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OZET

Yiiksek Lisans Tezi

NANOKOMPOZIT TEMELLI YENI BIR MODIFIYE ELEKTROT ILE PARASETAMOLUN
SAPTANMASI

Sherzad Ahmed M. Salih MOHAMMED SALIH

Harran Universitesi
Fen Bilimleri Enstitiisii
Kimya Anabilim Dah

Damsman: Prof. Dr. Mehmet ASLANOGLU
Yil: 2022, Sayfa:37

Karbon nanotop ve samaryum oksit nanoparcaciklar ile yeni bir malzeme hazirlanmistir. Elde edilen
malzeme elektrot kaplama da kullanilmis ve yeni bir modifiye elektrot hazirlanmistir. Hazirlanan elektrot
platform (Sm,03;/CNBs/GCE) parasetamol saptanmasi i¢in kullanilmustir, Sm,03/CNBs/GCE sistemi
parasetamol elektrot reaksiyonunu hizlandirmistir. Sm,04/CNBs/GCE sistemi, parasetamol icin 2.0x10™"
M ile 3.7x10° M araliginda dogrusal bir iliski gostermistir. Modifiye elektrot ile 5.7 x10° M’lik bir
saptama siir1 elde edilmistir. Ayrica, yontemin tekrarlanabilirlik, kesinlik ve dogruluk parametreleri
miilkemmeldir.

ANAHTAR KELIMELER: Parasetamol, samaryum oksit, voltametri, elektroanaliz, sensér



ABSTRACT

MSc Thesis

A NOVEL MODIFIED ELECTRODE BASED ON NANOCOMPOSITE MATERIAL FOR THE
DETERMINATION OF PARACETAMOL

Sherzad Ahmed M. Salih MOHAMMED SALIH

Harran University
Graduate School of Natural and Applied Sciences
Department of Chemistry

Supervisor: Prof. Dr. Mehmet ASLANOGLU
Year: 2022, Page:37

A novel material was prepared by using carbon nanoballs and samarium oxide. The material was used for
coating an electrode and a new platform was obtained. The electrode prepared was used for detecting
paracetamol. The Sm,0:/CNBs/GCE system accelerated the electrode reaction of paracetamol. The
Sm,04/CNBs/GCE system exhibited a linear relationship between 2.0x107 M and 3.7x10° M for
paracetamol. A detection limit of 5.7 x10° M was obtained for paracetamol at proposed modified
electrode. In addition, the analytical parameters of the method such as reproducibility, precision and
accuracy were excellent.

KEY WORDS: Paracetamol, samarium oxide, voltammetry, electroanalysis, sensor
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1. INTRODUCTION

Paracetamol is an analgesic drug and has antipyretic properties. It is used widely
to reduce fever. It also acts as a painkiller for the relief of pains such as arthritis,
backache, headache, and post-surgical pain (Anderson, 2008). Figure 1.1 shows the
chemical structure of paracetamol. Overdoses of paracetamol might produce side effects
especially in pregnancy such as accumulating toxic oxidative substances leading to fatal
hepatoxicity and nephrotoxicity (Langhendries et al., 2016; Allegaert and van den
Anker, 2017; Avinash et al., 2019).

N_ _CHs

b

)
HO

Figure 3.1. Chemical structure of paracetamol

Authors have reported that some body tissues, kidney and liver may be damaged
by using overdose of paracetamol leading to generation of toxic metabolites (Charpiat et
al., 2013). Analysis of pharmaceuticals and body fluids is important for medical
reasons. Quantitative methods including spectrophotometry (Ding et al., 2002; Criado et
al., 2000), liquid chromatography (Abdelaleem et al., 2015) electrochemistry (Baccarin
et al., 2017; Zhao et al., 2006) and chemiluminescence (CL) (Zhao et al., 2006) were

reported for quantification of paracetamol.

