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Abstract

In this paper, acetaminophen (AP), typically consumed as a painkiller, was sensitively detected using an electrochemical
sensor through cyclic voltammetry. Therefore, special attention focused on fabricating a sensitive voltammetric sensor
based on cetrimide (CA) incorporated on a poly oxalic acid modified carbon nanotube paste electrode (POAMCNTPE). The
topographical features and electrochemical characterisations of unmodified and modified electrodes were compared using
a variable pressure scanning electron microscope (VP-SEM) and electrochemical impedance spectroscopy (EIS). The scan
rate study reveals that the redox reaction of the AP at the surface of the modified electrode was controlled by diffusion. The
detection limit (DL) of 1.50 x 1078 M and quantification limit (QL) of 5.02 X 1078 M was gained by utilising differential
pulse voltammetry (DPV). The constructed electrochemical sensor displayed acceptable repeatability, excellent stability,
and adequate reproducibility. The prepared sensor exhibited an outstanding selectivity to detect the AP in the presence of
dopamine (DA) and folic acid (FA). The practicability of the proposed electrode was examined to be successful towards the
quantification of AP in both pharmaceutical and biological samples.
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Introduction

Drugs are tools suited for a particular therapeutic action;
they cure diseases and improve health. Analgesic drugs or
painkillers are a major class of drugs and are used world-
wide. Acetaminophen (AP), also known as paracetamol, is
an acetylated aromatic amide, utilised as an analgesic and
antipyretic agent. It is used as an analgesic agent to alle-
viate pain associated with all the parts of the body. AP is
used as an antipyretic agent to reduce fever from a bacterial
infection.' AP is a non-carcinogenic and anti-inflammatory
non-steroidal drug and provides the safest option available
for aspirin-sensitive patients.*® AP generally has no adverse
side effects because it is fully digested into inactive metabo-
lites that can be readily excreted through urine.” However,
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overdose or chronic use of AP leads to a toxic metabolite
accumulation resulting in skin rashes and damage to the pan-
creas, liver, and kidneys.g‘10 To prevent disease, AP analysis
is important, thus it is very significant to develop a simple,
rapid, low-cost electro-analytical method for the detection
of AP.

To date, the literature has reported several techniques
used for the determination of AP.!! These consist of capillary
electrophoresis,'? chemiluminescence, ' high-performance
liquid chromatography,'*!> infrared spectroscopy,'® batch
injection analysis,'” liquid chromatography,'®2° titrimetric
measurement,”’?? spectrometry.>>?* These techniques offer
high sensitivity, good selection, and accurate application but
are limited by their complex applications, including techni-
cal challenges of use, time-consuming procedures, skilled
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technicians, and high-cost instruments. Among these, some
techniques are less suitable to determine AP. Hence, elec-
trochemical methods are the most substantial technique in
the field of analytical chemistry.>>~>” However, voltammetric
techniques represent one of the most straightforward and
most sensitive techniques among the existing electrochemi-
cal methods and measure both the current and potential 25~
Cyclic voltammetry (CV) is one of the main classes of the
voltammetric technique.**~*® Thus, CV approaches provide
an easy, rapid, and selective detection of an analyte with
low-cost and environmentally friendly equipment.*”

Carbon nanotubes (CNTs) are molecular tubes possessing
excellent characteristics of graphite. CNTs have gained sig-
nificant recognition in developing electrochemical sensors
owing to their physical and chemical properties.**™*? The
literature reviewed reveals that CNT-based electrochemical
sensors provide benefits such as enhanced electron trans-
fer rates, surface fouling avoidance, high sensitivity, rapid
response time, and electrocatalytic activity towards various
compounds.“’45 Therefore, CNTs are valuable candidates
for the construction of an electrochemical sensor.*® To mod-
ify CNTs, the method of electropolymerisation and immo-
bilization was implemented to enhance the electrocatalytic
activity of the fabricated sensor. Electropolymerisation is
a method for regulating the number of cycles and poten-
tial applied in an electrode, in which a certain thickness of
the polymer film is achieved.*’ Surfactants are active on the
surface and are amphiphilic in nature. They can improve the
rate of electron transfer due to interface adsorption. Hence,
surfactants are useful in electrochemistry.*$=>°

