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Abstract In this work, a new modified carbon paste
electrode (CPE) was constructed for potentiometric deter-
mination of naproxen (NAP) based on its imprinted poly-
mer as a chemical modifier. An efficient precipitation
polymerization method was applied for the synthesis of
nano-sized NAP molecular imprinted polymer (MIP). In
the preparation of MIP, methacrylic acid and ethylene
glycol dimethacrylate were used as the functional mono-
mer and cross-linking agent, respectively. The nano-sized
NAP-MIP was characterized by Fourier transform infrared
spectroscopy and scanning electron microscopy (SEM).
SEM images confirmed the nanostructure morphology of
the prepared MIP, with a particle size range of 50-80 nm.
The MIP based sensor with the optimum composition
exhibits a good linear response with a slope of
—59.5 £ 1.5 mV per decade over the concentration range
of 1.0 x 107°°-1.0 x 107" mol L™". It has a very low
limit of detection, 3.0 x 107'° mol Lfl, with a response
time of 3 s. The potentiometric response of the sensor was
independent of the pH of test solution in a wide range of
5.0-11.0. The proposed electrode shows a very good
selectivity for NAP over other drugs. The chemically
modified CPE indicated an excellent applicability for the
determination of NAP in NAP capsules.
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1 Introduction

Naproxen (NAP) [(S)-6-methoxy-o-methyl-2-naproxenph-
thalene acetic acid] is a non-steroidal anti-inflammatory
drug for mild to moderate pain relief [1]. It works by
reducing hormones that cause inflammation and pain in the
body. Moreover, NAP is extensively used in the treatment
of many diseases like rheumatoid arthritis, degenerative
joint disease, ankylosing spondylitis, acute gout and pri-
mary dismenorrea [2]. Many efforts have been focused on
the development of new technologies for determining
NAP, such as UV-vis absorption spectrophotometry [3],
spectrofluorimetry [4, 5], ion selective electrode [6], liquid
chromatography [7], chemiluminescence [8], voltammetry
[9], high-performance liquid chromatography [10], capil-
lary electrophoresis [11], coulometry [12], and oscillo-
metric titration [13]. However, some of these methods are
expensive for most analytical laboratories, time-consum-
ing, involving the use of organic solvents [14]. Also, these
methods are characterized by a long and complicated
preparation of sample for analysis as well as expensive
instrumental apparatus [6]. An alternative method for
measurement of this drug is modified carbon paste elec-
trodes (CPEs) assisted by potentiometric methods and
incorporation of a selective recognize element as modifier
in the paste composition. The application of chemically
modified CPEs in analytical chemistry has attracted con-
siderable attention due to their advantages over membrane
electrodes such as stable response, low ohmic resistance,
no need for internal solution [15]. Also, the important
factors that promote the use of CPE are simplicity of
preparation, the versatility of chemical modification, and
rapid renewal of the electrode surface [16, 17].

On the other hand, in the recent decades, molecularly
imprinted polymers (MIPs), which are cross-linked
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macromolecules bearing “tailor-made” binding sites for
target molecules, have received great attention as efficient
modifiers in modified electrodes [18]. MIP-based electro-
chemical sensors were first reported in the early 1990s by
Mosbach’s group [19], and to date, remarkable progress in
MIP-based electrochemical sensors have been achieved in
the use and the performance of electrochemical MIP
nanomaterials [20-24]. Due to high selectivity, chemical
stability, and easy preparation characteristics, MIPs are
proper material for selective recognitions [25, 26]. Mean-
while, CPEs modified with nano-sized MIPs due to
enhancement in the number of surface reactive sites, sur-
face area, and a three-dimensional structure lead to
improvement in electrochemical response [27]. The for-
mation of nano-sized IIP particles through the used poly-
merization method can increase surface area and the
porosity of the polymeric network [28]. Therefore the
synthesis of nano-sized MIP’s particles is desirable to
improve the sensitivity of the sensor. The proposed sensor
that was constructed from nano-sized MIP’s particles
improves the sensitivity of the electrode for low level
monitoring of the NAP drug. This would impart high dif-
fusion rates of selected target analytes to a large number of
accessible binding sites, which constitutes definite key
factor in designing sensor devices with high sensitivity
[29].

