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A simple, facile, eco-friendly and rapid synthesis of gold nanoparticles (GNPs) derived from B.
javanica Blume leaves extract (BJBLE) was successfully developed. The GNPs were formed within 40
sec and it was confirmed by UV-visible spectroscopy. The BJBLE acts as a (strong) reducing and (as
well as) stabilizing agent. The Chemical constituents of BJBLE were studied by GC-MS. The prepared
GNPs are spherical in shape and the particles size around 25 nm, which was confirmed by HR-TEM.
The formation of GNPs and interaction between the plant extract was characterized by XRD and FT-
IR. One step preparation of graphene oxide encapsulated GNPs (GO/GNPs) was confirmed by SEM
and EDX spectrum. The electrochemical activities of the GO/GNPs modified electrode were
characterized by CVs and DPV. The electrochemical results demonstrate notable electrocatalytic
activity of the GO/GNPs modified glassy carbon electrode (GCE) towards dopamine detection. The
GO/GNPs modified GCE displayed a wide linear range with a low detection limit of 0.03 uM and
good selectivity towards dopamine even in the presence of biologically co-interfering substances. The
above results suggested that the GO/GNPs modified GCE is very promising and active electrode
material for the detection of dopamine for pharmaceutical and clinical applications.
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1. INTRODUCTION

Dopamine (DA) belongs to the families of catecholamine and phenethylamine in both
peripheral nervous and mammalian central nervous system, which plays a significant role in the human
brain and body such as neurotransmission, metabolism, emotional expression and mental activity [1].
The main function as a DA is neurotransmitter in central nervous system, cardiovascular and hormonal
system. However, the abnormal metabolism or high either low level concentration of DA in the region
of the brain the activity would be difficult and dangerous causes diseases such as parkinson’s disease
[2], senile, dementia, HIV infection [2], Harrington’s and Schizophrenia disease [3]. Hence, an
aforementioned reason, the rapid and selective determination of DA is necessary. So far, a number of
traditional methods have been developed towards DA detection, including fluorescent spectrometry
[4-6] and chromatography [7]. But these techniques are high cost, that instruments are operated by
highly skilled technicians and time consuming methods. The electrochemical techniques are widely
used for the sensitive determination of DA, because of low cost, high sensitivity, simplicity,
reproducibility, selectivity and short measurement time [8-11]. In order to realize the sensitive
detection of DA, the modified electrodes with metal nanoparticles (MNPs), metal oxides, conducting
polymers and carbon related nanomaterials etc., have been mostly used for the sensitive and selective
detection of DA in the electrochemical field [12-18].

Nanoparticles made of various noble metals have been received a vital consideration over the
recent years, as they can be applied in chemistry, physics, biology, medicine and material science [19].
Particularly, plant mediated biological synthesis of noble and transition metal nanoparticles is currently
focused hearted research area, owing to the benefits of rapid, facile, large scale production, energy-
efficient, biocompatible, environmentally conscious, avoid toxic chemicals and cost effective reagents
when compared to other physical and chemical phenomenon [20, 21]. Syntheses of different MNPs
such as Ag, Au, Pt, Cu and Ru are prepared via biological route was also reported previously [22-24].
Among these MNPs, gold nanoparticles (GNPs) find applications in drug delivery, tissue/tumor
imaging and photothermal therapeutic contexts owing to their extraordinary behavior and their broad
spectrum of physical, chemical and optical properties [25]. The presence of bio-molecule in the plant
extract that can be used as a reducing agents for reduce the metal ion to metal nanoparticles (Au®* to
Au®) and stabilize them. Varieties of plant extract have been used as reducing agents as well as
capping agent for preparation of GNPs and are reported previously [26-33]. There is still a lot of
attention paid to this field because of the high potential of plants in producing nanoparticles with a
broad diversity of plant metabolites that may aid in the reduction, as well as the different sizes and
shapes.