The present study reports the fabrication of cetrimide
(CA) incorporated on a poly oxalic acid (POA) modified
carbon nanotube paste electrode (MCNTPE). The CA/
POAMCNTPE provides an exceptional electrocatalyst prop-
erty towards the oxidation of AP via CV. The viability of the
constructed sensor was evaluated by detecting the AP in the
tablet and blood serum samples. A literature review revealed
that detecting AP with CA/POAMCNTPE using CV has not
been reported until now. Finally, a low-cost, simple, rapid,
and high sensitivity voltammetric method was developed to
detect AP.

Experimental Analysis
Instrumentation
Electrochemical investigations were performed by utilis-

ing an electrochemical workstation model CHI-6038E (CH
Instruments, USA), interfaced to a personal computer for data

acquisition and equipped with a tri-electrode cell. The elec-
trolytic cell had a platinum wire as a counter electrode, a satu-
rated calomel electrode functioning as a reference electrode,
and a bare carbon nanotube paste electrode (BCNTPE) or CA/
POAMCNTPE as a working probe. A VITSIL-VBSD/VBDD
water distillation system was used to acquire the distilled
water. The variable pressure scanning electron microscope
(VP-SEM) was obtained from Vijnana Bhavan, University
of Mysore, Manasagangothri (India). The digital pH meter
model EQ-610 was employed to prepare the solution with the
appropriate pH for the experiment.

Reagents and Chemicals

Sodium dihydrogen phosphate (NaH,PO,.H,0, 99.8%), dis-
odium hydrogen phosphate (Na,HPO,.H,0, 99%), and CA
(99.8%) were purchased from HiMedia Laboratories, Banga-
lore. AP (99%) was received from Tokyo Chemical Industry
Co. Ltd. (Japan). Silicone oil was purchased from Nice Chemi-
cals, India. CNTs were acquired from Sisco Research Labo-
ratories Pvt. Ltd. Mumbai, Maharastra (OD: 30-50 nm and
length: 10-30 um). OA (99.5%), dopamine (DA) (99%), and
folic acid (FA) (99%) were obtained from Molychem, India.
The highest possible analytical quality chemicals were used in
this whole work. The stock solutions of 25 x 107*M AP, DA,
CA, OA were made using distilled water. A 0.2 M phosphate
buffer solution (PBS) was prepared by mixing the appropri-
ate ratio of NaH,PO,-H,0, Na,HPO,-H,0. PBS serves as a
supporting electrolyte. All voltammetric measurements were
carried out at laboratory temperature (25 + 1°C).

Fabrication of CA/POAMCNTPE

The initial step in the fabrication of CA/POAMCNTPE was
BCNTPE preparation. Thus, in an agate mortar with a com-
position of 60:40 CNTs powder and silicone oil was ground
for about 15 min in an agate mortar with a pestle to obtain a
homogenous paste. Then, the paste was put into the cavity
at the bottom of the Teflon tube and smoothed on a weigh-
ing paper. A copper wire connected to the other end of the
Teflon tube provided the electrical contact. Hence, BCNTPE
was ready for further modification. Electrochemical polym-
erization of OA on the surface of BCNTPE was carried out
using CV. After the electropolymerisation, the electrode was
subjected to immobilization of 10 uL of CA for about 5 min at
room temperature. After 5 min, the electrode was thoroughly
rinsed with double-distilled water. The obtained electrode was
labeled as CA/POAMCNTPE and used for further electro-
chemical analysis.
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Results and Discussion
Electrochemical Polymerization of OA on BCNTPE

