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Carbon Paste Electrode Modified with PMBP:
A Sensitive Sensor for Electrochemical Detection of Acetaminophen
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Summary: In this present work, a sensitive electrocatalytic modified electrode based on 1-phenyl-3-
methyl-4-benzoyl-5-pyrazolone (PMBP)/multiwalled carbon nanotubes (MWCNT) modified carbon
paste electrode (CPE) was successfully developed. Electrochemical impedance spectroscopy, square
wave voltammetry, chronocoulometry and cyclic voltammetry were used in prompt to evaluate the
PMBP/MWCNT/CPE electrochemical capacity in detecting acetaminophen (APAP) in 0.1 M PBS pH
6.4. Under optimized conditions, PMBP/MWCNT/CPE displayed a well-defined electrocatalytic
activity towards APAP oxidation in the linear responses which range from 1 uM to 1 mM (R? = 0.991)
with the LOD obtained at 0.245 uM while LOQ 0.816 uM. The presence of excess (10-fold and 25-
fold) interferents such as sucrose, fructose, glucose, sodium chloride, sodium sulphate, potassium
nitrate, lysine, potassium chloride and magnesium chloride as interferents was insignificant. The
results presented in this study provide new perspectives on PMBP as a potential nanomaterial in the
development of APAP sensors. As a conclusion, the PMBP/MWCNT/CPE revealed good stability,
reproducibility, and repeatability, and was discovered to be relevant for usage in the pharmaceutical

samples with satisfactory performance.

Keywords: Acetaminophen. Voltammetry. Multiwalled carbon nanotubes. Pyrazolone. Electrochemical

impedance spectroscopy. Chronocoulometry.
Introduction

A revolution in voltammetry begun in the
early 1960s after series of analytical methods were
reported during those years [1]. Electrochemical
sensors are often utilised as an analytical technique
due to their great sensitivity as well as accuracy. The
sensors are getting progressively exact and profoundly
delicate when connected with nanotechnology [2].
Additionally, they are highly desirable due to the
experimental simplicity, low cost, and amazing
detectability when compared to the thermal, mass, and
optical sensors [3]. Hence, to generate electrical
currents which are proportionate to the analyte’s
concentration, the applied voltage serve as a driving
force for electrocatalysis to occur [4]. However,
without modification to the conventional electrodes
surface, the response of this analyte is low. Therefore,
several attempts of the electrode surfaces

modifications have been made to enhance their
voltammetric response due to increase electrocatalytic
activities of the electrode. Because of these desired
criteria, new modifier materials that display excellent
electrochemical performance are being established
continuously [5]. Numerous research done on
acetaminophen  (APAP) sensing have used
carbon nanomaterials with multi-walled carbon
nanotube (MWCNT) as an example because of the
great potential possessed by these materials as
electrode modifiers such as great electrical
conductivity, mechanical stability and large surface
area which aid in accelerating the electron transfer rate
[6]. Still, those features will also depend on the
materials available in the modifier.
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The pain relief APAP, known as paracetamol,
is an organic chemical that frequently used in
pharmaceuticals [7]. APAP have endlessly been
introduced into the aquatic environment from consumer
use, disposal, manufacturing facilities, and hospital waste
[8]. Harmful effects at low levels of APAP such as
chronic and acute damages to aquatic organisms, cell
proliferation inhibition in human cells as well as
reproductive damages have been documented [9]. High
transformation rate and non-stop induction of the
pollutant into the environment, could trigger long-term
damaging effects [10]. Therefore, analytical techniques
which are sensitive for determining APAP, one of the
electroactive molecule in different biological samples
and environmental are required. Some researchers have
developed different modified electrodes for the
determination of APAP including CZTS/MoS,/CNT [7],
Gd2ZnMnOg/ZnO/lonic liquid/CPE [11], CPE/NiZ/GO
[12], CAO/MCPE [13], MWCNT/GO/Poly (Thr)/GCE
[14], ND@Dy.Os-IL/CPE [15], and Stv-CPE [16]. In
this work, carbon paste electrode (CPE) was chosen for
the electrochemical sensor preparation because of unique
properties including wide cathodic and anodic functions,
comfortable surface renewability and low background
current [17]. Significant reduction of potential
overpotential and selective interaction between analyte
and electrode are the main reasons for this improvement.
Thus, cyclic voltammetry (CV) and sguare wave
voltammetry (SWV) approaches have been reported for
selective and sensitive APAP determination [5].

