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aracterization of bipyridine
cobalt(II) complex modified graphite screen printed
electrode: an electrochemical sensor for
simultaneous detection of acetaminophen and
naproxen

Tahere Kondori,a Somayeh Tajik,*b Niloufar Akbarzadeh-T,*a Hadi Beitollahi, c

Cloudia Graiff, d Ho Won Jang *e and Mohammadreza Shokouhimehr *e

The new Co(II) compound [Co(5,50-dmbpy)2(NCS)2] (a1) was prepared by reacting Co(NO3)2$6H2O, 5,50-
dimethyl-2,20-bipyridine ligand, and Na(SCN). The nano-scale size of [Co(5,50-dmbpy)2(NCS)2] (a1) was

synthesized using sonochemical process. The size of the nanoparticles (a2) was �13 � 2 nm. We have

also provided a new platform of electrochemical sensing for simultaneous detection of acetaminophen

and naproxen using (a2) surface modified graphite screen printed electrode (SPE) in 0.1 M phosphate

buffer solution (PBS, pH 7.0). In contrast to bare SPE, the modified SPE could significantly improve the

electrooxidation activity of acetaminophen along with the rise in the current of an anodic peak. The peak

currents acquired using differential pulse voltammetry (DPV) raised linearly with the raising of

acetaminophen concentration and the sensor had a detection range over the concentration range of

0.009–325.0 mM, with a detection limit of 5.0 nM (S/N ¼ 3). In the case of naproxen peak, currents of

naproxen oxidation at the modified SPE were linearly dependent on the naproxen amounts in the range

of 1.0–500.0 mM. The detection limit (S/N ¼ 3) was calculated to be 0.03 mM. The DPV responses show

that the peaks of acetaminophen and naproxen oxidation were vividly separated from one other with

a potential difference of 410 mV between them. The low detection limit, high sensitivity, and stability

made the relevant electrode applicable for the analysis of acetaminophen and naproxen in real samples.

Further, its practical applicability was reliable and desirable in the analysis of pharmaceutical compounds

and biological fluids. The benefits of using this modified electrode for the determination of analytes are

compared with other works in the manuscript.
1. Introduction

Pharmaceutical analysis plays an important role in human
health.1Notably, their administration to a living organism helps
the body to stay healthy. In general, pharmaceutical compounds
are used to cure the diagnosed illnesses with biological efficacy
in the body of the patients. Analytical measurements are very
necessary aer administration to the patients for bioavailability
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testing and evaluating their effectiveness and investigation of
the needed dosage of drug formulation.2 While different
analytical methods including spectrophotometry, spectrouo-
rometer, chemiluminescence, capillary zone electrophoresis,
and chromatography3–7 have been extended for this purpose,
electrochemical techniques have been considered as sensitive
and cost-efficient method that can be accurately and rapidly
used for pharmaceutical tests.8–10 Compared to other analytical
techniques, the electrochemical determination has been indi-
cated to be very sensitive with less interference from non-
electroactive compounds for the investigations of a wide
range of pharmaceutical factors.2,11,12

Acetaminophen has been widely used in pharmaceuticals
and it is mostly demonstrated in treatments of analgesic and
antipyretic.13 In addition, it has reliable properties for relieving
pain associated with backache, headache, reducing fevers, and
postoperative pain.14 Acetaminophen can be administered in
different forms (e.g., tablets, capsules, and suspension).15

Furthermore, acetaminophen is a multipurpose drug that can
RSC Adv., 2021, 11, 3049–3057 | 3049

http://crossmark.crossref.org/dialog/?doi=10.1039/d0ra08126d&domain=pdf&date_stamp=2021-01-13
http://orcid.org/0000-0002-0669-5216
http://orcid.org/0000-0002-9908-6961
http://orcid.org/0000-0002-6952-7359
http://orcid.org/0000-0003-1416-6805
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08126d
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011005


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 1
1/

7/
20

25
 8

:1
3:

50
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
be available with signicant concentration in biological
compounds, in water bodies including wastewater of manu-
factures and unit's pharmaceuticals, as well as, considerable
attention is essential for the quantication and detection of
acetaminophen.