Electropolymerization is an important factor affecting the
voltammetric signal of the targeted analyte. Thus, cyclic vol-
tammograms (CVs) were documented for 1 X 1074 M OA
in 0.2 M supporting electrolyte (pH 7.0) with a scan rate of
0.1 V s~! between a potential window of — 0.7 V to 1.3 V
(Fig. 1) for 20 multiple segments. As can be seen from the
CVs, the polymer layer increased with increasing cycles sig-
nifying that electropolymerization of OA was successfully
achieved. Thus, we can conclude that an increase in peak
current on successive scans indicates the growth of conduct-
ing polymeric film of OA on BCNTPE. The mechanism of
electropolymerisation of OA has been already reported.’!
The mechanism of polymerisation of OA involves free-rad-
ical formation. The produced free-radical of OA is attached
to the electrode consisting of unpaired electrons of carbon.
Then, the OA molecules are attached to the already attached
OA molecule continuously to form a polymer chain through
polymerisation.

Morphological Studies of BCNTPE and CA/
POAMCNTPE

VP-SEM can efficiently convey the surface morphologi-
cal characteristics of the constructed BCNTPE and CA/
POAMCNTPE. Figure 2a, b represents the VP-SEM image
of BCNTPE and CA/POAMCNTPE, respectively. The
VP-SEM images show a clear differentiation between the
BCNTPE and CA/POAMCNTPE surface morphology. As
seen from its surface, BCNTPE showed rough morphology
with a network-like structure of carbon nanotubes. The inset

Current /pA
S w
S S
] >

40 05 00 05 1.0 15
Potential / V

Fig.1 CVs for electropolymerisation of OA on the surface of
BCNTPE in 0.2 supporting electrolyte (pH 7.0) at 0.1 V s~! sweep
rate.
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of Fig. 2a reveals the tubes of the carbon. VP-SEM image of
CA/POAMCNTPE shown in Fig. 2b shows the smooth sur-
face morphology with a modifier spread over the CNTs, as
shown in the inset of Fig. 2b. Thus, distinguishing between
the VP-SEM images of BCNTPE and CA/POAMCNTPE
provides evidence of the successful implementation of the
fabrication of CA/POAMCNTPE.

Electrochemical Characterisation of the Proposed
Electrodes

With the benefit of the redox probe K, [Fe (CNy)], CV is an
important approach to prove the electrodeposited surface-
active layer of the modifier on the BCNTPE. Thus, CVs
(Fig. 3) were documented for the 1 X 1073 M K, [Fe (CNy)]
solution containing 0.2 M KCl as a supporting electrolyte at
a scan rate of 0.1 V s™! on the surface of the BCNTPE (curve
a) and CA/POAMCNTPE (curve b). As can be observed
from the CV profile, the magnitude of the peak current
was intensified by the CA/POAMCNTPE compared to the
BCNTPE,; therefore, we can ascertain that the bare electrode
with the modifier demonstrated an excellent electrocatalytic
feature. The surface-active area of the electrode was pre-
dicted by utilising the Randles—Sevcik equation (Eq. 1) as
follows,

Fig.2 VP-SEM photograph of the BCNTPE (a) and CA/POAMC-
NTPE (b).
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Fig.3 CVs documented for 1 x 107> K, [Fe (CNy)] in 0.2 M KCl as
supporting electrolyte at a scan rate of 0.1 V s™! on the surface of the
bare (curve a) and modified electrode (curve b).
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I, =2.69 x 10°n*/?AD' 2 Cy!/? (1)

where v is the scan rate, C is the concentration of the solu-
tion, n is the number of electrons transferred, A is the
surface-active area, D is the diffusion coefficient, Ipa is the
anodic peak current.”” The surface-active area 0.04 cm? and
0.05 cm? for unmodified and modified electrodes were pre-
dicted from the above Eq. 1 and hence the larger area of the
modified electrode shows that the fabricated electrode has
a larger surface-active area and faster electron transfer than
the unmodified electrode.