A broad variety of encapsulation techniques has been widened to make nanoparticles dissolve
in agueous medium to offer anchor points where functional molecules can be attached [34,35]. One of
the well-known approach to preparing GNPs/GO nanocomposites is to encapsulate GNPs with
graphene oxide (GO). GO sheets possessed a mixture of defects, sp® and sp® hybridized carbon atoms.
GO sheets contain extraordinary optical properties, due to their capability to adsorb oxygen atoms on
their GO surfaces in the form of (-O, -OH, -COOH), and ether functional groups [36]. The above two
acid groups like carboxyl and phenol hydroxyl groups are well dispersed in an aqueous medium with



Int. J. Electrochem. Sci., Vol. 12, 2017 1476

extreme negatively charged surface [37, 38]. For the sensible application of GO, the bioprotection
features of GO was studied by several groups [39, 40]. Liao and Akhavan et al. have been reported that
GO has enriched functional groups, good electrical conductivity, large surface area, good
biocompatibility and high stability, which makes it suitable for biomedical applications and sensing of
bio-molecules [41-43] such as uric acid, nicotinamide, dopamine, organosulfate pesticides, ascorbic
acid, adenine dinucleotide, glucose, cholesterol, protein, histidine and hydrogen peroxide etc.
Moreover, GO has exclusive features such as prominent flexibility, facile synthesis, lofty dispersibility
in aqueous medium, easily tunable surface functionalization through non-covalent or covalent
pathways [44].

In this study, we propose the eco-friendly synthesis of GNPs by using B. javanica Blume leaves
extract (BJBLE) and GO encapsulated with GNPs for the first time. The formation of GNPs was
confirmed by UV-vis spectroscopy, transmission electron microscopy (TEM), X-ray diffraction
(XRD), fourier transform infrared spectroscopy (FT-IR) and GO encapsulated GNPs (GO/GNPs) was
also confirmed by Scanning electron microscopy (SEM) and EDX spectrum. The GO/GNPs modified
GCE demonstrates superior electrochemical detection capability towards dopamine when compared to
other modified electrode. The GO/GNPs modified glassy carbon electrode (GCE) exhibits a wide
linear range and low limit of detection (LOD) in 0.05 M PBS pH 7. This is the first report, to the best
of our knowledge in which green synthesized GNPs derived from BJBLE on the modified GCE
employed as an electrochemical sensor for the detection of dopamine.

2. EXPERIMENTAL

2.1. Materials

The healthy matured B. javanica Blume leaves were collected from National Taipei University
of Technology, Taipei, Taiwan-106 (Republic of China). The fresh leaves were collected and cleaned
with double distilled water (DD). The Chloroauric acid (HAuCl,.3H,0), dopamine and graphite
powder was purchased from sigma-Aldrich, Taiwan. All the other chemicals are in the analytical grade
and utilized without further purification.

2.2. Methods

2.2.1. Synthesis of plant extract

First, the collected leaves of B. javanica Blume were thoroughly washed with DD water. After
that, the leaves were spread over filter paper to remove the wetness of leaf and then dried at room
temperature for an hour. Then, the leaves are cut into small fine pieces. 5g of the BJBL were weighed
and transferred into 200 mL water in 500 mL beaker and it was boiled in a water bath at 100 °C for 5
min. The mixture was cooled and filtered twice; sequentially the filter liquor was centrifuged at 5000
rpm for 15 min. The aqueous extract (B. javanica Blume) obtained then filtered using Whatman filter
paper No. 1 and stored at 4 °C for further studies.
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2.2.2. Green synthesis of GNPs by using the leaf extract

The leaves extract was dried and optimized to 4.5 mL. Further, the optimized extract was
mixed with 10.5 mL of 0.5 mM gold solution then the mixer was kept on the table at room
temperature, for reduction of Au** to Au®. The formation reaction was very fast as the ruby red color
appeared within 10 sec and appearance of ruby red color because of GNPs exhibit surface plasmon
resonance (SPR) at 500-550 nm. The formation of GNPs was confirmed by UV-visible spectroscopy
analysis in the range of 529 nm. The GNPs obtained were purified by repeated centrifugation at 5000
rpm/min for 15 min and washed several times with DD water. The GNPs were collected and re-
dispersed in deionized water for further characterization.

