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Abstract—Herein, we introduce a novel modification process for carbon paste electrode by magnetic core–
shell nanocomposite of graphene oxide/Fe3O4@SiO2 and n-hexyl-3-methylimidazolium hexafluoro phos-
phate as ionic liquid. Electrochemical features of this modified carbon paste electrode and its performance
evaluation in simultaneous detection of acetaminophen and tyrosine via voltammetric oxidation was investi-
gated. Moreover, diagnostic techniques including cyclic voltammetry, square wave voltammetry and chrono-
amperometry were applied in order to study the electrochemical oxidation behavior of this sensor toward
acetaminophen. According to square wave voltammetry results, linear dynamic range between 1.0 × 10–6–
1.0 × 10–3 M was observed for acetaminophen. The function of modified electrode in real samples containing
acetaminophen and tyrosine was satisfactory.
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INTRODUCTION

N-acetyl-p-aminophenol which is known as acet-
aminophen, is one the most common pain relief drugs
which is taken by people in the world [1]. Acetamino-
phen is typically used as antipyretic and analgesic drug
[2]. As analgesic drug it is used for mild to severe pain
from treating headache and toothache to cancer pain
and postoperative pain. As it is an antipyretic agent, it
lessen the fevers with bacterial and viral origin [3, 4].

It has no carcinogenic effect, and is a suitable alter-
native for aspirin in patients who have allergy to aspirin
[5]. The metabolization of acetaminophen mainly
occur in liver generating toxic metabolites [6]. It is safe
at recommended dosage without hazardous side
effect. Although, overdose of acetaminophen had to
liver and kidney failure because of accumulation of
toxic metabolites [7].

Tyrosine is among the twenty standard amino acids
which are considered as the building blocks of protein.
It is a non-essential amino acid since it can be made
from phenylalanine; another amino acid in the human
body [8]. Body uses tyrosine in making chemical mes-
sengers such as dopamine, l-dopa, and epinephrine. It

is also appeared in thyroid hormones, pigment mela-
nin, and several opiate peptides as side chain (tyrosyl)
in amino acid sequences. It is found in high protein
foods, however, some pharmaceutical formulations
contain tyrosine to make up its deficiency in vegetarian
diets. Some psychological diseases such as depression,
albinism, and alkaptonuria are related to the lack of
tyrosine whilst taking much more tyrosine also leads to
mental disorders and Parkinson’s disease [9–13].

The oxidation of acetaminophen and tyrosine at
various electrodes, has distinctive electrochemical sig-
nals. However, their oxidation is at rather high overpo-
tential at conventional electrodes [14]. Therefore,
efforts for decreasing the overpotential and increasing
the sensitivity, accuracy and simplicity with cost con-
siderations in the development of sensors are growing
up fast.

So far, various analytical techniques have been
used for determination of acetaminophen and tyro-
sine, individually or simultaneously, featuring spec-
trophotometry [15], chromatography [16], f luorome-
try [17], and capillary zone electrophoresis [18]. These
methods have limitations of prolonged and expensive
procedure as well as requiring pretreatment steps.
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But as we know, electrochemical-based sensors
have attracted more attention in two decades due to
quick response, low detection limit, low cost, simple
operation and the absence of pretreatment [19].

From 1958, when carbon paste electrode (CPE)
has been introduced by Adams, they have attracted
much more attention than other carbon electrods and
are used widely in electrochemistry and electroanalyt-
ical applications. CPEs, present priorities including
ease of preparation and regeneration of the surface,
economical preparation, low ohmic resistance, stable
response, inertness to chemicals, rigidity, operation
without internal solution and capability of being mod-
ified with various modifiers which makes them effi-
cient sensors for the determination of wide variety of
targets. In addition, they are non-toxic and eco-friendly
electrodes. CPE is a homogenous graphite paste filled
in a tube which has been easily prepared by dispersion
of graphite in a hydrophobic binder [20–24].