Electrochemical Impedance Spectroscopy (EIS)
Study

EIS is a beneficial technique to monitor the interface prop-
erties of the surface-modified electrode. EIS study of the
proposed electrode was performed using 1 x 107> M K,
[Fe (CNg)] as a redox probe in 0.1 M KCI as a supporting
electrolyte. The spectrum obtained from the EIS study is
known as the Nyquist plot involving the semicircular part
that denotes electron transfer resistance, and a linear portion
represents the diffusion limiting process. The documented
Nyquist plot for unmodified (curve b) and modified (curve
a) electrodes is displayed in Fig. 4. As inferred from the EIS
spectra, the semicircle of the CA/POAMCNTPE was much
smaller than the unmodified electrode. The small semicircle
proves that the electron transfer at the CA/POAMCNTPE
was easier than the unmodified electrode. From the fitted
Randles equivalent circuit, the R, value for the modified
electrode and unmodified electrode was 232 Q and 396
Q, respectively. The lower R value obtained for the CA/
POAMCNTPE indicates that the modified electrode has
higher conductivity.

Qo
] —@— BCNTPE / °/
800 —@—CA/POAMCNTPE I /
600
S
:v 400
N
2004
04
0 200 400 600 800
AI(e)

Fig.4 EIS spectra for modified electrode (a) and unmodified elec-
trode (b).

Investigation of Voltammetric Response of AP at CA/
POAMCNTPE

To compare the voltammetric response of AP between the
BCNTPE and CA/POAMCNTPE, the electrochemical
behaviour of 1 x 107 M AP at BCNTPE and CA/POAMC-
NTPE in 0.2 M supporting electrolyte (pH 7.0) at a sweep
rate of 0.1 V s~! was inspected using CV. As demonstrated
in Fig. 5, in the absence of AP (curve a) at CA/POAMC-
NTPE, a peak was not observed but the voltammetric signal
of AP at BCNTPE (curve b) showed a weak current sensitiv-
ity (23.3 pA) due to slow electron transfer. However, CA/
POAMCNTPE (curve c¢) shows an enhanced redox current
sensitivity (178.9 pA) with E,, 0.361 V for AP. Hence, the
MCNTPE effectively boosted the electro-oxidation of AP.
The redox peak currents at MCNTPE are higher than the
BCNTPE, and the cathodic and anodic potential difference
(AE,,) is 0.160 V and the redox peak current ratio [, /I, ~
1. From this, it is clear that the AP shows a quasi-reversible
redox performance.>

Study of pH Effect

The hydrogen ion concentration, or pH, of the supporting
electrolyte disrupts the redox reaction of the target analyte
by swinging the redox potential to positive or negative val-
ues. Therefore, an ideal pH is necessary to maximise the
sensitivity of the peak current. CVs revealed (Fig. 6a) the
impact of pH on the redox reaction of AP at CA/POAMC-
NTPE in the range 6.0 to 7.5 and showed that the E,,, shifted
to a side that became more negative with the increase in
pH value. The graphical interpretation shows that the peak
currents improved considerably with an increase in pH of
7.0 and decreased when the pH was above or below this
level. Thus, the supporting electrolyte with pH of 7.0 was

-150.0

-75.0

0.0 k

75.0

Current /pA

Blank (without AP)
BCNTPE C
CA/POAMCNTPE

225.3 T T T T
-0.2 0.0 0.2 0.4 0.6 0.8

Potential / V

150.0-

Fig.5 CVs documented for AP solution using BCNTPE (curve b),
CA/POAMCNTPE (curve c) and in the absence of AP (curve a) in
0.2 M supporting electrolyte (pH 7.0).
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Fig.6 (a) CVs for 1 x 10™* M AP utilising the CA/POAMCNTPE at different pH values (6.0-7.5), (b) graph of 1, versus pH, (c) dependence of

oxidation and reduction potential on pH.

designated as the optimal pH. The graphical diagram of E,,,
and E, against pH (Fig. 6¢) shows that the potential depends
linearly on the pH. The linear regression equation is repre-
sented in the following Eqgs. 2 and 3,