Pharmaceuticals are important chemicals that are utilized for the relief of pains or
preventing and treatment of diseases (Karaman, 2013). It has been issued that drug is
mainly extracted from plants (Wadud et al., 2007). Historically, some unconventional

methods based on plants, animal products and minerals were utilized for treating
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diseased. The analysis of drugs consists of tests for materials, raw application or
application applications, and animal product. assortment, such as blood, birth and

tissues

Analysis of methods for drug contents includes tests on pharmaceutical or
veterinary formulations, and more complex matrices including foods of animal origin,
beverages, and food items that are performed for clinical and forensic purposes which
involve a variety of matrices such as samples of blood and urine, (Martinez Calatayud,
2005). The main issue for ensuring the safety of drug therapy is the control and
minimization of their effects. Because side effects are inherent characteristics of
substances, drug analyzers cannot be affected by them. In addition, drug analysts
exhibit a major role to ensure the quality of pharmaceuticals which is related to the
safety of drugs (Gorog, 2008).

Electrochemical sensors offer promising devices for monitoring and controlling of
a wide range of analytes as a result of their accuracy, specificity and the ease of use, fast
analysis, low-cost, reliable and reproducible measurements with miniaturized and
portable devices (Wang, 2002; Patel et al., 2020), the interest in their application in the
clinical, pharmaceutical and environmental field substantially has increased. The
stability, sensitivity and selectivity of the platforms for impurities are mostly dependent
on surface area of electrodes and modifiers (Sandulescu, 2011).

Voltammetry was subjected to the analysis of samples more than other analytical
techniques for the determination of analytes, because of several benefits i.e. low cost,
high efficiency, rapid response, simplicity of analytical procedures, speed, higher
sensitivity and reproducibility (Bard and Faulkner, 2001). Voltammetry, a family of
electroanalytical techniques, is based on electrolytic reduction or oxidation mainly for
the analyte detection or investigation of mechanism and kinetics of redox reactions. It
measures current as a function potential. Initially, Jaroslav Heyrovsky introduced the

first voltammetric technique in the early 1920s for which uses only two electrodes.
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However, modern voltammetry uses a three-electrode system. Results for a
voltammetric experiment are presented by a voltammogram which is the based on the

current generated by the analyte versus applied potential (Bard and Faulkner, 2001).

An oxidation/reduction process occurring on a platform is related to the applied
potential. The potential forces the ions in the solution to gain or lose an electrons (Joshi
and Sutrave, 2018) .Thus, voltammetry is a potential technique to acquire voltammetric
behavour of chemicals through a systematic study of the measurement of current versus
applied voltage of a particular electrochemical cell as given in Figure 1.2. The graph of

current response against potential is known as the cyclic voltammogram.

Cyclic Voltammogram

Faradaic Epa Anodic (oxidation)
Current — Positive Current
Capacitive (analyte)
<€ |Current
P (backgrounad) = L J | aaan
e e —— e / Potential / V
= -
o i
pc
Cathodic (reduction)
— Negative Current 'pc

Figure 1.4. CV graph with forward and reverse scan

An electrochemical cell represented in Figure 1.3 consists of working, auxiliary,
and a reference electrode (Elgrishi et al., 2018; Gomaa et al., 2018) The auxiliary
electrode is usually a platinum rod however reference electrode can be silver/silver
chloride or saturated calomel electrode electrode. However, materials such as gold,
mercury, silver, platinum and carbon can be used as working electrodes (Wang et al.,
2019; Lee et al.,, 2017). The voltammetric cell also includes a N-purge line for

removing dissolved oxygen.



1. INTRODUCTION Sherzad Ahmed M. Salih MOHAMMED SALIH
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Figure 1.3. Autolab electrochemical workstation

Voltammetric experiments are characterized b, accuracy, high sensitivity and
simplicity. Also, a number of nanostructured materials such as metallic nanoparticles,
and carbon nanotube were utilized for improving properties of electrodes (Shahmiri et
al.,, 2013; Fouladgar and Mohammadzadeh, 2014). However, the selectivity for
electrochemical platforms may be sometimes restricted in the presence of interferences
that display similar redox behavior with chemicals including paracetamol (Kutluay and
Aslanoglu 2013; Hosseinzadeh et al., 2009). An important strategy for minimization of
interferences from other molecules in solution is to modify the surface of working

electrodes using various materials (Raoof et al., 2007; Keyvanfard et al., 2013)