In order to improve the efficiency of usual elec-
trodes for sensor applications, a conventional modifi-
cation method is applied. Modified electrodes not
only render better electrocatalytic activity, higher sen-
sitivity and selectivity but also lower detection limit
than traditional electrodes [25–39].

Application of nanoparticles in the construction of
electrochemical sensors has increased recently [40].
Nano materials are recognized as engineered particles
with considerable surface to volume ratio and dimen-
sions less than 100 nm.

In the modification of electrodes, Fe3O4 nanopar-
ticles is commonly used since they provide large elec-
trode surface, enhancement in the electrical conduc-
tivity, and improvement in the kinetic of electron
transfer between the surface of electrode and the vari-
ety of electroactive targets [41, 42].

Coating the surface of magnetite nanoparticles
with inert silica nanoparticles is a strategy to prevent
aggregation of magnetite nanoparticles and improving
their chemical stability.

Stabilization of the magnetite nanoparticles through
silica coating occurs via two different processes. In fact,
silica shell acts as shielding for the magnetic dipole
interaction. Moreover, being negatively charged on the
surface, nano silica is able to enhance the coulomb
repulsion of the magnetic nanoparticles [43].

Graphene, is a single carbon layer of the graphite
structure with two dimensional sp2-bonded carbon
network. Graphene oxide (GO) structure as an
important derivative of graphene has terminal COOH
groups, C–OH and C–O–C bonds in its structure.
GO demonstrate special properties including large
surface area, high conductivity, and excellent mechan-
ical strength [44].

Magnetic iron oxide nanoparticles such as
maghemite (γ-Fe2O3) or magnetite (Fe3O4), are used
in decoration of GO to obtain improved magnetic,
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optical, and electrochemical properties of GO. This
combination which leads to improvement of the prop-
erties of GO, makes it a great option for the modifica-
tion of electrodes [45].

Ionic liquids (ILs) have demonstrated promising
and efficient electrochemical features such as good
conductivity and wide electrochemical windows
which make them an attractive candidate for applica-
tion in electrochemical sensors. Therefore, nano-
structure base electrodes modified with ILs operate
very well in sensing biological and pharmaceutical
species [46–49].

In this paper, we introduce a modification of car-
bon paste electrode by using an ionic liquid and mag-
netic core–shell nanocomposite of graphene
oxide/Fe3O4@SiO2 (ILGFSCPE). The operation of
this modified electrode was investigated in concurrent
measurement of acetaminophen and tyrosine in aque-
ous solutions and in real samples.

EXPERIMENTAL
Apparatus and Chemicals

The electrochemical measurements were carried
out by an Autolab potentiostat/galvanostat (PGSTAT
302N, Eco Chemie, the Netherlands). General Pur-
pose Electrochemical System (GPES) software was
applied to control the experimental conditions. A typ-
ical three electrode cell comprising of reference
(Ag/AgCl/KCl (3.0 M), auxiliary (a platinum wire)
and working (ILGFSCPE) electrodes were used at
25 ± 1°C. pH measurements were done by a Metrohm
710 pH meter.

Acetaminophen, tyrosine and all of the other ana-
lytical grade reagents were purchased from Merck
(Darmstadt, Germany). Orthophosphoric acid and its
salts were used to prepare a buffer solution in the
pH range of 2.0–9.0.

Ionic liquid (n-hexyl-3-methylimidazolium hexaflu-
oro phosphate) was purchased from Sigma Aldrich Co.

Synthesis of GO/Fe3O4@SiO2 Nanocomposite
The conversion of the –OH groups of GO to

‒COOH, was carried out in a typical procedure as
follow:

An aqueous suspension of 50 mL GO (2 mg mL–1),
was bath sonicated to obtain a clear solution, for 1 h.
Then, to this suspension, 12 g NaOH and 10 g chloro-
acetic acid were added and bath sonicated for 2 h.
Finally, neutralization and purification of resulting
G–COOH was done [50].

