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Abstract

A facile and sensitive nanocomposite sensor was developed based on the
electropolymerization of glycine (Gly) onto to the surface of glassy carbon electrode (GCE)
using cyclic voltammety (CV) followed by dropcasting of multi-walled carbon nanotubes
(MWCNTs). The developed nanocomposite sensor (MWCNTs/poly(Gly)/GCE) was
characterized by using electrochemical impedance spectroscopy (EIS) technique. The developed
nanocomposite sensor offered high catalytic activity in sensing the paracetamol (PC)
individually and simultaneously in the presence of dopamine (DA) and folic acid (FA). The limit
of detection (LOD) and limit of quantification (LOQ) were found to be as 5x10” M and 1.7x10°
M respectively with a dynamic range from 5x107 to 1x10™ M. The fabricated sensor showed
good precision and accuracy with a relative standard deviation of 1.28 %. The proposed
composite sensor was successfully applied towards the determination of PC in human blood

serum and pharmaceutical samples.

Keywords: Paracetamol, Glycine, Cyclic voltammetry, Differential pulse voltammetry,
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1.Introduction

Paracetamol (PC) or Acetaminophen (N-acetyl-p-aminophenol or 4-acetamidophenol) is
non-steroidal anti-inflammatory drug and is a prominent drug that finds widespread application
for its strong analgesic and antipyretic action. It is a non-carcinogenic and substitute for patients
who are susceptible to aspirin and widely used for patients with headache, toothache, backache,
arthritis, migraine, neuralgia, menstrual cramps and postoperative pain.' Usually, PC does not
show any harmful side effects but hypersensitivity or overdose causes damage of liver and
kidney, this leads to fatal hepatoxicity and nephrotoxicity.*”

The catecholamine, dopamine (DA) is a family member of neurotransmitter and exists in
mammalian central nervous, cardiovascular and hormonal systems. Since its discovery, DA was
playing a great deal of attention in clinical research. Due to its abnormal concentration causes
numerous diseases such as Parkinson's disease and schizophrenia.®® Folic acid (pteroylglutamic
acid, FA) is a water soluble vitamin (vitamin Byg). FA plays an important role in the human body,
i.e. the synthesis of methionine, formation of red blood cells, differentiation of cells, single
carbon group transfer reactions in metabolism (essential for synthesis of DNA and RNA) and is
the precursor of the active tetrahydrofolic acid coenzyme.” If a woman has enough FA in her
body before and during pregnancy, it can help to prevent major birth defects of the baby’s brain
and spine. A woman needs 400 ug of FA every day. Deficiency of FA causes some type of
anemia, psychosis and devolution of mentality.'™"" Due to the free radical scavenging and
antioxidant activity, FA is acting as a potential agent in the prevention of cancer.'”> FA works

principally in the central nervous system (CNS) and is necessary for the production of DA in the
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CNS. Usually, PC can slow down FA from being absorbed by the body, as well as PC can also
increase the need for FA when taken for prolonged time."® PC is likely to interfere with DA and
FA in their determinations. Individual determination of these compounds has been reported as
countless; however, their simultaneous determination of PC, DA and FA is a serious challenge
due to the overlapping oxidation peak potentials and is very important in the clinical and
pharmaceutical investigations. To the best of our knowledge, no work has been published for the
simultaneous determination of PC, DA and FA.

Carbon nanotubes (CNTs) are gifted materials in the fabrication of chemically modified
electrodes due to their ability to facilitate excellent electron transfer reactions'®, large surface
area,’”'® good biocompatibility, high stability, modifiable side walls,'”*° high mechanical
strength®' and high sensitivity (creates a large interfacial region).”> CNTs-based sensors provide
high electrocatalytic and surface anti-fouling activity.”*** CNTs consist of carbon atoms with sp
hybridization arranged in graphene sheets rolled up in a tube. Based on the number of walls, they
can be divided into single-walled carbon nanotubes (SWCNTs) and multi-walled carbon
nanotubes (MWCNTs).”> SWCNTs have a cylindrical nanostructure, shaped by rolling up a
single graphite sheet into a tube whereas MWCNTs take account such type of several tubes in
concentric cylinders.