2.2.3. Preparation and fabrication of the graphene oxide encapsulated GNPs at modified GCE
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Scheme 1 the schematic view of the synthesis procedure for the preparation of GNPs and GO/GNPs
composite and its application for electrochemical sensor dopamine.

Graphite oxide was prepared from raw graphite powder using the modified Hummer's method
[45]. After that, the preparation of GO/GNPs by mixing 2 mg mL™ of green synthesized GNPs and 2
mL aqueous GO in a beaker. The mixture was allowed to sonication for an hour and the mixture was
stored at room temperature for further characterization and electrochemical measurements. The
formation of GO/GNPs composite was shown in Fig.4. Above GO/GNPs composites 8 pL (optimized
concentration) was drop casted on the polished GCE surface and it’s allowed to dry at room
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temperature. After that, the dried GO/GNPs/GCE washed smoothly with DD water to remove loosely
bounded composites. Then this electrode allowed to do further electrochemical measurements. The
overall procedures for the preparation and fabrication of the GNPs and composite are shown in scheme
1.

2.2.4. Characterization of GNPs and GO/GNPs composites

UV-visible spectral analysis of B. javanica Blume was performed in a Jasco V-770 UV-visible
spectrophotometer. The absorption maxima were analyzed in the 400-800 nm wavelength range at
different time intervals. The powder XRD were analyzed as- prepared green synthesized GNPs in
XPERT-PRO (PANalytical B.V., The Netherlands) diffractometer (Cu Ka radiation, k 1/4 1.54 A).
FTIR analysis was recorded by using a Thermo Nicolet Nexus 670 spectrometer in the range of 4000
400 cm* to determine the presence B. javanica Blume derived bioactive compounds in BJBLE GNPs.
The chemical constituents of plant leaves extract was identified before and after addition of gold
solution through the gas chromatography- mass spectroscopy (GC-MS) (HP 6890GC/5973MS, Agilent
Technology, Little Falls, California, USA) instrument. The size and shape of the particles were
measured with HR-TEM using JEOL 3010 equipped with selected area electron diffraction pattern
(SAED). The GO/GNPs composites were confirmed by scanning electron microscopy attached with
elemental analysis (SEM- Hitachi S-3000 H). All the electrochemical studies were performed in CHI
405a and CHI 900 electrochemical analyzer (CH Instruments, USA). The conventional three electrode
system has been employed for the electrochemical measurements where GCE (area 0.071 cm® &
rotating disc carbon electrode (RDCE) = 0.2 cm?) used as a working electrode, platinum wire as a
counter electrode and saturated silver/silver chloride (Ag/AgCl) electrode as a reference electrode. All
the electrochemical studies have been carried out in 0.05 M PBS.

