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In the present study, we report the synthesis and characterization of platinum nanoparticles
decorated graphene (GPtNPs) nanocomposite toward the electrochemical determination of
ascorbic acid (AA), dopamine (DA), and paracetamol (PCT). GPtNPs demonstrated synergistic
catalytic activity with enhanced currents in all of the measurements when compared with
graphene-modified glassy carbon electrode (G-GCE) and bare GCE. The nanocomposite
exhibited low overpotential for AA oxidation and good peak-to-peak separation of 218.0,
218.0, and 436.0mV for AAeDA,DAePCT, andAAePCT, respectively. Cyclic voltammetry (CV)
and chronoamperometry (CA) determination of AA, DA, and PCT showed wide linearity
ranges. CV determination of AA exhibited linearity range from 300 mM to 20.89 mM and
from 22.02 to 39.87 mM. DA determination using CV exhibited linearity range from 5 to
104 mM and from 114 to 684 mM, whereas CA determination of PCT showed a linearity range
from 20 mM to 6.43 mM. Differential pulse voltammetry determinations of AA, DA, and PCT
exhibited low detection limits of 300, 5, and 5 mM, respectively.

© 2018 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
1. Introduction

Ascorbic acid (AA-Vitamin C) is a water-soluble vitamin
and acts as an antioxidant in human and mammalian sys-
tems. Because humans lack the enzyme gluconolactone ox-
idase, AA forms an important part of our daily diet. Lack of
Vitamin C causes various diseases such as scurvy, anemia,
skin hemorrhages, deterioration of collagen, and lowering of
body resistance from infections [1]. It is mainly helpful in the
treatment of cancer, acquired immune deficiency syndrome
(AIDS), infertility, common cold, and mental illness [2].
Dopamine (DA) is an electroactive excitatory neurotrans-
mitter produced from L-Dopaprecursor in adrenal glands and
someparts of the brain. DA is responsible for some important
mamurthy).
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physiological events such as reward-related behavior,
brainebodycoordination, andmood [3]. Paracetamol (PCT) is
a well-known nonsteroidal drug widely used as an over the
counter analgesic and antipyretic agent. It reduces fever and
pain by sedating hypothalamic heat-regulating center and
inhibiting synthesis of prostaglandins [4]. PCT at nominal
therapeutic doses gets easily metabolized to inactive com-
ponents and is eliminated in urine. However, at higher doses
it produces toxic metabolites that accumulate and cause se-
vere nephrotoxicity and hepatotoxicity [5].

AA, DA, and PCT are physiologically related electroactive
species, coexisting in biological samples such as human
blood plasma. Therefore, determination of these species is
of high analytical significance with applications toward
pharmaceuticals, diagnostics, biomedical, and pathological
research. Several methods have been reported for
ll rights reserved.
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Fig. 1. Pristine PtNPsedecorated graphene toward the electrochemical
determination of AA, DA, and PCT in the presence of each other.
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determination of AA, DA, and PCT such as high-perfor-
mance liquid chromatography (HPLC) [6,7], UVeVis spec-
trophotometry [8e10], electrophoresis [11,12],
chemiluminescence [13e15], and fluorescence [16e18].
However, most of the techniques are complicated, expen-
sive, time consuming, require extensive sample prepara-
tion, specialized equipment, and trained staff [19]. On the
contrary, electrochemical method is a good alternative and
offers many advantages such as low cost, rapid response,
ease of operation, miniaturization, onsite monitoring, and
low sample volume requirements [20]. Among various
electroanalytical techniques, differential pulse voltamme-
try (DPV) has gained huge importance because of its high
sensitivity and selectivity in electrochemical detection of-
fering low detection limits, coupled with elimination of
capacitive currents, high precision, and simplicity.