Voltammetric procedures at electrodes have been extensively applied as sensitive
analytical tools in detecting trace amounts of species. The most important
characteristics of electrodes is the capability to stimulate redox reactions through the
significant drop in overvoltage when compared to the conventional electrodes ( Luo et
al., 2013; Taleat et al., 2008; Shangguan and Li, 2013; Thomas et al., 2013a; Raoof et
al., 2006; de Oliveira et al., 2013, Beitollahi et al., 2011a; Thomas et al., 2013b;
Mohammadi et al., 2013; Beitollahi et al., 2014a; Li et al., 2012; Ghoreishi et al., 2012;
Yildiz et al., 2014; Beitollahi et al., 2011b; Sanghavi et al., 2013).
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Carbon nanotubes have promising electronic properties and can be used as
attractive modification materials for fabricating electrochemical platforms due to their
ability to provide good catalytic activity and reduce surface contamination (Keyvanfard
et al., 2014). Modification of electrodes with materials including carbon nanotubes has
also been reported for use in analytical sensing resulting in lower detection limits, good
sensitivities, reduced overpotentials, large surface area and excellent conductivity. They
are very attractive as a support for heterogeneous catalysis (Lu and Tsai, 2011;
Campbell and Compton, 2010; He et al., 2004; Vairavapandian et al., 2008). In
addition, the uniform dispersion of nanoparticles of metals or metal oxides on carbon
nanotubes surfaces enable promise as nanoelectrocatalysts for use in electroanalysis
(Yanez-Sedeno et al., 2010; Wang et al., 2007).

Several platforms were reported for quantification of paracetamol including
carbon nanotubes modified electrode (Babaei et al., 2011), an electrode coated with
carbon nanoparticles (Ghorbani-Bidkorbeh et al., 2010), NiFe204/graphene modified
CPE (Afkhami et al., 2014), composite of carbon nanotube and polymer modified GCE
(Deiminiat et al., 2017; Afkhami et al., 2013) and resin-gold nanoparticles modified
GCE (Sanghavi and Srivastava, 2011).

The nanoparticle production exhibited significant advantages such as higher
electroactive surface area for electrode reactions. They also exhibited good selectivity
over conventional electrodes in sensing applications (Arai et al., 2004; Han et al., 2004).
Experimental parameters such as deposition potential, period of duration, and solution
consistency can be controlled for controlling growth rate of nanoparticles for the

electrodeposition of metallic oxides (Day et al., 2007; Wildgoose et al., 2006).

Nanostructured materials have recently received potential interest of research as
having unique structure-dependent behavior and therefore can be utilized in potential
applications in applied fields (Jia et al., 2013; Beitollahi et al., 2014a). Materials of
metallic oxides have been utilized in potential applications great interest owing to their
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non-toxicity, chemical stability, ease of preparation and good electrocatalytic effect
(Mohammadi et al., 2011).

Various shapes of carbon nanoballs such as spheres, microbeads and carbon black
are available as modifier (Calderén-Moreno et al., 2007; Mao et al., 2018). Recent
articles have revealed their importance in critical applications like batteries, fuel cells,

reinforcement,catalyst support materials, composites and purification processes.

The carbon nanoballs normally are avaiable as agglomerates of several nanoballs
through van der Waals bonding. Nanoballs have a brown to black colour as the
thickness increases. The carbon balls have a BET surface area ranging from as low as 2
to 1200 m? g -1 (Jin et al., 2005; Deshmukh et al., 2010).The density ranges from as low
as 0.4 to 1.6 g cm-3 depending on the synthesis procedures (Mhlanga et al., 2010).The
chemical reactivity of carbon spheres is somewhat similar to those of graphitic
materials. They appear to be insoluble in non polar solvents and sparingly soluble in
most solvents because of their hydrophobic nature. However, solvents such as
chloroform, benzene, methanol and toluene might produce in miscibility (Sobkowicz et
al., 2009).The presence of dangling bonds has enabled carbon balls to be functionalised
by acids like nitric acid (Kang and Wang, 1996).
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2. LITERATURE REVIEW