3. RESULTS AND DISCUSSION

3.1. UV-vis spectral analysis
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Figure. 1 UV-vis spectra of green synthesized GNPs (A) Effect of the plant concentration (a) 12.5 mL
of 0.5 mM gold solution and 2.5 mL of BJBLE (b) 11.5 and 3.5 mL (c) 10.5 and 4.5 mL (d) 9.5
and 5.5 mL (e) 8.5 and 6.5 mL respectively. (B) UV-visible spectra of the reaction mixture at
different time intervals at room temperature (a-g; 0 to 60 sec).
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UV-vis spectroscopy is a very significant phenomenon to validate the stability, shape and size
of the MNPs in an aqueous solution. In order to investigate the shape and size of the GNPs was
initially monitored by UV-vis analysis. A different concentration of BJBLE and gold solutions are
represented in Fig.1A. The extract concentration was increased and the gold solution concentration
was decreased from (a) 12.5 mL of 0.5 mM gold solution and 2.5 mL of BJBLE, (b) 11.5 and 3.5 mL
(c) 10.5and 4.5 mL, (d) 9.5 and 5.5 mL, (e) 8.5 and 6.5 mL respectively. The inset figure shows the
digital photograph of formation of GNPs (different concentration of BJBLE and gold solution) with
corresponding to the absorption spectra. The color changes from dark pink (a, b) to ruby red (c), and
the concentration of BJBLE (d, e) again increased a dark pink color was formed corresponding to the
absorption spectrum as shown in Fig.1A. The change of GNPs color depends on the volume of BJBLE
and gold solution. The GNPs functionalized with BJBLE gave uniform sharp peaks with varying
intensities. The 10.5 ml 0.5 mM gold solution and 4.5 mL plant extract gave a uniform and sharp SPR
(Surface Plasmon Resonance) band peak at 529 nm, with this ratio a bulk solution was made for
further studies.

In order to study the stability and formation of the prepared GNPs in the colloidal solution were
investigated by UV-vis analysis. Fig.1B reveals the UV-vis spectrum of gold colloids with various
time intervals at 0, 10, 20, 30, 40, 50, 60 sec. the optimized concentration of gold and plant extract
mixed solution was taken for the stability studies. From the Fig.1B, which is clearly observed that the
bioreduction of gold ions to GNPs started within 0 sec and increasing the time intervals (from O to 60
sec) the GNPs formation was reached a saturated level within 40 sec. this results suggested that the
biosynthesis of GNPs was very rapid formation. The maximum absorbance for GNPs was monitored at
529 nm, and it look like a little broad spectrum, suggesting their polydispersed nature.

3.2. Characterization of the green synthesized GNPs
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Figure 2. Green synthesized GNPs (A) X-ray diffraction pattern (B) FTIR spectra of B. javanica
Blume extract (a) synthesized GNPs (b).
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The phase and crystallographic structure of the synthesized GNPs were studied by XRD. The
XRD patterns of as synthesized GNPs as shown in Fig.2A. The peaks at the 20 angles of 38.35",
44.,55°, 64.82°, 77.76" and 81.70° were corresponding to (111), (200), (220), (311) and (222) planes of
face-centered cubic (fcc) phase of gold [JCPDS File No. 04-0784] [46,47]. The remaining diffraction
peaks may be the other phytochemical compounds present in BJBLE and the result suggested that
GNPs are highly pure.

X =t "
[ cosd

Where Xs is the size of crystalline, A is the wavelength of X-ray radiation, B is the full width at
half maximum (FWHM) of the diffraction peak, 6 is diffraction angle and k is Scherer’s constant. The
average size of crystalline GNPs was calculated from the (111) plane using standard Scherer’s formula
[48]. The average crystalline size of GNPs was calculated as approximately 29.4 nm size which is in
good agreement with HR-TEM results.

FTIR analysis was used for the characterization of the leaf extract and the synthesized GNPs
nanoparticles as shown in Fig.2B. The FTIR spectra of leaf extract before and after reduction have
shown considerable changes. FT-IR spectra were carried out to discover the organic biomolecules
BJBLE responsible for the reduction of GNPs. The sharp peak at 1533 cm™ was assigned to the —N-H
stretching vibration of the amide function group [49]. After the bioreduction GNPs, the intensities of
peak become sharper from 1533 to 1525 cm™. Furthermore, a small shift from 1664 cm™ to 1652 cm™
was attributed to C=0 stretching vibration of the carbonyl and ketones groups [50-52]. The peak
around at 1163 cm™ corresponds to C-O stretching vibration of alcohols, carboxylic acids, esters and
ethers. The peak observed at 3586 cm™ was relevant to O-H stretching vibration. This result indicates
the presence of hydroxyl, carboxylic acids, esters, ethers and carbonyl groups in BJBLE which may be
accountable for the reduction of the Au ions and stabilization of Au nanoparticles.
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Figure 3. GC-MS chromatograph of BJBLE leaves extract (a) and after reduction of GNPs (b).
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Phytochemical constituents present in the BJBLE which was identified through GC-MS. GC-
MS chromatograph of leaf extract showed three major peaks, each peak indicating the presence of
three chemical compounds. Their chemical structure, chemical formula, molecular weight, peak area
(%), retention time are presented in inserted Fig.3. Fig.3 (a) shows the only pure plant extract and
Fig.3 (b) shows the after reduction GNPs. The major compounds present in BJBLE such as 3,3-
Dimethylhexane, a-Methylpropanoic acid, Butylhydroxytoluene (BHT). The BJBLE of BHT is a most
commonly used antioxidant. This BHT compound may play a vital role in the reduction process of
Au®** to Au. The leaf extract of B. javanica Blume can also be used as a potential source for the
isolation of those compounds.