Various methods have been employed for the quantification of PC in pharmaceutical
samples and biological fluids such as flow-injection,”® UV-vis spectrophotometry,”’ and
chromatographic methods.?® However, these methods need more complicated procedures, costly
instrumentation and over analysis time when compared to electrochemical methods. In addition,
electrochemical methods are most suitable to examine the redox properties of newly synthesized

drugs. This makes an important approach in the drug discovery and in the drug analysis in their
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dosage forms. These techniques can also solve various problems of pharmaceutical interest with
a higher degree of precision, accuracy, high sensitivity, selectivity and low background current.
The electrochemical techniques are also regularly used in the environmental sample analysis and
in the analysis of biologically important samples. Hence, electroanalytical methods have
received wide consideration for the determination of some biologically, pharmaceutically and

environmentally important compounds.”>’

The electrochemical investigation of PC at bare electrodes suffers from high over
potential and slowness of the electrode process, this leads to poor electrochemical responses. As
a result, the accuracy and precision of their determinations are extremely low in the mixed
samples. The successful route to overcome the problem of selectivity is to modify the electrode
surface, because it decreases the over potential and improves the velocity of mass transfer rate.*®
Recently, a huge amount of investigation has been devoted towards the development of modified
electrodes for monitoring PC in the presence of interfering substances.””*’ Various materials

4142 metal/metal

have been used to modify the electrode surfaces, such as organic polymers,
oxides-polymer® and metal-nanoparticles.””*° When compared with these materials, CNTs and
its composite film based sensors show good electrical conductivity, electron transfer rate, film
forming ability, large surface area, good biocompatibility and ability in resisting interferences
from biomolecules.***® Hence, we have developed a highly sensitive facile nanocomposite
sensor (MWCNTs/poly(Gly)/GCE) towards the determination of PC individually and
simultaneously in the presence of DA and FA in PBS at pH 7.0. The composite was prepared

onto the surface of GCE by simple two step process, electro-polymerization of Gly followed by

drop casting of MWCNTs. The investigational results showed that the developed composite
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sensor can be used for the sensing of PC concentrations in pharmaceutical preparations with
acceptable results.
2. Experimental
2.1. Instrumentation

CHI 660D electrochemical work station (CH Instruments, Austin, USA) was used for the
measurements of cyclic voltammetry, differential pulse voltammetry and electrochemical
impedance spectroscopy (EIS). A conventional three electrode system was employed, which
consists of a modified/unmodified GCE as working electrode; saturated calomel electrode (SCE)
as reference electrode to measure cell potentials and glassy carbon rod as an auxiliary electrode
to measure current. Elico U 120 pH meter combined with pH CL 51 B was used to get pH
values.
2.2. Reagents

Paracetamol from Sigma-Aldrich, India, K3;[Fe(CN)¢] from Merck Specialities Pvt.
Limited, Mumbai. K4[Fe(CN)s], KCl from Qualigens fine chemicals, Mumbai, Glycine from
Himedia Laboratories Pvt. Limited, Mumbai, Dopamine from Merck Specialities Pvt. Limited,
Mumbai, Folic acid from Sigma, India and Multi-walled carbon nanotubes (MWCNTs) from
Dropsens, Edificio CEEI, Llanera (SPAIN) was used in the present investigation. All of them
were used without any further purification. The stock solution of 10 mM PC was prepared and
stored in refrigerator, working solution was prepared by diluting the stock solution with buffer
solution. 0.1 M PBS was prepared from NaH,P04.2H,O and Na,HPO, All reagents are of

analytical grade and used without purification.
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2.3. Preparation of tablet sample

650 mg of Dolo-650" tablet was taken and finely powdered in a mortar. The white
powder was dissolved in water in 100 mL flask. The solution was shaken well to get desired
concentration and then used for pharmaceutical sample studies.
2.4. Preparation of poly(Gly)/GCE

The GCE was polished on polishing pads with 0.3 and 0.05 pm of alumina slurry to get a
mirror shine and cleaned thoroughly with distilled water successively. P.Raghu et al., revealed
that in the preparation of polymer film coating electrodes, the positive potential scanning is the
most important factor in preparing the polymer film.*’ Fig.1 shows the uninterrupted 10 CV
cycles at GCE in 1mM Gly aqueous solution (pH 7.0). Initially, the scan was performed from
—0.5 to 1.0 V, it was observed that no polymer film was formed on the GCE surface. However,
when the window was extended from —0.5 to 1.8 V the effective polymerization was achieved.
On the other hand, when the potential window was extended in negative direction the
polymerization was not effective. Therefore, the window between —0.5 and 1.8 V was considered
for the successful polymerization process. The film coated electrode was washed with distilled
water to remove the physically adsorbed material.