In the present research, combining the advantages of
high selectivity of the MIP technique and high sensitivity
of CPE detection, a new chemically modified CPE based
on MIP nanoparticles has been developed for the deter-
mination of NAP. The aim of this work was to develop a
new chemically modified CPE based on MIP nanobeads for
selective and sensitive potentiometric determination of
NAP in pharmaceutical products. The prepared MIP was
characterized by some techniques such as scanning elec-
tron microscopy and Fourier transform infrared (FT-IR)
spectroscopy, then, it was used as a selective modifier in
the paste composition. Some advantages of this work are
simplicity, rapidity, high selectivity, being operative and
cheap, easy to usage and sensitive determination of low
levels of NAP in aqueous solution.

2 Experimental
2.1 Reagents and materials

All chemicals were of analytical reagent grade. Paraffin oil
and graphite powder were obtained from Merck. In the
synthesis of NAP-MIP nanoparticles; methacrylic acid
(MAA), ethyleneglycoldimethacrylate (EGDMA), and
2,2’-azobisisobutyronitrile (AIBN) was supplied by Dae-
Jung chemical & metal Co., Ltd (Shiheung, Korea). NAP
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and other drugs were obtained from Tehran Darou Phar-
maceutical Company (Tehran, Iran). All solutions were
prepared in double-distilled water.

2.2 Apparatus

All the potential and pH measurements were carried out
with a pH/ion meters model PTR-79 (ZAGCHIM]I, Iran).
The surface morphology of the polymeric nanobeads was
recorded on a Philips XL30 series instrument using a gold
film for loading the dried particles on the instrument. The
FT-IR spectra (4000-500 cm_l) were recorded on a Shi-
madzu FT-IR 8300 spectrophotometer.

2.3 Preparation of NAP-MIP nanobeads

NAP-MIP particles were synthesized using MAA as the
functional monomer, EGDMA as the cross-linker, and ace-
tonitrile/ethanol mixture as porogen solvent by a polymer-
ization method reported previously [30, 31] (Scheme 1).
Briefly, NAP (0.1 mmol), MAA (0.4 mmol), EGDMA
(2.0 mmol) and AIBN (50 mg) were dissolved in 23 mL of
acetonitrile/ethanol mixture (15:8; v/v) in conical flask.
After degassing and nitrogen purging for 5 min, the flask
was sealed and allowed to polymerize at 80 °C for 24 h, with
stirring. After polymerization, the polymerized particles
were crushed and then washed using a mixture of methanol-
acetic acid (9:1; v/v) to remove the template molecule [32],
and then the residual acetic acid was removed by washing
with methanol [33]. In the same way, the non-ion imprinted
polymer (NIP) was also prepared with the similar approach;
but without the addition of template molecule.

2.4 Electrode preparation and potential
measurements

The carbon pastes were prepared by hand-mixing 58 mg
graphite powder, 8 mg NAP-MIP/NIP, and 34 mg paraffin
oil adequately in agate mortar. A portion of the resulting
paste was then packed into a syringe tube with a radius of
2.0 mm and compresses it tightly. Fix a copper wire into the
electrode. The wire, make electrically connection between
the paste and the potentiometer instrument. Then, the
electrode surface carefully smoothed on a weighing paper
and rinsed with twice distilled water prior to each mea-
surement. The unmodified CPE was prepared in a similar
way using 72 mg graphite powder and 26 mg paraffin oil.

All electromotive forces (emf) measurements were
carried out with the following cell assembly:

Ag/AgCl, KCI (satd)//test solution/carbon paste electrode.
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Scheme 1 Schematic representation of the synthesis of NAP-MIP nanoparticles

All measurements were done versus Ag, AgCI(s) refer-
ence electrode. The calibration graph was drawn by plotting
the potential, E, versus the logarithm of the various NAP
concentration. The performance of the electrodes was
investigated by measuring the emfs of NAP solution which
was prepared with a concentration rang of 1.0 x 1071-
5.0 x 107" mol L™' by serial dilution. The ionic strength
of all solutions was adjusted at 0.5 by sodium chloride as
electrolyte. The obtained graphs then employed for the
characterization of the slope and linear range of the CPE
and also subsequent determination of unknown concentra-
tion of NAP. All measurements were carried out at ~25 °C.

2.5 Determination of NAP content in capsule
samples

The constructed modified CPE applied for the determina-
tion of NAP concentration in capsule samples. For this
purpose, three capsule of naproxen were accurately
weighed and ground to a fine powder. A naproxen stock
(0.1 mM) solution was prepared by dissolving of grounded
naproxen capsule in buffer solution in a 25 mL volumetric
flask and dilutes it to the mark. Different of capsules sample
were prepared by serial dilution technique and analyzed by
modified CPE, using standard addition method [34].