Fourteen decades ago, a German chemist,
Ludwig Knorr successfully synthesized the first
pyrazolone by mixing phenyl hydrazine and ethyl
acetoacetate [18]. Today, pyrazolone-based ligands have
become desirable compounds as they possess diverse
functional medicinal properties including anti-
inflammatory, antioxidant, anti-diabetic, analgesic, anti-
proliferative, anti-microbial, anti-tumor, and many other
biological activities [19-21].  Furthermore, the
pyrazolone-based ligands are promptly becoming
popular due to their usage in catalysis, in functional
materials and as pigments for dyes as well as in sensors
[22]. Acylpyrazolones for example have become the
compound of interest as they play a key role in
coordination chemistry. They have been applied in
several areas, such as metal extraction agents [23]. The
neutral acylpyrazolones exist in three different
tautomeric forms which are 3-pyrazolone, 4-pyrazolone,
and 5-pyrazolone [18]. The enol form OH in the
acylpyrazolone present acidic properties which make this
ligand suitable material for electrochemical analysis [24].
In previous research, an acylpyrazolone namely 1-
phenyl-3-methyl-4-(2-furoyl)-5-pyrazolone (HPMaFP)
has been employed for electrochemical detection of
thyrosine [21], ofloxacin [24], xanthine [25], guanine
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[26], adenine and amino acid [27]. Another
acylpyrazolone  known as 1-phenyl-3-methyl-4-
heptanoyl-pyrazalone-5 (HPMHP) has been used to
determine the electrochemical behaviors of tin [23]. 1-
phenyl-3-methyl-4-benzoyl-5-pyrazolone  (PMBP) is
also a type of acylpyrazolone and based on the literature
survey done, it reveals that there was no attempt in
employing PMBP through voltammetric activity to
examine APAP. Yet this study intends to explore the
electrochemical performance of PMBP in detecting the
targeted bio-analyte.

Experiment
Materials

All reagents utilised in this experiment were
analytical grade and utilised as received. Multiwalled
carbon nanotubes (MWCNT) were bought from
Timesnano, China. Acetaminophen, potassium chloride
(KCI) and sodium hydroxide (NaOH) pellets were
obtained from Sigma-Aldrich, the USA. Hydrochloric
acid (HCI) was gained from Merck. Paracetamol tablets
(0.5 g) were bought from a pharmacy in Tapah, Perak.
Phosphate buffer solutions (PBS) with different values of
pH were prepared by mixing up the stock solutions
containing 0.1 M potassium dihydrogen phosphate
(KH2PO4) and 0.1 M dipotassium hydrogen phosphate
(K2HPQ4) (Merck, Germany). Stock solutions (0.01 M)
were freshly ready by dissolving the tablets in deionized
water and kept at 4 °C prior to being used.

Instrumentation

The characteristics of PMBP were determined
utilising a Fourier Transform Infrared (FTIR) model
Cary 630 (Agilent, USA), an X-ray diffraction (XRD)
instrument model Rigaku 600 (MniFlex, Japan), and a
nuclear magnetic resonance (NMR) spectroscopy (NMR,
IJNM-ECX 500 JEOL, Japan) to get *H and 3C NMR
spectra. The XRD data were analyzed using X'Pert
HighScore Plus software. Voltammetric analyses and
electrochemical impedance spectroscopy (EIS) were
executed employing a Potentiostat Series-G750 (USA)
and a Galvanostat/Potentiostat model Ref 3000 (Gamry,
USA), respectively. A standard of three electrode cells
with a working electrode: PMBP or bare MWCNT paste
electrodes; a counter electrode: a platinum wire; an
Ag/AgCI electrode MF-2052 (Bioanalytical system,
USA): a reference electrode, was used to measure the
electrocatalytic activities. To determine the solution’s
pH, the Thermo Scientific Orion 2-Star Benchtop pH
Meter (USA) was utilised. Finally, the real samples
validation analysis was conducted by using high
performance liquid chromatography (HPLC).
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Synthesis of 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone
(PMBP)

The PMBP compound was developed utilising
the benzoylation process based on previous work with
slight modifications [28]. This method is based on direct
benzoylation of pyrazolone with benzoyl chloride in the
presence of sodium hydroxide. 7.5 g of 1-phenyl-3-
methyl-5-pyrazolone (PMP) was weighed and put in a
boiling flask. 45 ml of 1, 4-dioxane was then added to the
PMP before it was gentle heated and stirred using a
magnetic stirrer till it became fully dissoluted. The 3 M
NaOH solution was added, and the mixture was stirred
under vigorous stirring. 5 ml of benzoyl chloride was put
into the mixture drop by drop and refluxed for 1 hour.
The reaction mixture was then cooled to room
temperature and put into 75 ml 3 M HCI. The solid phase
produced was filtered off, then washed with methanol-
water, and next dried on air. The synthesis process of
PMBP is shown in Scheme-1.

