Int. J. Electrochem. Scil2 (2017 41077 4119 doi: 10.20964/2017.05.03

International Journal of
ELECTROCHEMICAL

SCIENCE
www.electrochemsci.org

A novel Amperometric Gallic acid Sensor based on
Palymelamine entrapped Graphene Composite

TseWei Cheh, Selvakumar PalanisarhySheaMing Cherl”", Vijayalakshmi Velusarfy
Sayee Kannan Ramaraj

! Department of Chemical Engineering and Biotechnology, National Taipei University of Technology,
Taipei 106 Taiwan (ROC)

2Division of Electrical and Electronic Engineering, School of Engineering, Manchester Metropolitan
University, Manchester M1 5GD, United Kingdom.

3PG & Research department of Chemistry, Thiagarajar College, Me@yr@iamilnadu, India.

"E-mail: smchen78@ms15.hinet.net

Received25 January2017 / Accepted5 March2017 / Published:12 April 2017

The present work describes an amperometric determination of gallic acid (GA) ugassy carbon
electrode (GCE) modified with graphene (GR) and polymelamine (PM) composite. The GR/PM
composite modified electrode was prepared by electropolymerization of melamine on GR modified
GCE. The agrepared GR/PM composite was characterized kgnring electronmicroscopy
elemental mapping and Fourier transform infrared spectroscopy. The GR/PM composite modified
GCE was used as electrocatalyst for oxidation of GA, and the composite modified electrode shows an
enhanced catalytic activity than efexes modified with GR and PM. Under optimum conditions,
amperometric-t was used to determine the GA, and the amperometric response of GA was linear over
the concentration ranging from 0.1 to 728.9 uM. The limit of detection and sensitivity of the senso
was estimated as 0.027 pM and 0.697 pAhbin?, respectively. The GR/PM composite modified
electrode exhibits high selectivity in the presence of range of potentially interfering polyphenol
compounds, dopamine, uric acid and ascorbic acid. As a proobrafept, the practicality of the
sensors was examined in green tea samples, and shows acceptable practicality for the determination
GA.
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1. INTRODUCTION

Gallic acid (GA is a type of polyphenolic compound and naturally occurring in green tea,
black tea, white tea, banana, grapes and plants [1]. GA is widely known for its excellent antioxidant
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and antiradical activity in multiple biological and pharmaceutical applicatiomduding ant
mutagenicity, antinflammation, anticancer and protection against cardiovascular diseases [2]. GA is
widely used as a standard for determination of total polyphenolic content in different analytes by the
Folini Ciocalteu assay [3]. Owing tthe aforementioned properties of GA, the accurate determination

of GA in real samples is of great interest. So far, various analytical methods have been used for the
determination of GA, such as high performance liquid chromatography (HPLC), ultrahigimaence

liquid chromatography, flow injection analysis, reverse flow spectrophotometry photoelectrochemical
method and electrochemical methodsi 1J@. Compared with traditional analytical methods,
electroanalytical methodsasmany advantages such as loast, high sensitivity, fast response and
portability [10, 11]. The electrochemistry of GA at different modified electrodes have been studied and
documented. For example, carbon nanomaterials [12], metal oxides [11] and redox polymers [13] have
been widey used for accurate and selective detection of GA. Since, the unmodified glassy carbon,
indium-tin oxide, graphite, screeprinted carbon (SPC) and Pt electrodes are not suitable for the
determination of GA due to their poor sensitivity, selectivity anar peproducibility [14].

Graphene is a 2D carbon nanomaterial, possessing high surface area and electrochemica
properties in comparison to other carbon nanoforms [15, 16]. Owing to its unique properties, GR is
widely used as a buildinglock for range ofapplications, such as solar cells, data storage, OLED
displays, photocatalysis, electrochemical sensors and biosensar@l][1On the other hand,
polymelamine (PM) is a new clas# conducting polymerwhich is widely used for different
applications owingo its extreme stability and presence of abundant nitrogen functional groups [2].
Recently, PM with carbon and activated carbon electrodes have used for electrochemical detection of
range of analytes including neurotransmitters and polyphenols [26R2However, most of the
reported PM based composites used with reduced graphene oxide, and the use of commercial GR i
still limited in PM based composites. The motivation of the present work is to utilize the special
properties of PM with GR, and ugeasan electrocatalyst for oxidation of GA.

