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INTRODUCTION

Graphene has generated enormous excitement owing to
its exceptional properties viz., large theoretical surface area of
over 2600 m* g', high mechanical flexibility, excellent electro-
catalytic activity, outstanding chemical and thermal stability,
etc. These properties make it as an interesting candidate for
whole range of newer applications [1-4]. Graphene composite
materials exhibits high electrical conductivity and possess
potential applications in biosensing due to its high electron
mobility and very low resistance. Graphene quantum dots also
have the potential to replace the electron conducting materials
[2,5]. Thus the graphene used in electrochemistry are produced
by reduction of graphene oxide. Graphene from graphene oxide
reduction, which is called chemically reduced graphene oxide,
usually has structural defects and functional groups [6], which
are profitable for electrochemical applications [7]. For highly
sensitive electrochemical device, utility of graphene was pro-
moted through higher proportion of edge plane sites and basal
plane surface for assisting electron transfer kinetics. This
prospective approach is achieved by converting the 1D graphene
sheets into 0 D graphene quantum dots (GQDs) [8,9].

Graphene quantum dots are nano meter sized fragments
of graphene, wherein excitations are confined in all three spatial

Published online: 29 April 2019; AJC-19381

The tremendous electronic assets of graphene, with its charge carriers parroting relativistic graphene quantum dots and its potential in |
numerous applications, have ensured a hasty evolution of interest in this ground-breaking material. The graphene quantum dots, in the |
size range of 1-5 nm, showed 0 D morphology, which exists with few atomic layers of wideness and have zigzag edge structure. Herein,
We report on electrochemical behaviour of graphene quantum dots modified electrode that hold edges and basal plane content, accelerated the |
anodic peak current with a sensitivity of about 0.68 mA mM " and offers 1.4 times higher sensitivity towards the oxidation of ascorbic acid. I
|

Keywords: Graphene, Nanoparticles, Ascorbic acid, Oxidation, Sensors.

dimensions and possess unique properties owing to the quantum
confinement and edge effects [10,11]. These promising materials
should be used for determination of biological samples with
modified electrode effectively, due to the peculiar properties
of GQDs [12]. Graphene quantum dots are chemically inert,
biocompatible and non-toxic. These GQDs possess high surface
area, large diameter and better surface grafting using 7-7 con-
jugation and surface groups. Therefore, researches are carried
out on GQDs in aspects of chemistry, physical, materials,
biology and interdisciplinary science [9] as their diameters
are mainly distributed in a larger range (3-10 nm).

Most biological importance of ascorbic acid, which is an
antioxidant acting a substantial role in protecting living cells
against oxidative injury in biological metabolism and it has
been used for the treatment of various medical disorders [13].
The direct oxidation of ascorbic acid at bare electrode requires
over potential which results in electrode fouling by its oxidation
products. In such a situation, the reproducibility, selectivity
and sensitivity of the electrodes get affected [14].

Ascorbic acid, as an antioxidant plays a substantial role
in protecting living cells against oxidative injury in biological
metabolism and it has been used for the treatment of various
medical disorders. The direct oxidation of ascorbic acid at bare
electrode requires high over potential, which results in elec-
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trode fouling by its oxidation products with poor reprodu-
cibility, low selectivity and low sensitivity. Earlier, various
chemically modified electrodes like PANI, PPy and PEDOT
have been attempted to determine ascorbic acid [15].

EXPERIMENTAL

Synthesis of graphene quantum dots (GQDs): High purity
graphite powder, all solvents and reagents were used without
further purification, purchased from Sigma Aldrich. Graphene
oxide was synthesized by Hummers method. In a typical experi-
ment, a flask containing H,SO, was placed in an ice bath, follo-
wed by the addition of 3 g of NaNO; and 5 g of graphite.
Mixing of sulphuric acid is done in the ratio of 50 mL per gram
of graphite. The complete reaction is maintained at 5 °C and the
mixture was stirred for 0.5 h. Then 35 g of KMnO, was slowly
added into the mixture, because of its possibility to exothermic
explosions. Precautions were taken, while carrying out this
reaction [16,17].

After 0.5 h of mechanical stirring below 5 °C, the tempe-
rature was raised to 80 °C and maintained for 1 h. 300 mL of
deionized water was added dropwise into the mixture with
stirring and the temperature was controlled below 98 °C via a
water bath. The viscous mud was diluted by 1000 mL of deionized
water. A certain amount of (approx. 20 %) hydrogen peroxide
was dripped into the diluted mud (MnO,) to reduce the un-
reacted KMnO,. The above mixture was washed a number of
times with diluted acidic medium (dil. HCI), then washed with
deionized water until the pH of supernatant became neutral
and filtered through a 0.22 um micro porous membrane to
remove the acids and large size particles [17].

Above obtained graphene oxide (0.5 g) was re-dispersed
in deionized water (50 mL). Subsequently it was transferred
to a Teflon-lined autoclave and heated at 180 °C for 15 h. Then
cooling to room temperature, the resulting black suspension
was again filtered through a 0.22 ym micro porous membrane
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and a filter solution was separated. Finally, the resulting solu-
tion was dried at 60 °C under vacuum for 24 h where black
solid GQDs was obtained [18].