Na*
ﬁ S OoH m/ﬂ\I::]
Ph\N NaOH Ph\N AN
\ \
N N=—

CH, CH,

H,C
Scheme 1: Synthesis process of 1-phenyl-3-methyl-4-
benzoyl-5-pyrazolone (PMBP).

Electrode fabrication and modification

For the electrode fabrication, a 100 mg of
MWCNTSs with different amount of PMBP (5, 10, and 15
mg, respectively) were mixed by hand mixing the
mixture with three drops of paraffin oil and ground
carefully using mortar and pestle until the paste was
homogenized. Next, the produced carbon paste was
loaded firmly into Teflon tube (2 mm in diameter and 5
cm long). One of the tube’s ends was inserted with copper
wire to create the electrical contact, whilst the other
tube’s end was polished with a soft paper prior to being
used. The bare MWCNT electrode was made by utilising
the same procedure with no addition of PMBP for
comparison purpose.

Results and Discussion
Characterization of PMBP

The characterization by infrared spectroscopy
(Fig. 1) was recorded in the range of 4000-400 cm™. The
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spectrum showed a vibration weak band on © = 3052 cm
! that was dedicated to C-H aromatic stretching. The
sharp and strong band of © = 1598 cm™ and © = 1554 cm?
were related to the C = C aromatic vibration and the
vibration of C = O, respectively. The band attributed to
the C-N of the pyrazolone ring appeared at b = 1496 cm’
1 and reappeared at © = 1190 cm™. The C-H vibration
band of the methyl group (-CHs) appeared at b = 1452
cm® and the vibration band O-H occurred at © = 1352
cm! and © = 1142 cm?, whereas the pyrazolone
framework’s peak appeared at v = 946 cm™.

The spectrum of *H NMR (Fig. 2a) exhibited a
singlet signal at &y = 2.11 ppm which was assigned to the
-CH= group. The triplet signal at oy = 7.29 - 7.33 ppm
indicated one proton at C. of benzene while the triplet
signal at &y = 7.46 - 7.48 ppm was ascribed to the two
protons on Cs; and Cs atoms of the benzene ring. The
pyrazolone skeleton appeared at oy = 7.49 - 7.53 ppm.
The *C NMR (Fig. 2b) analysis of the C carbonyl signals
at Cs and Cs at 6¢c = 192.19 ppm and 148.08 ppm. The
signal at 6¢ = 15.95 ppm was due to C, from methyl. The
signals at 6c = 161.50 ppm and 103.68 ppm were
assigned to the C, and C; of the pyrane ring, the signals
at dc = 127.98 - 128.89 ppm were related to the C; - Cg of
benzene ring and the signals that appeared at 6c = 129.25
ppm - 137.70 ppm belong to the Ci - Cs from the
pyrazolone framework. The results were compared with
that obtained by [29]. Therefore, it can be concluded that
the PMBP synthesized was pure and these
characterizations were in agreement with the PMBP.

SEM was used to assess the morphology of
PMBP and fabricated PMBP/MWCNT. Fig. 3a shows
typical image of MWCNTS as a network structure which
is entangled and dense. Meanwhile, the SEM image of
PMBP displays irregular shaped block-like structures
with rough morphology as depicted in the Fig. 3b. This
roughness can be attributed to the presence of cavities on
its surface [30]. The PMBP was scattered uniformly on
the wall of MWCNT which showed that MWCNT was
successfully modified by PMBP (Fig. 3c), which might
increase the area of the modified electrode surface. Thus,
this promoted the peak currents of APAP oxidation.