In the present work, we report an amperometric GA sensor using GR/PM composite modified
electrode for the first time. The GR/PM composite exhibits an enhanced electrocatalytic activity
towards GA than other modifiezlectrodes. The selectivity of the sensor was evaluated in the presence
of range of polyphenolic compounds and other potentially interfering compounelqratticality of
the sensowasevaluatedisinggreen teaamples and discussed

2. EXPERIMENTAL

2.1. Materials

Graphene nano flakes (8 nm, product number-GNRAPHENE) were obtained from
UniRegion BieTech, Taiwan. Melamine and gallic acid were purchased from Siddrech. All
other chemicals were received from SigAldrich and used as receivedhd green tea samples were
purchased frona local supermarken Taipei, Taiwan. The supporting electrolyte, pH 3.0 phosphate
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buffer solution (PBS) was prepared using 0.1 MHNRO, and NaHPO, in doubly distilled water. All
other chemicawere prepared usg doubly distilled water without any additional purification.

2.2. Methods

Amperometric it and cyclic voltammetry (CV) measurements were carried out using CHI
1205B electrochemical station from CH instruments. Scanning electron microscopic images were
obtained using Hitachi -8000 H scanning electron microscope (SEM). Elemental mapping was
performed using Hitachi -8000 H SEM attached HORIBA EMAX -ACT elemental analyzer.
Fourier transform infrared (FTIR) spectroscopy were acquired using JASCO@sDIBspectrometer.
Amperometric i-t measurements were performed using a PRBE(ALS Co., Ltd, Japan,
www.bas.co.jp/). The threelectrode configuration was used for electrochemical studies in which
GCE as a working electrode (only for CV measurements), satureg/AgCl as reference electrode
and Pt wire as a counter electrode. Rotating disc electrode (RDE) with an electrochemically active
surface area (EASA) of 0.162 éwas used for amperometric experiments. The EASA of the GR/PM
composite modified electrodeas calculated using Randi&evcik equation, as reported ed@y].

2.3. Fabrication of GR/PM composite modified electrode

The GR dispersion was prepared by dispersing GR (5 mid) into the dimethylformamide
using ultrasonication about 30 min. Thenyl8of asprepared GR dispersion (optimum) was dropped
on precleaned GCE and dried in an air oven. The resulting GR modified electrode was transferred into
the electrochemical cell containing 0.5 mM melamine in 0.1 M HCI solution. To prepare GR/PM
composie modified electrode, 10 cycles were performed in the potential between 0 to 1.5 V at a scan
rate of 50 mV/s, as reported early [2]. After successive cycles, the PM was electropolymerized on GR
surface. The schematic representation for the preparati@R8M composite is shown in Scheme 1.
The asprepared GR/PM composite modified electrode gently rinsed with doubly distilled water and
dried at room temperature.

Graphene

Graphene/poly-melamine composite

Schemel. Schematic representation for the preparation of GR/PM composite.
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The PM modifiel electrode was prepared using the same procedure without GR. The GR
modified electrode was prepared by drop coating of 8 pL of GR dispersion om@i@iit PM. The
electrochemical experiments were performed irathosphere.

3. RESULTS AND DISCUSSION

3.1. Characterization of GR/PM composite

The surface morphology of the-peepared GR and GR/PM composite modified electrodes
were investigated using SEM. Fig. 1 displays the SEM images of GR (A) and GR/PM composite (B).
The SEM image of GR shows its typlidlake morphology. On the other hand, the GR/PM composite
shows that dense layer of PM was uniformly covered on the surface of GR. The corresponding
elemental analysis of GR/PM composite confirms the presence of carbon and nitrogen, as shown in
Fig. 1C anl D.

Figure 1. SEM images of GR (A), GR/PM composite (B), and corresponding elemental mapping of
carbon (C) and nitrogen (D$cale bar =5 pM.
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Figure 2. Typical FTIR spectra of GR and GR/PM composite.

The result confirms the formation of GR/RMmposite. The FTR was used to further support
the presence of PM on GR/PM composite. Fig. 2 shows thERFSpectra of GR (black line), and
GR/PM composite (red line). The HR spectrum of GR is found featureless in the finger print region.
While, three distinct bands were observed at 3485, 1618 and 745 which are attributed to the
vibrations ofi NH and C=C in PM [25, 26]. In addition, the bands related to GR also appeared in the
FT-IR spectrum of GR/PM composite. The result confirms the presénGRoand PM in GR/PM
composite.