The major target for ensuring the safety of pharmaceuticals is the control and
minimization of their effects. Since their side effects are inherent characteristics of
substance, drug analyzers cannot be affected by them. In addition, drug analysts exhibit
a key role to ensure the quality of drug materials and pharmaceuticals which reflects to
the safety of drugs (Gorog, 2008). Analysis of pharmaceuticals is traditionally related to
chemical analysis that deals with drugs as drug substances and pharmaceutical products
(Dispas et al., 2021). Several procedures were employed for analyzing paracetamol.
High performance liquid chromatography (Hewavitharana et al., 2008), cyclic
voltammetry (Tungkananuruk et al., 2005), spectrophotometry (Behera et al., 2012),
flow injection analysis (Vieira et al., 2003),and electroanalysis (Asadpour-Zeynali and
Mollarasouli, 2016; Moccelini et al., 2011) were performed. Some of previously studied
procedures are time consuming and may involve strict experimental conditions or suffer
from interferences and are therefore not appropriate for routine analysis of drugs.
Voltammetric procedures present alternative means for determination of drugs and
provide advantages such as high sensitivity and portable devices for rapid monitoring
purposes (Shahrokhian et al., 2011; Salmanipour et al., 2012).

A spectrophotometry procedure for determining paracetamol in pharmaceuticals
was proposed by Eustaquio et al. (1999). The procedure is simple, relatively accurate,
precise and sensitive, using the fewest number of reagents and reaction sequences and
contains two multivariate calibration methods which is measured over wavelength of
600-1900 nm.

A flow injection spectrophotometry procedure for the determination of
methyldopa in pharmaceuticals has been proposed by Knochen et al. (2003). The

procedure is simple, fast, relatively inexpensive, accurate, precise and sensitive, using
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the fewest number of reagents and reaction sequences and contains the formation of a

yellow-colored product which is measured at wavelength of 430 nm,

Hewavitharana et al. (2008), prepared an HPLC-MS/MS method, in order to
accurately quantify traces of paracetamol in urine. The procedure found to provide a
highly sensitive quantification for the determination of submicromolar amounts of

paracetamol with a column limit of 1.2 pmol.

Ranifam et al. (2019), prepared a sensitive CL method, in order to accurately
quantify traces of paracetamol in pharmaceuticals. The procedure found to provide a
highly sensitive quantification for the determination of submicromolar amounts of

paracetamol with a detection limit of 8.7 x 107 'M.

Tungkananuruk et al. ( 2005), prepared a cyclic voltammetric method, in order to
accurately quantify traces of paracetamol in drugs. The procedure found to provide a
highly sensitive quantification for quantifying submicromolar amounts of paracetamol
with a range of 3-2240 pg/ml and a detection limit of 10 nM.

Goyal and Singh, (2006), developed a C-60 modified electrode for sensitive
quantification of paracetamol in biological and drugs. Article presented that
paracetamol oxidation on the surface of the GCE coated with carbon nanotubes
significantly improved peak response compared to conventional platform. A linear

working range (0.05-1.5 uM) was reported. The sensitivity of procedure was 13.04.

Ghadimi et al. (2013), developed a platform for the electroanalysis of
pharmaceutical and urine samples. The study exhibited that peak current for
paracetamol exhibited a working range of 0.02-450 uM. The authors also reported an
LOD of 1.69 nM.
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Fan et al. (2011), reported a novel platform using an electrode coated with a
mixture of graphene acid and TiO, nanoparticles. The response of the proposed novel
sensor to the catalytic current for the concentration of paracetamol exhibited a linear
relationship over a range from 1-100 uM. Fan et al. (2011), also presented an LOD of
2.1x107" M.

Gowda et al. (2015), proposed a paracetamol -sensitive identification nanosensor
using carbon nanotubes decorated with cetyltrimethyl ammonium bromide. The
composite material based nanosensor exhibited a synergistic activity for methyldopa
electrode reaction. The authors reported peak current was linear with a range of 4.0 x
10" M-4.0 x 10"® M for methyldopa and a detection limit of 4.82 x 107 M.

Kalambate et al. (2015), reported a new sensing platform by modifying a GCE
with platinum nanoparticles (PtNPs) and CNTs. The novel sensing platform was applied
for quantification of paracetamol. The procedure yielded working ranges from
8.2 x 10°-1.6 x 10° M for methyldopa and paracetamol, respectively. The detection

limit presented for paracetamol was 1.06 x 107°.