To identify the phases and crystal structures of
the fabricated PMBP/MWCNT, the X-ray diffraction
method was employed. Fig. 4 represents the
diffractogram of PMBP with the prominent diffraction
peaks of the synthesized PMBP which appeared at
average 20 of 6.59°, 17.78°, 18.64°, 19.88°, 21.77°,
24.86°, 25.71°, 28.02°, and 32.14°. A broad peak at
26 = 19.88° was attributed to its amorphous character.
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Fig. 2: a)'H, and b) **C NMR spectra of the PMBP.

Fig. 3: a) The SEM image of a MWCNTSs, b) PMBP, and ¢) PMBP/MWCNT.
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Fig. 4: Diffractogram of PMBP.

In addition, the peaks broadness can be utilised
to acquire the PMBP crystallite size by employing the
Debye-Scherrer formula in Eq. 1 as follows:

_ K
- Bcos6

@)

where K is the Scherrer’s coefficients (0.90), A = the X—
ray wavelength, typically 0.1541 nm, D = the average
crystallite size of the prepared particles, 6 is Bragg’s
angle and £ is the full width at half maximum (FWHM)
in radians. The produced PMBP have an average
calculated crystallite size of 15.38 nm.

Electrochemical PMBP/
MWCNT/CPE

performance of the

The modified electrode, PMBP/MWCNT/CPE
electrochemical activity has been explored via
electrochemical impedance spectroscopy (EIS), and
cyclic voltammetry (CV) utilising standard redox system
of 4 x 10 M K4[Fe(CN)s] containing 100 mM KCl as a
reference. The comparative voltammograms of the
electrodes, bare MWCNT/CPE and
PMBP/MWCNT/CPE are shown in Fig. 5 in which
reversible redox peaks are seen. In a bare MWCNT
alone, redox peak currents appeared at cathodic peak
current (lpe), 3.267 pPA, and anodic peak current (lga),
7.314 pA, respectively. Meanwhile, the oxidoreduction
peak current of PMBP/MWCNT paste electrode was
enhanced to I, = 7.747 pA and lpc = 3.899 pA. In
addition, PMBP/MWCNT paste electrode peak-to-peak

separation (AEp) was found to be decreased one times
lower with respect to bare MWCNT. The displayed
results showed that the integration of PMBP and
MWCNT paste electrode contributed improvisation of
the electrode electrochemical response in the matter of
conductivity, and electron-transfer rate [31].
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Fig.5: Cyclic voltammograms of (a) bare

MWOCNT/CPE, and (b) PMBP/MWCNT/CPE
for 4 mM Ka[Fe(CN)g] in 100 mM KCI, at 100
mV/s as scan rate.

The electrochemical properties and sensitivity
of modified electrodes in 0.1 mM APAP using 100 mM
phosphate buffer (pH 6.4) as a supporting electrolyte was
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also investigated using CV. Potential range employed for
this study was -0.3 V to 1.2 V. CV plots for 0.1 mM
APAP of bare MWCNT and PMBP/MWCNT electrodes
are presented in Fig. 6. In the CV, a bare MWCNT
displayed a weak electrocatalytic oxidation current for
APAP. However, the excellent and well-defined peak
with maximum current and resolution was observed at
PMBP/MWCNT, which indicates that the APAP
electrochemical oxidation is more viable at the modified
electrode. The APAP response current observed at
PMBP/MWCNT is slightly larger than that on bare
MWCNT itself. The outcomes are aligned with the
response of the modified electrode towards Ks[Fe(CN)e]
where it is mainly attributed to the integration effects of
PMBP and MWCNT. Furthermore, it also can be found
from the Fig. 6 that APAP displays quasi-reversible wave
with oxidation peak on further scan and small reduction

peak on the other side scan [32].
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Fig.6: CV of 100 uM APAP at the (a) bare

MWCNT/CPE, and (b) PMBP/MWCNT/CPE
in 100 mM PBS at 100 mV/s as scan rate.

EIS was used to investigate the
electrode/electrolyte surface nature in which the transfer
of electron process across the electrolyte/electrode
interface of the modified sensors [33] and further validate
the CV results [34]. The recorded impedance spectra of
the bare MWCNT and PMBP/MWCNT in 0.1 M KCI
with 4 mM Ka[Fe(CN)g] are shown using Nyquist plots
(Fig. 7). Two parts in the plot representing linear portion
at lower frequency and semicircle at higher frequency.
The semicircle diameter presenting the electron transfer
resistance (Re) at the interface of working electrode-
electrolyte. The smaller arc radius of the EIS Nyquist plot
represents the lower electron transfer resistance [35].