3 Results and discussion

3.1 Characterization of the prepared NAP-MIP

Scanning electron microscopy (SEM) was employed to
capture the detailed morphology of the NAP-MIP particles

prepared by precipitation polymerization method. As
shown in Fig. 1, the NAP-MIP particles were in a regular
shape, with homogeneous distributions. The diameters of
the NAP-MIP particles were about 50—-80 nm.

The IR spectra of NAP, unleached and leached MIPs are
presented in Fig. 2. As seen, IR spectra of unleached and
leached MIP samples show similar pattern; which it is
concluded that both samples have similar polymeric
backbones, it suggested that the polymeric network does
not affect by leaching process [35]. The FT-IR spectra
shows broad absorption band at ~3451 and 3461 cm™! in
the unleached and leached MIP, respectively, which is
related to the —OH groups and the hydrogen binding with
the —COOH group of the methacrylic acid functional
monomer. Furthermore, presence of an absorption band in
the IR spectra of the unleached and leached NAP-MIP, at
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Fig. 1 SEM image of the prepared NAP-MIP particles
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Fig. 2 FT-IR spectra of a NAP, b unleached and ¢ leached MIP samples

1729 cm™" is related to carboxyl groups (v.-,). Moreover,
vibrations at 1170 and ~ 1465 cm™" in the unleached MIP
materials were shifted to ~ 1166 and 1456 cm™' in the
corresponding leached MIP sample. As it can be seen, a
distinct peak around 2300-2400 cm ™', presence in the IR
spectra of NAP and unleached NAP-MIP, has been
removed in the IR spectrum of leached NAP-MIP sample.
It can be concluded that NAP imprinted molecules has
been successfully removed by leaching process.

3.2 Optimization of the CPE composition

The imprinted polymer use in the drug determination has
been the subject of extensive research recently. This work,
to the best of our knowledge, is the first attempt to apply
the MIP-based CPE for the selective determination of NAP
by potentiometric method. In the first period of research on
the electrodes, investigations were mainly performed on
the optimization of the CPE composition, due to the critical
role of the quantitative composition of the paste on the
response characteristics of the sensor. Some analytical
parameters such as the amount of modifier, graphite,
paraffin oil, and solvent mediator have considerably effect
on the electrode behavior. Among the parameters, the
carrier or modifier is the most important sensing compo-
nent in a selective electrode; because the modifier largely

@ Springer

determines sensitivity and selectivity of the electrode
toward target analyte [36]. Thus, the effect of the paste
composition on the potentiometric response of the elec-
trodes was investigated by varying the proportions of the
MIP and the graphite powder and the results were sum-
marized in Table 1.

As seen from Table 1, the key ingredient in the response
characteristics of the sensor toward NAP is the MIP
modifier. The amount of MIP nanoparticles was found to
play a key role in the sensor performance since the weight
of MIP particles determines the number of binding sites
available for selective rebinding of NAP. In fact, in the
absence of MIP, the resulting electrode (No. 1) revealed a
very limited slope (—28.3 mV per decade) and linear range
(1 x 10741 x 107" mol L_l). However, in the presence
of the NAP-MIP nanoparticles, the electrode showed a
remarkable sensitivity and dynamic linear range for NAP
drug (sensor No. 2). As seen, the MIP-CPE potentiometric
response is improved with an increasing amount of MIP in
the paste up to 8 % (sensors No. 5). However, further
increase of NAP-MIP in the paste (sensors No. 6), resulted
in some considerable change in the slopes and sensitivity.
It most probably can be due to some inhomogeneities and
possible saturation of the paste, as well as the diminished
conductivity of the electrode in the presence of higher
amount of MIP [37-39]. The results thus obtained indicate
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Table 1 Optimization of the carbon paste ingredients

No. Graphite (mg) NIP (mg) MIP (mg) Paraffin (mg) Slope (mV) Linear range (M) R?