AA, DA, and PCT can be individually determined using
different modified electrodes reported in the literature. It is
also important to determine each of the analyte in the pres-
ence of other two analytes because they coexist with each
other. But the caveat in determining each analyte in the
presence of other(s) is the overlapping electrochemical sig-
nals of the rest of the analytes. Moreover, electrode fouling is
an important factor resisting the sensitivity, selectivity, and
reproducibility on bare electrode surface [21]. Therefore, it
becomes essential to separate the electrochemical signals of
AA, DA, and PCTand improve the sensitivity of the sensor for
their individual determination in the presence of amixture of
analytes. On account of this, many modified electrodes have
been developed to determine selectively either two or all of
the analytes consisting of AA and/or DA and/or PCT. Peik-See
et al. [22] have developed iron oxide/reduced graphene
oxideemodified glassy carbon electrode (GCE) toward the
electrochemical determination of AA and DA in the presence
of each other. Dalmasso et al. [23] have used multiwalled
carbon nanotubes (MWCNTs) dispersed in polyhistidine-
modified GCE for the electrochemical determination of
each of the analyte (AA and PCT) in presence of the other.
Kannan and Sevvel [24] made use of poly-4-amino-6-
hydroxy-2-mercaptopyrimidine (Poly-AHMP) film-
modified GCE for the electrochemical determination of DA
and PCT in the presence of each other. Biswas et al. [25] have
developed nitrogen-doped porous graphitic carbon for elec-
trochemical determination of AA and PCT in the presence of
each other with good sensitivity and selectivity. But none of
them have hitherto used pristine platinum nanoparticle
(PtNPs)-decorated graphene nanosheets for the determina-
tion of AA, DA, and PCT in presence of each other.

Recently, graphene has been attracting tremendous
attention from scientific community on account of its
extraordinary physicochemical properties such as high sur-
face area, excellent electrical conductivity, high mechanical
andchemical stability [26]. Graphenehasbeen found inmany
potential applications such as batteries, supercapacitors,
field-effect transistors, solar cells, chem/biosensors to name a
few, owing to its superior properties [27]. Graphene has
gained significant importance in view of electrochemical
sensing of various chemical and biological compounds since
the establishment of chemical methods for its production
[28]. Moreover, the catalytic properties of graphene can be
further enhanced by combining it with noble metal
nanoparticles to form graphene-based noble metal nano-
particle nanocomposites [29]. These nanocomposites exhibit
the synergistic physicochemical properties of the individual
entities alongwith certain novel properties that can be better
applied in developing various electrochemical sensors
demonstrating high electroactive surface area, increased
catalytic activity, reduction in overpotential, and enhanced
charge transfer ability between the analyte and the trans-
ducer element [30]. A combinationof thesehelps inmultiplex
detection of analytes in complex biological samples.

In the present study, we have synthesized pristine PtNPs
and decorated on graphene to form graphene platinum
nanoparticles (GPtNPs) nanocomposite. The nanocomposite
was coated on GCE and used for the electrochemical deter-
mination of AA, DA, and PCT in the presence of each other.
Fig.1 illustrates the pristine PtNPs-decorated graphene used
for the electrochemical determination of AA, DA, and PCT.

2. Experimental section

2.1. Reagents

Graphenewas procured fromgraphene supermarket. AA,
DA, PCT, platinum acetylacetonate (Pt(acac)2), oleylamine,
and borane tert-butylamine complex were obtained from
Sigma Aldrich. Sodium phosphate monobasic, sodium
phosphate dibasic, sodium hydroxide, and hydrochloric acid
reagents were of analytical grade. Milli-Q Millipore water
with resistivity of 18.2 MU$cm was used all throughout the
experiments.

2.2. Characterization

The morphological and topographical aspects of GPtNPs
nanocomposite were analyzed by using field-emission
scanning electron microscopy (FESEM) and transmission
electron microscopy (TEM). FESEM images along with the
energy-dispersive X-ray spectroscopy (EDX) spectra of
GPtNPs nanocomposite were obtained using FESEM-Zeiss.
TEM images were obtained by using Hitachi H-7650.
UVeVis spectral measurements were done using a Shi-
madzu 2450PC UVeVis spectrophotometer. The phase
composition of graphene, PtNPs, and GPtNPs was studied
using a PANalytical X'Pert Pro MPD X-ray diffractometer
with the following settings: current, 30 mA; voltage, 45 kV;
configuration, theta-theta; scan rate, 2�/min. The spectrum
of the GPtNP nanocomposite using X-ray photoelectron
spectroscopy (XPS) was obtained using an S-probe TM
2803 instrument.



Fig. 2. (a, b) FESEM images of wrinkled graphene nanosheets spread on ITO substrate. (c, d) FESEM images of PtNPs-decorated graphene nanosheets. (e, f) High-
resolution TEM images of the GPtNPs nanocomposite.
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2.3. Electrochemical measurements

Electrochemical measurements were conducted using
an Ivium CompactStat electrochemical workstation with
IviumSoft user interface formonitoring the electrochemical
parameters. Conventional three-electrode setup consisting
of GCE as working electrode, Pt wire as auxiliary electrode,
and Ag/AgCl (in 3 M NaCl) as reference electrode was used
for all of the measurements. Cyclic voltammetry (CV)
measurements were acquired at a scan rate of 50 mV/s,
unless specifically mentioned. DPV measurements were
performed with the following parameters: pulse ampli-
tude, 70 mV; pulse time, 50 ms; Estep, 5 mV; and scan rate,
20 mV/s.

