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Background and objectives
Naproxen (S)-6-methoxy-α-methyl-2-naphthaleneacetic acid (or sodium salt)
belongs to a group of pharmaceuticals known as NSAIDs. The aim of this study
is to describe the construction and performance characteristics of naproxen (NAP)
screen-printed sensors.
Materials and methods
Various sensor fabrication protocols have been applied including bulk modification
with NAP-surfactants ion pairs (IPs), in-situ modification with ion pairing agents and
soaking the plain electrode in IP suspension solutions. Qualitative and quantitative
matrix composition optimization was done referring to the effect of modifier and
plasticizer. Conductometric measurements were performed for the determination of
the solubility products of NAP-surfactants ion associates.
Results and conclusion
The fabricated sensors showed Nernstian compliance in the concentration range
from 10−7 to 10−2mol/l (detection limit 8.0×10−8mol/l) with fast response time (4 s)
and long operational lifetime (3 months). The developed electrodes have been
successfully applied for the potentiometric determination of NAP in pure and
dosage forms under standard addition and potentiometric titration conditions
with average recoveries agreeable with the reported official methods. The
solubility products of various NAP-IPs were determined conductometrically.
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Introduction
Naproxen (S)-6-methoxy-α-methyl-2-naphthalene-
acetic acid belongs to a group of pharmaceuticals
known as NSAIDs. Naproxen (NAP) is used for the
treatment of rheumatoid arthritis and other rheumatic or
musculoskeletal disorders, dysmenorrhea, and acute gout
[1]. This drug is used more and more frequently;
therefore, new improved methods of determining its
concentration in various matrixes need to be introduced.

Several analytical methods are available in the literature
for the determination of NAP in pharmaceuticals and
biological fluids. They include chromatographic
method: high-performance liquid chromatography
[2], thin layer chromatography with densitometry
[3–5], gas chromatography–mass spectrometry [6],
capillary electrophoresis [7], spectrophotometry
[8,9], spectrofluorometry [10], and nonaqueous
potentiometric titration [11]. Most of these methods
require prior derivatization or the extraction step and
involve the use of expensive apparatus.

On the contrary, the inherent advantages of
electrochemical methods are simplicity, adequate
precision, and accuracy with short measurement time
[12–14]. To the best of our knowledge, few ion-selective
Wolters Kluwer - Medknow
electrodes for NAP determination can be found in the
literature [15–19]. These electrodes differ in their
construction and sensing element: for instance, there
is the electrode [20]with liquidmembrane type based on
the use of tetraheptylammonium naproxenate ion
associates, the electrode with polymeric membrane
type without the inner solution using methyl trioctyl
ammonium naproxenate [21] ion associate, or
tetraoctylammonium naproxenate [22], the electrode
with graphite membrane based on mercury (I)
naproxenate [23], and the electrodes based on other
quaternary ammonium salts in the chloride and
bromide forms with the inner solution of naproxenate
in the NaCl solution [24].

Poisoning of the traditional polyvinylchloride (PVC)
electrode surface during biological sample
measurements by proteins and other contaminants
besides their bulk size limited their widespread
applications for biomedical monitoring. Miniaturization
of the sensing element is crucial for thedevelopment of the
DOI: 10.4103/epj.epj_24_18
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analytical method. Several shapes and designs of
disposable electrochemical sensors based on the screen
printing technology have beenproduced for economic and
practical feasibility [25,26].

The aim of the present work is to introduce disposable
screen-printed electrodes constructed with different
fabrication protocols as potentiometric sensors that
can be used in drug quality control of NAP. The
proposed electrodes are without the inner solution,
so they are easy to use with inexpensive equipments.
Experimental
Reagents
All reagents were of analytical grade, and bidistilled
water was used throughout the experiments. 2-
fluorophenyl 2-nitrophenyl ether (f-PNPE) from
Sigma was used as electrode plasticizer. Other types
of plasticizers, namely, o-nitrophenyloctylether
(o-NPOE), dioctylphthalate (DOP), dioctylsebacate
(DOS), and tricresylphosphate (TCP) were purchased
from Sigma, Avocado, and Fluka, respectively. PVC
(relative high molecular weight) and graphite powder
(synthetic 1–2 μm) were purchased from Aldrich.