E,,(V) = —0.0614(pH) + 0.7872(R* = 0.9978) 2)

E,.(V) = —0.0552(pH) + 0.5891 (R* = 0.9994) (3)

Using the slopes acquired from Eqgs. 2 and 3, the ratio of
protons and electrons participating in the redox reaction of
AP can be estimated from the following Eq. 4,

dE,,/d,y = 2.303mRT /nF )
where m is the number of protons and »n is the number of
electrons.> The calculated m/n ratio was 1.038 and 0.93

for oxidation and reduction reaction of AP, respectively.
These results show that quantities of protons and electrons
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participating are nearly equal. Hence, AP successfully
undergoes two-electron/two-proton redox reactions on the
surface of the CA/POAMCNTPE. The mechanism of elec-
tro-oxidation of AP is shown in Scheme 1

Impact of Potential Scan Rate

The electron transfer functionality of the proposed modified
electrode can be understood by evaluating the scan rate. The
CVs (Fig. 7a) demonstrate the voltammetric response of AP
with a scan rate from 0.05 Vs~ to 0.2 V s~ at CA/POAMC-
NTPE in a 0.2 M supporting electrolyte (pH 7.0). As noted
from the CVs, the AP anodic signal has increased and moved
towards the positive potential with the increase in scan rate
revealing the quasi-reversible nature. The graphical plot of
I, and I, versus v!2 (Fig. 7b) is linear in the relation, and
the equation is as follows in Egs. 5 and 6,
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L, (A) = 0.0015v'/2/(Vs™") /812643 (R* = 0.9988)
®)

L(pA)= — 0.0013v'/2/(Vs™)'* 4 114.0(R* = 0.9957).
(6)

o o
AN
OH
AP

CA/POAMCNTPE

CH;

+2H"/ -2¢
N-acetyl-p-quinoneimine
_2H" / -2¢

Scheme 1 Redox reaction of AP at CA/POAMCNTPE.
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Fig.7 (a) CVs at various sweep rates (0.05-0.2 V sHof1x107*M
AP using CA/POAMCNTPE in a 0.2 M supporting electrolyte (pH
7.0), (b) Linear relationship between the peak current and the square

This shows that the redox process of AP was controlled
by diffusion. The constructed graph of log /;,, versus log v
(Fig. 7c) gives the linear association, and the linear segment
equation is as follows in Eq. 7,

L,(nA) = 0.6367 log (v/Vs™") + 1.3929(R* = 0.9994).
(N
The best slope value from the graph is 0.63, which is near
to the hypothetical value of 0.5 and strongly implies that the
redox process of AP is controlled by diffusion.>> Further-
more, the graph of potential against the logarithm of the
scan rate (Fig. 7d) was constructed and the linear segment
equation is displayed in the following Eqs. 8 and 9,

E, (V) = 0.1163 log (v/Vs™') +0.0885(R? = 0.9977)
®)

E,(V) = —0.0486 log (v/Vs™') +0.5112(R* = —0.9868).
(€))

The best slope of the above Eqs. 8 and 9 is equal to the
following Eqgs. 10 and 11

(b)
600.0-
400.0 R2=0.9988
- 1/2 -1,1/2
< 2000 Tpa (14) = 000152/ (vs )2 _81.26
3.
z
] 0.0
2 - 12 ) 13172
E -200.0- lpc nA)=-0.0013v "~/ (Vs ) ' “-114.0
© R2=-0.9957
-400.0
-600.0 : , . . :
020 025 030 035 040 045
J172 (y1)172
@ os
R2 =0.9977
04] R°=0.
- 1
> Epa (V) =0.1163 log v (V™) + 0.0885
z
3 03
2
=
S
& 021 Ep (V) =~ 0.04865 log v (Vs™) +0.5112
2_
0.1 R®=-0.9868

1.6 1.8 2:0 2.2 24
log v/ '

root of the sweep rate, (c) Plot of the logarithm of peak current
against the logarithm of sweep rate, (d) Graph of potential against
logarithm of sweep rate
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E,, =2303RT/(1 — a)nF (10)

E,. = —2.303RT /anF (11)
where n specifies transferred electrons, a is a charge transfer
coefficient and others have their usual meanings.>® The esti-
mated number of electrons transferred during the reaction
at the modified sensor was two by using the above Egs. 10
and 11. Therefore, the redox reaction of the AP takes place
by losing the two electrons at the modified sensor.