1 72 - - 28 —28.3 1 x 1071 x 107! 0.981
2 68 - 2 30 —53.6 1 x 10781 x 107! 0.980
3 67 - 4 29 —55.0 1 x 10781 x 107! 0.983
4 64 - 6 30 —60.25 1 x 10781 x 107! 0.993
5 58 - 8 34 —59.60 1 x 107°°-1 x 107" 0.994
6 55 - 10 35 —64.85 1 x107°-1 x 107" 0.992
7 52 8 - 40 —48.2 1x1077-1 x 107! 0.940

that the best sensitivity, detection limit, and linear ranges
are obtained for sensor No. 5 with the weight ratio of
MIP/graphite powder/paraffin oil paste composition of
8/34/58. Thus, the No. 5 electrode with a slope of
—59.60 mV per decade and a wide linear range of
1.0 x 107°°-1.0 x 107" mol L™' was selected as the
optimal electrode composition for further experiments
(Fig. 3).

The detection limit of the developed sensor was deter-
mined according to ITUPAC recommendations from the
intersection of two extrapolated linear portions of the curve
[40] and was found to be 3.0 x 10719 mol L™!. It is worth
to note that the according to the previous results, the
observed slope of the E, versus pH indicates that the
electrode process is equal proton—electron [34]. Thus, the
obtained slope of the NAP selective electrode in the opti-
mized conditions is in very good agreement with the
obtained data by different electrochemical techniques such
as cyclic voltammetry [9, 34] and ion selective electrodes
[6, 14, 41, 42].
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Fig. 3 Calibration curve of the naproxen electrode at optimum
conditions

3.3 Effect of pH of test solution

In order to study the pH-dependence of the modified
electrode potential, graphs of E/mV versus pH were con-
structed at various NAP concentrations including
1.0 x 107, 1.0 x 10~* and 1.0 x 107> mol L™, over
the pH range of 3—-13. The potential measurement was read
when it was steady, after addition of acid or base (nitric
acid or sodium hydroxide), and pH measurement had been
made. The obtained results are presented in Fig. 4. As it
can be seen, the electrode potential was independent of pH
in a wide range of 5.0-11.0, proving that the electrode can
function effectively in this pH range. Therefore, this range
can be taken as the working pH range of the electrode for
NAP determination. However, as naproxen is a weak acid,
with a pK, of 4.48 [43], the marked change in potential
observed at below pH 5.0 can be due to the decrease in
naproxen concentration. On the other hand, for pH > 11.0,
the hydroxide ion interferes with the electrode’s response.
Also, at high pH values the drug inclined to decompose,
resulting in the decrease of the response [44].
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—-0.00001
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Fig. 4 Effect of pH on the response of the modified electrode
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3.4 Response time and life time of the MIP based
CPEs

For analytical applications, the response time of a new
fabricated sensor is of critical importance. The response
time of the MIP modified CPE was measured in variation
of concentration from 1.0 x 107®to 1.0 x 10~" mol L™!
of NAP, by using IUPAC recommendation [44]. As
obtained (Fig. 5), in whole the concentration range, the
electrode reaches the equilibrium response in a reasonable
time (approx. 3 s), which were shorter than the previously
published NAP sensors reported by Lenik (15-20 s) [6],
(11 s) [45], Norouzi (20 s) [46], and Pezza (10-35 s) [14].
It seems that in the CPE assisted by potentiometric deter-
minations, the absence of the internal reference solution are
generally considered to have a positive effect on the
electrode response time. On the other hand, incorporation
of nano-sized beads of MIP modifier affected the response
time of the modified electrode. The fast response time in
the modified sensor based on nano-sized materials can be
explained by the fact that the presence of nano-sized beads
of MIP can provide a large surface area and high tendency
toward imprinted molecule (i.e. naproxen) [47].

The lifetime of a sensor is usually defined as the time
interval between the first construction of the electrode
and the moment when at least one of its response
characteristics changes [45]. Day to day calibration was
performed using the designed modified sensor to evaluate
its useful lifetime. The electrode was kept in a buffer
solution to avoid drying, cracking and poisoning when it
was not in use. The modified CPE can be used for at
least 90 day without any significant change in its
response characteristics such as Nernstian slope, linear
range, response time and detection limit (Table S1). It is
worth to note that MIPs are stable polymers with

500

0 15 30 45 60 75 90
Time (s)

Fig. 5 Potential-time plot for the response of NAP-CPE for step
changes in concentration of NAP: A 1.0 x 107%, B 1.0 x 107>,
C 10x10* D 10x102% E 10x102% and
F 1.0 x 107" mol L™
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molecular recognition abilities and resistant to a wide
range of conditions (pH, organic solvents, temperature,
pressure), and were used for several different applica-
tions [46].