The biggest semicircle diameter possessed by
the bare MWCNT/CPE compared to the
PMBP/MWCNT/CPE, describing a slow interfacial
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electron transfer process. In contrast, the smaller
semicircle diameter showed by PMBP/MWCNT/CPE
justifying the presence of PMBP enhances the electron
transfer process and reduces the impedance of the
electrode. Furthermore, integration of the PMBP in the
electrode raises the CPE’s conductivity, hence decreases
the resistance of electron transfer. The Ry values are as
follows: bare MWCNT (38.82 kQ) > PMBP/MWCNT
(7.87 kQ). The results validate that the presence of PMBP
assists electron transfer process. The impedance data was
fitted to an equivalent circuit as shown in Fig. 7 (inset).

To determine the redox pair kinetic facility, the
electrodes’ electron transfer apparent rate constant, Kapp
must be calculated employing the gained Ry value [36]
and be fitted in the following equation (Eq. 2):

Kapy = RT/n2F2AR,,C )

app

where A is the microscopic area of the
electrodes, n is the number of transferred electrons, while
R, T, and F have their usual meanings. Therefore, the
value of electron transfer apparent rate constant of the
PMBP/MWCNT/CPE, derived from the Eq. 1 is 2.69 x
10* cm s? which is 4.93 times higher than the bare
MWCNT (546 x 10° cm s?) demonstrating
enhancement of charge transfer reaction kinetics [37].
Scheme 2 shows the APAP electro-oxidation process
involving two protons and two electrons, and oxidation
of the APAP on the modified surface of electrode during
the electrochemical sensing.
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Acetaminophen N-acetyl-p-quinone-imine

Scheme 2:  Proposed reaction mechanism for APAP

at PMBP/MWCNT/CPE.
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Fig. 7:

The impedance spectra recorded for 4 mM Ky[Fe(CN)s] in 0.1 M KCI for (a) bare MWCNT, and (b)

PMBP/MWCNT paste electrode with the Randles equivalent electrical circuit used for data fitting.

Optimization of the parameters for voltammetric analysis

The variation in the amount of modifier, as well
as pulse size, step size and frequency of the SWV system
affected the curve of the output voltammograms of the
investigated analytes at PMBP/MWCNT. As well, the
pH and scan rate of the supporting electrolyte influenced
the electrocatalytic response at the PMBP/MWCNT.

Amount of modifier

This study has employed SWV to examine the
electrocatalytic activity of different modifier contents (%
w/w) between MWCNT and PMBP in 1x 10* M APAP.
As depicted in Fig. 8, it was found that by adding
gradually the amount of modifier from 5 to 15 mg, the
current responses were intensified with component ratios
of PMBP in MWCNT paste electrode. This indicate that
the addition of PMBP into the MWCNT has altered the
electrode surface physicochemical properties preceding
to the increment of its conductivity [38]. Hence, the

modified MWCNT paste electrode with 15 mg of PMBP
has been implemented for further experiments.

60
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Applied potential (V) versus Ag/AgCl
Fig. 8: Voltammograms of different percentages of
PMBP on the 0.1 mM APAP’s peak currents
in 0.1 M PBS (pH 6.4).
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Fig. 9: Effects of the SWV parameters (a) step size, (b) frequency, and (c) pulse size on current response in

solution of 0.1 mM APAP.
Effect of SWV parameters

Fig. 9a shows that the step size value of 5 mV
was the optimum value for the APAP detection, setting
step size at higher value did not lead to anymore
increment in peak current response. The frequency
values over the range of 30-180 Hz were evaluated
through the study. Fig. 9b shows that APAP oxidation
peak’s height rises remarkably with higher
frequencies, reaching its optimum at 180 Hz. As
shown in Fig. 9c, the effect of pulse size has been
investigated over the range of 30 to 180 mV. With the
increment amount of pulse size, the peak heights
recorded had displayed a significant increase in
intensity up to 60 mV, then the peaks began to decline.
Thus, the ideal SWV conditions (step size: 5 mV;
pulse size: 60 mV; frequency: 180 Hz) were applied
for all subsequent measurements due to better
sensitivity and resolution.