Analytical Curve and Figure of Merit

The objective of this method was to detect a low concentra-
tion of the target analyte using the proposed sensor. Thus,
detection limit (DL) and quantification limit (QL) are sta-
tistical standards for measuring the efficiency of the sensor.
As a comparison, the DL was estimated by employing both
CV and differential pulse voltammetry (DPV). Therefore,

Current / pA

-0.2 0.0 0.2 0.4 0.6 0.8

Current / pA

(] o o o

- A =

—J ] —J >
1 1 1 1

22.0

0.0 0.1 0.2 0.3 0.4 0.5
Potential / V

Fig.8 (a) CVs for the various concentrations of AP from 2.0 uM to
50 uM in 0.2 M buffer solution (pH 7.0) at a scan rate of 0.1 V s7!
at the modified electrode, (b) Linear relationship between the CV
response and the concentration of AP, (c) DPVs for various concen-
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CVs (Fig. 8a) and differential pulse voltammograms (DPVs,
Fig. 8c) were documented for the AP concentration range
from 2.0 uM to 50 uM at CA/POAMCNTPE under the ideal
experimental conditions. The calibration curve was plotted
for CV response (Fig. 8b) as well as DPV response (Fig. 8d).
The linear relationship between the AP concentration and
peak current occurred as intended using either technique. As
can be seen from Fig. 8b, two linear ranges appeared in the
range of 2.0-10 uM and 15.0-50 uM for the CV response,
and the linear segment equation is expressed as follows in
Egs. 12 and 13,

1,,(nA)=38.512 +2.142 CM) (R* = 0.9978) (12)

L,(nA) = 40.850 + 1.703 C (M) (R* = 0.9978). (13)

Similarly, two linear ranges obtained in the range of
2.0-10 uM and 15.0-50 uM for the DPV response were

(b) 140.0
120.0-] 0
<
=l Ipa (KA) = 1703 C (M) +40.850
= 100.04 2
= R%=0.9959
[}
£
5 80.01
@]
60.0-
Iy (1A) = 2.142 C (M) +38.512
N R2=0.9978
00 100 200 300 400 50.0
Concentration of AP / yM
(d) 240
21.04 Iy (4A) = 0.176 C (M) +13.119
R% =0.9926
<
3.
< 18,0
=
=
]
I~
E
5 1501
Ipa (1) = 0.383 C (M) +11.462
12.01 R% =0.9979
00 100 200 300 400 500
Concentration of AP /pM

trations of AP from 2.0 uM to 50 uM in 0.2 M buffer solution (pH
7.0) at a scan rate of 0.1 V s~ at the modified electrode, (d) The
graph of peak current versus concentration of AP.
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observed from Fig. 8d and the linear segment equations
are displayed in the following Eqs. 14 and 15,

1,(1A)=11.462 + 0.383 C (M) (R*> = 0.9979) (14)

L,(1A)=13.119 + 0.176 C (M) (R* = 0.9926). 15)

By considering the first linear ranges in both analytical
curves of CV and DPV, the DL and QL were found from
the following formula

DL or QL =k x Sd/b (16)

where k = 10 for QL and k = 3 for DL, Sd is the standard
deviation of four blank signals, b is the slope of the analyti-
cal curve.’’ The obtained DL and QL via CV approach was
2.29 x 107 M and QL of 7.53 x 1078 M, respectively. Using
DPV, DL of 1.50 x 107 M and QL of 5.02 x 107™® M was
acquired. As apparent from the gained DL value, we can
conclude that a lower DL value was achieved by DPV than
CV. By considering the DPV approach, the figures of merit
obtained for the analytical performance of the sensor were
compared. The comparison is tabulated in Table I with the
research papers that have been published to date and with
their working electrode.”®%* As inferred from Table I, the
designed electrode exhibited a lower DL value compared to
the other modified electrode revealing the efficiency of the
CA/POAMCNTPE.