In addition, some important characteristic of the pro-
posed electrode was compared with the corresponding
values previously reported for NAP electrodes based on
different modifier [6, 14, 41, 42, 48, 49] (Table 2). It is
noteworthy that in many cases, the linear range, slope and
response time of the proposed electrode is considerably
improved with respect to those of the previously reported
NAP selective electrodes. As seen in Table 2, the proposed
electrode shows superior behaviors to the electrodes pre-
pared previously.

3.5 Electrode repeatability and its reproducibility

The electrode surface should be renewed when the NAP
solution is changed from higher to lower concentration to
remove residual NAP which still be adsorbed on the sur-
face of modified CPE, this process will improve repeata-
bility. For this goal, the slope, linear range, and standard
deviations of five replicate measurements with one paste
electrode were recorded. According to the obtained results,
the modified electrode shows good repeatability with the
slopes and correlation coefficients average of —59.52 mV
and 0.996 at concentration range between 1.0 x 10~°- and
1.0 x 107" mol L™" of NAP with a low RSD% 0.56
(Table S2).

In order to evaluate the reproducibility of the electrode,
to test parallel results, five carbon paste electrodes with
similar past composition were constructed and used at the
same time to determine NAP solutions in the concentration
range of 1.0 x 107°% and 1.0 x 10~" mol L™'. As results
(—59.51, —59.35, —60.04, —59.13, —59.40 mV) illustrate
all electrodes show similar potential response with a
RSD% of 0.51 (Table S3).

3.6 Response of the modified electrode
in the presence of other drugs

The selectivity coefficients of the modified CPE were
evaluated by two recommended methods including sepa-
rate solution method (SSM) (using 0.01 M solutions of
NAP and other drugs) and fixed interference method (FIM)
(0.01 M interfering ions and varying concentrations of
NAP). In this study, some of which are expected to inter-
fere with NAP drug include ibuprofen, paracetamol, acy-
clovir, pyrazinamide, and dimenhydrinat have been chosen
(Table 3). The calculated selectivity coefficients found by
SSM and FIM are listed in Table 4. The resulting values
show that the constructed sensor displays high selectivity
for NAP over common drugs. The surprisingly high
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Table 2 Comparison of the response characteristics of NAP sensors with the present sensor
Number Modifier Slope LOD Liner range Response  Working Life time  References
(mV/ (mol L") (mol Lfl) time (s) pH (months)
decade)
1 Tetraoctylammonium —59.2 1.80 x 1075 1.0 x 107 15-20 5.5-9.5 20 [6]
(8)-6-methoxy-o-methyl-2- 1.0 x 107!
naphthaleneacetate
2 Mercury(I) —58.1 39 x 107 5.0 x 107°=  10-35 6.0-9.0 3 [14]
1.0 x 1072
3 Methyltrioctylammonium6- -59.3 50 x 1070 1.0 x 107 20 55-85 <2 [41]
methoxy-o-methyl-2- 1.0 x 107!
naphthalenate
4 Tetraheptylammonium- —61.0 1.0 x 107 1.0x 107~ 25 5.0-11.0 2 [42]
naproxenate ion pair 1.0 x 107"
5 Methyltrioctylammonium chloride ~ —61.3 60 x 107 1.0 x 107~ 11 55-90 25 [48]
1.0 x 107
6 Dysprosium nanowire - 50 x 1079 1.0x 107~ 20 7.0 - [49]
5.0 x 107*
7 NAP-MIP nanoparticle —59.5 3.0 x 1071 1.0 x 1077 3 50-11.0 3 This work
1.0 x 107!

selectivity of the designed CPE modified with MIP for
NAP over other drugs probably arises from the strong
tendency of the carrier MIP for NAP target. However; at
the same time, the response of the NIP-CPE toward NAP
over other drugs is poor and doesn’t selective.

It is well known that molecular imprinting is one of the
most efficient strategies that offer a synthetic route to
artificial recognition systems by a template polymerization
technique [50]. In MIP nanoparticles, so many active sites
with high selectivity and surface area are present to rec-
ognize the imprinted target molecule. As a result, presence
of the selective and active functional groups causes an
increased interaction between the polymer sites and the
target molecule [51]. This ability of the MIPs for the
selective recognition of target strongly depends on the
binding sites formed inside the polymer, which is deter-
mined by the components used in preparing the polymer
matrix [52]. Since there were no imprinting effects on the
NIP, it exhibited no selectivity. It can be concluded that the
imprinting phenomenon is responsible for this observation
[53].