3.3. TEM analysis

The morphology and structure evolution of the GNPs were observed by HR-TEM as shown in
Fig.4. The TEM images (Fig. 4 A, B) of GNPs showed that spherical like morphology nanoparticles
and their sizes from 20 to 10 nm. The very slight agglomeration was occurred, which may be possible
sedimentation at the latter stage of the reaction. Fig.4C shows the High resolution TEM was carried
out to further observe the GNPs. It showed that the lattice fringes was d=0.234 nm, which was
coincidental with the theoretical spacing for (111) plane of the GNPs.
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Figure 4. HRTEM images of as-synthesized GNPs at different magnification (A) 20 nm (B) 10 nm (C)
Lattice frinces (D) SAED pattern of GNPs.
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The SAED pattern for GNPs and the ring pattern are indexed to the 111, 200, 220, 311 and 222
Bragg reflections from the fcc phase of gold as revealed in Fig.4D. The crystalline natures of the GNPs
clear from the SAED pattern. It is also found that the single crystalline nature and it was determined by
SAED pattern which was in accordance with XRD result.

3.4. Graphene oxide encapsulated green synthesized GNPs

The morphology of the GO/GNPs composites were investigated by SEM. Fig.5 shows the SEM
images of GO (A) and encapsulated GNPs on the GO sheet (B) and corresponding to the EDX
spectrum of GO (C) GO/GNPs composites (D). It could be clearly seen that the GO sheet exhibited a
typical rippled morphology with bulk paper like layers and then introduced green synthesized GNPs
into the GO solution; electrostatic interaction takes place between GNPs and GO [53]. Furthermore,
the electrostatic interaction between GO and GNPs, which upon mixing, allowing the GO encapsulated
GNPs formed and it was clearly shown in Fig.5 (B).

WD20 .3mm 15.0k¥ x2.5k 20um

Figure 5. SEM images (A) GO (B) GO encapsulated green synthesized GNPs (C and D)
Corresponding to the EDX spectrum of GO and GO/GNPs composites.

The merits of the proposed approach are that it can be performed at room temperature and that
the size and structure of the nanoparticles used remains unchanged after encapsulation and also it was
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confirmed by EDX. Fig.5 (C and D) illustrates the energy dispersive EDX spectrum of GO and
GO/GNPs composite. From the EDX results, it is clear that the presence of carbon and oxygen
elements in GO and Au, carbon and oxygen in GO/GNPs composite respectively. The above result
suggests GO encapsulated green synthesized GNPs, which make them very excellent modified
electrode material for the electrochemical detection of dopamine sensor.