3.2. Electrochemical behavior of GA

The electrocatalytic ability of different modified electrodes toward oxidation of GA was
studied using CV. Fig. 3 shows the CV response of bare (a), GR (b), PM (c), and GR/PM composite
(d) modified electrodes in PBS containing 500 uM of GA at a scan rate of 50 mV/s. It can be seen that
the bare and GR modified electrodes show same electrocatalytic activity against the oxidation of GA.
While, the oxidation peak potential of GA at GR modifielectrode was observed at quite low
potential (0.532 V), when compared with-onodified electrode (0.591 V). On the other hand, the PM
modified electrode shows an enhanced catalytic activity towards the oxidation of GA than GR
modified electrode. The odation potential of GA was also found less positive potential (0.491 V)
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than the response observed at GR modified electrode, is attributed to the strong interaction between th
PM with GA via hydrogen bonding.
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Figure 3. Cyclic voltammetry response obtad for bare (a), GR (b), PM (c), and GR/PM composite
(d) modified electrodes in PBS containing 500 uM of GA at a scan rate of 50 mV/s.

However, the GR/PM composite modified electrode shows 3 folds enhanced oxidation peak
current response to GA than takectrodes modified with PM and GR. The oxidation potential of GA
is observed at 0.501 V, which is very close to those observed at PM modified electrode. The high
conductivity and high surface area of GR combined PM is result into the high catalytity activ
towards GA than other modified electrodes. Hence, GR/PM composite is more suitable for sensitive
detection of GA than other modified electrodes.

The effect of scan rate and pH on the oxidation of GA at GR/PM composite modified electrode
was investigate by CV.
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Figure 4. A) Cyclic voltammetry response of GR/PM composite modified electrode in 500 uM of GA
containing PBS for different scan rates. Scan rate2@DmV/s (g). Inset shows the linear
plot for scan rate vs. current. B) At the same coois, the cyclic voltammetry response of
GR/PM composite in different pH at a scan rate of 50 mV/s. Inset is pH vs. current response.

Fig. 4A shows the CV response of GR/PM composite modified electrode in 500 uM GA
containing PBS for different sweepingas rates, and the scan rates were in the range from 20 to 200
mV/s. It can be seen that the oxidation peak current of GA increases with increasing the scan rates witl
small positive potential shift, and the anodic peak current of GA had linear relagpongiithe scan
rates from 20 to 200 mV/s{awith the correlation coefficient of 0.9949 (inset). The result indicates
that the electrochemical oxidation behavior of GA at GR/PM modified electrode is controlled by
typical adsorption controlled electrochigal process. The pH is a crucial factor for study the
electrochemical behavior of GA on GR/PM composite modified electrode. Fig. 4B shows the CV
response of GR/PM composite modified electrode in 500 uM of GA containing different pH at a scan
rate of 50 nv/s. A maximum current response of GA was observed at pH 1 than other pH (inset).
However, pH 3was selectedor the electrochemical experiments in order to usen practical
applications.In addition,the observed current response in pH 3 was foundagirto the response
observed in pH 1. We have also found that the anodic peak potential of GA had linear dependence witl
pH, and the peak potentials were shifted towards negative potential upon increasing the pH from 1 to
7. The anodic peak potential of GA. pH shows the slope value of 57.8 mV/pH with the correlation
coefficient of 0.9911(not shown). The obtained slope value (57.8 mV/pH) is close to the previously
reported slope value for an equal number of electron and proton transferred electrocresiical
process [2]. According to early reports, the oxidation of GA is involving of two protons and electrons

transferred electrochemical redox process [2, 9]. The oxidation mechanism of GA at GR/PM
composite modified electrode is shown in Scheme 2.
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Scheme 2. Scheme for the plausible electrochemical oxidation mechanism of GA at GR/PM
composite.

