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Abstract
Pencil graphite is electrochemically exfoliated to obtain few layered graphene oxide (GO) in hydrochloric acid (HCl, HGO),
10 sodium hydroxide (NaOH, NGO) and phosphate buffer saline (PBS, pH 7.4, PGO) media at a constant potential (+7.0 V) without ionic
liquid for the first time. Thus, obtained graphene oxide is deposited (by drop casting and electro reduction) onto a glassy carbon electrode
(GCE). Following this, gold nanoparticles (AuNP) are electro deposited to form GO-AuNP composite for simultaneous discrimination of
dopamine (DA), ascorbic acid (AA) and uric acid (UA) at pH 7.4. Cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
techniques reveal well separated oxidation peaks for DA, AA and UA. The sensor surfaces are characterized by Ultraviolet Visible (UV-
15 Vis), Photoluminescence (PL), X-ray diffraction (XRD), Fourier transform Infrared (FTIR), contact angle goniometry (CA) and scanning
electron microscopy (SEM) techniques. DA, AA and UA are studied individually to evaluate the dynamic ranges and lowest detection
limits of the sensor by the DPV method. Concentrations of DA, AA and UA in real samples viz., dopamine injection, vitamin C tablets

and human urine samples are evaluated.

1. Introduction

20 Neuro transmitters dopamine (DA), ascorbic acid (AA)
and uric acid (UA) co-exist in biological sample and change in
their concentration levels beyond the critical limits (above micro
molar concentration) lead several health disorders. For instance,
while variation in dopamine concentration affects brain function

»s and induces neurological disorders like Parkinson’s disease and
drug addiction'™, the abnormal levels of uric acid (UA) regulates
gout and hyperuricemia®® and change in AA concentration
induces skin and immune system’. Since these substrates regulate
different diseases and are interrelated to each other, simultaneous

30 detection of concentration levels of DA, UA and AA is of high
interest in biomedical chemistry, neurochemistry, diagnostic and
pathological investigations. Although various techniques
including  liquid  chromatography®, mass spectrometry’
spectrophotometry'® and electrochemical''™"® are wused for

35 sensitive and selective detection, the electrochemical method is
extensively investigated for its simplicity, cost-effectiveness and
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user friendliness'*'®. However, most of the reported sensors

focus on the single analyte detection of either DA or AA for two
reasons. (i) All these three analytes have similar oxidation
potentials and sensor signals overlap each other'*'®. (ii) The DA
poisons the surface by its adsorption on carbon surface.
Therefore, during the last five decades, intense research is
directed to the development of sensitive electrodes for lower
concentrations (0.01 to 1 uM) of DA in presence of 100 to 1000
fold excess of AA and UA.

Currently, graphene with metal/polymer composites are
being applied in nanoelectronics, nanocomposites,
batteries and super capacitors due to the increase in its intrinsic
properties like electrical, thermal conductivity'’, optical'®,
specific surface area'®, biocompatibility’®?', mechanical strength
and transparency’>. Metal®’, metal oxides®?, carbon nano
structures®?® and polymers'® > *° decorated graphene are
reported for simultaneous determination of AA, DA and UA334,
Graphene is prepared by different routes such as thermal
decomposition on SiC wafer under ultrahigh vacuum (UHV)**?%,
CVD growth on metal substrates (ruthenium®, Ni***°, and Cu*")
substrate free CVD42, chemical ***” and thermal reduction®® of
graphite in different studies. While mechanical exfoliation™,
thermal decomposition®', oxidation of graphite®® and liquid-phase
exfoliation of graphite®** from single or few-layer graphene, the
electro reduction®™® produces thick layered graphenes.
Surfactants, polymers and metal nanoparticles®”* are suggested
to avoid the restacking. Since, the AuNP is more biocompatible
and has tunable electronic properties, Li er. al®“® have
developed graphene-AuNP for the selective determination of DA