3.5. Electrochemical performance of dopamine at various modified electrodes

The electrochemical performance of dopamine was examined at various modified electrodes by
using CVs in presence of 300 uM dopamine. Fig.6 depicts the CVs response in absence of dopamine
(a) bare GCE, (b) GO/GNPs/GCE, and the presence of 300 uM of dopamine (¢) GO/GNPs/GCE, (d)
bare GCE, (e) GNPs/GCE, (f) GO/GCE containing 0.05M phosphate buffer solution (PBS pH 7) at a
scant rate of 50 mV s™.
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Figure 6. Cyclic voltammetry performance of absence of dopamine (a) bare (b) GO-GNPs, and
presence of (¢) GO/GNPs/GCE (d) bare GCE (e) GNPs/GCE (f) GO modified GCE in 0.05M
PBS containing 300 uM of dopamine at a scan rate of 50 mV st
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Figure 7. (A) Cyclic voltammograms of 300 uM dopamine at GNPs/GO/GCE in 0.05M PBS (PH 7) at
different scan rates (inside to outside; 50-1000 mVs™) (B) The plot between scan rate vs.peak
currents

A broad irreversible oxidation peak of dopamine was identified at 0.311V in bare GCE. The
GNPs/GCE and GO/GCE demonstrated a couple of quasi-reversible redox peaks for dopamine at the
reduction peak potential (Epc) and oxidation peak potential (Epa) of 0.170 and 0.386 V, 0.181 and
0.229 V respectively. The peak to peak separation for GNPs/GCE and GO/GCE in dopamine was
found as 216 and 48mV respectively. While the GO/GNPs modified GCE in the presence of dopamine
revealed a pair of very sharp and well-defined quasi-reversible redox peaks at 0.174 (Epc) and 0.218 V
(Epa). The peak to peak separation was established as 44 mV. The oxidation peak current of dopamine
at GO/GNPs modified GCE was 4.32 and 2.01 fold higher than that of other modified GCE such as
GNPs/GCE and GO/GCE. In addition, the dopamine oxidation overpotential of GO/GNPs at modified
GCE was 168 and 11 mV lower compare than other GNPs and GO modified electrodes. The above
results suggesting that the modified GO/GNPs GCE is very promising and active electrode material for
detection of dopamine. Furthermore, the good communication ability of green synthesized GNPs with
GO resulting in the increased electrochemical performance and lesser oxidation potential for the
recognition of dopamine.

Fig.7A and B illustrates the CVs of GO encapsulated green synthesized GNPs composites
modified GCE in a nitrogen atmosphere (deoxygenated) PBS (pH 7) containing 300 uM of dopamine
at different scan rates. Upon increasing the scant rates from 50 to 1000 mVs™, the cathodic (Ipc) and
anodic peak (Ipa) currents increased and both redox peak potential (Ep) was slightly shifted. The
anodic peak current shifted towards positive side and the cathodic peak current shifted towards
negative side at higher scan rates. The anodic and cathodic peak currents have a linear dependence
(Fig.7B) against the scan rates.vs Ip, suggesting that the dopamine oxidation process at the green
synthesized GO/GNPs composites at modified electrodes is a surface controlled not diffusion
controlled process [54].



Int. J. Electrochem. Sci., Vol. 12, 2017 1485

0.5
1 3 A B
y =-0.050x + 0.593
10 pA 0.4+ R?=0.993
0.34
S
€ ® 0.2
£ g
=3 )
o °
o 0.1 y = -0.045x + 0.480
........ R?=0.983 pa
—@—pH3 0.0 4
@-pH5
@-pH7 E EpC .
@-pH9
@ pH 11 0.1 r T . ’ . ' . : .
—
0.4 0.2 0.0 0.2 0.4 0.6 0.8 2 4 6 8 10 12
E/V vs.Ag/AgCl pH

Figure 8. (A) Cyclic voltammetry response of GO/GNPs composite modified GCE for 300 uM of
dopamine containing various pH solutions (pH 3 toll) at a scan rate of 50 mV s™*. (B)
Calibration plot for Ep vs. pH.
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Scheme 2. Oxidation mechanism of dopamine