Preparation of modified electrodes: The modified carbon
paste electrode (CPE) was fabricated by combining 0.005 g of
GQDs, 0.5 g of graphite powder and paraffin wax. The GQDs
was dispersed in ethanol using an ultrasonic bath followed by
addition of graphite powder and paraffin wax to the mixture.
A CPE was prepared by mixing graphite powder with gently
heated paraffin wax and packing the resultant paste into a
syringe (2 mm diameter and 1 cm® deep). A copper wire was
inserted through the centre of the rod to the active material
(GQDs and carbon paste ). The voltammogram were obtained
for electrochemical oxidation of ascorbic acid using CPE with
varying proportions of GQDs. Results shown that 0.005 g was
the optimal amount of GQDs in 0.5 g of graphite [19].

Characterization: Graphene quantum dots samples in
pure solid state were studied and characterized by Laser Raman
spectroscopy (Raman-11i, nano photon, Japan) in scattering
mode. Structural analysis of GQDs was elucidated by powder
X-ray diffraction (XRD) analysis using RigakuMiniFlexII-C
system with CuK,, (A = 1.54056 nm) radiation at a scanning rate
of 1 °/min. The surface morphology of GQDs was investigated
by using high resolution transmission electron microscopy (FEI
Technai- T20G2).

RESULTS AND DISCUSSION

Characterization of GQDs: The Raman spectrum for
GQDs revealed the characteristic G band at 1594 cm™ and D
band at 1346 cm™ with an intensity ratio (ID/IG) of 1.2 [Fig.
1(c)] which is correspond to the D and G bands. It was reported
that the G band agrees to the first-order scattering of the E,,
mode from the sp® carbon domains and the D band creates from
the disorder-induced mode associated with structural defects
and imperfections. Therefore, the intensity ratio of Ip/Ig is
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Fig. 1. (a) Raman spectrum of rGO and GQDs, (b) XRD patterns of the pristine graphite and GQDs
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generally used as a measure to evaluate the quality of the graphitic
structures [20-22].

This larger Ip/Ig ratio designates the higher defects in the
GQDs and partially disordered crystal structure, arising out
of smaller sp” cluster size of GQDs, when compared to reduced
graphene oxide [9,23] (Table-1).

TABLE-1
RAMAN SPECTRAL I/I; RATIO OF GQDs AND rGO
Raman band (cm™) Sample name I/I;ratio
_ _ GQDs 1.2
D = 1346, G = 1575 GO 0.5 [23]

Graphite exhibited a sharp (002) peak centered at 26.45°
corresponding to the typical 0.334 nm interlayer spacing and
in contrast, a weak broad peak (002) at 22.60° corresponding
to interlayer spacing of 0.296 nm, which is attributed to disor-
dered stacking of some of the GQDs in the XRD pattern [23,24]
as shown in Fig. 1(b) (Table-2).

TABLE-2
STRUCTURAL PARAMETERS OF GQDs
20 Plane Inter planer FWHM Average particle
©) (hkl) spacing ‘d’ (nm) (rad) size, D (nm)
22.6 002 0.296 1.6722 4.85

The HRTEM investigation [Fig. 2(a)] confirmed that the
surface morphology of GQDs were spherical and regularly
distributed. The average particle size of GQDs was found to
be 4.85 nm. The calculated mean particle size of GQDs using
HRTEM was 4.95 nm. This value is quite compared with XRD
structural data analysis (Table-3).

TABLE-3
PARTICLE SIZE OF GQDs OBTAINED
WITH HRTEM AND XRD METHODS

Methods Particle size (nm)
HRTEM 4.95 (Mean)
XRD 4.86

Counts

The FT-IR spectrum of GQDs [9] (Fig. 3) shown the
change in strongest vibrational absorption band of C=O/COOH
at 1720 cm™ usually observed for graphene oxide to very weak
band. The conjugated diene -C=C- of basal plane peak appeared
at 1588 cm™. The carbonyl group of ketone (C=0) produced
a weak stretching peaks at 1496 and 1425 cm™. The carboxylic
acid -C-O band appeared at 1130 cm™. The out plane bending
and stretching peaks of -OH group in carboxylic acid was
observed at 925 and 3275 cm™.
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Fig. 3. FT-IR spectrum of GQDs

X-ray photoelectron spectroscopy: Fig. 4 shows the XPS
spectra of graphene oxide and hydrothermally reduced graphene
quantum dots. Fig. 4(a)&(b) shows XPS survey spectrum
designate direct evidence of the formation of graphene oxide
and the reduction of graphene oxide to GQDS by hydrother-
mally. The XPS data matches well with the data reported [4].
Fig. 4(c)&(d) shows a decrease in the number of carbonyl
groups and an increase in the number of carbon double bonds
were found in graphene quantum dots. C s spectra of graphene
oxide, can be broken into four components (i) non-oxygenated
ring C (284.5 eV), (ii) the C in the C—O bonds (285.3 eV), (iii)
the carbonyl C (C=0, 287.1 eV) and (iv) the carboxylate
carbon (O-C=0, 289.0 eV). C Is spectra of graphene quantum
dots also exhibited similar functional groups to those of
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Fig. 2. TEM images of GQDs sheets 20 nm magnification. (b) EDX spectrum of GQDs
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Fig. 4. (a) General XPS of graphene oxide (b) General XPS of GQDs (c) XPS Cls spectrum of graphene oxide (d) XPS Cls spectrum of

GQDs

graphene oxide. The peak intensities of these components for
the reduced GQDs sample are much lower than for graphene
oxide.