Naproxen is a compound antipyretic and anti-inammatory
applied in the treatment of nonrheumatic inammation,
migraine, and gout. Also, this drug is effective in reducing the
pain of muscle cramps, muscle stiffness, and orthopedic
surgery. The naproxen drug should be given with precaution in
elderly patients and patients with hemophilia, gastrointestinal
bleeding, and platelet coagulation dysfunction.16 The combi-
nation of acetaminophen and naproxen their effect has been
proven in the treatment of ache and has their clinical utilization
validated.17 Moreover, therapy through a combination of acet-
aminophen and naproxen drugs for sufferers with rheumatoid
arthritis.18,19 Consequently, developing a sensitive, selective,
and simple technique for designation of acetaminophen and
naproxen is required in formulations of pharmaceutical in
biological uids.

Because the electrochemical determination of biological and
pharmaceutical compounds is not generally possible with
conventional electrode due to overvoltage, the electrodes are
modied with various compounds.20–23 In addition, simulta-
neous determination of pharmacological and biological
compounds on the surface of conventional electrodes is not
easily achievable due to the overlap of their peaks. Therefore,
more attention for extending an electrochemical sensor has
been paid to modication of the materials on the surface of the
electrode.24–27

In recent years, nanocomplexes are shown to be very effective
in catalyzing the electrochemical reactions, resulting in
a decrease in overpotentials and an increase in peak currents.
Complexes of transition metals are particularly interesting as
modiers to catalyze the electrooxidation of some chemical and
biologically important compounds due to their electrocatalytic
properties, simultaneously functioning as active sites to accel-
erate chemical transformations and electron transfer.28–31

A SPE is a good electrode due to its mass production, cheap
and current of low background. It can dominate electrodes of
carbon paste and electrodes of shortcomings of glassy carbon,32

containing effects of memory and operations of tedious clean-
ing. Moreover, the intrinsic disadvantages of SPEs including
low sensitivity and repeatability decrease these electrodes'
application and yet the surface of electrodes is prone to modify
various sensing samples to achieve alright detection
performance.33,34

In this work, [Co(5,50-dmbpy)2(NCS)2] (a1) was synthesized
and characterized by various techniques. The cobalt nano-
complex (a2) was prepared by the sonochemical process. The
synthesized nanocomplex (a2) was used to surface modication
of the SPE and employed in the simultaneous detection of
acetaminophen and naproxen. The advantages of this modied
electrode for the determination of analytes are compared with
other works in the manuscript.
3050 | RSC Adv., 2021, 11, 3049–3057
2. Experimental
2.1. Chemicals and characterization

The chemicals and solvents were used without further puri-
cations from the company of Aldrich. The spectrum of FT-IR of
complex (a1) was recorded as 1% dispersions by using a spec-
trometer of Shimadzu-470 by a disk of CsI and in the range of
(4000–250 cm�1). The spectrum of UV-Vis has resulted in
a spectrometer of Shimadzu 2100. X-ray powder diffraction
(XRD) calculations were conducted via an X'pert diffractometer
from Philips Co. The scanning electron microscopic (SEM) was
applied to distinguish the samples. Results of X-ray diffraction
for complex (a1) were obtained at 173 K on a diffractometer of
Bruker Apex II single-crystal, working with Mo-Ka graphite
monochromatic radiator (Ka ¼ 0.71073 Å) and have an area
detector. The result of the raw frame was carried out by soware
of SAINT, and the rectication for absorption was made by the
program of SCALE implemented in the SAINT package to obtain
the data le of reection. The structure of the sample was ob-
tained via direct techniques with SHELXS-97 and rened
against F2 with SHELXL-2014/7 by parameters of anisotropic
thermal for all non-hydrogen atoms. The atoms of hydrogen
were placed in the positions of ideal geometrical positions. The
results crystallographic for complex (a1) were veried with the
Cambridge Crystallographic Data Center.