(Fig.1)
2.5. Preparation of MWCNTs/GCE and MWCNTs/poly(Gly)/GCE
MWCNTs were dissolved in ethanol (1mg/ml) and ultrasonicated in a bath for 5 min to get

MWCNTs dispersion. Immobilization of MWCNTs was achieved by drop casting of 5 pL of
MWCNTs onto the surface of GCE and poly(Gly)GCE and dried at room temperature in the air.
Hereafter the resulted electrodes were abbreviated as MWCNTs/GCE and

MWCNTs/poly(Gly)/GCE respectively and were used as working electrodes.
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3.Result and discussion

3.1. Electrochemical impedance study of MWCNTs/poly(Gly)/GCE

Electrochemical impedance spectroscopy (EIS) technique is a powerful and emerging
tool for the study of interfacial electron transfer properties and to identify the surface nature of
the electrodes. By using this technique, the impedance spectral data was recorded for bare GCE,
poly(Gly)/GCE, MWCNTs/GCE and MWCNTs/poly(Gly)/GCE (in the form of Nyquist plots) in
IM KCI containing 2.5 mM [Fe(CN)o]*/[Fe(CN)]* as a redox probe at the initial potential of
0.21 V (vs SCE) with the range from 1 to10° Hz (Fig.2). In the Nyquist plot, the diameter of
semicircle at high frequency corresponds to the magnitude of the charge transfer resistance (Re)
in the equivalent circuit. This value significantly varies based on the modification of the
electrode surfaces.”® Ry and the double layer capacitance (Cq) are associated with the redox
behaviour of [Fe(CN)s]* ™ on the active surface area of the electrodes. To calculate these
values, the impedance values were fitted to the Randles equivalent circuit (Fig.2 inset), which
was considered based on the features of the obtained impedance spectrum. As can be seen from
the Fig.2, a semicircle with large diameter was observed with Ry of 244 Q at bare GCE.
However, the diameter of semi circle diminished (R¢ 88.8 ) with the polymerization of Gly
onto the GCE due to good conductivity. By drop casting of MWCNTs onto the GCE, it gave a
response with low diameter of semicircle (Re; 116.2 Q) because of surface anti-fouling activity
and enhanced conductivity. However, when MWCNTs was drop casted onto the poly(Gly)/GCE,
the diameter of semicircle was minimum (R 67.95 Q). This was mainly due to the combined
effect of MWCNTs and poly(Gly) film. This is the evidence for the endorsement of high charge
transfer kinetics and poor charge transfer resistance at MWCNTs/poly(Gly)/GCE composite.
These results confirmed the electrocatalytic activity of MWCNTs/poly(Gly)/GCE. The fitted

values to the equivalence circuit for different electrodes were shown in Table.1.
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(Fig.2)

(Table.1)