Reproducibility, Repeatability, Stability

To assess the reproducibility of the designed sensor, three
separately prepared electrodes were subjected to CV meas-
urement of 1 X 10~* M of AP solution, and an RSD value of
3.9% was achieved from the reproducibility test. The value
of RSD 2.8% was achieved for the repeatability of the sen-
sor being tested by recording CVs with a different standard

solution of 1 x 107™* M AP and the same electrode. The
lowest RSD value (below 4%) corresponding to repeatability
and reproducibility renders the proposed electrode a good
choice for the electroanalysis of AP. For stability study, CV
scanning of 30 cycles was conducted for 1 x 10™* M AP
in a 0.2 M supporting electrolyte at CA/POAMCNTPE. A
percentage degradation value of 3.8 was found from the fol-
lowing Eq. 17,

%edegradation = I,, /1, X 100 a7)

where [, and /,; are the anodic peak current of the first and
last cycle.®® The obtained value confirms the stability of the
developed sensor and shows that it does not undergo any
surface fouling. Hence, the aforementioned outcomes shows
the excellent stability, repeatability, and reproducibility of

the developed sensor.
Selectivity Study

The selectivity study was intended to discover the impact of
interfering biological compounds on the specificity measure-
ment of AP using the designed sensor. To explore the sen-
sor’s selectivity, CV and DPV were employed to discover the
capability of the sensor to detect AP in the presence of DA
and FA, which co-exist with AP in the biological sample.
CVs (Fig. 9a) and DPVs (Fig. 9c) depict the simultaneous
detection of the 1 x 10™* M AP, DA, and FA in the 0.2 M
supporting electrolyte (pH 7.0) at CA/POAMCNTPE. As
inferred from the CVs and DPVs, in the presence of DA and
FA, anti-interference was observed in identifying AP, and
simultaneous detection was possible in a mixture. In addi-
tion, DA and FA did not shift the voltammetric signal of AP
and a large separation of oxidation peak was well observed.
The above results show the selectivity of the developed
Sensor.

Table| Analytical features of

; Serial No. Electrodes Linear working range  Detection limit of =~ References

the proposed CV method using of AP (uM) AP (uM)
the adopted sensor compared to
the data of other voltammetric 1. HNED-MWCNTPE 100-1400 0.046 58
I:}e)th"ds applied to detect the 2. PMG/MWCNT/GCE 25-200 43 59

3. MWCNT/TiO,/GCE 10-120 11.77 60

4. ZY/SDS/MSPE 0.4-100 0.080 61

5. CPBMWCNT 5.0-92.6 0.57 62

6. 4ABSA/GCE 0.6-90 0.093 63

7. Au/Pd/rGO 1.0-250 0.30 64

8. CA/POAMCNTPE 2.0-50 0.015 Present work

HNED N,N-bis-(2-hydroxy-1-naphthalidene)ethylenediamine, PMG/f-MWCNT Poly(methylene green)
functional multi-walled carbon nanotubes, GCE Glassy carbon electrode, TiO, Titanium dioxide, ZY/SDS/
MSPE Zeolite bulk-modified screen printed electrode, CPB Cetypyridinum bromide, Au/Pd/rGo Palla-
dium-reduced graphene oxide, 4-ABSA 4-aminobenzene sulfonic acid.
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Fig.9 (a) CVs of the 1 x 107* M AP, DA and FA mixture in the sup-
porting electrolyte (pH 7.0) at 0.1 V s~! scan rate using CA/POAMC-
NTPE and BCNTPE, (b) CVs for increasing the concentration of AP
from 1.0 X 107* M to 4.0 x 10™* M by keeping the concentration of
FA and DA constant, (c) DPVs of the 1 x 10 M AP, DA and FA