2.4. Synthesis of PtNPs

PtNPs were synthesized by following an earlier reported
procedure [31]. Under nitrogen atmosphere and constant
stirring, 50 mg of Pt(acac)2 was dispersed in 15 mL of
oleylamine present in the round-bottomed flask. The so-
lution was then heated to 100 �C in 20 min resulting in the
formation of yellow colored solution. At this point, 200 mg
of borane tert-butylamine complex dissolved in 3e4 mL of
oleylamine was quickly injected into the reaction mixture.
Then, the temperature was gradually increased from 100 to
120 �C at the rate of 2 �C/min. The reaction mixture was
kept at this temperature for 1 h resulting in the formation
of PtNPs. The solution was then allowed to cool and reach
the room temperature followed by the addition of 30 mL
ethanol. The reaction mixture was centrifuged at 9000 rpm
for 8 min to isolate the PtNPs.

2.5. Preparation of the GPtNPs nanocomposite

Graphene and PtNPs (10 mg each) were dispersed in
20 mL of hexane and sonicated for 2 h to ensure uniform
decoration of PtNPs on graphene nanosheets. The mixture



Table 1
Elemental analysis of GPtNPs, obtained from the EDX spectrum, demon-
strating the atomic and weight percentages of C, O, and Pt atoms.

Element Weight percentage Atomic percentage

C K 73.24 89.95
O K 9.49 8.75
Pt M 17.28 1.31
Total 100.00
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was later centrifuged at 9000 rpm for 8 min. The residue
was then washed twice with ethanol and dispersed in
15 mL of glacial acetic acid followed by heating at 70 �C for
10 h to remove oleylamine capping agent [32]. It helps in
the generation of pristine PtNPs-decorated graphene
nanocomposite. The nanocomposite was later separated
from acetic acid by centrifugation at 9000 rpm for 8 min,
followed by washing twice with ethanol.

2.6. Preparation of graphene and GPtNPs nanocomposite ink-
modified GCE

Beforemodification, bare GCEwas polished successively
with 0.3 and 0.05 mm alumina slurries. After polishing each
electrodewas sonicated for 1min inwater for removing the
fine particles of alumina powder present on the surface of
GCE. The electrode was finally sonicated in ethanol and air
Fig. 3. (a) UVeVis spectra of graphene, PtNPs, and GPtNPs nanocomposite. (b) XPS s
to C, O, and Pt. (c) XRD spectra of graphene, PtNPs, and GPtNPs nanocomposite. Pt
platinum.
dried at room temperature. Graphene and GPtNPs catalytic
inks were prepared bymixing 1:3 isopropanol and water to
obtain 2 mg/mL catalytic ink. About 10 mL of the catalytic
ink was drop casted on clean GCE and air dried to obtain
catalyst (graphene or GPtNPs)-modified GCE.
3. Results and discussion

3.1. Characterization of GPtNPs nanocomposite

The morphology, skeleton, and topography of GPtNPs
nanocomposite analyzed by using FESEM and TEM are
presented in Fig. 2. Images obtained from both the in-
struments at different regions and magnifications clearly
indicate the uniform distribution of PtNPs on graphene
nanosheets. Fig. 2(a and b) indicates the distribution of
wrinkled graphene in the form of an entangled silk veil
spread on the indium tin oxide (ITO) substrate. EDX spec-
trum of it presented in Fig. S1(a) exhibits the presence of
carbon. The conspicuous distribution of PtNPs on graphene
nanosheets is clearly evident from Fig. 2(cef). Similarly, the
EDX spectrum of GPtNPs (Fig. S1b) demonstrated the peaks
for platinum along with carbon, further confirming the
presence of PtNPs on graphene nanosheets. Silicon peaks in
the spectrum arise because of the ITO-coated glass sub-
strate. The elemental analysis of graphene and GPtNPs
(consisting of the atomic and weight percentages of C, O,
urvey spectrum of the GPtNPs nanocomposite showing peaks corresponding
NPs and GPtNPs demonstrating characteristic peaks for face-centered cubic