3.2. Electrochemical investigations of PC at MWCNTs/poly (Gly)/GCE

The electrochemical redox behavior of ImM PC in a supporting electrolyte of 0.1M PBS
at pH 7.0 was investigated using CV technique at bare GCE and different modified electrodes
(Fig.3). In Fig.3, cycle-‘a’ represents the poor response of oxidation and reduction peaks with
over redox potentials at bare GCE. But the redox system of PC at poly(Gly)/GCE (cycle-b) and
MWCNTSs/GCE (cycle-c) exhibited enhanced faradaic peak currents response with the AEp of
0.080 and 0.078 V (vs SCE) respectively. However, a pair of well defined redox system with
increased peak currents was observed at MWCNTs/poly(Gly)/GCE in comparison with all the
three previous electrodes with the anodic and cathodic peak potentials of 0.329 and 0.270 V (vs
SCE) respectively. The redox system of PC at the developed nanocomposite sensor was perfectly
reversible with peak to peak separation of 0.059 V (vs SCE). In addition, the I,./I,, was closer to
unity and this can be considered as a decisive factor for the stability of the N-acetyl-p-
benzoquinone-imine (NAPQI) formed at the surface of MWCNTs/poly(Gly)/GCE under the
experimental conditions. The extraordinarily increased peak currents was due to the boost up of
the electro-oxidation of PC at MWCNTs/poly(Gly)/GCE. These results noticeably show that
bare GCE was modified effectively with MWCNTs/poly(Gly) composite and the
MWCNTs/poly(Gly)/GCE had larger electroactive surface area in comparison with bare GCE,
Poly(Gly))GCE and MWCNTs/GCE. Furthermore, the MWCNTs/poly(Gly)/GCE can
successfully facilitate the electron transfer kinetics for the electro-oxidation of PC. The

schematic illustration of electro-oxidation of PC at MWCNTs/poly(Gly)/GCE can be seen in the
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Scheme.1. The redox peak currents and potentials of PC at different electrodes are scheduled in
Table.2.
(Scheme.1)
(Fig.3)
(Table.2)
3.3. Optimization of buffer solution pH

The DPV response of ImM PC in 0.1 M PBS media in the range between pH 5.0 to 9.0 was
investigated at MWCNTs/poly(Gly)/GCE, to assess the impact of pH on the peak currents. From
Fig.4A, we can see that as the pH of the buffer was increased from 5.0 to 9.0, the anodic peak
potential shifted towards negatively indicating direct involvement of protons in the rate
determination step of the PC oxidation. The oxidation peak current of PC increased linearly up to
pH 7.0 thereafter it was observed to be decreased dramatically. Thus, the maximum peak current
was observed at pH 7.0 (Fig.4B). Therefore, pH 7.0 was chosen as an optimal pH for all the
subsequent electrochemical studies in this work. Furthermore, a good linear relationship was
established between the anodic peak potential and solution pH (Fig.4C) with linear regression
equation of

Epa (V) =0.67547-0.05373pH (R =0.99812).

From the Fig.4C, a slope value of -0.05373 V.pH™' was noticed, indicating the involvement
of equal number of protons and electrons in the oxidation of PC at MWCNTs/poly(Gly)/GCE.
The number of electrons involved in the electro-oxidation of PC was calculated by substituting
the slope value obtained from the plot of E,, vs pH (Fig.4C) in the eq. (1)* and was found to be
2.1 (=2).

0.0591pH

E=E,— 222 (1)

n
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Where ‘E’ is the intercept, ‘Ey’ is the initial potential and ‘n’ is the number of electrons
involved in the complete reaction. The electrochemical redox mechanism of PC was represented
in the Scheme.2, ‘A’ is an anodic peak in the positive scan direction and ‘C’ in the cathodic peak
in the negative scan direction. This system corresponds to the transformation of PC to NAPQI
and vice-versa with two-electron reversible process.

(Scheme.2)
(Fig.4A, Fig.4B &Fig.4C)
3.4. Effect of scan rate

The effect of scan rate on the peak currents was studied in the range from 0.01 to 0.15
V.s" for ImM PC in 0.IM PBS (pH 7.0) at MWCNTSs/poly(Gly)/GCE using CV technique. As
can be seen in Fig.5A, both the anodic and the cathodic peak currents were linearly allied with
the square root of scan rate with the correlative coefficients (R) of 0.99922 and 0.99969
respectively.’® These results signify that the charge transfer process was controlled by diffusion
at the MWCNTs/poly(Gly)/GCE surface.” The linear regression equations were found to be

Ipa (10°A) = 0.70534-34.06527 (V.s ™)'
Ioc (10°A) = 0.52956+19.27343 (V.s™)"?
In addition, the gradual change in the shape of CV at higher scan rates indicates a non-
linear diffusion at more complex mass transport conditions.
(Fig.5A)
3.4.1. Apparent diffusion coefficients of PC at different electrodes
The apparent diffusion coefficients (Dgpp) of 1 mM PC in 0.1 M PBS (pH 7.0) at different

modified electrodes have been estimated. D,,, values were calculated from the Randles—Sevcik

eq. (2).
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1
2

3 1 =
Ip = (2.69 x 10°)nzvzD

appACO ............ (2)

Where ‘I’ is the peak current (A), ‘n’ is the number of electrons involved, ‘v’ is the scan
rate (V s7), ‘Dapp’ 15 the diffusion coefficient of the electroactive species (cm® s, A is the
geometrical area of electrode and Cy is the concentration of PC (ImM).