Zhang et al. (2019), developed a poly caffeic-Zn/Ni-ZIF material for the oxidation
and the determination of methyldopa in pharmaceuticals. The pH-dependent

electrochemical behavior of paracetamol exhibited a detection limit of 0.0291 uM.

Yan et al. (2020), utilized thiol-grafted PEDOT/N-doped graphene electrode to
determine paracetamol content in pharmaceuticals. A linear range from 0.4 to 1280 uM

was reported with a detection limit of 1.0 uM using voltammetric methods..

Xu et al. (2019), described a new method using MnO, and poly(3,4-
ethylenedioxythiophene) coated carbon platform. The procedure was successfully
applied for determining methyldopa in a solution containing folic acid, with a linear

response of concentration from 0.06 to 435 uM and a detection limit of 31 nM.
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Engin et al. (2015), developed a platform for electroanalysis of pharmaceutical
samples. The study exhibited that peak current for paracetamol exhibited a working
range of 4x10"® M to 1x10™ M. The authors also reported an LOD of 3.69x10™ mol/L.

A nanosheet-assembled lindgrenite microflower has also been synthesized to
modify the surface of an electrode which was applied for electrochemically quantifying
paracetamol in a media. The authors reported a calibration curve of 0.01 to 1000.0 uM
for paracetamol with detection limit of 0.01 nM (Fu et al. 2020).

The aim of this study is to develop a sensing material for quantifying paracetamol.
A glassy carbon electrode was utilized as the platform which was modified with
samarium (1) oxide (Sm,O3) nanoparticles, and carbon nanoblack (CNBSs) to enhance
the stability, sensitivity and selectivity in the analysis of samples containing
methyldopa. Cyclic voltammetry was successfully performed as the analytical technique

with the proposed electrode /CNBs Sm,03-NPs /GCE) for the analysis of drug samples.

10
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3. MATERIAL and METHOD

3.1. Material

There are several tools used for the current study. Some of these are listed below;

An Epsilon brand potentiostat (BASI, US) was used for voltammetric studies.

A glassy carbon electrode (GCE) (Bioanalytical systems, USA) served as
working electrode, A Metrohm silver/silver chloride (Ag/AgCl) was served as

reference electrode while a Pt rod served as counter electrode.

e The pH studies were performed using Metrohm 744 pH Meter (Metrohm,

Switzerland).

e Composite of carbon nanoballs-metal nanoparticules was prepared using a
KUDOQOS (SK33010HP) model ultrasonic bath.

e SHIMADZU (AY-220) model balances was used for analtytical weighing.

e X-ray diffraction was used for the characterization of carbon nanoballs and

samarium oxide

The reagents used without additional purification and obtained from Sigma-—

Aldrich, Fluka or Merck and are listed below:

e Acetic acid (= 99.8 %, Merck),

e Acetonitrile ( 99.9 %, Merck),

e Acetone (=99.8 %, Merck),

e Alumina powder, (0.3; 1.0 micron, Buehler),

e Paracetamol powder (99.0%, Sigma Aldrich),

11



3. MATERIAL and METHOD Sherzad Ahmed M. Salih MOHAMMED SALIH

e Chloroform (99.0 %,Merck),

e Carbon black nanoballs (95.0%, Nano Lab),

e NaHPO, (99.5 %, Merck),

e Ethanol (>99.5%, Merck),

e Samarium(l11) oxide nano powder (99.995%, US-Nano),
e Parol tablet ( Local pharmacy)

e Hydrochloric acid (37-38 %, Merck),

e Multiwalled carbon nanotubes (MWCNTS) (95.0 %, Nano Lab),
e Nitric acid (65.0 %, Merck),

e KCI (99.5 %, Merck),

e KH,PO, (99.5 %, Merck),

e NaOH (>99.0 %, Merck)