M.A. Kumar et al. / C. R. Chimie 22 (2019) 58e7262
and Pt atoms) are presented in Table 1 and Table S1,
respectively. Fig. 2(e and f) presents the TEM images of
PtNPs loaded on graphene nanosheets. The UVeVis spectra
of graphene, PtNPs, and GPtNPs are presented in Fig. 3(a).
The 270 nm absorption peak for graphene indicates the
pep* electronic transition of sp2 hybridized C]C bonds in
graphene nanosheets [33]. PtNPs demonstrated an ab-
sorption peak in the UV region and is in tune with the
literature [34]. GPtNPs also showed an absorption peak
corresponding to graphene at 270 nm and PtNPs. An XPS
spectrum provides only surface characteristics but not the
bulk property because the depth of the analysis is only
10 nm. The survey XPS spectrum of GPtNPs nanocomposite
presented in Fig. 3(b) does not have other peaks except for
C, O, and Pt indicating the high purity of the synthesized
nanocomposite. High-resolution Pt4f spectrum exhibited
doublet peaks at 70.36 and 73.86 in Fig. S2(a) corre-
sponding to the spineorbit splitting of Pt4f7/2 and Pt4f5/2
[35]. These peaks indicate the presence of metallic plat-
inum confirming the successful reduction of Pt(II). Decon-
volution of C 1s spectra (Fig. S2b) demonstrated signatures
corresponding to C]C/CeC, CeO, and O]CeO function-
alities at 284.3, 285.9, and 288.27 eV, respectively [36]. O 1s
spectra (Fig. S2c) demonstrated peaks at 531.55 and
532.77 eV corresponding to O]CeO and CeO, com-
plementing the information provided by C 1s spectra [37].
Fig. 3(c) depicts the X-ray diffraction (XRD) spectra of
Fig. 4. CVs of bare GCE, G-GCE, and GPtNPs-modified GCE demonstrating electroch
KCl as supporting electrolyte. (b) 5 mM AA, (c) 1 mM DA, and (d) 1 mM PCT in PB
graphene, PtNPs, and GPtNPs nanocomposite. A weak peak
at 24.2� represents the characteristic (002) diffraction peak
of graphene with a d spacing of 3.4 Å [38]. Both PtNPs and
GPtNPs demonstrated diffraction peaks at 40.04�, 46.44�,
and 67.4� corresponding to the (111), (200), and (220)
crystal planes of face-centered cubic lattice of PtNPs [35].

3.2. Scan rate study

The effect of scan rate on the redox behavior of the
analyte demonstrates the kinetic and mechanistic aspects.
Fig. S3(a, c, and e) represents the CVs recorded for the
increasing scan rates of 5 mM AA, 1 mM DA, and 100 mM
PCT on GPtNPs modified GCE ranging from 20 to 1,000,
20e900, and 20e1000 mV/s, respectively. The redox peaks
of AA and DA exhibited linearity plots with respect to
square root of the scan rate, whereas PCT exhibited line-
arity versus scan rate. This indicates that the charge
transfer process occurring for the electro-oxidation of AA
and DA is diffusion controlled, whereas in the case of PCT
it is adsorption controlled [39]. The linearity plots corre-
sponding to Ipa versus scan rate or square root of scan rate
for AA, DA, and PCT are presented in Fig. S3(b, d, and f),
respectively. Moreover, with increasing scan rates, the DEp
values increased for DA indicating the quasi-reversible
nature of the analyte. The reduction peak of AA is not as
clear as its oxidation peak indicating the irreversible
emical behavior in (a) 5 mM Fe[(CN)6]3�/4� redox couple solution with 0.1 M
S (pH ¼ 7.4) at 50 mV/s scan rate.



Fig. 5. (a) CVs and (b) DPVs of bare GCE, G-GCE, and GPtNPs-GCE toward the electrochemical oxidation of ternary mixture containing AA, DA, and PCT in PBS (pH
¼ 7.4). CV scan rate ¼ 50 mV/s.
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electrochemical behavior of the analyte. On the other
hand, PCT exhibited quasi-reversible electron transfer
behavior.
3.3. Electrochemical behavior of modified electrodes in Fe
[(CN)6]