Table.3 shows Dy, values at bare GCE, poly(Gly)/GCE, MWCNTs/GCE and
MWCNTs/poly(Gly)/GCE. As can be seen in the Fig.5B, D,p, values were increased based on
the modification. However, at MWCNTs/poly(Gly) composite modified electrode this value was
two times higher than that of bare GCE. This may be due to the fast electron transfer process in
the electrooxidation of PC at the boundary of the MWCNTs/poly(Gly)/GCE surface and the
solutions.’>>® Therefore, this is also an additional evidence for the electrocatalytic activity of the
MWCNTs/poly(Gly)/GCE.

(Fig.5B)
(Table.3)
3.4.2. The surface coverage concentration on MWCNTs/poly(Gly)GCE
The surface coverage concentration of developed MWCNTSs/poly(Gly)/GCE was

calculated using the Laviron’s equation (3).>*

22
p=rea 3)

4RT

Where ‘n’ is the number of electrons involved, ‘F’ is the Faraday constant (96,485 C

2

mol™"), ‘T” is the surface coverage concentration (M.cm °). ‘A’ is the surface area of the
electrode, ‘v’ is the scan rate (V.s '), ‘R’ is the gas constant (8.314 J mol™' K") and ‘T’ is the

absolute temperature (300 K). The value of the surface coverage concentration (I') on the

electrode was found to be 5.53x10”° M.cm™.
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3.5. Effect of PC concentration
The effect of PC concentration was examined in 0.1 M PBS (pH 7.0) at the surface of
MWCNTs/poly(Gly)/GCE using DPV technique. Fig.6A illustrates that the anodic peak currents
increased with the increase in concentration of PC. By plotting a graph (Fig.6-inset) between
concentration of PC (107 M) and anodic peak current (107A), an excellent linearly was
connected with corresponding linear regression equation of
Ipa (107A) = 1.02623+0.11245 (107A) (R =0.99849).
The limit of detection (LOD) and limit of quantification (LOQ) were found to be as 5x10°
"M and 1.7x10° M respectively. The LOD and LOQ values were calculated by using the
following equations.”>°
LOD =3S/M
LOQ = 10S/M
Where S’ is the standard deviation of peak currents and ‘M’ is the slope of the working
curve. The LOD and linearity range of PC at various modified electrodes were compared with
our present method and are shown in Table. 4.
(Fig.6)
(Table.4)

3.6. Stability, repeatability and reproducibility of MWCNTSs/poly(Gly)/GCE

In order to examine the stability of the fabricated nanocomposite sensor, 35 cycles were
recorded with a gap of 2 min between each cycle in the potential range from —0.2 to 0.6 V at a
scan rate of 0.05 V.s™' for | mM of PC in 0.1 M PBS (pH 7.0) using CV technique (Fig.7). From
Fig.7 (inset), it was observed that during these 35 cycles, there was no much interruption in the
peak potentials or the peak currents of the system. This represents that the MWCNTs/poly(Gly)

composite was stably adhered to the GCE surface. In terms of repeatability, a relative standard
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deviation (RSD) of 1.28% was estimated at 1 mM of PC and indicates the composite electrode
does mnot undergo surface fouling. In addition, the reproducibility of the
MWCNTs/poly(Gly)/GCE was investigated by constructing four composite electrodes and these
were used to test in 1 mM of PC and found that there was no much change in the results.
(Fig.7)

3.7. Interference study

The selectivity of the composite sensor was investigated by detecting 100 uM of PC in
the presence of various interfering compounds in 0.1 M PBS at pH 7.0. The potential interfering
substances were selected from the group of substances commonly found with PC in
pharmaceuticals and biological fluids. The tolerance limit was defined as the maximum
concentration of the interfering substance that caused an error of less than +5% for the
determination of PC.®® The results show that 500 folds of ascorbic acid, dopamine, folic acid,