Ion pairing agents such hyamine 1622 (Hy;
Fluka), cetylpyridiniumchloride (CPCl; Fluka),
tridodecyldimethylammonium chloride (Sigma), cetyl-
trimethylammonium bromide (CATB; Fluka), and
Septonex [1-(ethoxycarbonyl) pentadecyltrimethyl-
ammonium bromide] was purchased from Slovakofarma
(Hlohovec, CZ) (SEP; Hlohovec, Czech Republic) were
used for preparation of different NAP ion associates.
Authentic samples
NAP authentic sample was kindly provided from
National Organization of Drug Control and
Research, Giza, Egypt. Stock solution (1×10−2mol/l)
was prepared by dissolving the appropriate amount of
the active ingredient in 5×10−2mol/l NaOH solution
and kept at 4°C.
Pharmaceutical preparations
Naprosyn tablets (250mg NPA/tablet; Misr
Pharmaceutical Industries, Cairo, Egypt) were
purchased from local drug stores. One tablet was
dissolved in 5×10−2mol/l NaOH, filtered and
completed to 250ml with the same solution.
Apparatus
All the potential measurements were carried out using a
692-pH meter (Metrohm, Switzerland) with Ag/AgCl
double-junction reference electrode (Metrohm
6.0726.100) and a combined pH glass electrode
(Metrohm 6.0202.100). 46-Range Digital Multimeter
(Radioshack, Radiosack, China) with PC interface was
used for response time measurements. Lyophilizer,
Snijders Scientific b.v. (Tilbury, Holland), Stek-no:
S1084 was applied for separation of different NAP ion
associates. A conductivity meter model 4510 Jenway
(England) was used for conductance measurements.
The bridge is connected with a thermocouple for
temperature measurements, and the cell constant, Kcell,
is 1.0. Elemental analysis was performed at Elementar
(Vario El, Germany).
Procedures
Ion pair preparation

Different NAP ion pairs (IPs) were precipitated by
drop-wise addition of different cationic surfactants
solutions to 50ml of 1×10−2mol/l NAP solution
with continuous stirring for 10min. The aqueous IP
solution was kept at −18°C for 24 h, lyophilized for
removing of water and kept dry in dissector. The
chemical compositions of the resultant IPs were
confirmed by elemental analysis.
Sensor construction
The potentiometric bielectrode strips were printed on
a ceramic support (dimensions 5×35mm) using silver-
based and graphite-based pastes for reference and
working electrodes, respectively [27]. A
pseudosilver/silver chloride reference electrode was
firstly printed using homemade PVC ink [prepared
by mixing 0.9 g silver/silver chloride mixture (65 :
35%) with 0.8 g 8% PVC solution in acetone/
cyclohexanone mixture 1 : 1] and curing at 50°C
for 30min. The conducting carbon track was
printed using homemade carbon ink prepared by
mixing 5-g PVC solution and 3-g carbon powder.

The unmodified sensing cocktail, containing 360-mg
f-PNPE and 240-mg PVC dissolved in 6-ml
tetrahydrofuran, was printed on the surface of the
graphite/PVC conducting track and left to dry at
50°C for 24 h. A layer of an insulator was then
placed onto the printed electrodes, leaving a defined
rectangular shaped (5×5mm) working area and a
similar area on the other side for the electrical
contact. The fabricated sensors were soaked in
different freshly prepared NAP IP suspensions for
24 h. On the contrary, the modified electrodes were
fabricated in the same manner via incorporation of
either 10.0mg of NAP-Hy or 10.0mg of Hy as sensing
materials and used directly in the potentiometric
measurements after 60min preconditioning in
1×10−3mol/l NAP solution.
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Calibration of sensors