The measurements of electrochemical were carried out with
a device in the name of Autolabpotentiostat/galvanostat
(PGSTAT 302N, Eco Chemie, the Netherlands). The conditions
of the test under revenue control with a soware of General
Purpose Electrochemical System (GPES). The electrode of
screen-printed (DropSend, DRP-110, Spain) contains three
segments of importance, which consists of a silver pseudo-
reference electrode, a graphite counter electrode, and
a graphite working electrode. pH was measured by a Metrohm
710 pH meter. All experiments were performed in accordance
with the guidelines Kerman University of Medical Sciences,
Kerman, Iran. Informed consents were obtained from human
participants of this study (Urine samples).

2.2. Synthesis of the compound (a1)

The value of 0.34 mmol of ligand 5,50-dmbpy and 0.340 mmol of
Na(SCN) was dissolved in a mixture of H2O-methanol, then
added to the value of 0.170 mmol of a solution of Co(NO3)2-
$6H2O, and mixed up at 60 �C for 2 h. The nal solution slowly
evaporates and crystals of the synthesized compound have been
obtained, yield: 58.8%.FT-IR (CsI): 3421w n(O–H), 2920s n(C–H)
aliphatic, 2090m n(C]N), 1631m n(C]C), n(C]N), 850m n(C]
S), 827s, 662 s d(C]C]C), d(C]C]N), 267m n(Co–N).35,36 Anal.
calc.: C, 57.00; H, 4.38; N, 15.33; found: C, 56.76; H,4.01; N,
15.81.

2.3. Synthesis of nanocomplex (a2)

A high-density ultrasonic probe was immersed directly into
a methanol solution (10 mL) of Co(NO3)2$6H2O (0.170 mmol),
a proper volume of 5,50-dmbpy (0.34 mmol) in methanol solu-
tion (20 mL) was added dropwise. The solution of NaSCN (0.34
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Selected crystallographic data and details of structure
refinement for compound (a1)

Compound a1

Formula C26H24CoN6S2 1/8H2O
Molecular weight 545.81
Crystal system Triclinic
Space group P�1
a [Å] 9.720(4)
b [Å] 16.984(7)
c [Å] 18.625(8)
V [Å3] 2632.7(18)
Z 4
h,k,l max 23,23,20
m [cm�1] 0.837
Rened parameters 643
R1 [I > 2s(I)] R1 ¼ 0.0452

wR2 ¼ 0.1047
wR2 [all data] R1 ¼ 0.0862

wR2 ¼ 0.1249
GOF 0.947
CCDC 1888105
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mmol) in 10 mL methanol was added gradually. The solution
was then irradiated for 20 min with a power of 100 W. The
obtained precipitates were ltered and dried in the air. The
nanocomplex (a2): yield, 67.3%. Anal. calc. C, 57.2; H, 4.21; N,
15.73. Found: C, 57.7; H, 4.47; N, 14.95. FT-IR (CsI, cm�1): 3401
(w), 3003 (s), 2085 (w), 1623(s), 842 (s), 818 (s), 657 (s), 260 (s).
2.4. Surface modication of the screen printed electrodes

The SPEs weremodied by being coated with nanocomplex (a2).
The general procedure for this involved dispersing 1 mg of
nanocomplex (a2) in water (1 mL) for 45 min under sonication.
Next 5 mL of the mixture was added to the SPE and it was placed
to dry in conditions of environmental.
Fig. 1 ORTEP view of complex (a1).
2.5. Preparation of real samples

Urine samples were stored in the refrigerator aer collection. To
start the analyses, typically, 10 mL of each compound was taken
and then centrifuged at 2000 rpm for a quarter. The supernatant
then passed through a 0.45 mm lter. Next various quantities of
the treated urine samples were taken and placed in a ask (25
mL) and watery by a phosphate buffer solution (PBS) (pH¼ 7.0).
Table 2 Bond distances (Å) and bond angle (�) for complex (a1)

Bond length (Å) Bond Angle (�) Bond angle

1.339(4) C1 N1 124.9 N1 C1 C2
0.9300 C1 H1 115.3(3) C4 C2 C1
1.386(5) C1 C2 109.5 C2 C3 H3A
1.625(4) C25 S1 109.5 H3A C3 H3
1.151(4) C25 N5 124.3(3) N4 C24C2
2.139(3) N1 Co1 165.48(12) N6 Co1 N3
2.078(3) N5 Co1 96.15(13) N11 Co2 N12
2.167(3) N10 Co2 168.93(12) N11 Co2 N8

© 2021 The Author(s). Published by the Royal Society of Chemistry
To these compounds, different quantities of acetaminophen
and naproxen were spiked.