Na“, K*, NH,", CI', F, Br, SO4* doesn’t affect the selectivity.
3.8. Simultaneous determination and resolution of PC in the presence of DA and FA

The determination of PC using bare GCE suffers from interference with DA and FA due
to their closely related oxidation potentials, however, the feasibility of the PC selective
determination in presence of DA and FA at MWCNTs/poly(Gly)/GCE was easier, because they
were well resolved with their oxidation potentials. In comparison with CV technique, the DPV
technique has higher current sensitivity and enhanced resolution property, due to this the DPV
was used to determine PC in the mixture of PC, DA and FA. The investigation was carried out
by varying the concentration of each individual and by keeping the concentration of remaining

two species constant.
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The determination of PC in the presence of 2uM DA and 5uM FA was performed at
MWCNTs/poly(Gly)/GCE with increase in the concentration of PC from 2uM to 35 uM
(Fig.8A). As can be seen in the Fig.8A there was no peak currents change for DA and FA
however, a well resolved peak currents was observed with the increase of PC concentration.
From Fig.8A (inset) it was observed that the anodic peak response was linearly connected with
the concentration of PC with linear regression equation of

Ipa (107 A) = -0.01374+0.09431 PConcentration(UM) R=10.99591

Similarly, the determination of DA was carried out in the presence of 4uM PC and 7uM
FA with increase in the concentration of DA from 1uM to 35 uM (Fig.8B). A plot between the
concentration of DA and peak currents (Fig.8B (inset)) was constructed, a linear relation was
observed with the linear regression equation of

Ipa (107 A) = 3.94302+0.21993 DA concentration(HM)  R=0.99846

FA was also determined in the presence of 2uM DA and 6uM PC with the increase in the
concentration of FA from 5uM to 110 uM (Fig.8C) in the same way as mentioned above. From
the plot of FA concentration against the peak currents (Fig.8C(inset)), the corresponding linear
regression equation was observed.

Ipa (107 A) = 1.34555+0.02256 FA concentration(HM) R=0.99591
These results proved that the nanocomposite sensor was effective in simultaneous sensing
of PC, DA and FA.
(Fig.8A , Fig.8B& Fig.8C)
3.9. Analytical application of pharmaceutical samples
The analytical application of the MWCNTs/poly(Gly)/GCE was validated towards the

determination of PC in tablet sample (Dolo-650"). The tablet sample was prepared
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approximately to get the concentration range of standard analyte. The resultant tablet solution
was analyzed in 0.1M PBS (pH 7.0) using DPV technique with a standard addition of working
analyte. The results of the analysis were given in Table.5. From these results, it can be seen that
the recovery values were satisfactory and thus, the sensing performance of
MWCNTs/poly(Gly)/GCE was extraordinary in the pharmaceutical sample.
(Table.5)

3.10. Analytical application of pharmaceutical sample in human serum

The electrochemical application of the present method was also verified by determining
the concentration of tablet sample (Dolo-650%) of PC in 10% human serum sample. The tablet
sample was prepared in the same way as discussed above. The resultant tablet solution was
spiked into the 10% human serum/PBS (pH 7.0) and analyzed using DPV technique with a
standard addition of working analyte. The results of the analysis were presented in Table.6.The
results show that the content values evaluated by the proposed method for the tablet samples
were close to the labeled content.
4. Conclusions

In the present paper, a facile and nanocomposite of MWCNTs/poly(Gly) modified GCE
was used as a sensor for the determination of PC. The developed electrochemical sensor
exhibited strong electrocatalytic activity towards PC detection and showed high sensitivity and
selectivity. The pH studies revealed that the electrooxidation of PC was two electron and two
proton process at MWCNTs/poly(Gly)/GCE. The present sensor holds great promise for the
simultaneous determination of PC, DA and FA. The sensor was also successfully used for the

determination of PC in the commercial tablet and human blood serum. Due to high stability and
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repeatability of MWCNTs/poly(Gly)/GCE, it has the potential for the future development of

nanosensors for clinical research.
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Schemes& Figure Captions:

Scheme.1 The illustration of electrode preparation and mechanism of MWCNTs/poly(Gly)/GCE
towards the determination of PC.

