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The role of functionalized nitrogen doped graphene (NGp)
using poly(diallyldimethylammonium chloride) (PDDA) as
modified electrode has been discussed. Pt-Pd bimetallic
nanoparticles have been anchored on PDDA-NGp to form
PtPd-PDDA-NGp nanocomposites, which are characterized by
high resolution transmission electron microscope, X-ray
diffraction and Raman spectroscopy. The simultaneous
determination of paracetamol and tramadol has been carried out
using the nitrogen doped graphene supported Pt-Pd nanoparticle
modified glassy carbon electrode in 0.1 M Britton-Robinson
buffer solution (pH 5.0). Two well-defined voltammetric peaks
are obtained in square wave voltammogram measurements. It has
been observed that the modified electrode can detect a wide linear
range of concentrations of paracetamol from 5x10 to 1x10™* M,
and tramadol from 1.2x107 to 2.4x10™* M. The limit of detection
was found to be 1.8x10” and 5.7x10® M for paracetamol and
tramadol, respectively (S/N = 3).
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Tramadol (TD) and paracetamol (PA) are

electroactive molecules, which act as analgesic and
antipyretic drugs'. TD possesses p-opioid properties
and activates monoaminoergic spinal inhibition of
pain, and is also effective in relieving postoperative
pain, moderate surgical pain, surgical pain in children
and cancer pain. An overdose of TD has a risk of
death and life-threatening side effects, such as slowed
or stopped breathing, dangerous changes in heart
beats and even death™®. PA is an effective pain killer
for backache, headache, arthritis and postoperative
pain, and is also used for the treatment of fevers of
bacterial or viral origin’. PA is metabolized
predominantly in the liver, where it generates toxic

metabolites. Overdose ingestions of PA lead to the
accumulation of toxic metabolites, which may cause
severe and sometimes fatal hepatotoxicity and
nephrotoxicity, in some cases, is associated with renal
failure'” . Therefore, the development of a simple,
inexpensive and precise analytical method for the
determination of TD and PA in therapeutic samples is
of at most importance.

The determination of TD and PA can be carried out
by using several methods such as GC-MS'",
LC-MS"", HPLC'*", second derivative spectroscopy'®,
fluorimetry',  chemiluminescence,  ion-exchange
column chromatography, spectrophotometry,
pseudopolarography and capillary electrophoresis’.
However, these techniques suffer from some
disadvantages like time consumption, high cost, and
tedious sample pretreatment procedures. Therefore, it is
necessary to develop new analytical methods having
high sensitivity, low detection limit, low cost and high
precision for the determination of TD and PA.

Electrochemical approaches have shown significant
benefits in the analysis of biomolecules in therapeutic
treatment and human body fluids. Several
electrochemical techniques exist for the determination
of TD and PA. However, voltammetric method is
suitable for the simultaneous determination of TD and
PA®. In the electrochemical determination, the
unmodified electrodes like carbon paste electrode
(CPE), glassy carbon electrode (GCE), PVC membrane
electrode, gold and platinum electrodes used for the
analyses have some limitations, such as low electron
transfer rate and overlapping of voltammetric peaks =",

More recently, metallic nanoparticles composed of
CNTs or graphene-modified electrodes have been
reported to show low ohmic resistance, fast electron
transfer rate, low overpotential, low background
current and negligible surface fouling®™*®. Of
particular interest are nanocomposites involving gold
nanoparticles (AuNPs) with CNTs or graphene, which
exhibit unique electronic properties along with the
biocompatibility and electrocatalytic ~effects® .
Some modified electrodes which have the above
properties, i. e., AuNPs/CNTs’, MWCNT/CPE®,
AuNP/MWNT/ITO’, D50wx2/GNP/GCPE”  and
Au-nanochains/MWCNTs/GC?, have been reported.



64 INDIAN J CHEM, SEC A, JANUARY 2017

N-doped graphene exhibits enhanced metallic
behavior and excellent biocompatibility®” *'. In the
present study, we have aimed at stacking Pt-Pd NPs
on N-doped graphene, which will have greater active
surface areas, upgraded charge transfer kinetics and
excellent electrocatalytic properties due to the
bimetallic synergistic effect. PtPdNps-NGp composite
acts as ‘electron wire’ to transfer the electron between
the electroactive (TD/PA) molecules and electrode
surface. These nanocomposites materials can be used
as a modified electrode for the assembling of an
electrochemical sensor.