S€nsors,
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with a detection limit of 1.86 puM. One-step solvothermal
synthesis of graphene-AuNP composite is reported for
simultaneous detection of DA, AA and UA® ®. Although
electrochemical exfoliation of graphite in presence of ionic liquid
is reported,®® avoiding the toxic and expansive chemicals and
simplifying the product recovery processes is essential. In this
regard, electrical exfoliation in NaOH is recently reported, but
used H,0, for GO reduction® and not applied for any
neurotransmitter detection Therefore, this study aims to exploit
the exfoliation of graphene in aqueous medium as there is no
report available on the use of electrochemically exfoliated
graphene oxide and gold nanoparticle composite till now for
simultaneous sensing of DA, AA and UA. The graphene oxide is
prepared by the electric exfoliation of pencil graphite in
hydrochloric acid, phosphate buffer and sodium hydroxide
without using any ionic liquid or metal/metal oxide to prevent
aggregation/restatcking of graphene oxides. Thus obtained GO is
deposited on the glassy carbon electrode surface by two different
methods viz., drop casting and electrochemical reduction of GO
on the GCE. This is followed by gold nanoparticles deposition by
electro reduction of HAuCl;.nH,O. Simultaneous detection of
DA, AA and UA is made with and without gold nanoparticle
decoration and compared.

2. Experimental section
2.1. Materials and methods

Pencil used as graphite rod (0.7 mm diameter and 60
mm length, purchased from a stationary shop). Potassium
ferrocyanide, potassium ferricyanide, sulfuric acid, sodium
chloride, dimethyformamide (DMF), sodium dihydrogen
phosphate and potassium chloride of analytical grade were
purchased from Himedia, India. Tetracholoroaurate was
purchased from Sigma Aldrich, USA. Analytical grade,
dopamine, uric acid and ascorbic acid were all purchased from
Sisco Research Laboratories Chemicals Pvt. Ltd. India. Milli-Q
water (18.2 MQ) was used for all experiments. 0.01 M phosphate
buffer of pH 7.4 containing NaCl (120 mM), NaH,PO, (10 mM)
and KCl (2.7 mM) was prepared and used for all electrochemical
experiments.

pH Meter from Susima, AP-1PLVS, India, was used for
in measuring the solution pH. The electrochemical experiments
cyclic voltammetry (CV), chronoamperometry (CA) and
differential pulse voltammetry (DPV) were carried out using the
CHI  440B  electrochemical  analyzer/workstation (CH
Instruments, USA). A conventional three-electrode system
consisting of a glassy carbon working (3 mm diameter), a
platinum wire (I mm diameter and 2 cm long) counter and
Ag/AgCl reference electrodes was used. PANalytical make
Bruker D8-Advance powder diffractometer which uses Cu-Kal
radiation (2.2 kW max) was used for powder X-ray diffraction
measurements  (PANalytical B.V., Lelyweg 1, 7602
EA ALMELO, The Netherlands). Chemical Vapor Deposited
gold (100 nm) Si and graphite substrates were used for acquiring
the FE-SEM images and EDS spectra using Zeiss SEM
instrument which uses a LEO 1530 field emission from Hitachi
(model S-3000H), Japan. Images were recorded at an accelerating
voltage 10 kV with a secondary electron detector. Homemade
variable DC power supply with Digital electronic multimeter was
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used to electrochemical exfoliation. UV spectra were recorded
Shimadzu UV2450  high-performance single
monochromator instrument in the frequency range 400-700 nm.
The contact angle equipment was purchased from AST Products
Inc., USA, having an automated model of VCA Optima XE.

2.2. Electrochemical exfoliation of pencil
graphite
Graphene oxide was prepared from pencil rod

electrochemically by applying a constant DC potential +7 V
between two pencil electrodes in an aqueous solution without any
ionic liquids. Scheme 1.
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Scheme 1: Electrochemical exfoliation of pencil to form graphene oxide
and its anchoring on glassy carbon electrode by drop casting (left) and
electro reduction (right) followed by gold nanoparticle deposition for
simultaneous sensing of dopamine (DA), ascorbic acid (AA) and Uric
acid (UA).