Five 325 mg acetaminophen tablets (Amin Co., Iran) were
ground and homogenized. Next, 325 mg of this powder was
dissolved in PBS (25 mL) under sonication, and various quan-
tities of this solution were added to the 25 mL volumetric ask
before dilution with PBS (pH ¼ 7.0).

Five 250 mg naproxen tablets (Chemidarou Co., Iran) were
ground and homogenized. Next, 250 mg of this powder was
dissolved in 25 mL of PBS in condition sonication, and various
quantities of this solution were added to the 25 mL volumetric
ask before dilution with PBS (pH ¼ 7.0).
3. Results and discussion

The reaction of ligands of 5,50-dmbpy and Na(SCN) with a salt of
Co(II) (with the ratio of 2 : 2:1 molar for preparing compound
Fig. 2 Crystal packing diagram of [Co(5,50-dmbipy)2(NCS)2] (a1).

RSC Adv., 2021, 11, 3049–3057 | 3051
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Fig. 3 UV-Vis spectrum of complex (a1) in methanol.

Fig. 5 FT-IR spectra of (a) [Co(5,50-dmbipy)2(NCS)2] (a1) and (b)
nanocrystals (a2).

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 1
1/

7/
20

25
 8

:1
3:

50
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
(a1)) in H2O-methanol at 298 K made [Co(5,50-dmbpy)2(NCS)2]
(a1) complex. The compound (a1) was identied using spec-
troscopies of FT-IR, UV-Vis, and elemental analysis (CHN).
3.1. Characterization of the synthesized complex

3.1.1. Crystallographic data collection and structure
determination. The compound of [Co(5,50-dmbpy)2(NCS)2] is
a stable insoluble and solid phase. Suitable crystal of titled
complex for X-ray diffraction studied was synthesized by slow
evaporation in methanol solution. Crystalline data of complex
(a1) is shown in Table 1. Bond distances (Å) and bond angles (�)
for complex (a1) are displayed in Table 2.

Oak Ridge Thermal Ellipsoid Plot (ORTEP) view and crystal
packing related to complex (a1) are shown in Fig. 1 and 2,
respectively. In this compound, Co(II) atoms are six-coordinated
in distorted octahedral congurations by four N atoms from two
5,50-dmbpy and two terminal N atoms from NCS ligands.
Fig. 4 XRD patterns of (a) [Co(5,50-dmbipy)2(NCS)2] (a1) and (b)
nanocrystals (a2).

3052 | RSC Adv., 2021, 11, 3049–3057
3.1.2. Electronic absorption spectroscopy. UV-Vis spectrum
of complex (a1) in methanol solution contains different peaks
related to the transitions of ligands and Co(II) ion (Fig. 3). In the
ultraviolet region, the bands at 308–317 nm, assigned to p–p*

and n–p* transition of 5,50-dmbpy ligand, respectively.37–39 The
330 nm band is related to p–p* transition of NCS ligand which
has been overlapped with the transitions of 5,50-dmbpy ligand.
The peaks at 609 and 720 nm can be relevant to 2Eg /

2T1g and
2Eg / 2T2g that has been related to d–d transitions of Co(II)
ion.40
3.2. Characterization of the synthesized nanocomplex

3.2.1. X-ray powder diffraction investigation. Fig. 4 displays
the replicated XRD pattern from single-crystal X-ray data of (a1),
compared to the XRD pattern, assembled via a sonochemical
procedure of nanocrystals of (a2). Sufficient agreement with
minor variations in 2q was evident among the replication and
experimented X-ray diffraction patterns.
Fig. 6 SEM image of nanocrystal (a2).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Probable oxidation mechanism for acetaminophen.

Fig. 7 Plot of Ip vs. pH obtained from DPVs of modified SPE in
a solution containing 100.0 mM acetaminophen in 0.1 PBS with
different pHs (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0).