Effect of scan rate

The dependency of the oxidoreduction peak
potentials and peak currents towards the scan rate was
examined to identify the performance of the sensing
electrode’s ability in transferring the charge by
determining the type of mass transport involved [39].
CV was ran using 1 mM APAP in 0.1 M PBS at pH
6.4. The impact of scan rate on peak current and peak
potential (E,) is described in Fig. 10. It can be seen that
the anodic peak potential (Epa) is moved to positive
potential meanwhile the cathodic peak potential (Epc)
to the negative value, respectively. This could be due
to changes in the electrocatalytic activity and kinetic
effect of PMBP/MWCNT/CPE surface on the redox
reaction of APAP.
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Fig. 10: Cyclic voltammograms of

PMBP/MWCNT/CPE with 1 mM APAP at
different scan rates (40 mV/s to 400 mV/s).

Moreover, it was also noticed that the
oxidoreduction peak currents raised with the
increment of scan rate over the range of 40 mV/s to
400 mV/s. Fig. 11 displays that the redox peak currents
were proportionate to the scan rates. The fitted
regression equations is stated as follows (Eq. 3, Eq. 4):

I,a = 0.0297v + 1.3068 (R = 0.9933)  (3)

I =

be = —0.0156v + 0.2784 (R* = 0.9923) (4)

The linear correlation of the peak currents (I
and lya) with the scan rate (v) showed that the reaction
occurred at PMBP/MWCNT is a surface-controlled
process [40].

14
12 4

10 4

I,, = 0.0297v + 1.3068 (R? = 0.9933)

Peak current (nA)
H
1

e = -0.0156v +0.2784 (R” = 0.9923)

T T T T T T T 1
0 50 100 150 200 250 300 350 400 450
Scan rate (mV/s)

Fig. 11: The correlation between the redox peak
currents of APAP and the scan rates.
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Fig. 12 displays the plot of square root of
different scan rates against the peak currents which
displays a linear relationship between the two
parameters, suggesting a process between scan rates
and currents was a diffusion control principle. The
linear regression equation (Eq. 5) tabulated from the
oxidation peak currents is as follows:

Ioa = 0.7869v"/% — 3.1269 (R? = 0.997) (5)
14 —

12 4

= 10

©
1

Peak current (pA
(2]
1

o = 0.7869 v'/2 - 3.1269
(R* = 0.997)

6 8 10 12 14 16 18 20 22
Scan rate Y2 ((mV/s)*?)

Fig. 12: The peak current against the square root of
scan rate’s plot.

In further, as displayed in the log anodic peak
current against log scan rate’s plot (Fig. 13), the peak
current response also enhanced linearly with the scan
rate with the linear regression equation (Eg. 6):

log I, = 0.7835log v — 0.9205 (R* = 0.9979) (6)

1.2+
1.04
0.8
8
o
o
0.6 log I, =0.7835 log v - 0.9205
(R? = 0.9979)
0.4 1
0.2 T T T T T T
1.6 1.8 2.0 2.2 24 2.6

logv

Fig. 13: The log peak current versus the log of scan
rate’s plot.
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From the equation, value of the slope was
calculated to be 0.7835. The values of slope of log (lpz)
versus (log v) between 0.5 and 1.0 suggest the process
that occurred at the sensor surface was a mixed
diffusion-adsorption processes [39].

Chronocoulometry study

To compare the adsorption behavior of
PMBP/MWCNT and bare MWCNT, this work utilised
the chronocoulometry. The electrodes surface
coverage has been calculated using the Anson’s
equation (Eq. 7):

1
2nFAD2Ct

— — t Qads (7)

1'[5

1
2

Q) =

where electron surface area, charge, number of
electrons transferred, diffusion coefficient, bulk
concentration, Faraday constant and time are
represented by A, Q, n, D, C, Fand t, respectively [41].
By utilising the slope of Q versus tY2 (Fig. 14), the A
value for the PMBP/MWCNT and bare MWCNT
electrodes were found to be 0.583 and 0.066 cm?,
correspondingly. About 10-fold of increment was
observed after the addition of the modifier PMBP,
hence showing that an enhancement of current
response of the modified electrode towards
K4[FE(CN)6].

The value of Qas of APAP has also been
identified using the intercept of the Q versus t¥2 plot
and determined to be 9.27 x 10* C. As a result, D was
determined to be 4.52 x 10 cm?s™. In addition, the
adsorption capacity (/) of PMBP/MWCNT electrode
was calculated using following relationship (Eq. 8):

Qads = I’IFAF (8)

The calculated result showed that the surface
coverage value was afforded as 8.24 x 10° mol cm?,
thus displaying a good capacity of adsorption for
APAP.