Three different aqueous media viz., hydrochloric acid (HCI,
named as HGO), phosphate buffer saline (PBS, pH 7.4, named as
PGO), and sodium hydroxide (NaOH, named as NGO) were used
for exfoliation. The exfoliation takes place at the positive
terminal and graphene oxides were formed as flakes. Exfoliation
process was completed at different electrolysis time scale
depending on the media used and formation of different amount
of graphene oxide. For instance, the quantity of graphene oxide
formed are 760 pgA’'s', 33.6 pgAl's' and 667 pgA’ls!
respectively in HC1, NaOH and PBS media. The exfoliation rate
in different media follows the order HCI (4 minutes with 107
mA) > PBS (11 minutes with 27 mA) > NaOH (45 minutes with
146 mA) for 3 mg of graphite rod exfoliation at +7.0 V. The
exfoliated graphene oxide (GO) solution was sonicated for 15
minutes to obtain uniform dispersion of the GO followed by
successive washing with double distilled water, ethanol, acetone

s and filtration by centrifuging at 8000 rpm for 5 minutes. The final

product was dried at 45 °C for 2 hours. The product was used for
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electrochemical and other characterization by XRD, UV-Vis,
FTIR and SEM techniques.

o

2.4. Fabrication of GO-AuNP modified glassy
carbon electrode

For GCE surface modification by drop casting method, 1.5
mg of GO, obtained from pencil graphite exfoliation, was
10 dispersed in 1 mL of DMF followed by sonication for 1 hour. 2
puL of the mixture is drop casted on the GCE and dried at an
ambient temperature for 30 minutes. The AuNP was then
deposited by electro reduction of HAuCl,.nH,O by potential
cycling in the window 0 to -0.6 V for 20 cycles. For
electrochemical modification of GO on the GCE, 3 mg of GO in
5 mL of PBS was taken and potential cycled in the window 0 to -
1.6 V for 20 cycles. This step again followed by the AuNP
deposition similar to that of drop casting method.

o

3. Results and Discussion

3.4. Characterization of exfoliated graphene

oxide

The CV curves of the GCE modified using the PGO, HGO
and NGO by the drop casting method are recorded in presence of
[Fe(CN)o]*™ redox probe in PBS (pH 7.4), Fig.1. All composites
show increased peak currents compared to the unmodified GCE,
however, differences exists between their CV profiles.
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Fig. 1. CV behaviors of GCE (curve a) modified using graphene oxide
obtained by the electrical exfoliation of pencil graphite in PBS (curve b),
HCI (curve c), and NaOH (curve d). The GO is dispersed in DMF and
drop casted on the GCE and dried at ambient temperature. Measurements

40 are rr}ade in presence of [Fe(CN)s]*™ in PBS (pH 7.4) at a scan rate 50
mVs™.

For instance, the GCE-PGO showed diffused peaks
with very low peak currents, while the GCE-HGO and GCE-
NGO showed sharp and reversible peaks. Generally, the charge
transfer from the [Fe(CN)]*™* to the GO modified surface
decreases due to electrostatic repulsion from the intrinsic
functional groups (epoxide, acid, hydroxyl) of GO and
[Fe(CN)o]>"™. Hence, increased charge transfer in the presence of
[Fe(CN)¢]>™* for the GCE-HGO and GCE-NGO indicates the
so formation of GO with less functional groups. Nature of these

graphene oxides are further characterized by the UV. The UV
shows two peaks at ~227 (arising from m-n* transition of the
atomic C-C bonds) and ~250 nm (n-r* transitions of aromatic C-
C bonds®"), respectively, suggesting the introduction of oxy
ss functional groups, Fig. S1. More interestingly, while the NGO