Scheme.2 The electrochemical redox mechanism of PC at MWCNTs/poly(Gly)/GCE.

Fig.1. Cyclic voltammograms for the electrochemical polymerization of Glycine at GCE.
Fig.2.EIS spectrum of 1 M KCI containing 2.5mM [Fe(CN)6]'3/ “ at different electrodes, inset-
equivalent circuit to MWCNTs/poly(Gly)/GCE.

Fig.3. Cyclic voltammograms for the electrochemical response of 1mM PC at (a) bare GCE, (b)
poly(Gly)/GCE, (¢) MWCNTs/GCE and (d) MWCNTs/poly(Gly)/GCE in 0.1M PBS of pH 7.0
at a scan rate of 0.05 V.s™

Fig.4(A). Differential pulse voltammograms obtained at MWCNTs/poly(Gly)/GCE in 0.1 M
PBS solution at different pH values.

Fig.4(B). A 3 dimensional plot of PC oxidation peak current at various pH.

Fig.4(C). A plot between PC oxidation peak potential vs pH of PBS.

Fig. 5(A). Cyclic voltammograms of PC at MWCNTs/poly(Gly)/GCE in 0.1 M PBS solution of
pH 7.0 at different scan rates (a to o0, 0.01-0.15 V.s™). inset- Calibration plots for the redox peak

currents vs the square root of scan rate.
Fig. 5(B). 3 dimentional plot of apparent diffusion coefficients of PC at different electrodes.

Fig.6.Differential pulse voltammograms of PC for the different concentrations in PBS at pH 7.0
(@) 5x107 M (b) 1x10° M (c) 1.5%x10°M (d) 2x10°M (e) 2.5 x 10° M (f) 3x10°M (g) 3.5 x 10°®
M (h) 4 x 10°M (i) 5x10°M (j) 6x 10°M (k) 7x 10°M (1) 8<10°M (m) 9% 10°M (n) 1x 107

M (0) 1.2 x10° M (p) 1.4x 10°M (q) 1.6 x 10° M (r) 2x 10 M (s) 2.5x 10° M (t) 3% 10° M
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(1)3.50% 10° M (v) 4x 10° M (w) 4.5 10° M (x) 5% 10°M (y) 6 x 10° M (z) 7% 10° M (aa) 8
10° M (ab) 9x 10° M (ac) 1x 10* M (ad) 1.2x 10* M (ae) 1.4x 10* M (af) 1.6x 10" M (ag) 1.8x
10 M (ah) 2x 10™* M; inset-Calibration plot of PC concentration.

Fig.7 Cyclic voltammograms for 35 parallel cycles of ImM PC in 0.1M PBS solution of pH 7.0
at a scan rate of 0.05 V.s™'; inset- A plot of 35parellel cycles of CVs vs.Ipa.

Fig. 8(A) Differential pulse voltammograms obtained for determination of PC, in the presence of
2x10° M DA and 5x10°M FA at MWCNTs/poly(Gly)/GCE. Concentration of PC: (a) without
PC (b) 2x10° M (c) 3x10° M (d) 4x10° M (e) 5x10° M (f) 6x10° M (g) 8<10°M (h) 1x10° M
(i) 1.5%x10° M (j) 2x10° M (k) 2.5%x10° M (1) 3x10° M (m) 3.5%107° M; inset- Calibration plot of
PC determination.

Fig. 8 (B) Differential pulse voltammograms obtained for determination of DA, in presence of
4x10°M PC and 7x10°M FA at MWCNTs/poly(Gly)/GCE. Concentration of DA : (a) without
DA (b) 1x10° M (c) 2x10° M (d) 3x10° M (e) 4x10° M (£)5x10° M (g) 6x10°M (h) 8x10°M
(1) 1x10°M (j) 1.5%10° M (k) 2x10° M (1) 2.5x10° M (m) 3x10° M (n) 3.5%10° M; inset-
Calibration plot of DA determination.