Fig. 9 Cyclic voltammograms of modified SPE in 0.1 M PBS (pH 7.0)
including 100.0 mMacetaminophen at different scan rates; curves 1–15
related to 10, 20, 40, 60, 80, 100, 200, 300, 400, 500, 600, 700, 800,
900, and 1000 mV s�1, respectively. Inset: variation of anodic and
cathodic peak current versus n1/2.
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3.2.2. FT-IR spectrum. FT-IR spectra of complex (a1) and
nanocrystals (a2) shown in Fig. 5 are related to C–H stretching
vibrations of phenyl and pyridine rings and methyl groups.
Several bands are evident within the 2000 to 1400 cm�1 range
which was assigned to n(C]N) and n(C]C) vibrations. The
medium to strong vibrational bands within the 1114 to
670 cm�1 region are accredited to malformation vibrations of
d(C]C]N) and d(C]C]C) in the phenyl and pyridine rings.
The band at 850 cm�1 is atributad to n(C]S) vibration. The
Fig. 8 Cyclic voltammograms of (a) unmodified SPE and (b) modified
SPE in 0.1 M PBS (pH 7.0) in the presence of 100.0 mM acetaminophen
at the scan rate 50 mV s�1.

Fig. 10 Chronoamperograms measured at modified SPE in 0.1 M PBS
(pH 7.0) for a various concentrations of acetaminophen material. The
curves 1–4 related to 0.1, 0.5, 1.0, and 1.5 mM of acetaminophen.
Insets: (a) plots of I vs. t�1/2 calculated from chronoamperograms 1–4.
(b) The plot of the straight lines slope versus acetaminophen
concentration.

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 3049–3057 | 3053
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Fig. 11 DPVs of modified SPE in 0.1 M (pH 7.0) including various
concentrations of acetaminophen (0.009, 0.05, 0.5, and 5.0 mM. Inset
(a): DPVs of modified SPE for the curve related to 15.0, 50.0, 100.0,
200.0, and 325.0 mMof acetaminophen. Inset (b): plot of the current of
peak like a function of concentration of acetaminophen material
approximately in the 0.009–325.0 mM.
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stretching vibration bond of Co–N was evident at 267 cm�1.
According to the FT-IR spectrum of the complex (a1), the simi-
larities to the FT-IR spectrum of single-crystalline substances
are evident (Fig. 5).35,36

3.2.3. Microscopy. SEM photograph of (a2) displays the
synthesized nanoparticles having uniform morphology (Fig. 6).
The size of the particle obtained by using the SEM method was
�13 � 2 nm for the titled compound.
3.3. Electrochemical analysis

3.3.1. Electroanalysis of acetaminophen using various
electrodes. It is clear that the electrochemistry of
Table 3 A comparison of the efficiency of modified SPE in this wo
acetaminophen

Limit of
detection
(mM)

Linear dynamic range
(mM) Modier

0.03 0.5–97 BiO nanorods
0.051 0.09–7.0 and 16.4–1160 CeO2 nanoparticles
3.3 � 10�5 10�4–20 Electrodeposited graphene and

nanocomposite
4.29 10–1000 —

0.03 0.09–35.0 Gold nanoparticles/multi-walled
0.45 10–125 Poly(4-amino-3-hydroxynaphtha
1.45 7–400 Graphene oxide-Y2O3 nanocomp
0.009 0.025–35 Nitrogen-doped carbon nano-on

nanoparticles
0.005 0.009–325.0 Nanoparticle [Co(5,50-dmbipy)2(

3054 | RSC Adv., 2021, 11, 3049–3057
acetaminophen is correlated to pH of the media (Scheme 1).
Therefore, optimization of the pH is very important in the
electroanalysis of acetaminophen drug. Accordingly, the func-
tional of electrochemical of acetaminophen was in 0.1 M PBS
with various pH in the range of 2.0–9.0 were evaluated via the
nanocomplex (a2) SPE (Fig. 7). The results showed using the
modied SPE, the reaction favored pH of 7.0 and therefore
neutral pH was used in all of the tests.