4

o

and HGO show only two absorption peaks (220 and 250 nm), the
PGO shows three absorption peaks at 220, 250 and 314 nm,
respectively, indicating higher conjugation of pi electron network
in the PGO than in the other two composites®’. All samples
s exhibited predominantly D and G bands®**** at 1300 and 1500
em’, respectively, in Raman spectra. Both the D and G bands
arise from the double resonance effects at graphene defects. Both
bands are blue shifted by 10 cm™ with week intensities for the
HGO indicating high exfoliation of graphite in HCl medium.
6s Methods of graphene oxide or graphene preparation have
significant effects on the positions of the D, G and 2D bands in
the Raman spectra, Fig.2A, similar to that reported for a few-
layer graphenes prepared by epitaxial growth on SiC, which
shows a blue shifted G-band (ca. 20 cm™) and 2D bands (ca. 60
20 cm’™') compared to the exfoliated graphene®. Shifts in the position
of Raman bands of three different GO indicate significant effect
of the medium used for the exfoliation. The graphenization is
very high in NaOH than in the HCl and PBS. The ratio of Ip/Ig
expresses the sp?/sp’ carbon ratio manifesting on the measure of
7 disorder™ at the edges, charge distribution and wrinkle nature.
Highest ratio of Ip/I (1.12) is observed for the PGO compared to
the HGO (0.984) and NGO (0.314) suggests the introduction of
oxygen functionality that increased the disordered corner edges in
the PGO. These observations indicate the fact that more graphite
so flakes formed in HCl and NaOH. Photoluminescence shows a
triplet peak for these graphene sheets, Fig.S2. Among these three,
the PGO showed maximum PL emission indicating the highest
carrier — carrier scattering over the electron phonon scattering. It
may be noted that the shape of the PL spectra highly dependent
ss on the size and shape of the quantum sized carbon networks®®.
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95 Fig. 2. Raman spectra (A) and XRD patterns (B) of PGO (curve a), HGO
(curve b) and NGO (curve c).

The X-ray diffraction patterns of the PGO, HGO and

NGO are presented in Fig. 2B. The broadening of Bragg’s peak
indicates the formation of crystalline graphene whose size is
100 calculated using the Scherer formula D = KA/Bscos6, where D is
the average size of the crystal, K is the shape dependent Scherer’s
constant, A is the wavelength of radiation, f is the full peak width

at half maximum and 0 is the diffraction angle®. Using the full
width half maxima (FWHM) of (111) peak, crystal sizes of the
10s PGO, HGO and NGO calculated are 1.4, 21 and 2.3 nm. The
crystal size calculated from Ip/Ig ratio using the formula La =
2.4x107" % 1p/1g]" are 3.8, 4.1 and 0.7 nm respectively. SEM
images of the PGO, HGO and NGO are presented in Fig.3.
Highly disintegrated sheets formed in HCl medium whereas
110 smooth sheets are obtained in NaOH. The sheets prepared in PBS
appears little rougher than that obtained in NaOH. That is, the
Ip/Ig ratio values observed are well corroborates the SEM

This journal is © The Royal Society of Chemistry [year]
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morphological features. The highest Ip/Ig ratio, smaller crystal

size (from XRD measurements), and maximum PL peak intensity

observed for the PGO suggest the more hydrophilic nature of the

PGO than the NGO(80.2°) and HGO (92.3°) and confirmed by
s the highest contact angle of 108.9°, Fig. S3.

20

25

Fig. 3. SEM images of GO obtained from electrical exfoliation of graphite
in (A) HCI; (B) Phosphate buffer pH 7.4 and (C) NaOH.

The PGO is used to modify the GCE and tested for

30 simultaneous detection of the DA, UA and AA. Although

multiple peaks are obtained, the peaks are not well separated on

the GO. Only a single reversible peak corresponding to DA in the
potential region 0 to 0.3 V is observed, Fig.4A, Curve a.
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45 Fig. 4 Simultaneous detection of ImM concentrations of ascorbic acid,
uric acid and dopamine in PBS (pH 7.4). In the absence (A) and presence
(B) of AuNP on the PGO(curve a) and PErGO(curve b) modified GCEs.