A homogenous suspension of GO–COOH, was
prepared by dissolving 0.06 g carboxylated GO in
42 mL water by ultrasonic irradiation within 20 min.
Further vigorous stirring continued at 60°C for
30 min. Then, 106.2 mg FeCl3 · 6H2O was added and
5  No. 12  2019
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Fig. 1. FT-IR spectra of (a) GO–COOH, (b) GO/Fe3O4
and (c) GO/ Fe3O4@SiO2.
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stirred vigorously under N2 atmosphere, for 30 min.
To this solution, 57 mg of FeSO4 · 7H2O was added
and stirred for 30 min. Droplets of 18 mL of NH4OH
(6%), were added during 1 h, at 60°C. The reaction
completed after 2 h. All the stages were performed
under nitrogen atmosphere to prevent critical oxida-
tion. The final, ready to use product is black precipi-
tate of GO/Fe3O4 nanoparticles which attain after
centrifuge, washing with double distilled water and
drying.

Preparation of core–shell nanocomposites of
GO/Fe3O4@SiO2 was done by the growth of silica lay-
ers on the surface of the GO/Fe3O4, according the
procedure described by Lu et al as follow:

In a 250 mL three neck f lask, 90 μL of TEOS,
15 mL ethanol, 0.6 mL give concentration ammonium
hydroxide, and 0.6 mL water were added in a 40°C
water bath. Afterward, to this solution GO/Fe3O4 was
added while stirred mechanically. After 12 h, the pre-
pared nanocomposite was separated by centrifugation,
then washed and dried under vacuum at 60°C over-
night [51].

Preparation of the Electrode

For the preparation of ILGFSCPE, 0.04 g of mag-
netic core–shell nanocomposites of GO/Fe3O4@SiO2,
0.96 g graphite powder, and about 0.8 mL of ionic liq-
uid were mixed in a mortar. The resulting paste, was
packed into the bottom of glass tube with 15 cm long
RUSSIAN JOURNAL
and 3.4 mm diameters. The insertion of a copper wire
into the carbon paste established the electrical contact.

For making an analogy, ionic liquid/carbon paste
electrode (ILCPE), GFSCPE constituted of core–
shell GO/Fe3O4@SiO2 nanocomposites powder plus
paraffin oil, and bare CPE making by graphite powder
and paraffin oil, were also prepared using the same
procedure.

RESULTS AND DISCUSSION

FT-IR and SEM Characterization

Figure 1 shows the FT-IR spectra of (a) GOs–
COOH, (b) GO/Fe3O4 and (c) GO/Fe3O4@SiO2. In
Fig. 1a the peaks at 1629.92 and 1455.80 cm–1 corre-
spond to C=O and C–O stretching, respectively. The
observed peaks at 2923.25 and 3423.85 cm–1 corre-
spond to the –CH stretching mode and COOH groups
of GO surface, respectively. In addition, in Fig. 1b the
peak at 565.50 cm–1 is the stretching vibration related
to interactions of Fe–O–Fe in Fe3O4. Comparing
between two spectra (b and c), the characteristic Si–
O–Si peak at 1077.29 cm−1 (Fig. 1c) proves the forma-
tion of the silica shell.

Figure 2 depicts the SEM images of (a) GO–
COOH, (b) GO/Fe3O4 and (c) GO/Fe3O4@SiO2
which demonstrate their surface morphologies.

Electrochemical Behavior of Acetaminophen 
at the Surface of Various Electrodes

The electrochemical behavior of acetaminophen
was studied on the surfaces of ILGFSCPE (curve d),
ILCPE (curve c), GFSCPE (curve b) and bare CPE
(curve a). The cyclic voltammograms (Fig. 3) show
the electrochemical oxidation of 400.0 μM acetamin-
ophen. The oxidation of acetaminophen at bare CPE
gave very weak peak while with the introduction of IL,
an enhancement in peak current and reduction in
overpotential was obtained. Oxidation of acetamino-
phen at ILGFSCPE (curve d) and ILCPE (curve c)
showed a considerable increase in current and notable
negative shift of the peak potentials.