3.2. Method

3.2.1. Preparation of solutions

Phosphate buffer (PBS) was prepared by addition of 6.8 g/L of KH,PO,, 8.8 g/L
of Na;HPO4.2H,0, and 0.75 g/L of KClI into a 1 L flask. The solution was then diluted
to 1 L using ultra pure water. Then, the pH was adjusted using diluted HCI or diluted
NaOH. Stock solutions were freshly prepared. Stock solutions of sunset yellow, uric
acid and paracetamol were prepared using 0.1 M PBS. The working solution was
deoxygenated using N, gas before each run. lonic strength of solutions was kept
constant. Fresh stock solutions were prepared before use and the all stock solutions
were kept in amber bottles for protecting from day-light. Dilutions of stock solutions
were made using phosphate buffer. Electrochemical experiments were carried out under

oxygen-free nitrogen.

12
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3.2.2. Activation of glassy carbon electrodes

Prior to develop an electrochemical platform, GCE was polished with alumina
slurries of 1 um and 0.3 um on polishing pad. A simple way to polish electrodes is
using alfa motion of electrode in alumina slurry on the polishing pad (Elgrishi et al.,
2018) as ilustrated in Figure 3.1. Then, polished glassy carbon electrodes were
sonicated in a mixture acetone-ethanol for 10 min. The electrode was rinsed using
double-distilled water. The activation of platform was carried out in 0.1 M PBS by
cyclic voltammetry. The potential range varies from —0.2 to +1.0 V at 0.1 V/s. The

activation was completed upon the observation of a stable voltammogram.

-
L
Figure 3.2. Polishing glassy carbon electrode

3.2.3. CNBs/ Sm,03-NPs /GCE platform preparation

Prior to the modification the electrode, carbon black nanoballs neodymium oxides
nanoparticle were weighed and dispersed in chloroform. The mixture was then
sonicated for 45 minutes to obtain a black suspension. Afterwards, 5 pL of black
suspension (CNBs/ Sm,03-NPs) was dispersed on the electrode by using a micropipette.
Then, the electrode left to dry in air for 5 min. The platform was denoted as CNBs/
Sm,03-NPs /GCE. The platform was washed with pure water before use. Then,

voltammetry was used to activate electrochemical platform and to obtain a stable

13
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voltammogram for blank solution. A schematic preparation of the platform has been
illustrated in Scheme 3.1.

Figure 3.2 shows the XRD spectrum of Sm,O3/CNBs. Peaks at 26 = 28.5°, 31.0°,

32.0° and 44.0° correspond to Sm,0Os3;, and peak at 26 = 26° corresponds to the
diffraction of carbon nanoballs.

40
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LN Ce® =
L Voltammetric 220
The composite Determinati HO determination
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Figure 3.2. Schematic illustration of the proposed electrode
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Figure 3.3. XRD pattern of the proposed electrode
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3.2.4. Optimization of platform

The sensitivity of the method was high when the ratio of 1:10 for the mixture of
Nd,O3NPs and carbon nanoballs was dispersed in chloroform. The sonication of Sm,03
and CNBs should not be less than 45 min. In addition the electrode should be coated

with only 5 uL of black suspension for high response towards methyldopa.

3.2.5. Voltammetric measurement

The electrode was activated by cyclic voltammetry in PBS in a potential range of
-0.2 to +1.0 V. The procedure was completed upon the observation of a stable
background voltammogram. Voltammograms of methyldopa were recorded at at several
electrodes for comparison. The mechanism of methyldopa at CNBs/Sm,03-NPs/ GCE
was determined by the effect of scan rate. Furthermore, influence of pH value on the
peak potential was studied to determine the redox reaction of methyldopa. Then, linear
working range was obtained for methyldopa using a current response against the various
concentrations by using cyclic voltammetry.
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4. RESULTS and DISCUSSIONS

4.1. Cyclic Voltammetry of Paracetamol

Cyclic voltammograms of 6.0x10® M paracetamol studied at various surfaces by
cyclic voltammetry are presented in Figure 4.1. Electrodes such as (a) conventional
naked GCE, (b) GCE modified with CNBs and (c) GCE coated with CNBs/Sm,03-NPS
are compared in 0.1 M phosphate buffer.