Fig. 8 illustrates the cyclic voltammograms recorded for
100.0 mM solution of acetaminophen using an unmodied SPE
(curve a) and modied SPE (curve b). With the help of the
modied electrode, the oxidation peak potential of acetamino-
phen was observed at 300 mV at a modied SPE, whereas the
corresponding peak was observed at 500 mV at an unmodied
SPE. The anodic peak current at the former is 460% higher than
that at the latter, indicating a positive inuence of modication.

3.3.2. Inuence of scan rate. The relation between the
potential scan rate and the electrooxidation current of acet-
aminophen was evaluated and based on the results (Fig. 9)
raising the rate of scan was found to increase the current. Given
the linear relationship among the square root of the scan rate
(n1/2) and the anodic and cathodic peak currents (Ip), it was
deduced which the process of oxidation and reduction named
diffusion-controlled phenomenon for acetaminophen.

3.3.3. Chronoamperometry tests. Modied SPE was also
used for the chronoamperometric analysis of various amounts
of acetaminophen in PBS (pH ¼ 7). The analyses were per-
formed by applying a potential of 350 mV to the working elec-
trodes (Fig. 10). The chronoamperometric current for an
electroactive sample that has a diffusion coefficient of D, under
mass-transport controlled situations is given using Cottrell's
equation:41

I ¼ nFAD1/2Cbp
�1/2t�1/2 (1)

where I is current (A), D is the diffusion coefficient (cm2 s�1), Cb

is the bulk concentration of an analyte (mol cm�3), A is the
surface area of the electrode (cm2), F is Faraday's constant, t is
rk and various modified electrodes reported for the detection of

Electrode Ref.

Screen printed electrode 42
Screen printed electrode 43

zinc oxide Glassy carbon electrode 44

Graphite screen printed microelectrode
arrays

45

carbon nanotube Glassy carbon electrode 46
lene sulfonic acid) Glassy carbon electrode 47
osite Carbon paste electrode 48
ions and gold Glassy carbon electrode 49

NCS)2] Screen printed electrode This
work
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Fig. 12 DPVs of modified SPE in 0.1 M (pH 7.0) including various
concentrations of naproxen. The curves 1–10 related to 1.0, 0.5, 20.0,
50.0, 75.0, 100.0, 200.0, 300.0, 400.0 and 500.0 mM of naproxen.
Inset: plot of the current of peak like a function of concentration of
naproxen material approximately in the 1.0–500.0.0 mM.

Fig. 13 DPVs ofmodified SPE in 0.1 M PBS (pH¼ 7.0) with diverse amount
50.0, 50.0 + 125.0, 100.0 + 225.0, 150.0 + 325.0, 200.0 + 375.0, 250.0 +
(a) plot of Ip against acetaminophen concentrations, (b) plot of Ip versus th
(pH ¼ 7.0) with acetaminophen (300.0 mM) and naproxen (500.0 mM).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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the time (s), and n is the number of electrons transferred. I
values were plotted against t�1/2 using the best ts related to
various acetaminophen concentrations (Fig. 10a), and the plot
of the slope of this straight line against acetaminophen
concentrations are given in Fig. 10b. Using the slope related to
the plot and Cottrell's equation the average value for acet-
aminophen's D was obtained to be 4.4 (�0.05) � 10�6 cm2 s�1

which is comparable to some other electrochemical work (1.3 �
10�6 cm2 s�1)22 and CPE (4.97 � 10�6 cm2 s�1).23

3.3.4. DPV analysis and calibration plots. Using the peak
currents of electrooxidation obtained by the modied SPE on
differential pulse voltammetric analysis of various solutions of
acetaminophen in 0.1 M PBS and according to the data (Fig. 11)
(primary potential ¼ 0.05 V, nish potential ¼ 0.56 V, step
potential ¼ 0.002 V, modulation amplitude ¼ 0.02505 V), the
peak currents had a linear behavior against acetaminophen
concentrations in the concentration approximately 0.009–325.0
mM (the value of correlation coefficient is 0.9999). The limit of
detection at 3s was determined to be 5.0 nM. Table 3 presents
a comparison of electrochemical techniques for the nding of
acetaminophen at the collected electrode in this research and
some other researches.