Experimental
Graphite flakes, H,SO,;, KMnO,, hydrogen
peroxide, hydrazine monohydrate, polydiallyl-

dimethylammonium chloride (PDDA, 20 wt%, in
H,0), hexachloroplatinum(IV) acid hydrate
(H,PtCls.6H,O) and palladium(II) chloride (PdCl,)
were purchased from Sigma-Aldrich. A Britton-
Robinson (BR) buffer solution was prepared using
boric acid, acetic acid and sodium hydroxide pellets.
Sodium  borohydride, tramadol hydrochloride
injection (supridol), paracetamol tablets, and infected
human urine samples (containing parcetamol and
tramadol) were collected from The Health Center,
Anna University, Chennai, India.

The morphologies of the prepared samples were
observed with HRTEM images recorded on a Tecnai-
G2 (model T-30) S-twin instrument at an accelerating
voltage of 300 kV. X-ray diffraction (XRD) patterns
were recorded on a Bruker D8 diffractometer with
Cu Ko radiation (A = 1.5418 A). The Raman shifts of
these samples were analyzed, by using a Jobin-
YvonLabRam HR spectrometer with an exciting
source (514 nm Ar laser).

All the electrochemical studies were executed in a
three-electrode cell, using a CHI660D electrochemical
workstation. A glassy carbon (GC) electrode of
geometric area (0.07 cm®) was used as a working
electrode, while a Pt wire with high geometrical
surface area (20 cm®) and a saturated calomel
electrode (SCE) were used as counter electrode and
reference  electrode,  respectively. All  the
electrochemical measurements were made in an inert
atmosphere, by purging N, gas for 30 min into
the BR buffer solutions, which acted as the
supporting electrolyte.

The GC electrode was physically cleaned with
mirror polish cloth using fine grade alumina powders

of decreasing particle size (1, 0.3 and 0.5 pm), then
washed with Millipore water and cleaning solution.
The electrochemical cleaning of GC electrode was
done by cyclic voltammetric method in 0.1 M H,SO,
(scanning between —0.2 V and 1.2 V for 50 cycles).
The sample, PtPd-PDDA-NGp (2 mg) was dispersed
in ethanol (1 mL) and sonicated for 10 min. Finally,
the dispersion was uniformly coated over the surface
of GCE using the drop coat method and dried.

For the synthesis of nitrogen doped graphene
supported Pt-Pd (PtPd-PDDA-NGp) nanocomposite,
conc. sulphuric acid (60 mL) was mixed with 100 mg
of graphite flakes in a 250 mL RB flask, then the
mixture was sonicated for 2 h, and 500 mg of
potassium permanganate was gradually added to the
RB flask. During the process, the temperature was
maintained at 5 °C. Then the mixture was stirred for
24 h at 35 °C. After 24 h, 300 mL water (Millipore)
was added to the mixture at 5 °C followed by constant
stirring at room temperature for 2 h. Finally, the
reaction mixture was centrifuged and the product was
washed several times with Millipore water and dried.
GO (80 mg) was mixed with hydrazine monohydrate
(27 pL) and the reaction mixture was stirred at 80 °C
for 1 day. After cooling to room temperature,
nitrogen-doped graphene (NG) was obtained by
filtering and drying **>. PDDA (2 mL of 20% solution)
was added dropwise into 60 mg of nitrogen-doped
graphene (NG) under vigorous stirring for 24 h.
Then the mixture was centrifuged to remove the
unreacted PDDA.

In a typical method for the preparation of Pt-Pd
nanoparticles, 40 mg of PDDA-NG in aqueous
medium was purged with nitrogen gas for 1 h under
constant stirring. Then equimolar amounts (10 mM)
of Pt and Pd solution were added dropwise into the
reaction mixture. Sodium borohydride (0.1 M) was
added dropwise into the reaction mixture to form the
PtPd-PDDA-NGp nanocomposite.