0.5
40
0.4 - 30 - C
a
0.3 - 20 -
0'2 | 10 h
0 .
E: 0.1 3 b
—10
0 i
0.1 1 30 -
'0-2 | | | '40 | [ |
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
E/V(vs.Ag/AgCl) E/V{vs.Ag/AgC))

Figure 4.4. CVs of 6.0x10° M PAR at bare GCE (a); CNBs/GCE (b) and CNBs/Sm,04/GCE (c) in 0.1
M PBS at pH 7.0. Scan rate: 50 mV/s

Data indicated that bare GCE showed a poor voltammogram towards paracetamol.
The separation between oxidation/reduction peak potentials (AEp) was found to be 164
mV (Epa = 0.481V, Epc = 0.317 V) as shown in Figure 4.1a. The electrode coated with
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carbon nanoballs (CNB/GCE) showed an oxidation at a potential of 0.363 V. The
CNBJ/GCE produced a reversed peak at 0.324 V. AEp was about 39 mV for PAR at
electrode coated with carbon nanoballs as presented in Figure 4.1b. However, a surface
modified with a carbon nanoballs and samarium oxide nanoparticles (CNBs/Sm,0O3-NPs
/IGCE) produced a sharp peak at 0.361 V. A reversed peak was observed at 0.334 V
using the proposed electrode (Figure 4.1c). AEp was 27 mV for PAR process.
Obviously, AEp was decreased to 27 mV at CNBs/Sm,03-NPs /GCE when compared to
other electrodes. The decrease in AEp at the proposed electrode system was a clear
indication of the acceleration of electrochemical reaction of PAR. Decrease in AEp and
high response for methyldopa at the proposed electrode indicated that the CNBs/Sm,03
NPs /GCE was more appropriate for studying electrode reaction of methyldopa , such
an improvement of parecetamol process is due to increment of surface area with carbon
nanoballs and samarium oxide nanoparticles (Teker and Aslanoglu, 2019; Kutluay and
Aslanoglu, 2016; Fathi et al., 2020).

4.2. Effect of Scan Rate

Voltammetry of paracetamol at various scan rate was studied. The peak potential
and peak response was dependent on scan rate using the proposed platform. The
experimental results were used to determine possible reaction mechanism for

paracetamol.

Voltammograms of 6.0x10° M paracetamol in phosphate buffer for various scan
rates. Voltammograms are given in Figure 4.2. This indicated an adsorption controlled
mechanism for paracetamol (Figure 4.3). The calibration equation was Ipa (nA) =
0.2638 v (mV s 1)+4.82. A correlation coefficient of 0.998 was obtained. Peak potential
shifted with increase in scan rate. This is an indicative of a quasi-reversible electrode

reaction at voltammetric platform (Rezaei et al., 2013).
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Figure 4.5. CVs of 6.0x10° M PAR at CNBs/Sm203/GCE at various scan rates
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Figure 4.6. Plot of current response of 6.0x10™® M paracetamol versus scan rates
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4.3. Effect of pH

The peak potential of paracetamol is influenced by solution pH, Therefore, the
oxidation of paracetamol was performed to obtain the significant pH value for the
further studies and to acquire the number of protons involved in its reaction by cyclic
voltammetry. For this purpose, various pH solutions containing 6.0x10° M methyldopa

at the proposed electrode are presented in Figure 4.4.
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Figure 4.7. CVs of 6.0 10° M paracetamol at CNBs/Sm,04/GCE in phosphate buffer at various pH
values

The linear equation was E(V) = 0.8293 — 0.0618 pH for PAR at the proposed
electrode. The correlation coefficient was 0.9908. The potential shifted toward the
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negative voltage with increasing pH values indicated that paracetamol oxidation

included proton transfer.