Electrochemical performance of GQDs/CPE modified
electrode: Cyclic voltammogram obtained in phosphate buffer
solution (pH = 8.0) for bare CPE in the absence of analyte (a),
both bare CPE (b) and GQDs modified CPE(c) with 2 mM
ascorbic acid at a scan rate of 50 mV S were illustrated in
Fig. 5.

The oxidation peak current appeared at +0.31V for ascorbic
acid (AA) on GQDs/CPE modified electrode, which is 1.4 times
greater than that of pure CPE.

The manifestation of carbene-like triplet in ground state
produced in basal plane of GQDs at pH = 8 influences the
oxidation of ascorbic acid at higher current sensitivity than
the unmodified electrode.

Fig. 6(a) shows the amperometry responses of GQDs/CPE
modified electrode for ascorbic acid detection at an applied
potential of +0.31V. A subsequent addition of ascorbic acid
with stirring in PBS solution resulted a remarkable increase
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Fig. 5. Cyclic voltammograms of bare CPE absence of analyte (a),

unmodified CPE (b) and GQDs modified carbon paste electrode
(c) in 2 mM ascorbic acid at a scan rate of 50 mV S™!
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Fig. 6. (a) Amperometric response of the GQDs/CPE modified electrode for the successive additions of ascorbic acid in a stirred 0.1 M PBS
(pH 8.0) (b) Calibration curve of ascorbic acid concentration of the modified electrode

of oxidation current of ascorbic acid, which reveals the presence
of GQDs on the CPE as well as improved it’s the catalytic activity
of the modified electrode.

Fig. 6(b) shows the calibration plot of the electrocatalytic
currents with a linear increase in current of the GQDs/CPE
modified electrode with increase in ascorbic acid concentra-
tions. The electrochemical response of the modified electrode
showed a linear range from 4.0 x 10° to 7.5 x 10° mM with a
correlation coefficient of 0.99. The sensitivity of the GQDs/
CPE modified electrode was 0.68 mA mM™.

Such desirable performance reveals that the GQDs/CPE
modified electrode is suitable for electrochemical oxidation
of ascorbic acid.

Selectivity of GQDs/CPE modified: Selectivity is one
of the very important characteristics for high performance
ascorbic acid determination.

In order to understand the factors that can affect the analy-
tical estimation of ascorbic acid by the GQDs/CPE modified
electrode, we have studied the effect of potential interferents
such as gallic acid (GA), citric acid (CA), ellagic acid (EA)
which are the main interfering species in the direct electro-
chemical oxidation of ascorbic acid.

Fig. 7 shows the typical amperometric responses of citric
acid, ellagic acid and gallic acid at 0.31 V in a 0.1 M PBS
solution with stirring. According to the results presented in
Fig. 7, adding 1 mM citric acid, ellagic acid and gallic acid
only induced a current change compared to the oxidation
current from 0.05 mM ascorbic acid. The results revealed that
adding 1 mM of these compounds produced a current change
equal to the oxidation current availed from 0.5 mM ascorbic
acid. Hence, the citric acid, ellagic acid and gallic acid cannot
interfere during the oxidation of ascorbic acid at +0.31 V.

A mechanistic pathway (Scheme-I) is suggested to elucidate
the well oxidative response of GQDs modified surfaces of CPE
for ascorbic acid.

Conclusion

In this work, the fabrication of modified electrode by
electrochemically synthesized GQDs. An electroanalytical

Ascorbic
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Fig. 7. Amperometric response of the GQDs/CPE modified electrode of
ascorbic acid in the presence of some interfering species

method involving oxidation of ascorbic acid at the surface of
a modified CPE incorporating GQDs was conducted mainly
due to edge plane interaction, quantum confinement effect,
large electroactive surface area and the synergistic electro-
catalytic activity resulting from the combination of GQDs on
CPE.

The carbene functionalized graphene quantum dots
incorporated on a CPE showed a remarkable electrocatalytic
activity owing to its electron deficient carbon center and interact
covalently with dehydroascorbic acid. The presence of higher
surface-to-volume ratio and edges provided by graphene
quantum dots are responsible for the signicant higher selectivity
and sensitivity towards the oxidation of ascorbic acid in a
mechanistic pathway.

The electrode used for the quantification ascorbic acid is
simple to use and provides rapid results towards electro-
chemical oxidation of ascorbic acid than unmodified CPE with
a sensitivity of about 0.68 mA mM' concentration of ascorbic
acid. These experimental results indicate that the GQDs/CPE
modified electrode has good prospects for the effective
determination of ascorbic acid at low concentrations with high
sensitivity.
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