In the case of naproxen peak, currents of naproxen oxidation
at the modied SPE (Fig. 12) were linearly dependent on the
naproxen amounts, in the range of 1.0 � 10�6 to 5.0 � 10�4 M
s of acetaminophen + naproxen. Curves 1–8 related to 0.5 + 5.0, 15.0 +
450.0, and 300.0 + 500.0 mM of acetaminophen and naproxen. Insets:
e amount of naproxen and (c) DPV of the unmodified SPE in 0.1 M PBS

RSC Adv., 2021, 11, 3049–3057 | 3055
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(with a value of correlation coefficient equal to 0.9994) (primary
potential ¼ 0.5 V, nish potential ¼ 0.83 V, step potential ¼
0.002 V, modulation amplitude ¼ 0.02505 V) and the limit of
detection (3s) was calculated 3.0 � 10�7 M.

3.3.5. Simultaneous detection of acetaminophen and
naproxen. The DPV analyses were performed while simulta-
neously varying the amounts of acetaminophen and naproxen
(primary potential ¼ 0.05 V, nish potential ¼ 0.86 V, step
potential ¼ 0.002 V, modulation amplitude ¼ 0.02505 V) and
the results included distinct respective anodic peaks at 300 and
710 mV for acetaminophen and naproxen (Fig. 13). It is notable
that at the unmodied SPE distinct respective anodic peaks at
510 and 720 mV for acetaminophen and naproxen were
observed in the inset C. This proves the applicability of the
sensor for the simultaneous analysis of the species. The sensi-
tivity of the analyses for acetaminophen was determined to be
0.059 mA mM�1. This value was very close to that measured in
pure acetaminophen solutions (0.060 mA mM�1, see Section
3.3.4), containing the selectivity of the method.

3.3.6. The stability and repeatability of modied SPE. The
response stability of modied SPE over time was investigated by
using experimental in 14 days and in this period the electrodes
were maintained in the situation of ambient.50 It was found that
the peak potentials of acetaminophen had constant, but the
currents of electrooxidation had 2.6% as opposed to the initial
amount.

To determine the antifouling characteristics of the modied
SPE to the oxidation of acetaminophen and its oxidation
products DPVs were obtained through the modied SPE in the
presence of acetaminophen. The DPVs in the presence of acet-
aminophen sample was obtained aer carrying out 15 cycles of
potential at 50 mV s�1. Albeit the potentials of peak did not
alter; the electrooxidation currents illustrate a 2.4% decrease.
The data displayed that not only does the sensitivity of the
Table 4 The application of modified SPE for obtaining of acetamin-
ophen and naproxen in acetaminophen tablet, naproxen tablet, and
urine (n ¼ 5). All concentrations are in mM

R.S.D.
(%)

Recovery
(%) Found Spiked

SampleNAP AC NAP AC NAP AC NAP AC

— 3.2 — — — 4.0 0 0 Acetaminophen tablet
2.1 2.4 102.2 98.5 4.6 6.4 4.5 2.5
1.8 2.7 101.8 97.3 5.6 7.3 5.5 3.5
2.8 1.9 98.0 103.5 6.4 8.8 6.5 4.5
3.4 2.4 98.7 98.9 7.4 9.4 7.5 5.5
2.4 — — — 2.5 — 0 0 Naproxen tablet
3.5 1.7 101.5 98.0 6.6 4.9 4.0 5.0
1.9 3.3 98.7 103.3 7.4 6.2 5.0 6.0
2.5 2.2 97.6 102.8 8.3 7.2 6.0 7.0
2.3 3.6 103.2 98.7 9.8 7.9 7.0 8.0
— — — — — — 0 0 Urine
2.4 3.2 98.0 102.5 4.9 4.1 5.0 4.0
2.9 1.9 101.4 98.3 7.1 5.9 7.0 6.0
3.4 2.7 103.3 97.5 9.3 7.8 9.0 8.0
2.5 3.1 99.1 101.0 10.9 10.1 11.0 10.0

3056 | RSC Adv., 2021, 11, 3049–3057
electrode rise, but also fouling effected using its oxidation
product or the analyte reduces.