Fig.8 (C) Differential pulse voltammograms obtained for determination of FA, in presence of
2x10° M DA and 6x10°M PC at MWCNTSs/poly(Gly)/GCE. Concentration of FA : (a) without
FA (b) 5%x10°M (c) 7x10°M (d) 9x10° M (e) 1.1x10° M (f) 1.5x10™ M (g) 2x10”° M (h)
2.5x10° M (i) 3%x10° M (j) 4x10° M (k) 5x10™° M (1) 7x10° M (m) 9x10° M (n) 1.1x107* M;

inset-Calibration plot of FA determination.
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Table .1: Electrochemical impedance spectroscopy response at different electrodes

Electrode Rs” (Q)

Cdl

Ret (Q)

Wb

©CoO~NOUTA,WNPE

GCE 21.43
poly(Gly)/GCE 19.36
MWCNTSs/GCE 20.06

MWCNTs/poly(Gly)/GCE  17.81

5.367x107
2.378x107°
8.911x10°¢

1.7x10°°

2443

88.8

116.2

67.95

0.0002297

0.0003635

0.0002954

0.0004986

aSolution resistance

*Warburg impedance
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Table .2: Comparison between the electroactivity of GCE modified electrodes towards the electro-

oxidation of PC

Enhancement
Electrode Ipa/A Epa/V Epc/V AEp/V in sensitivity"
GCE -1.784x10°  0.522 -0.123 123.522 1.00
poly(Gly)/GCE -3.239x10°  0.334 0.254 0.080 1.81
MWCNTs/GCE -3.504x10°  0.337 0.263 0.078 1.96
MWCNTSs/poly(Gly)/GCE  -7.334x10”  0.329 0.270 0.059 4.11

*Normalized to the current obtained at GCE
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Table.3: Apparent diffusion coefficient values of PC at different electrodes

S.No.  Electrode D.pp Values(cm’s™)

1 Bare GCE 2.161x10°

©CoO~NOUTA,WNPE

11 2 poly(Gly)/GCE 2.912x10°
13 3 MWCNTs/GCE 3.028x10°

15 4 MWCNTs/poly(Gly)/GCE 4.382x10°
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Table.4: Comparison of the efficiency of some modified electrodes used in the electro-oxidation
of PC.

©CoO~NOUTA,WNPE

LOD Dynamic
Electrode Method Reference
M) Range (M)

MWCNTs/paste electrode ~ SWV 1.1x10° 1x107- 1x107* 57
5-amino-3’,4’- dimethyl- SWV 2.0x107 4x107-9x10* 58
biphenyl- 2-0l-CNT/paste
electrode
ITO/nAu DPV

0.18x10° 0.2x107° - 15x10™* 59
Nano Pt-MWCNT/ paste DPV 1.7x107 5x107- 1x10™ 60
electrode
GCE/Ceo DPV 5x10° 5x107° — 15x10™ 61
Poly(acid yellow 9)- -6 5. 4
TIOMGCE DPV 2x10 1.2x107°-1.2x10 62
GCE/PANI-MWCNTSs SWV 0.25x10° 1x10°% — 1x10™ 63
GCE/C-Ni DPV 0.6x107 2x10° - 23%107° 1
Boron-Doped Diamond Chrono 1.42x10° el 64
Electrode amp
GCE/Nafion/RuO SWV 1.2x107 5 x10°-250x10° 65
SPE/PEDOT DPV 1.39x10°® 4 x107°-400%x10° 66
f-MWCNTs/GCE DPV 0.6x107 3x107%-3x10™ 67
MWCNTs/poly(Gly))GCE ~ DPV 5107 5107 to 1x107 Present

work
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Table.5: Determination of PC in pharmaceutical preparations.

Sample Added (pM) Found (pM) Recovery (%) Bias (%)

©CoO~NOUTA,WNPE

10 10.07 100.7 +0.7
Dolo-650" 20 20.21 101.05 +1.05

14 30 29.76 99.2 -0.8

Table.6: Determination of PC in human serum.

22 Sample Added (pM) Found (pM) Recovery (%) Bias (%)

24 Serum 10 10.08 100.8 +0.8

26 20 20.33 101.65 +1.65