3�/4� solution

CVs demonstrating the electrochemical behavior of
bare GCE, G-GCE, and GPtNPs-GCE recorded in 5 mM
[Fe(CN)6]3�/4� with 0.1 M KCl as supporting electrolyte are
presented in Fig. 4(a). It demonstrates the oxidation and
reduction peaks of Fe2þ and Fe3þ, respectively. The anodic
peak currents for bare GCE, G-GCE, and GPtNPs-modified
GCE were found to be 12.54, 17.18, and 19.57 mA, respec-
tively. GPtNPs-GCE demonstrated highest current response
followed by G-GCE and bare GCE. Moreover, the peak-to-
peak separation (DEp) is minimal for GPtNPs followed by
G and bare GCE indicating the rapid electron transfer
occurring on the modified electrodes, in the following
order: GPtNPs-GCE > G-GCE > bare GCE. Therefore, it is
clear from the aforementioned result that GPtNPs exhibit
Table 2
Comparison of the peak-to-peak resolution among AA, DA, and PCT with that of

Modified electrode Peak Resol

AAeDA

Modified GCE (0.5 M NaOH solutions) 165
ERGO/GCE 240
Try-GR 182
MWCNT/CCE 205
MWCNT/GO-GCE
SWCNT/CCE
f-MWCNT-GCE
PyC films
BDDE
SWCNT/CCE
BDD electrode modified with Nafion and lead films
Carbon nanotube paste electrode
Thionine immobilized MWCNT-CPE
GCE/MWCNTePolyhis
Pd nanocluster-coated polyfuran 262
GPtNPs-GCE 218.0
higher catalytic activity and rapid electron transfer as
compared with G-GCE and bare GCE.
3.4. Electrochemical behavior of AA, DA, and PCT on different
modified electrodes

The electrochemical behavior of 5 mM AA on different
modified GCEs has been presented in Fig. 4(b). Bare GCE, G-
GCE, and GPtNPs-GCE showed irreversible oxidation to-
ward AA. GPtNPs-modified GCE showed three times in-
crease in current when compared with bare GCE,
confirming the excellent electrocatalytic activity of GPtNPs-
GCE. Moreover, there is a huge reduction in overpotential
from 0.23 V of bare GCE to 0.13 V of G-GCE and finally to
0.06 V of GPtNPs-modified GCE. Electro-oxidation of 1 mM
DA on various modified electrodes has been presented in
Fig. 4(c). All of the three electrodes exhibited quasi-
reversible electro-oxidation toward DA. GPtNPs-GCE
showed nine times enhanced current than bare GCE. CVs
of the modified electrodes recorded toward the electro-
chemical oxidation of 1 mM PCT has been presented in
the values obtained from the other modified electrodes of literature.

ution (mV) Reference

DAePCT AAePCT

[47]
[3]
[39]
[49]

204 [20]
197 [50]
182 [51]
225 [52]

220 [54]
364 [55]
430 [56]
350 [58]
303 [60]
397 [23]

165 427 [61]
218.0 436.0 This work
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Fig. 4(d). It exhibited quasi-reversible electro-oxidation on
the modified electrodes. GPtNPs showed two times
enhanced current along with reduction in DEp value when
compared with bare GCE indicating the rapid electron
transfer between the transducer and PCT.

The enhanced electrochemical activity of GPtNPs-GCE can
be attributed to (1) high surface area to volume ratio of pris-
tine PtNPswith relativelymore number of catalytically active
Fig. 6. CVs of increasing concentration of (a) AA, (c) DA, and (e) PCT
sites exposed, coupled with the easy approach of the analyte
toward the catalyst-modifiedGCE resulting from the removal
of oleylamine capping agent through acetic acid wash
[21,40e42]. (2) Enhanced conductivity of graphene along
with its high surface area leading to rapid electron transfer
and increased electrocatalytic activity [43]. (3) pep stacking
interaction of aromatic rings of the analytes with that of the
aromatic rings corresponding to graphene nanosheets [44].
with corresponding linearity plots (b), (d), and (f), respectively.
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3.5. Electrochemical behavior of AA, DA, and PCT in a ternary
mixture

Because AA, DA, and PCT are physiologically related
species and coexist with each other in human physiological
fluids their selective determination is of high analytical
significance. Therefore, electrochemical behavior of AA, DA,
and PCT was studied in ternary mixture solution using bare
Fig. 7. CAs of increasing concentration of (a) AA, (c) DA, and (e) PCT
GCE, G-modified GCE, and GPtNPs-modified GCE. The re-
sults obtained are presented in Fig. 5. DPV of Bare GCE
(Fig. 5b) demonstrated a broad peak corresponding to the
oxidation of AA, DA, and PCT. Although, G-modified GCE
exhibited clear separation of peaks with a bit of overlap for
AA and DA, GPtNPs-modified GCE demonstrated a clear and
distinct peak-to-peak separation for the oxidation of AA, DA,
and PCT with enhanced currents. The peak-to-peak
with corresponding linearity plots (b), (d), and (f) respectively.
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separations among AAeDA, DAePCT, and AAePCT were
found to be 218.0, 218.0, and 436.0 mV, respectively. The
resolution results of a GPtNPs nanocomposite presented in
Table 2 are much better when compared with that of other
modified electrodes from the literature. Similarly, CV of bare
GCE exhibited an overlap of peaks for AA, DA, and PCT,
whereas GPtNPs-modified GCE showed distinct peak sep-
aration (Fig. 5a). Therefore, GPtNPs-modified GCE
Fig. 8. DPVs of increasing concentration of (a) AA, (c) DA, and (e) PCT
demonstrated clear separationof peakswith enhancedpeak
currents indicating the ability of the modified electrode to
determine each of the analyte in the presence of the other.