3.3.7. Real samples analysis. The approach of standard
addition was applied for evaluating the applicability of the
extended electrode to the analysis of acetaminophen and nap-
roxen in real samples. The results of the tests on two samples
are shown in Table 4 reecting good recovery amounts for two
species with amounts of acceptable relative standard deviation.

4. Conclusions

In this work, we have shown the preparation of a new Co(II)
compound with the formula [Co(5,50-dmbpy)2(NCS)2] (a1). The
compound (a1) was identied using FT-IR, UV-Vis spectroscopic
techniques and elemental analysis, and single-crystal X-ray
diffraction. The nano-size of compound (a1), has been synthe-
sized using a sonochemical process. Nano-compound was
distinguish using FT-IR, XRD, and SEM methods. A rapid,
inexpensive, sensitive, and selective method for the designation
of acetaminophen was presented based on electrocatalytic
oxidation of the presented analytes on the modied SPE. The
electrooxidation of acetaminophen at the modied SPE takes
place at 300 mV. In the present study, the use of the modied
SPE for the measurement of acetaminophen and naproxen
simultaneously was demonstrated. The potential differences of
410 mV between acetaminophen and naproxen were large
enough to distinguish acetaminophen and naproxen simulta-
neously and individually. Finally, the presented sensor applied
to the designation of acetaminophen and naproxen in acet-
aminophen tablet, naproxen tablet, and urine with satisfactory
recovery results. The high stability, wide linear range, repro-
ducibility, and low detection limit, show that this sensor is an
attractive candidate as a transducer for practical applications.

Conflicts of interest

The authors declare no competing interests.

Acknowledgements

The nancial support provided by University of Sistan and
Baluchestan and Kerman University of Medical Sciences is
appreciated. This research was supported by National Research
Foundation of Korea (NRF) funded by the Ministry of Science
and ICT (2020M2D8A206983011). Furthermore, the nancial
supports of the Basic Science Research Program
(2017R1A2B3009135) through the National Research Founda-
tion of Korea is appreciated.

References

1 M. Ghalkhani and F. Ghorbani-Bidkorbeh, Iran. J. Pharm.
Res., 2019, 18, 658.

2 M. R. Siddiqui, Z. A. AlOthman and N. Rahman, Arabian J.
Chem., 2017, 10, S1409.

3 P. Mukherjee, A. Bagchi and A. Raha, Afr. J. Pharm.
Pharmacol., 2015, 9, 834.
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08126d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 1
1/

7/
20

25
 8

:1
3:

50
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
4 B. Kaur, R. Kumar, S. Chand, K. Singh and A. K. Malik,
Spectrochim. Acta, Part A, 2019, 214, 261.

5 N. Memon, T. Qureshi, M. I. Bhanger and M. I. Malik, Curr.
Anal. Chem., 2019, 15, 349.

6 M. W. Lago, M. L. Friedrich, G. D. Iop, T. B. de Souza, P. de
Azevedo Mello and A. I. H. Adams, Talanta, 2018, 181, 182.

7 T. Hallaj, M. Amjadi, J. L. Manzoori and N. Azizi, J. Lumin.,
2017, 32, 1174.

8 K. Zhang, T. H. Lee, H. Noh, O. K. Farha, H. W. Jang,
J. W. Choi and M. Shokouhimehr, Cryst. Growth Des., 2020,
19, 7385.

9 V. K. Gupta, R. Jain, K. Radhapyari, N. Jadon and S. Agarwal,
Anal. Biochem., 2011, 408, 179.

10 S. Tajik, H. Beitollahi, F. Garkani Nejad, M. Safaei, K. Zhang,
Q. V. Le, R. S. Varma, H. W. Jang and M. Shokouhimehr, RSC
Adv., 2020, 10, 21561.

11 S. Tajik, H. Beitollahi, S. Z. Mohammadi, M. Azimzadeh,
K. Zhang, Q. V. Le, Y. Yamauchi, H. W. Jang and
M. Shokouhimehr, RSC Adv., 2020, 10, 30481.

12 N. A. El-Maali, Bioelectrochemistry, 2004, 64, 99.
13 A. Sakthivel, A. Chandrasekaran, S. Jayakumar, P. Manickam

and S. Alwarappan, J. Electrochem. Soc., 2019, 166, B1461.
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