The effect of pH played a major role in the dopamine oxidation process at the GO/GNPs
composites modified GCE, so we examined the various pH in N, saturated PBS solution in the
presence of 300 pM dopamine at the scan rate of 50 mVs™ by CVs. Fig.8A reveals the CVs signals of
GO/GNPs modified GCE for 300 uM of dopamine containing various pH solution 3 to 11 (right to left
in Fig.8A). At the composite electrode both the cathodic and anodic peak potential shifted towards
negative direction upon increasing the pH range from 3 to 11 and the peak current also increased upto
3 to 7, then again increase the pH range (above pH 7) the peak current was decreased. The maximum
current was achieved at pH 7 compared to other pH solution. So we have chosen pH 7 for further
electrochemical measurements. This result suggests that the oxidation process of dopamine in modified
GCE is pH dependent reaction. Fig.8B shows the calibration plot of different pH vs. different peak
potential, the slope value was observed to be Epa (V) -0.050 V/pH using regression equation.
According to the Nernst equation, the calculated slope value Epa -50 mV/pH was very closed to the
theoretical value of -59 mV/pH for an equal number of electron and proton transferred in
electrochemical reaction [55]. The result further validates that the electrochemical redox reaction of
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dopamine at the GO/GNPs composite modified GCE is two protons (2H") and two electrons (2€")
transferred electrochemical process as shown in scheme 2.

3.6. Calibration curve studies
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Figure 9. (A) DPV response of GO/GNPs modified GCE with increasing the concentration of
dopamine from 0.049 to 105uM. (B) Lower concentration of dopamine ranges from 0.049 to
28.5 uM (C) The calibration Plot of oxidative current vs. dopamine concentration (lower) (D)
The calibration Plot of oxidative current vs. dopamine concentration (higher).

Difference pulse voltammetry (DPV) is an important electrochemical technique to quantitative
analysis of dopamine and also DPV has a greatly higher current sensitivity and enhanced resolution
compared to CVs and other electrochemical techniques. Fig.9 shows the GO/GNPs at modified GCE
to successive addition of dopamine with concentration from 0.049 to 105 uM in 0.05 M PBS (pH 7).
Fig.9A reveals a very sharp and well defined anodic peak current observed at peak potential 0.18V, a
further increase in the concentration of dopamine the anodic peak current was also increased and
finally reached a level. Fig.9B shows the lowest concentration of dopamine range from 0.049 to 28.5
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puM and observed well sharp anodic peaks it does suggest that the sensitivity is very high towards
oxidation of dopamine at GO/GNPs modified GCE. Two linear ranges observed from the Fig.9A by
DPV, Fig.8C is first linear range was obtained 0.049 to 4.7 uM with the linear equation of | (A) =y =
0.272x + 1.138, (R? = 0.995) with sensitivity 3.443 uAuUM “cm™. The calculated detection limit was
0.03 uM. Fig.8D is second linear range was 7.5-105 uM with the linear equation of |1 (A) =y = 0.073x
+ 1.962, (R? = 0.998) and the sensitivity of 0.911 pApM “cm™. However, the good linear response
was still obtained, and results showed that the GO encapsulated green synthesized GNPs at modified
GCE exhibited an improved performance when compared with previous literature as it can be
summarized in Table 1.

Table 1. Comparison on the efficiency of modified electrodes for the determination of dopamine

Modified Electrode Linear range (UM) LOD (uM) Ref
PEI/[(P,W17V—CuO)/(CS 0.25-217 0.045 56
Pd)]+/(P,W1,V-CuO/ITO?