3.5.Behavior of electrochemically
ErGO in presence of [Fe(CN)¢>"*
50 Since the method of surface preparation influences
greatly the detection of target analytes, in this work, graphene is
deposited by electrochemically reducing the PGO in the potential
window 0 to -0.18 V (75 cycles) in phosphate buffer to modify
the GCE surface with ErGO and named as GCE-PErGO.

deposited

55
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70 Fig. 5. CV behaviors of GCE (curve a), (A) the GCE modified by PGO by
drop casting (curve b) and followed by electrochemically deposited AuNP
(curve c), (B) CV behaviors of GCE (curve a) modified by the
electrochemical reduction of PGO (PErGO) by potential cycling (curve b)
followed by electrochemically deposited AuNP (curve c). Measurements

75 are made in presence of ImM [Fe(CN)s]*"* in PBS (pH 7.4) at a scan rate
50 mVs™.

Fig. 5A depicts the comparative CV profiles of the GCE modified
using the PGO (drop casted, curve b) and PGO-AuNP (curve c)
measured in presence of [Fe(CN)]>™. The peak currents
so decrease due to electrostatic repulsion from the intrinsic
functional groups in the prepared GO. Upon deposition of AuNP,
the peak currents increase nearly equivalent to the unmodified
GCE because of electrocatalysis. Similarly, Fig.5B presents the
CV behaviors of the GCE (curve a) modified by electro reduction
ss of GO by the potential cycling to form GCE-PErGO (curve b)
and GCE-PErGO-AuNP (curve c). It may be noted that the
current for the GCE-PErGO is increased by 50 % compared to
the CV profile of the GCE-PGO, indicating the reduction of
functional groups on the PGO electrochemically.”’ Application of
90 the GCE-PErGO for the simultaneous detection of AA, DA and
UA showed a larger reversible peak for the DA which is flanked
by the small and irreversible peaks for the AA and UA, Fig.4A,
curve b.  Recently, metal nanoparticle-graphene composites
show a promising performance in the field of biosensors,
os however, methods of preparation origin again proved to influence
the sensor performance.”® It is to note that the peak currents
magnitude for GCE-PGO-AuNP and GCE-PErGO-AuNP are
nearly same. No significant changes in the CV profiles of these
two modified GCEs are observed. This is attributed to the even
deposition of gold nanoparticles on both the GCE-PGO and
GCE-PErGO. This is possible because the GCE-PGO surface is
prepared by the drop casting method which uses volatile DMF
solvent and the exposed PGOs are encapsulated by the AuNPs.
The similar process also applicable to the GCE-PErGO surface as
10s well and hence, only AuNP are in contact with the [Fe(CN)sJ*"*
for charge transfer resulting in similar CV behaviors. The SEM
images of the PGO, PErGO and PErGO-AuNP are presented in
Fig.6. The electro reduction of PGO (Fig. 6A) results in the
formation of clear, silky, wrinkled granules of PErGO (Fig. 6B)
1o and the AuNP are evenly deposited on the PErGO (Fig. 6C).
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Fig. 6. SEM images of PGO (A), PErGO (B) and PErGO-AuNP (C) films

Both the PGO-AuNP and PErGO-AuNP modified GCEs are
tested for the simultaneous detection of AA, DA and UA. The
peaks are well separated on both the GO-AuNP surfaces,
however, significant differences are clear between the two CV
profiles, Fig.4B. The GCE-PErGO-AuNP surface exhibits well
defined peaks for all these analytes in CV. The CV peak current
increases for the AA and UA, whereas it decreases for the DA.
While AA peak potential remains the same at 0.01V on both the
GCE-PGO-AuNP and GCE-PErGO-AuNP, the peak potentials
for the DA and UA on the GCE-PErGO are shifted positively by
~0.1V. The positive shifts of peak potentials for the DA and UA
are attributed to the oxidation products of these compounds on
the PErGO-AuNP and repulsion of © electrons on the reduced
GO and aromatic = electrons in the DA and UA. The presence of
AuNP suppresses the capacitive current observed for the GCE-
PGO-AuNP in the potential region where the target analytes are
reacting. In order to study the effect of concentration of each
analyte indviudaully, more sensitive DPV technique is used.

