PSS materials were successfully
modified on the GCE surface and could accelerate the movement of electrons.

As shown in Figure 6, the electrochemical behaviors of DA in different electrodes such
as bare GCE, PEDOT:PSS/GCE, and GO/PEDOT:PSS/GCE were investigated using a CV
method containing 1 mM DA. In the presence of DA, GO/PEDOT:PSS-modified GCE exhibits
the highest cathodic peak currents. The result was similar to Gong et al. (2020). This sensor
shows a higher oxidation peak of DA with graphene modification. The difference in peak
potential (AEp) between the anodized peak (Epa) and the cathodic peak (Epc) in
PEDOT:PSS-modified GCE was calculated as 0.11 V. The peak current of DA with
GO/PEDOT:PSS-modified GCE corresponding to AEp was calculated as 0.08 V, which
indicates that the electrochemical reaction process of DA was fast and reversible.
Meanwhile, GO/PEDOT:PSS-modified GCE possessed a much higher peak oxidation current
and more negative peak oxidation potential of DA, indicating good electrocatalytic
oxidation capability of DA. Compared to bare GCE and PEDOT:PSS-modified GCE, the
GO/PEDOT:PSS-modified GCE had a high electrocatalytic activity and good conductivity.
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Figure 6 Cyclic voltammogram of 1 mM dopamine, with bare GCE, PEDOT:PSS-modified GCE, and
GO/PEDOT: PSS-modified GCE at pH 7 in a 0.1 M phosphate buffer at pH 7.0. Scan rate: 0.05 V

3.4. Performance of GO/PEDOT:PSS-Modified GCE
We evaluated the performance of the amperometric biosensor of DA, such as

sensitivity, linear detection range, and limit of detection by cyclic voltammogram to validate
the relationship between the oxidation peak current and DA concentration. The oxidation
peak of DA was linearly dependent on DA concentration in the range of 0.001-1.0 mM

(Figure 7).
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Figure 7 Amperometric response of GO/PEDOT:PSS-modified GCE to the various concentrations
of DA with a scan rate of 0.05 V. The inset shows linearity between the concentration of DA and the

anodic current response
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The inset of Figure 7 shows the regression equation for DA oxidation. The linear regression
equation can be expressed as Ipa(pA) = 58.824Concdopamine(mM) + 18.071 (R2 = 0.9833).
Consequently, the sensitivity and linear detection range of the electropolymerization of
GO/PEDOT:PSS-modified GCE was 1-1,000 uM. The limit of detection was estimated to be
1 pA. Similar to our research, Rahman et al. modified the surface of the electrode using a
multi-walled carbon nanotube (MWNT) and tyrosinase enzyme. Tyrosinase/MWNT/GCE
exhibits a detection limit of 50 pA (Rahman et al., 2016b). Aravind et al. fabricated Au/TiO>
nanotube films on GCE which resulted in a detection limit of 3 uM (Aravind et al.,, 2011).

4. Conclusions

The graphene oxide synthesis was achieved by mixing graphite powder into a
concentrated acid medium with the existence of an oxidizing agent. Graphite oxidation
using the Tour method is more efficient and less hazardous than other methods because it
is cost-effective, non-toxic, and environmentally friendly. There are two major important
steps to the synthesis mechanism of graphene oxide, namely oxidation and exfoliation.

The modified GCE by GO/PEDOT: PSS film exhibits high electrocatalytic behavior for
DA oxidation. The electropolymerization of GO/PEDOT: PSS on the surface of the electrode
exhibits a detection limit of 1 pA and a wide linear range (1-1,000 uM). This composite
electrode was used for rapid-current response DA detection, which offered a promising
method for modified electrode materials.
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