Results and discussion

The HRTEM images of the nitrogen doped
graphene and the sample after coating with PDDA
show that the positive charged PDDA is effectively
coated on electronegative nitrogen doped graphene
surface (Fig. 1(a&b)). The deposition of Pd-Pt
nanoparticles over the surface of the positive charged
PDDA coated NGp nanocomposite is shown in
Fig. 1(c). NGp shows a broad peak at 25.3°
corresponding to the (002) plane (Fig.2a), which
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Fig. 1 — HRTEM images of (a) NGp (b) PDDA-NGp, and, (c) PtPd-PDDA-NGp.

indicates that the nitrogen is hosted on the graphene
lattice to form a restacked crystalline structure®™*. On
compositing PDDA with NGp, there was a broadening
of peak with a decrease in intensity (Fig. 2b). This
confirms the adherence of PDDA over the surface of
NGp. The Pt-Pd nanoparticle loaded PDDA-NGp
shows three characteristic peaks at 39.5°, 46.2°, and
67.6°, which corresponds to (111), (200), and (220)
planes of Pd and Pt respectively (JCPDF 65-6418)
(Fig. 2¢)*”7. The (002) plane of NGp is shifted
slightly to lower theta value and the peak is broad due
to formation of smaller sized nanoparticles.

The Raman spectra of NGp shows two prominent
bands at 1346 and 1576 cm™', which are denoted as
the D and G bands, respectively (Fig. SI,
Supplementary data). The D band is due to defects in
the curved graphene sheet (k point phonons of A,
symmetry), whereas the G band corresponds to sp
hybridized graphitic carbon (stretching mode of
crystal graphite, the zone center of the E,, mode). The
Ip/lg value of NGp was found to be 1.46 due to the
intercalation of nitrogen atoms* ** **. The presence
of N dopant on graphene was confirmed by the
2D overtone of the D band at around 2719 cm™ and
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Fig. 2 — XRD patterns of (a) NGp, (b) NGp-PDDA, and,
(c) NGp-PDDA/PtPd.

combination bands (D+G) around 2925 cm’ (ref. 40).
After PDDA functionalization, the I/l value of NGp
decreases from 1.46 to 0.94. Further, the 2D and
(D+G) bands are overlapped which results in peak
broadening confirming the functionalization of PDDA
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over NGp surface. The presence of Pt-Pd
nanoparticles on PDDA functionalized NGp was
confirmed by the increase in Ip/lg value to 0.981 and
the reoccurrence of (D+G) band

The effect of pH of the supporting electrolyte (0.1 M
BR buffer solution) on the PtPd-PDDA-NGp modified
GC electrode towards PA (3.6x10° M) and
TD (4.8x10° M) was carried out by increasing the pH
from 1 to 12. It was found that there was no significant
current response of PA and TD oxidation in pH < 3
and pH > 9. It was observed that the oxidation
peak potential (Ep) of PA and TD increases, with
an increase in pH from 3 to 9. At pH 7.0, PA and
TD oxidize at potentials of 0.31 V and 0.64 V with
higher current responses of 5.26x10°A and
2.02x10“A, respectively. This suggests that the
optimum pH for the PtPd-PDDA-NGp modified
GC electrode is 7 (ref. 41).

Figure 3 shows the cyclic voltammograms of PA
(3.6x10”° M) and TD (4.8x10” M) obtained, with the
supporting electrolyte of pH 7, employing varying
scan rates from 10 to 250 mV/s. The calibration plots
of the PA and TD peak currents (Ip) increase linearly
with an increasing scan rate (v), which confirms that
the process takes place in the modified electrode is
diffusion controlled.

L, (UA) = 1.5019x107 (v) (mV s1)+1.8429%107
(R*= 0.9956) for PA.
L, (UA) = 5.3579x107 (v) (mV s™)+5.4316x107
(R*= 0.9959) for TD.

The double logarithmic plots give the slope values
of PA and TD as 0.5331 and 0.5679, respectively. The
slope values less than 1 confirms that the reaction
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Fig. 3 — CVs of PtPd-PDDA-NGp/GCE in PA and TD (pH = 7.0)
at different scan rates (a to y: 10 to 250 mVs™h.

which takes place at the modified electrode is
diffusion controlled.

log I, (A) = 0.5314 (log v) (mV s)-0.5371
(R*= 0.9956) for PA.
log I,, (uA) =0.5269 (log v) (mV s)-0.0054
(R*=0.9959) for TD.