3.6. pH study

The influence of pH on the redox behavior of 5 mM AA,
1 mM DA, and 1 mM PCT is presented in Fig. S4(a, c, and e),
with corresponding linearity plots (b), (d), and (f) respectively.
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in the pH range 1e8, respectively. Both anodic peak cur-
rents (Ipa) and anodic peak potentials (Epa) of the analytes
were affected by the solution pH. The negative shift in Epa in
a linear fashion with increasing pH validates the involve-
ment of protons in the redox process. This in turn indicates
that the electro-oxidation reaction of the analytes involve
the electron transfer reaction followed by proton transfer
process [44]. Fig. S4(b, d, and f) presents the linearity plots
for Epa versus pH corresponding to AA, DA, and PCT,
respectively. The slope values of pH versus Epa were found
to be around �50 mV/pH for DA and PCT, whereas AA
exhibited a slope value of �45 mV/pH. DA and PCT closely
follow the Nernst equation, validating the involvement of
equal number of electrons and protons in the electro-
oxidation reaction. Literature proves that the electro-
oxidation of DA and PCT is a two-electron process indi-
rectly indicating the involvement of two protons in the
reaction process. Although for AA, the slope value of pH
versus Epa is lower when compared with the Nernst equa-
tion suggesting the involvement of less than one proton in
the electro-oxidation reaction [44]. The mechanisms of
electro-oxidation of AA, DA, and PCT on GPtNPs-modified
GCE are presented in Schemes 1, 2, and 3, respectively, in
Supporting information [45,46].
Table 3
Comparison of the linearity ranges of AA, DA, and PCT determination on GPtNPs-G
literature.

S. no. Modified electrode Technique used Linear

AA

1 Modified GCE (0.5 M NaOH solutions) DPV 25e30
2 ERGOa/GCE DPV 500e2
3 AgNPs/rGO/GCE LSV 10e80
4 Trp-GRb DPV 200e3

3.4e12
5 GPdNPs-GCE CA 20e65
6 MWCNT/CCEc DPV 15e80
7 MWCNT/GO-GCE DPV
8 SWCNT f/CCE DPV
9 f-MWCNT-GCE DPV
10 PyCd films DPV
11 MWCNTseNHNPseeMCM-41/GCE DPV

12 BDDE DPV 10e10
13 SWCNT/CCE DPV 5e700
14 BDD electrode modified with Nafion

and lead films
DPV 1e500

15 MnFe2O4@CNT-N/GCE SQWT 2e100
16 Carbon nanotube paste electrode DPV 100e7
17 Modified CPEg LSV 1e10 m
18 Thionine immobilized MWCNT-CPE DPV 1e100
19 GCE/MWCNTePolyhis DPV 25e25
20 Pd nanocluster-coated polyfuran DPV 50e10
21 GPtNPs-GCE CV 300e2

22,019
CA 420 mM
DPV 5e104

114e6

a ERGO: electrochemically reduced graphene oxide.
b Trp-GR: tryptophan functionalized graphene.
c CCE: carbon ceramic electrode.
d PyC: pyrolytic carbon.
e NHNPs: nickel hydroxide nanoparticles.
f SWCNT: single-walled carbon nanotubes.
g CPE: carbon paste electrode.
3.7. Electrochemical determination of AA, DA, and PCT