Effect of pH on the electrode performance

The supporting electrolyte pH is a significant
factor that controls the electrochemical oxidoreduction
that occurs at the electrode’s surface. In this research,
the pH’s effect on the response of APAP (0.1 mM) was
evaluated using square wave voltammetry technique
over the pH range of 6.0-8.4 employing phosphate
buffer solution (Fig. 15).

J.Chem.Soc.Pak., Vol. 46, No. 02, 2024 140

pH 8.4 =—pH 6.0
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Fig. 15: pH’s effects on peak currents (a = 60 mV,
AES =5mV, f= 180 Hz).

When the value of pH changes from 6.0 to 6.4,
the acetaminophen oxidation peak current increase in
intensity, and when the pH elevated than 6.4, the
acetaminophen oxidation peak current reduced. The
reduction of the anodic peak current could be caused by
the deprotonation in the oxidation process that favours a
higher pH [42]. Acidic electrolytic solution encourages
the migration of electron and in further acetaminophen
oxidation [39]. Therefore, the PBS at pH 6.4 has been
identified to be the ideal experimental parameter for the
electrochemical detection method of the next experiment.

In addition, the correlation between peak
potentials (Ep) and pH level is shown in Fig. 16. The
linear regression equation (Eg. 9) of the correlation
between the parameters is as follows:

E, (mV) = —13.229 pH + 526.74 (R = 0.9937) (9)
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[ 48
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Fig. 16: Oxidation potential (E) and oxidation peak
current (I) versus pH plot of 100 mM PBS
containing 100 M APAP at PMBP/MWCNT
paste electrode.
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Fig. 17: (a) Square wave voltammograms and (b) corresponding calibration plot of 1 uM - 1 mM APAP in 100

mM PBS (pH 6.4) at PMBP/MWCNT/CPE.

Table-1: The difference of the modified sensor in the electrocatalytic activity of APAP.

Sensor Method Range (M) LOD (M) Ref.
ZLH-LP/MWCNT/CPE SWV 7.00x 107-1.00 x 107* 8.30x 108 [36]
SWCNT/Ni/GCE cv 5.00 x 10 -5.00 x 10* 1.17 x 107 [39]
P4VP/MWCNT GCE DPV 2.00 x 10°® - 4,50 x 10* 1.69 x 10 [40]
Pt/NGr/GCE SWv 5.00 x 10 -9.00 x 10 8.00 x 10° [44]
fCNTs/ZnO/fCNTS/GCE SWASV 2.00x 107 - 6.00 x 10 5.06 x 10°° [45]
GCPE/RGO SWv 4.00x10°-2.20x 10° 3.07 x107 [47]
7.00 x 10 -3.70 x 107
Pt/OMC-GCE DPV 370 x 107 -3.38 x 105 1.50 x 108 [48]
NiFe-CPE DPV 6.00 x 107 -8.50 x 10 8.00 x 10°¢ [49]
5.00 x 10 - 1.00 x 10 '
MWCNT-BCD/GCE DPV 1.00 x 10 - 3.00 x 10 1.15x 108 [50]
PMBP/MWCNT/CPE SWv 1.00 x 10 - 1.00 x 10°® 2.45x107 This work

The outcomes demonstrated that the peak
potential changes negatively with the pH increment,
which shows that the H* involves directly in the
electrochemical process [43].

APAP concentration effect

The effect of different APAP concentrations
in 100 mM PBS electrolyte solution with applied
potentials of 0 to 1 V, step size 5 mV, frequency 180
Hz, pulse size 60 mV, and 100 mV/s as the scan rate,
was explored at the PMBP/MWCNT. The method of
SWV is desirable compared to CV because of the
resolution, lower limit of detection (LOD), and
sensitivity [44]. Series of excellent peaks were gained
from the voltammetric responses to the addition of
acetaminophen in the range of 1 to 1000 uM.

Fig. 17a exhibits the peak current increase in
intensity by the increment of APAP concentration
while Fig. 17b displays clearly that the electrocatalytic
peak current of APAP oxidation was linearly
proportionate to the APAP concentrations over the
range of 1 uM to 1000 pM with the linear regression

equation I (nA) = 0.064[APAP] (M) + 37.875 and the
correlation coefficient (R?) of 0.991.