The observed notable negative shift of the peak
potentials of acetaminophen start and considerable
increase in current, demonstrate the catalytic ability of
ILGFSCPE (curve d) and ILCPE (curve c) toward
acetaminophen. However, much higher anodic peak
current as the best result in the performance of elec-
trode toward acetaminophen oxidation was achieved
when core–shell nanocomposite of graphene
oxide/Fe3O4@SiO2 nanocomposite were used. The
results of electrochemical responses at various elec-
trode surfaces at pH 7.0 are shown in Table 1.
 OF ELECTROCHEMISTRY  Vol. 55  No. 12  2019



A CARBON PASTE ELECTRODE 1165

Fig. 2. SEM image for (a) GO–COOH, (b) GO/Fe3O4 and (c) GO/ Fe3O4@SiO2.
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Table 1. Comparison of oxidation of acetaminophen on var-
ious electrodes surface at pH 7.0

Electrode
Acetaminophen

anodic peak
potential, mV

anodic peak
current, μA

CPE 370 2.45
FSGCPE 330 5.34
ILCPE 300 16.3
ILFSGCPE 300 24
Effect of Scan Rate

Figure 4 demonstrates how the oxidation current of
acetaminophen changes with the potential scan rates
in CV. The results revealed that increase in potential
scan rate results in peak current amplification. More-
over, the anodic peak current (Ip) has a linear relation
with the square root of the potential scan rate (v1/2)
implying the control of oxidation by diffusion process.

Chronoamperometric Measurements

Chronoamperometric measurements at ILGFSCPE
(Fig. 5), were performed by tuning the working elec-
trode potential at 0.4 V vs. Ag/AgCl/KCl (3.0 M) for
RUSSIAN JOURNAL OF ELECTROCHEMISTRY  Vol. 5
different concentrations of acetaminophen. Cottrell
equation was used for describing the current of elec-
trochemical reaction of electroactive moiety (acet-
5  No. 12  2019
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Fig. 3. CVs of (a) CPE, (b) GFSCPE, (c) ILCPE and
(d) ILGFSCPE in the presence of 400.0 μM acetamino-
phen in 0.1 M PBS (pH 7.0).
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Fig. 4. CVs of ILGFSCPE in 0.1 M PBS (pH 7.0) contain-
ing 150.0 μM acetaminophen at various scan rates; nos. 1–11
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aminophen) in the condition of limited mass transport
as follow [52]:

where D and cb represent the diffusion coefficient
(cm2 s–1) and the bulk concentration (mol cm–3) of

− −= π1 2 1 2 1 2
b ,I nFAD c t
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Fig. 5. Chronoamperograms obtained at ILGFSCPE in 0.1 M
Numbers 1–5 correspond to 0.1, 0.5, 1.0, 1.5, and 2.0 mM of ace
amperograms 1–5. (b) Plot of the slope of the straight lines agai
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acetaminophen. Experimental plots were constructed
with the best fits by plots of I vs. t–1/2 for various con-
centrations of acetaminophen. Then, the resulting
slopes were plotted versus the concentrations of acet-
aminophen. The obtained slope and Cottrell equation
were used for the determination of mean value of D.
 OF ELECTROCHEMISTRY  Vol. 55  No. 12  2019
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Fig. 6. SWVs of ILGFSCPE in 0.1 M PBS (pH 7.0) con-
taining different concentrations of acetaminophen. Num-
bers 1–13 correspond to 1.0, 5.0, 10.0, 20.0, 40.0, 60.0,
80.0, 100.0, 200.0, 400.0, 600.0, 800.0, and 1000.0 μM of
acetaminophen. Inset shows the plots of the peak current
as a function of acetaminophen concentration in the range
of 1.0–1000.0 μM.
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Accordingly, the D value was determined to be 1.06 ×
10–6 cm2/s for acetaminophen.

Calibration Plot and Limit of Detection
Acetaminophen in solution was determined, at the

surface of the modified electrode through the peak
currents of acetaminophen oxidation (Fig. 6). Accord-
ingly, square wave voltammetry (SWV) was used in
varying concentrations of corresponding target at the
surface of a modified electrode. According to SWV
results, the oxidation peak currents of acetaminophen
were proportional to the concentration of the acet-
aminophen in the range of 1.0 × 10–6 to 1.0 × 10–3 M
with detection limits (3σ) of 4.0 × 10–7 M for acet-
aminophen.