3.3 Effect of analyte concentrations

Effect of target analyte concentration is studied using
both the GCE-PGO-AuNP (Fig.S4) and GCE-PErGO-AuNP (Fig.
7A-C) by varying the concentration of one analyte while the
concentrations of other two analytes kept constant. When the
GCE-PGO-AuNP surface is used, the charging current in the
potential region where the non-sensing analytes (concentrations
kept constant) increases with increasing the concentration of
target anayte of interest. In contrast, on the GCE-PErGO-AuNP
the charging current remains unaltered when the concentration of
target anayte of interest is increased. Hence, for further analysis,
the GCE-PErGO-AuNP is used. Direct proportionality between
the analyte concentration and current signal is noticed over a
wide concentration range studied, 1nM to 5000 pM. The linear
relationships are given by the following equations.

o
%

-
S
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110

i=0.0144 AM™' x [AA]+3.92 x 10% A || (= 0.995)-=-==-- 1)
i=0.0253 AM™ x [UA]+2.77 x 10% A || (1= 0.994)-------- Q)
i=0.0412 AM™" x [DA]+7.83 x 10° A || (1= 0.985)-==-=-- 3)

It is observed from the literature survey on the
enzymatic detection of dopamine’ that the detection limit and
sensitivity are significantly depend on the procedure used for the
immobilization matrix. Michaelis-Menten (MM) kinetic
parameters Ky, V..v and kg, reveal the influences of the physical
and chemical properties of the surface on the efficiency of the
catalytic reactions. Michaelis-Menten (MM) constant, Ky, is
defined as the substrate concentration up to which the current
increases linearly increases, V. is the maximum rate of the
enzymatic reaction and k., is the turnover number of the enzyme.
Since the GO-AuNP composite behaves similar to enzyme, the
MM kinetics is applied to evaluate the parameter, K. Respective
Lineweaver-Burk plots for the GCE-PGO-AuNP and GCE-
PErGO-AuNP are shown in Fig. S5. From the intercepts and
slopes of Fig.S5, the calculated Ky, values are listed in Table S1.
For the DA detection observed Ky are 0.07 and 110 mM,
respectively, at the GCE-PGO-AuNP and GCE-PErGO-AuNP
surfaces. The higher Ky; observed for the GCE-PErGO-AuNP
suggests enhanced diffusion restriction property resulting from
the electrostatic repulsions between the 7 electrons in the PErGO
and dopamine 7« electrons. A similar observation is also made for
AA and UA as noticed from the Ky values, Table S1. From the
equations 1-3, higher sensitivity of 0.0412 AM™ L' is obtained
for DA than that of the AA and UA. Hence, the GCE-PErGO-
AuNP sensor is more selective for the DA than the AA and UA.
Further, the GCE-PGO-AuNP showed quick saturation at
concentrations below 10 mM for DA, Fig. S4B. The lowest
detection limits and the dynamic ranges are given in Table S1 and
comparison with the literature reports is given in Table S2. It is to
note that the GCE-PErGO-AuNP show wide linear range, lowest
detection limit than the literature reports. Fig.S6 presents the
reproducibility of the AA, DA and UA at the GCE-PErGO-AuNP
surface. It noted that the observed relative standard deviation
(RSD) for four time repetition of the AA (0.11), DA (0.17) and
UA (0.12) detections suggests the high reproducibility and
stability of this sensor device.
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Fig. 7. Selective detection of various concentrations of ascorbic acid (A),
uric acid (B) and dopamine (C) at GCE-PErGO-AuNP in phosphate
buffer by DPV measurement in presence of excess concentration of other
analytes. Inset: Current versus concentration plots of the respective
analytes.