3.7 Effect of temperature

To investigate the thermal stability of the electrode, cal-
ibration curves [E..; vs. log (NAP)] were constructed at
different temperatures covering the range 17-55 °C. The
results are shown in Table S4. The results indicate that
the slopes of the calibration graphs still in the Nernstian

range in spite of the increase of the temperature of the
test solutions up to 45 °C and the linear concentration
ranges of the electrodes are almost unchanged with
increasing the temperature of the test solution. The
investigated electrodes were found to be usable up to
45 °C without noticeable deviation from the Nernstian
behavior. However, at temperatures higher than 55 °C the
slopes show a significant deviation from the theoretical
values. This deviation may be related to destruction of the
electrode surface at high temperatures. As the temperature
increases, some leaching may be takes place in the paste
matrix, thus a lower response is expected [54]. Moreover,
in this context it is useful to consider the likely effects of
increasing temperature on the components of the cell such
as reference electrode [55]. Meanwhile, an increase in
temperature causes an increase in the electrode potential
due to increase in ionic mobility in the sample solution
[56].

3.8 Application of the modified electrode for NAP
analysis in capsule samples

In order to evaluate the applicability of the proposed MIP
based CPE, the concentration of NAP in its pharmaceu-
tical products was determined using this electrode. After
preparation steps, the potential of the final NAP solutions
are measured by the modified CPE, then standard addi-
tions are made and the potential changes are recorded.
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Table 3 Characteristics of the tested drugs

Name Chemical formula Molecular weight (g/mol) Chemical structure
Naproxen C4H 405 230.26 :
B
(0]
(0]
|
Ibuprofen C|3H1802 206.29
OH
(0]
Paracetamol CgHgNO, 151.163 H
HO :
Pyrazinamide CsH5N>;0 123.13 (0]
N
[ A NH,
=
N
Dimenhydrinat C,4H,3CIN5O5 496.96 H3C\ H
0'/ o‘
CH; HiC
J/ 3 3 \N AN N\
fo) >—CI
Ny
SAGEE"
ACyClOVir CSHI 1N503 225.21 (0]
N
N
A Y
HoN™ N
2 H >
;
OH
Captopril CoH,sNO5S 217.29
HS )
0
N L
{ 7 OH
Table 4 Selectivity coefficients — y o roinoion  —logk From these potential values the quantity of NAP is cal-
for various drug for NAP AB . .
. culated. The results are illustrated in Table 5. As found,
modified CPE SSM  FIM . L .
the results obtained for the determination of NAP in
Ibuprofen 1.98  2.19 capsule sample show that concentration of the drug can
Paracetamol 3.10 325 be determined by the investigated sensors with high
Acyclovir 245 212  precision and accuracy. The RSD% values are between
Pyrazinamide 326 331 0.8 and 2.4, and the recovery ranges are acceptable.
Dimenhydrinat  2.84  2.92 Therefore, the proposed sensor was found to work well
Captopril 211 220 under laboratory conditions.
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Table 5 Results of the
potentiometric determination of Sample Added (M) Found (M) Recovery (%) RSD (%)
NAP drug in capsule samples Naproxen capsule 0.0 5.0 x 107° - 0.8

1.0 x 1073 1.03 x 1073 103.0 1.4

1.0 x 107 1.01 x 107* 101.0 2.4
4 Conclusion 14. A.O. Santini, J.E. de Oliveira, HR. Pezza, L. Pezza, J. Braz.

The carbon paste electrode modified with new synthetic
MIP nanoparticles reveals an adequate response to NAP
drug. The electrode presents wide linearity range, low
detection and a suitable response time with a minor
dependence on the pH. High selectivity of the constructed
CPE related to the imprinted cavities of the imprinted
polymer with high affinity of MIP toward NAP analyte. The
proposed sensor was constructed from nano-sized MIP’s
particles which improve the sensitivity of the electrode for
monitoring the NAP. Furthermore, the presented method is
simple, sensitive, selective and cost-effective. As found, the
results indicated fairly high thermal stability of the carbon
paste electrode modified with MIP nanoparticles. Accord-
ing to the results, the developed chemically CPE can be
considered as a sensitive and selective potentiometric sen-
sor for quick analyses of NAP in pharmaceutical products.
In summary, it is noteworthy that the performances of the
proposed electrode show superior behavior if compared
with the best previously reported method for determination
of naproxen in different real samples.
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