3.7.1. CV determination of AA, DA, and PCT
CV determination of AA, DA, and PCT was carried out in

0.1 M phosphate-buffered saline (PBS; pH ¼ 7.4) using
GPtNP- modified GCE. Fig. 6(a, c, and e) depicts the
increasing current response of AA, DA, and PCT, respectively,
with increasing concentration. Each analyte demonstrated
either twoor three linearity ranges. In the caseofAA (Fig. 6b),
first linearity segment was from 300 mM to 20.89 mM and
the second linearity segment was from 22.02 to 39.87 mM.
The first and second linearity ranges for DA corresponds to
5e104 and 114e684 mM, respectively (Fig. 6d). Similarly,
first, second, and third linearity segments for PCT (Fig. 6f)
were identified to be 10e110 mM, 140 mM to 2.52 mM, and
2.69e3.89 mM, respectively. The CV detection limits of AA,
DA, andPCTwere found to be 300, 5, and10mM, respectively.
The linearity segments along with linear regression equa-
tions, correlation coefficients, and detection limits for AA,
DA, and PCT are presented in Table S2.

3.7.2. Chronoamperometry determination of AA, DA, and PCT
The advantages of chronoamperometry (CA) over vol-

tammetric methods are its high sensitivity, specific
CE using CV, CA, and DPV with that of other modified electrodes from the

ity range Reference

DA PCT

0 mM 3e30 mM e [47]
000 mM 0.5e60 mM e [3]
0 mM 10e800 mM e [48]
400 mM
.9 mM

0.5e110 mM e [39]

00 mM 10e1200 mM e [19]
0 mM 0.5e100 mM [49]

0.2e400 mM 0.2e400 mM [20]
0.4e150 mM 0.2e100 mM [50]
3e200 mM 3e300 mM [51]
18e270 mM 15e225 mM [52]
1.5e45 mM
70e350 mM

0.2e20 mM
20e220 mM

[53]

0 mM 10e100 mM [54]
mM 0.2e150 mM [55]
mM 0.5e200 mM [56]

mM 1e1000 mM [57]
00 mM 39.4e146.3 mM [58]
M 3 mMe7.5 mM [59]
mM 0.1e100 mM [60]
00 mM 0.25e10 mM [23]
00 mM 0.5e100 mM 0.5e100 mM [61]
0,889 mM
e39,869 mM

300e7460 mM
8120e39,869 mM

420e29,260 mM This work

�29.26 mM 10e600 mM 20 mM �6.43 mM
mM
84 mM

5e118 mM
130e486 mM

10e600 mM
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individual determination of an analyte at a particular po-
tential, ease of automation, stable, and reproducible current
response. CA was used for the individual determination of
AA, DA, and PCT at 0.0, 0.2, and 0.5 V versus Ag/AgCl,
respectively, in 0.1 M PBS (pH ¼ 7.4) as supporting
electrolyte.Fig. 7(a, c, and e) depicts CA of increasing con-
centrations of AA, DA, andPCTonGPtNPs-modifiedGCE. AA,
Fig. 9. DPVs of increasing concentration of AA in the presence of (a) 200 mM DA, (c
linearity plots (b), (d), and (f), respectively.
DA, and PCT showed increasing currents with increasing
concentration of the analytes with linearity plots ranging
from 420 mM to 29.26 mM (Fig. 7b), from 10 to 600 mM
(Fig. 7d), and from20 mM to 6.43mM (Fig. 7f), and detection
limits of 420, 10, and 20 mM, respectively. The linearity
segments, linear regression equations, correlation co-
efficients, and detection limits are presented in Table S3.
) 200 mM PCT, and (e) both 200 mM DA and 200 mM PCT with corresponding
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3.7.3. DPV determination of AA, DA, and PCT
More sensitive technique DPV was used for the elec-

trochemical determination of AA, DA, and PCT. Fig. 8(a, c,
and e) depicts the DPV determination of AA, DA, and PCT,
respectively, in 0.1 M PBS (pH ¼ 7.4). AA demonstrated
two linearity segments first one from 300 mM to 7.36 mM
and second one from 8.12 to 39.87 mM (Fig. 8b). DA also
showed two linearity segments one from 5 to 118 mM and
Fig. 10. DPVs of increasing concentration of DA in the presence of (a) 5 mM AA, (c
linearity plots (b), (d), and (f), respectively.
the other one from 130 to 486 mM (Fig. 8d). Similarly, the
linearity plots for PCT were from 5 to 75, 95 to 195 mM and
from 265 mM to 1.89 mM (Fig. 8f). DPV detection limits for
AA, DA, and PCT were found to be 300, 5, and 5 mM
respectively. The linearity plots, linear regression equa-
tions, correlation coefficients, and detection limits for the
individual determination of AA, DA, and PCT through DPV
are presented in Table S4.
) 200 mM PCT, and (e) both 5 mM AA and 200 mM PCT with corresponding
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GPtNPs-modified GCE exhibited wide linearity ranges
with good detection limits for AA, DA, and PCT sensing. The
linearity plots obtained for CV, CA, and DPV using GPtNPs-
modified GCE have been compared with other modified
electrodes from the literature and are presented in Table 3.