MWCNTs/Nafion/ITO 0.01-10 0.2 S7
GO/GCE 1-15 0.27 58
PImox-GO/GCE 12-278 0.63 59
RGO/Pd-NPs/GCE 1-150 0.233 60
GP-MWCNTs-AuNCs/GCE 2-213 0.67 61
Graphene/chitosan/GCE 0.1-140 0.05 62
Graphite nanosheet/nafion 0.5-10 0.2 63
Au-NPs/polyaniline 3-115 0.8 64
Dopamine grafted ERG/PMB/GCE 0.96-7.68 1.03 65
GO/GNPs/GCE 0.049 - 4.7 0.03 This work
7.5-105

“vanadium-substituted polyoxometalate, CuO and Pd nanoparticles; ITO- Indium tinoxide; GO-
Graphene oxide; GCE- Glassy carbon electrode; PImox-polyimidazole; RGO/Pd-NPs- Reduced
graphene oxide/ palladium nanoparticles; GP-MWCNTs-AuNCs- Graphene-Multiwall Carbon
Nanotube-Gold Nanocluster; Au-NPs- Gold nanoparticles; ERG/PMB -dopamine grafted graphene
oxide/poly(methylene blue); GNPs- Gold nanoparticles.

3.7. Anti-interference and stability studies

Selectivity is very important to study the electrochemical biosensor, in order to investigate the
selectivity of the fabricated dopamine sensor, effect of some biological interferents are very close
oxidation potential to the dopamine sensor such as AA (b), UA (c) and glucose (d) have been studied.
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Fig.10. reveals the amperometric (i-t) curve at the applied potential of 0.2V using GO/GNPs modified
RDCE.

Current (nA)

50s

Time/s
Figure 10. Effect of interfering species on the biosensor response with subsequent addition of 20 fold
excess of dopamine (a) ascorbic acid (b) uric acid (c) glucose (d) in the 0.05 M PBS (pH 7).

From the results a well-defined current response was observed in the addition of 100 uM
dopamine (a) and biologically co-interfering compounds (b), (c) and (d) could not shows any
significant response in addition of 20 fold excess of those biological compounds, indicating that the
fabricated GO/GNPs modified RDCE is highly selective towards the determination of dopamine . The
electrode stability is very important factor for all innovatively developed electrochemical sensor. The
oxidation peak current response of 100 uM dopamine at GO/GNPs composites modified electrode was
studied to 7 days and stored in PBS when not in use. The GO/GNPs modified electrode 93.6 % of its
initial current response after 7 days, which suggests the good storage stability of the sensor.

3.8. Real sample analysis

To study the practicability of GO/GNPs modified GCE dopamine sensor, the determination of
dopamine in real biological samples were evaluated. Thus, the GO/GNPs/GCE was applied to the
detection of dopamine in biological fluids such as human blood serum and urine by amperometry. The
collected serum and urine samples were four times diluted by 0.05M PBS (pH 7) and it was directly
used for the detection of dopamine. The amperometric response of dopamine oxidation was
consecutively recorded for the addition of blood serum and urine samples, followed by the addition of
0.01M dopamine by different time interval. The obtained recoveries of dopamine were given in Table
2. The GO/GNPs/GCE dopamine sensor achieved noteworthy recovery results from 96.2 to 103 %.
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Therefore, the developed GO/GNPs/GCE dopamine sensor was applicable for the practical
applications.

Table 2. Determination of dopamine in biological samples by using GO/GNPs/GCE

Real sample Add (uUM) Found® ((UM)  Recovery (%)

Blood serum 5 4.81 96.2
10 9.9 99

Urine 5 5.1 102
10 10.3 103

*Standard deviation method and °Relative standard deviation with three repetitive measurements.

4. CONCLUSION

In concise, GO encapsulated green synthesized GNPs were effectively synthesized via a
simple, green approach and are cost effective. A sensitive electrochemical sensor with GO
encapsulated green synthesized GNPs was developed for the determination of dopamine and the
composite modified electrode showed significantly improved peak current towards the oxidation of
dopamine. The GO/GNPs based electrochemical sensor exhibited electron transfer rate and excellent
electrocatalytic activity towards the oxidation of dopamine. In addition, the modified electrode
demonstrated good sensitivity and low detection limit (0.03uM) in the detection of DA and good
selectivity towards the biological interferences AA, UA and glucose. These results exposed
GO/GNPs/GCE could be a good potential candidate for electrochemical sensor application of
dopamine.
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