Simultaneous Determination 
of Acetaminophen and Tyrosine

The simultaneous determination of acetamino-
phen and tyrosine using ILGFSCPE has not been
reported yet. For this purpose, the concentration of
two analyts was changed, simultaneously while
recording the SWVs (Fig. 7). According to voltammet-
5  No. 12  2019

different concentrations of acetaminophen and tyrosine in μM,
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Table 2. Determination of acetaminophen and tyrosine in real samples. All the concentrations are in μM (n = 5)

Sample
Spiked Found Recovery, % RSD, %

acetamino-
phen tyrosine acetamino-

phen tyrosine acetamino-
phen tyrosine acetamino-

phen tyrosine

Acetaminophen 
tablet

0 0 10.0 – – – 3.3 –
5.0 10.0 14.9 10.2 99.3 102.0 2.7 1.9

10.0 15.0 20.7 14.8 103.5 98.7 1.9 3.2
15.0 20.0 24.3 20.3 97.2 101.5 1.7 2.2
20.0 30.0 30.3 29.3 101.0 97.7 3.1 2.3

Acetaminophen 
syrup

0 0 12.0 – – – 2.4 –
5.0 12.5 17.3 12.2 101.8 97.6 1.9 3.1

10.0 17.5 21.5 17.8 97.7 101.7 2.8 2.7
15.0 22.5 27.9 22.4 103.3 99.5 2.2 2.1
20.0 27.5 31.8 28.2 99.4 102.5 3.4 1.9

Urine

0 0 – – – – – –
5.0 10.0 4.9 10.1 98.0 101.0 1.7 2.9

10.0 15.0 10.2 14.7 102.0 98.0 1.9 2.3
15.0 20.0 14.8 20.7 98.7 103.5 3.2 1.8
20.0 30.0 20.4 29.7 102.0 99.0 2.4 1.7
ric results, two distinctive peaks observed at potentials
of 330 and 630 mV related to oxidation of acetamino-
phen and tyrosine, respectively. This result as shown in
Fig. 7, proves the efficiency of ILGFSCPE in the
determination of two mentioned targets, simultane-
ously.

The Repeatability and Stability of ILGFSCPE

The stability of the ILGFSCPE modified electrode
was studied after being stored in atmosphere at ambi-
ent temperature for a period of 3-weeks. According to
CV results, the peak potential oxidation of acetamino-
phen unchanged with small decrease of 2.6% in cur-
rent signals compared to initial response. To study the
antifouling properties relative to acetaminophen oxi-
dation and its oxidation product, CVs were recorded
before and after use of modified electrode in the pres-
ence acetaminophen. The recorded CVs in the pres-
ence of acetaminophen have been cycled the potential
twenty times at a scan rate of 50 mV s–1. The results
revealed no change in peak potentials and reduction in
current less than 2.1%. Accordingly, the surface of
ILGFSCPE demonstrated an increment in sensitivity
and reduction in fouling effect of the target and its oxi-
dation product.

Real Sample Analysis

The analytical applicability of the modified sensor
was evaluated through the sensing of acetaminophen
and tyrosine in acetaminophen tablet, acetaminophen
syrup, and urine samples (Table 2). The experimental
RUSSIAN JOURNAL
results were satisfactory for acetaminophen and tyro-
sine. The reproducibility of the analysis was tested by
the mean relative standard deviation (RSD).

CONCLUSIONS
In this study, a modified carbon paste electrode by

using an IL and magnetic core–shell nanocomposite
of graphene oxide/Fe3O4@SiO2 (ILGFSCPE) was
constructed. This modified electrode exhibited excel-
lent properties including low detection limit, wide lin-
ear range, long-term stability, high reproducibility and
repeatability. The performance of this electrochemical
sensor in the simultaneous determination of acet-
aminophen and tyrosine was successfully varified.
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