3.4 Real sample analysis

The GCE-PErGO-AuNP surface is then used for
analysing the content of AA in amla juice, vitamin C tablet
(obtained from medical shops in our region), UA in urine and DA
in commercial dopamine hydrochloride injections (purchased
from medical shops in our region) using simple linear sweep
voltammetry (LSV). Fig. 8A compares the sensor response for
the commercially obtained AA (I mM, curve b) with
concentrations of AA in the real samples such as Vitamin C tablet
(curve c) and Amla juice (curve d). For this, 0.8 mg (1 mM) of
vitamin C tablet is dissolved in 5 ml. 500 pL of amla juice is
diluted in 5 ml PBS. It is evidenced that sensor is well
discriminates different concentrations of AA in different
commercial samples. Similar experiments were made for the
detections of UA (Fig. 8B) in urine and DA (Fig. 8C) in
commercial dopamine injection. The sensor behavior is compared
with the clinical data, Fig. 8. From, Fig. 8 B and C, it is evident
that the sensor showed nearly equal current signals for both the
commercial UA and DA and real samples. In Fig.8A, the AA
signal for the vitamin C is slightly decreases, whereas increased
signal is noticed for the ascorbic acid in the Amla juice.

1.8x10
A B
3.0x10°
309.0x10°F b
<
< -~
0.0} 0.0
—— a: GC-PErGO-AuNP PErGO-AUNP-PES
) N = a: PErGO- -
b: 1mM commercial AA —— b: PErGO-AUNP-PBS-0.4mM UA
—c: Vitamine C tablet —— ¢: PErGO-AuNP-PBS-0.4ml urine
-9.0x10° ., ——d: Amla juice N N N N
-0.4 -0.2 0.0 0.2 0.4 -0.2 0.0 0.2 0.4
35 E/V E/IV

40

45

50

55

5.0x10°
<
0.0
o a: PErGO-AuNP-PBS
-5.0x10’ b: PErGO-AuNP-commercial DA(0.4mM)

-c: PErGO-AulNP-0.4mM DA from injectior]
0.3 0.0 0.3 0.6

E/IV
Fig. 8 (A) Comparison of LSV behaviors of the GCE-PErGO-AuNP in
PBS buffer (curve a) for detections of ascorbic acid in commercial (curve
b), real samples vitamin C (curve c¢) and amla juice (curve d). (B)
Comparative LSV curves for the commercial uric acid (curve b) and uric
acid present in urine sample (curve c). (C) Dopamine detection
commercial (curve b) and dopamine hydrochloride injection (curve c).
LSV is recorded at a scan rate 50 mVs™.

4. Conclusions

Three media have been tested for electrical exfoliation of pencil
graphite to produce graphene cost effectively. Among the three
media used, the phosphate buffer with pH 7.4 is the best suited
for producing high quality and few layered graphene oxide than
the HCI and NaOH. The green synthesis of graphene oxide by

electrical exfoliation and gold nanoparticle by electro-reduction is
a simple method to prepare graphene and gold metal composite
film. The GCE-PErGO-AuNP exhibit well defined and separated
peaks for AA, DA and UA than the GCE-PGO-AuNP. The gold
nanoparticle is evenly deposited on both GCE-PGO and GCE-
PErGO irrespective of the method of the film formation on the
GCE indicating the fact that DMF is a good solvent which is
evaporated completely and GO are capped by the AuNPs.
Although this is common for both the GCE-PGO-AuNP and
GCE-PErGO-AuNP indicated by the similar CV behaviors, the
presence of AuNP on the GCE-PErGO eliminates charging
current contribution completely in DPV  which is essentially
required for the developing more sensitive biosensors for other
biotechnological applications well. The lowest detection limit for
dopamine observed is 10 nM with the linear range of 10 nM to

6

S

6:
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7

S
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