Figure 4 shows the square wave voltammograms
(SWV) of PA (1x10” to 2x10™* M) by keeping the
concentration of TD at a constant value of 3.60x10* M
at the PtPd-PDDA-NGp modified GCE. Two well
pronounced peaks are observed around 0.184 and
0.580 V. The SWV peak current is in a linear
relationship with increasing concentration of PA. The
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Fig. 4 — Square wave voltammograms for increasing concentration
of PA (1x107 M to 2x10™* M) in the presence of 3.60x10* M TD
at the PtPd-PDDA-NGp modified GCE.
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Fig. 5 — Square wave voltammograms for increasing concentration
of TD (1x10™ M to 2x10* M) in the presence of 2.40x10° M PA
at the PtPd-PDDA-NGp modified GCE.
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Fig. 6 — Square wave voltammograms obtained for simultaneous
determination of PA (5x10° to 1x10* M) and TD (1.2x10” to
2.4x10™ M) in pH 7 solution at PtPd-PDDA-NGp modified GCE.

limit of detection (LOD) value of PA is 4.4389x107 M,
with  the linear regression equation  as:
I (UA) = 0.765Cp, (M)+ 5.4694, R* = 0.9989 for PA.

Square wave voltammograms for the concentration
variation of TD from 1.2x10”°M to 1.92x10* M and
the linear concentration range of the PtPd-PDDA-
NGp modified GC electrode in the presence of
2.40x10°M of PA is shown in Fig. 5 . The limit of
detection for TD is found to be 3.6526x10° M, while
the linear regression equation is: / (uA) = 1.5049Cqp
(M)+ 8.9673x107°, R* = 0.9989 for TD.

Simultaneous determination of PA and TD by varying
the concentration of PA from 5x10° to 1x10* M, and
that of TD from 1.2x10” to 2.4x10™* M is shown in
Fig. 6. Both the systems show two linear ranges of
calibration curves. When the concentrations of PA
and TD increase, the oxidation potential of these two
systems shift to the positive potential range due to the
ionic interaction at the surface of the modified
electrode, thereby resulting in two linear ranges. The
LOD values of PA and TD are found to be 1.8x107,
5.7x10° M respectively.

We have studied the interference of several
compounds such as dopamine, L-dopa, L-alanine,
L-glutamic acid, uric acid, ascorbic acid, and aspartic
acid. It has been observed that the oxidation peak
current and potential of PA and TD were not altered
due to the presence of 100-fold surplus of these
interfering compounds.

The stability of PtPd-PDDA-NGp modified GCE
was observed by recording the oxidation peak current

of PA (2.5x10° M) and TD (4.8x10° M) at pH 7 by
square wave voltammetry. Over a period of 5 min
intervals for 50 repetitive measurements, the modified
electrode retained 98% of its initial oxidation peak
current, which indicates the good stability of the
modified electrode. The reproducibility of the modified
electrode was measured at four electrodes separately
prepared under the same concentration as mentioned
above. The results reveal that the modified electrode
has acceptable reproducibility, with an RSD of 5%.

The amounts of PA and TD present in the infected
human urine sample were analyzed by the standard
addition method using the PtPd-PDDA-NGp modified
electrode. The amounts of PA and TD in the infected
urine samples were detected with RSD of 1.2 and
0.9% respectively.

The present study indicates that NGp-PDDA
supported Pt-Pd nanoparticle modified electrode exhibits
excellent electrocatalytic activity towards the oxidation
of PA and TD. In addition, it has been shown that this
composite has high stability, selectivity, sensitivity and
reproducibility. The modified electrode detects PA over
a wide linear range of concentration from 5x10° to
1x10™*M, and TD from 1.2x10°” to 2.4x10™* M. The limit
of detection was found to be 1.8x10” and 5.7x10° M for
PA and TD, respectively (S/N = 3).

Supplementary data

Supplementary data associated with this article,
i.e.,, Fig. S1, is available in the electronic form at
http://www.niscair.res.in/jinfo/ijca/IJICA_S6A(01)63-
68_SupplData.pdf.
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