The anodic peak potential (Eya) Was plotted versus pH and a slope -0.0618 V/ pH?
was obtained (Figure 4.5). This indicates that the ratio for electron/proton participating
in redox couple is 1:1. This reveals equal number of electron and proton. Thus, it can be
concluded that two protons are involved in electrode reaction of paracetamol. Figure 4.6
shows the proposed electrode reaction for paracetamol. The results of pH studies at the
proposed electrode also showed that the highest value of response was obtained at pH 7
(Fouladgar and Ahmadzadeh, 2016).
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Figure 4.8. A plot of peak potentials of paracetamol versus solution pH

NHWCHa NH T(CHJ

+20 +2H
HO 07

O

Acetaminophen N-acetyl-p-quinoneimine

Figure 4.6. The electrode reaction of paracetamol
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4.4. Interference study

Voltammetry is an accurate approach to evaluating drugs (Schmidt et al., 2014;
Chen et al., 2018; Baytak et al., 2019).Voltammograms of increaing concentrations of
PAR in the presence dopamine and sunset yellow at CNBs /Sm;03-NPs/ GCE in buffer
at pH 7 exhibited three well-defined anodic peaks for PAR, DA, and SSY as shown in
Figure 4.7. Dopamine has similar voltammetric behavior like PAR, which exhibits at
similar potential. Electrochemical oxidations of DA, SSY and PAR were investigated
by cyclic voltammetry. Three well-defined peaks were obtained whowing DA, and SSY

had no interfere with its determination.

50 - D SSY
PAR

30
310 1

-10

-30

-50 . . . - - - -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
E/V(vs.Ag/AgClI)

Figure 4.7. CVs of 8.0x10° M DA, 2.0x10° M PAR and 2.0x10°> M SSY using CNBs/Sm,04/GCE

4.5. Determination of Paracetamol

Cyclic voltammetry at CNBs/Sm,03;. NPs/GCE was performed for study of
calibration plot of paracetamol. VVoltammograms for various concentrations of PAR are

given in Figure 4.8. The current response was plotted against the concentration of PAR
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as shown in Figure 4.9. The current was shown to be linear with in the range of 2.0x10
"M - 3.7x10° M. The corresponding regression equation with a correlation cofficient
were represented as Ip(pA) = Ip(nA) = 3.06(uM)+ 2.46, R? = 0.999, respectivly. A

detection limit (LOD) = 5.7x10° M was obtained for paracetamol.

100

-100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
E/V(vs.Ag/AgCl)

Figure 4.8. Voltammograms for concentrations of PAR at CNBs/Sm,03/GCE. a) 2.0x10-7; b) 6.0x10-7
M; ¢) 1.2x10° M; d) 2.4x10° M; ) 4.7x10° M; ) 9.5x10° M; g) 1.9x10°° M; h) 3.7x10° M.
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Figure 4.9. Calibration plot of paracetamol
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4.6. Analysis of drug sample

The determination of cyclic voltammetric (CV) of paracetamol in drugs refers to
regression equation. Data summarized are shown in Table 4.1. Average recovery was
100.15% with an RSD of 0.8%. The drug analysis at proposed platform showed good
agreement to the declared value These results showed that the CNBs/Sm,03/GCE was

accurate and precise for quantifying paracetamol in drug sample.

Table 4.1. Determination of paracetamol in drug sample

Sample Added Found Recovery% RSD%
(mg) (mg)

Parol 500 500.7 100.15 0.8

Tablet

Mean= standard deviation (n= 4)
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5. CONCLUSIONS and RECOMMENDATIONS

In this study, a novel platform for sensitive quantification of paracetamol in drug
samples was developed using a GCE modified with CNBs and samarium oxide
nanoparticles. The electrochemical platform exhibited remarkable electrocatalytic
activity paracetamol compared with conventional naked GCE and CNBs/GCE, the
CNBs/Sm,03 /GCE showed high performance in point of peak potential difference and
current response for PAR. The proposed electrode was used for detection of
paracetamol in a presence of dopamine and sunset yellow. Measurements proved that
high concentration of dopamine and sunset yellow did not interfere with paracetamol.
CNBs/Sm,03/GCE was successfully performed for determination of calibration
equation for PAR using cyclic voltammetry. The response increased linearly with PAR
concentrations. A linear range of 2.0x10"M - 3.7x10™> M was obtained. The proposed
sensor exhibited a detection limit of 5.7x10° M.

Further measurements may be conducted on a composite of nanotubes and
graphene to improve the sensitivity of the proposed electrode and enable the study of
paracetamol in samples containing ascorbic acid, trypyophan and uric acid. Also,
equilibrium time may also be considered for further studies of modified platforms.
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