Because AA, DA, and PCT coexist in biological samples,
individual determination of each of the analyte in the
presence of other(s) was also done using DPV. Figs. 9e11
demonstrate the increasing concentration of AA, DA, and
Fig. 11. DPVs of increasing concentration of PCT in the presence of (a) 7 mM AA,
linearity plots (b), (d) and (e), respectively.
PCT, respectively, by keeping the concentration of other
analyte/analytes constant.

3.7.4. DPV determination of AA in the presence of DA and/or
PCT

Fig. 9(a, c, and e) demonstrates the AA determination in
the presence of 200 mM DA, 200 mM PCT, and both 200 mM
each of DA and PCT. AA determination in the presence of DA
showed two linearity segments, one from 300 mM to
(b) 200 mM DA and (c) both 7 mM AA and 200 mM DA with corresponding
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1.25 mM and the other from 2.30 to 9.42 mM (Fig. 9b). The
first, second, and third linearity segments for AA determi-
nation in the presence of PCT were from 300 mM to
3.56 mM, from 4.05 to 10.53 mM, and from 11.53 to
19.73 mM, respectively (Fig. 9d). Similarly, the first and
second linearity ranges for AA determination in the pres-
ence of DA and PCT were from 1.20 to 3.65 mM and from
4.28 to 19.28 mM, respectively (Fig. 9f). The linearity plots,
linear regression equations, correlation coefficients along
with detection limits are presented in Table S5.

3.7.5. DPV determination of DA in the presence of AA and/or
PCT

Fig.10(a, c, and e) demonstrates DA determination in the
presence of 5 mM AA, 200 mM PCT, and both 5 mM AA and
200 mM PCT, respectively. Determination of DA in the
presence of AA demonstrated three linearity segments:
5e86, 111.5e211, and 240e688 mM (Fig. 10b). DA determi-
nation in the presence of PCT also showed three linearity
segments: 10e71.5, 85e227.5, and 332.5e473.5 mM
(Fig. 10d). Similarly, the three linearity segments of DA
determination in the presence of AA and PCT were 5e96,
112e247, and 278.5e575 mM (Fig. 10f). Table S6 illustrates
the linearity plots, linear regression equations, correlation
coefficients, and detection limits of DA determination in
the presence of AA and/or PCT.

3.7.6. DPV determination of PCT in the presence of AA and/or
DA

PCT determination was done in the presence of 7 mM
AA, 200 mM DA, and both 7 mM AA and 200 mM DA.
Fig. 11(a, c, and e) illustrates the PCT determination in the
presence of AA, DA, and both AA and DA, respectively.
Determination of PCT in the presence of AA demonstrated
two linearity segments: 5e71.5 mM and 91.5 mM to 1.13 mM
(Fig. 11b). PCT determination in the presence of DA also
showed two linearity segments: 20e140 mM and 240 mM to
1.27 mM (Fig. 11d). Similarly, determination of PCT in the
presence of AA and DA demonstrated three linearity plots:
5e67, 129.5e734.5 mM, and 819.5 mM to 1.49 mM (Fig. 11f).
The linearity plots, linear regression equations, correlation
coefficients, and detection limits of PCT determination in
the presence of AA and/or DA are illustrated in Table S7.

4. Conclusions

In the present study, we have synthesized PtNPs and
assembled them on graphene nanosheets to form the
GPtNPs nanocomposite. The nanocomposite was heated in
glacial acetic acid at 70 �C for 12 h to generate a pristine
PtNPs-decorated graphene nanocomposite and character-
ized using various techniques. GPtNPs exhibited highest
peak currents when compared with G-GCE and bare GCE in
[Fe(CN)6]3�/4� solution and toward the electrochemical
oxidation of AA, DA, and PCT in PBS. Reduction in over-
potential was also observed for AA using the GPtNPs
nanocomposite. CV demonstrated the longest linearity
ranges for the individual determination of AA and DA,
whereas CA exhibited longest linearity range for PCT. DPV
showed lowest detection limits of 300, 5, and 5 mM for the
individual detection of AA, DA, and PCT. Good peak-to-peak
resolution of 218.0, 218.0, and 436.0 mV was observed for
AAeDA, DAePCT, and AAePCT, respectively.
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