3.3. Amperometric determination of GA

Amperometrici-t method was used to determine the GA using GR/PM composite modified
electrode. Fig. 5A shows the typicalr@nttime response of GR/PM composite modified RDE for the
addition of different concentration of GA (0978.9 uM) into the constantly stirred PBS. The working
potential held at 0.48 V. As shown Fig. 5A inset, the GR/PM composite modified electrodeashows
sharp amperometric response for the addition of 0.1 (a), 0.3 (b), 0.5 (c), 1.0 (d), 3.0 (d) and 5 uM (e)
GA into the constantly stirred PBS. The result indicates the high catalytic activity of composite
modified electrode towards GA. The response tifnd® sensor was calculated as 3 s, which indicates
the fast adsorption of GA on the composite modified electrode surface. As shown in Fig. 5B, the
GR/PM composite modified electrode shows a stable response from 0.1 to 728.9 uM with the
detection limit (LAD) of 0.027 uM based on S/N=3. The sensitivity of the sensor calculated as 0.697
HApPM ™t cmi? based on slope value/EASA of the composite electBiae.analytical comparison of our
sensor with previously reported GA sensors is shown in Table 1. It caeréhsehe obtained LOD
of the sensor was lower than previously reported GA sensors including PM modified electrodés [2, 10
14]. In addition, the linear response range of the sensor was comparable with previously reported GA
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sensorsas shown in Table.IThe excellehanalytical features (lower LOBNd wide linear response
range) of the developed sensor can used for a sensitive detection of GA.
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Figure 5. Amperometric it response obtained for GR/PM composite modified RDE for different
concentration adtion of GA into the constantly stirred.éaturated PBS. Working potential =
0.48 V. Inset shows the amperometric response of the GR/PM composite modified electrode
for addition of 0.1 (a), 0.3 (b), 0.5 (c), 1.0 (d), 3.0 (d) and 5 uM GA into the constdinted

PBS. Other working conditions are similar to Fig. 6A. B) Calibration plot for [GA] vs.
amperometric current response.
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Table 1. Analytical comparisofLOD andlinear response range) of the@meparedGA senso(GR-
PM modified GCE)with the prewusly reportedGA sensors.

Method of LoD Linear
Modified electrode detection range pH Ref.
(LM)
(UM)

'ASPCE/PME FIA* 0.21 up to 1000.0 7.0 [2]
“‘MIP-GCE DPV** 3.5 up to 480.0 6.4 [10]
*Si0,/CPE DPV 0.25  upto 100.0 1.7 [11]
“CNT/CPE DPV 0.5 up to 150 2.5 [12]
"TH/NIHCF/GE DPV 1.66 up to 1200.0 1.12 [13]
®Zn-Al-NO;z LDHf/IGCE DPV 2.6 up to 180.0 3.0 [14]
GR-PM/GCE Amperometry  0.027 up to 728.9 3.0 This work

*Flow-injection amperometry

**Differential pulse voltammetry

! Poly(melamine) film immobilied on a prenodized screeprinted carbon electrode.
% Molecularly imprinted polypyrrole modified glassy carbon electrode.

% Si0, modified carbon paste electrode.

* carbon nanotubes modified carbon paste electrode.

> Thionine and nickel hexacyanoferratedified graphite electrode.

® Zn-Al-NOs layered double hydroxide film on a glassy carbon electrode.

3.4. Selectivity, practicality, repeatability and reproducibility of the sensor

The selectivity of the sensor is more importariten amperometric sensoi@e in positive
working potentiad. Hence, the selectivity of the sensor was evaluated in the presence of range of
compounds including polyphenols and neurotransmitters, since these compounds have an oxidatior
potential very close where GA oxidized. Fg. 6B shows Amperometrictiresponse of GR/PM
composite modified RDE for the addition of 0.5 uM GA (a), and 100 fold additions of catechol (CC),
hydroquinone (HQ), resorcinol (RC), dopamine (DA), ascorbic acid (AA), uric acid (UA) and catechin
(CT) into the constantly stirred PBS at a working potential of 0.48 V. It can be seen that a stable and
sharp amperometric response was observed for the addition of 0.5 uM GA. The composite modified
electrode did not show any apparent response for the addition j@M56f CC, HQ, RC and AA.

While, a weak response was observed for the addition of 50 uM of DA, UA and CT. However, the
observed response of these compounds are negligible when compared to the response of GA. Th
result indicates the high selectivity of GRIRomposite for detection of GA.
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Figure 6. A) Amperometric it response of GR/PM composite modified electrode for the addition of
20 uM GA into the PBS, and its background current response up to 4000 s. B) Amperemetric i
t response of GR/PM compasimodified RDE for the addition of 0.5 uM GA (a) and 50 uM
additions of CC (b), HQ (c), RC (d), DA (e), AA (f), UA (g) and CT (h) into the constantly
stirred N saturated PBS. Working potential = 0.48 V.

To evaluate the practicality of the sensor, weehdetermined the GA content in green tea
samples using GR/PM modified electrode by amperometry. The experimental conditions are similar to
Fig. 5A. The standard addition method was used for calculation of recovery of GA in green tea
samples [28]. The conotration of GA in diluted green tea samples were found as 42.6 and 57.6 puM.