The interference study was further extended by increas-
ing the concentration of AP from 1.0 X 107* M to 4.0 X
10~* M and keeping DA and FA concentration constant in
the 0.2 M supporting electrolyte (pH 7.0) at a sweep rate
of 0.1 V s™! by CV and DPV. The corresponding CVs and
DPVs are depicted in Fig. 9b, d, respectively. As can be
seen from the figure, the magnitude of the peak increased
with the increasing concentration of AP, but DA and FA
still have an unchanged current response in both the CV and
DPV. This proves that the designed sensor has an outstand-
ing specificity towards the detection of AP in the presence
of DA and FA.

Real Sample Analysis
To understand the feasibility of the fabricated sensor it was
employed to sense the AP in a real sample. The real sample

analysis was performed in a pharmaceutical and biological
sample such as a blood serum sample. A tablet containing

@ Springer
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mixture in the supporting electrolyte (pH 7.0) at a scan rate of 0.1 V
s7! using CA/POAMCNTPE and BCNTPE, (d) DPVs for increasing
the concentration of AP from 1.0 x 107 M to 3.5 x 10~ M by keep-
ing the concentration of FA and DA constant.

Table Il Recovery studies for the electroanalysis of the AP in the tab-
let sample using the proposed method.

Pharmaceutical  Concentration Found value Recovery (%)
sample added (uM) (uM)
Sample 1 40 41.2 103

60 59.8 99.6

80 80.2 101.2
Sample 2 40 40.5 101.2

60 60.8 101.3

80 79.2 99

AP was procured from local a pharmacy. An AP tablet solu-
tion prepared from the powdered tablet was obtained for CV
measurement. The obtained outcomes are listed in Table II.
A good recovery between 98% and 101% was acquired from
the developed method. More importantly, the practicability
of the sensor was also evaluated in the blood serum samples.
The blood serum sample was directly taken for measurement
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Table Il Recovery studies for the electroanalysis of AP in the blood
serum sample using the proposed electrode.

Biological sample Concentration ~ Found Recovery (%)
added (uM) value (UM)
Blood serum sample 30 31.2 100.6
60 59.6 99.3
90 90.8 100.8

by the spiked method. The obtained results are presented
in Table IIT showing a satisfactory recovery. These results
show that the developed method is appropriate for routine
analysis.

Conclusion

The electrochemical sensor developed based on the CA/
POAMCNTPE to detect the AP via CV and DPV was intro-
duced in this work. The electrochemical reaction of AP on
the surface showed an excellent current response and quasi-
reversible redox processes compared to the bare electrode.
The topographical features of BCNTPE and CA/POAMC-
NTPE were demonstrated via VP-SEM. The electrochemical
characterisation of the prepared sensor was evaluated by uti-
lising K, [Fe (CNy)] as the redox probe. The resistivity of the
proposed electrode was studied through EIS analysis. The
modified electrode possesses a higher surface-active area
than the unmodified electrode. The redox reaction of AP at
the modified electrode was pH-dependent and the reaction
resulted in losing two electrons. The ratio of the number of
transferred electrons and protons was calculated. The pH
condition was optimised and scan rate studies reveal that
the redox behaviour of AP at the modified electrode was
controlled by diffusion. The number of transferred electrons
during the electroanalysis was estimated as two. The analyti-
cal curve of AP at the sensor yielded the desired low DL
value through DPV. The selectivity of the designed electrode
was explored in presence of DA and FA. The modified elec-
trode has anti-interference, reproducibility, repeatability and
anti-fouling properties. Therefore, a designed sensor was
successfully employed for the significant detection of AP in
tablets and in blood serum samples. Hence, the developed
sensor is an appropriate candidate for the regular assess-
ment of AP.
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