The LOD and LOQ of targeted analytes can
be evaluated from their IUPAC standard definitions as
in Eq. 10 and Eq. 11:

LOD =3c/m (10)

LOQ =106/ m (11)

where m = the slope of calibration (concentrations
versus current) plot and ¢ = the standard deviation of
n times replicate of blank voltammograms recorded at
the electrode surface in electrolyte solution only [45-
46]. The LOD for this work was determined to be 2.45
x 107" M while LOQ, 8.16 x 107" M. The acquired data
were compared with data reported by previous related
work that used other modified sensors as listed in
Table-1.

Interference study

The interference study in assessing the
electrode response is crucial to discover the versatility
and selectivity of the modified sensor, as well as to
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design or prepare the sample, in order to minimise
their disturbances in the analyses [51]. The anti-
interference ability of the modified sensor is examined
by adding up interferers to a 100 uyM APAP in 0.1 M
PBS. The effects of various inorganic and organic
interfering substances were investigated on the
oxidation signals of APAP (Fig. 18). 10-folds and 25-
folds of concentrations of sucrose, fructose, glucose,
sodium sulphate, sodium chloride, potassium nitrate,
and lysine did not significantly affect the APAP
current responses, and relative errors were found to be
less than + 10%. The results show that modified sensor
displays a high selectivity for the APAP detection
[52].

I 25-fold
I 10-f0ld
Magnesium chloride
Potassium chloride
Lysine

Potassium nitrate

Sodium sulphate

Sodium chloride

Type of interferences

Glucose

T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10

Percentage (%) change of |,

Fig. 18: Interference analysis of 0.1 mM APAP at
PMBP/MWCNT/CPE.

Stability, reproducibility, and repeatability of the
PMBP/MWCNT

Stability, repeatability, and reproducibility
are crucial attributes in determining the modified
electrode performance. All stated criteria were
evaluated by monitoring the responses of the
PMBP/MWCNT/CPE towards 0.1 mM APAP in 0.1
M PBS (pH 6.4). Four identically produced modified
sensors were the subjects in the reproducibility test,
and the relative standard deviation (RSD) was
calculated to be 2.09 % (Fig. 19a). In addition, the
repeatability was found to be 4.91 % when the RSD
was calculated involving ten  consecutive
measurements with the same modified electrode (Fig.
19b).  These  results indicate  that the
PMBP/MWCNT/CPE was stable with good
consistency displayed by the electrodes; hence they
could be used for APAP detection.

The modified sensors’ stability has been
discovered through observing the current response to
APAP determination after 14 days of execution. The
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produced current was seen to sustain around 90% of
its initial response after 14 days of storage, indicating
that the PMBP/MWCNT/CPE possess high stability.
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Fig. 19: (a) Reproducibility and (b) repeatability of
PMBP/MWCNT/CPE.

Analytical application

To justify the significance of the suggested
techniques and modified sensor for the APAP
detection, by using the standard addition method, the
pharmaceutical tablet containing APAP was
investigated via SWV at PMBP/MWCNT/CPE. The
findings were tabulated in Table 2. Good restoration
of APAP was observed in the range of 91.61% to
107.60%: this further show the efficacy and reliability
of this method. An independent t-test was made at a
confident level of 95 % to investigate the correlation
between the data gained from HPLC and SWV
methods. Since p-value is greater than the significance
level p > .05, the null hypothesis (Ho) failed to be
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rejected, indicating that there is no significant
difference between the results gained from HPLC and
SWV methods.

Table-2: Quantification of APAP in commercially
paracetamol tablet sample at PMBP/MWCNT/CPE.

Sample Added (M) Found (M)  Recovery
(%)
Commercial gg gigg 19017.6610
paracetamol tablet 45 1362 o on

Conclusion

This work reported the fabrication of simple
and sensitive electrochemical sensor
PMBP/MWCNT/CPE in sensing APAP. Various
compositions of PMBP have been evaluated and the
best experimental conditions were chosen is 15 mg of
PMBP in 100 mg of MWCNT at 0.1 M PBS (pH 6.4).
APAP has a stable current response on PMBP
modified CPE where the appeared peak current was
well-defined and enhanced greatly compared to bare
MWCNT. The modified sensor displays high
sensitivity, good selectivity, and a low LOD with
APAP,
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