The developed sensors were calibrated by immersing
the bielectrode strip in different NAP solutions
covering the concentration range from 10−7 to
10−2mol/l at 25°C. The potential readings were
recorded and plotted against drug concentration in
logarithmic scale [28].
Potentiometric determination of naproxen in

pharmaceutical preparations

The content of NAP in pharmaceutical preparation
was potentiometrically determined using the developed
sensors by standard addition and potentiometric
titration technique. For standard addition method,
known increments of 10−2mol/l NPA standard
solution were added to the sample solution, and the
electrode potentials for each increment were used to
calculate BP concentration in the sample solution [29].
Under potentiometric titration, aliquots of the sample
solutions containing 2.3–16.1mg of NPAwere titrated
against standardized Hy solution [15] using the
fabricated NPA bielectrode strip as indicator
electrode. The potential readings were plotted
against volume added, and the equivalence points
were estimated from the first derivative of the
sigmoid-shape titration curves. The obtained
recoveries were compared with the official
pharmacopoeial method including classical titration
of (S)-6-methoxy-α-methyl-2-naphthaleneacetic acid
in alcohol medium [16].
Conductometric measurements
Aliquots of working solutions containing
2.3–23.03mg of NAP were transferred to 25-ml
volumetric flask and made up to the mark with
bidistilled water. The contents of the volumetric
flask were transferred to the measuring cell and
titrated against 1.0×10−2mol/l of the tested cationic
surfactants solutions. The conductance was measured
after 1–2min after each addition of reagent through
stirring.

The conductance reading was corrected for dilution
assuming that conductivity is a linear function of
dilution [17,18]:

Ωcorr ¼ Ωobs½ðυ1þυ2Þ=υ1�
whereΩcorr andΩobs are the corrected and the observed
electrolytic conductivities, respectively; υ1 is the initial
volume; and υ2 is the volume of the added reagent
(corr., corrected; obs., observed).

A graph of corrected conductivity values versus the
volume of the added titrant was constructed and the
end point was determined. The drug-titrant ratio is
then determined from the intercept of the two linear
segments of the graph.
Conductometric determination of the solubility product
of the ion associates
A series of solutions of different concentrations (c) was
prepared for NAP, Hy, SEP, CTAB, or CPCl. The
conductivities of these solutions were measured at
25°C and the specific conductivities (λ0), corrected
for the effect of solvent, were calculated and used to
obtain the equivalent conductivities (λ) of the solutions.
Straight-line plots of λ versus√cwere constructed, and
λ0 (NAP); λ0 (Hy), λ0 (CTAB), λ0 (CPCl) or λ0 (SEP) were
determined from the intercept of the respective line
with the λ axis. The activity coefficients of the ions
employed were taken as unity because all the solutions
were sufficiently diluted (5×10−5–2×10−3mol/l). The
values of λ0 (NAP); λ0 (Hy), λ0 (CTAB), λ0 (CPCl), and λ0
(SEP) were calculated using Kohlrausch’s law of
independent migration of ions [19].

The solubility (s) and solubility product (Ksp) of a
particular ion associate were calculated using the
following equations:

S ¼ K s × 10000=λ0ðion associateÞ;

Ksp ¼ S2for 1 : 1 ion associates;

where Ks is the specific conductivity of a saturated
solution of the ion associate, determined at 25°C
and corrected for the effect of solvent. The
saturated solution was made by stirring a
suspension of the solid precipitate in distilled
water for 15min at 25°C.
Results and discussion
Conductometric determination of the ion-associates
solubility products
Conductance measurements are used successfully in
quantitative titration of systems in which the
conductance of the solution varies before and after
the equivalence point. One of the valuable features
of the conductometric method of titration is that it
permits the analysis of the components of a
precipitation reaction. In this case, the formation of
a precipitate alters the number of ions present in the
solution and consequently the conductance varies.
After the equivalent point, the addition of excess
titrant increases the number of ions and so the
conductance increases.
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The titration curve, representing the relation between
the conductance and the volume of the titrant added,
can be constructed as two lines intersecting at the end
point. Naproxenate anion forms ion associates with
different cationic surfactants which can be applied for
conductometric titration of NAP. Parameters affecting
the end point, such as temperature, and concentration
of both titrant and drug, were studied. The reagent
concentration in each titration must not be less than 10
times that of the drug solution to minimize the dilution
effect on the conductivity throughout the titration. The
optimum concentration of the reagents is 10−2mol/l to
achieve a constant and highly stable reading within
1–2min of mixing. Lower concentrations led to
unstable readings and longer time to achieve
constant conductance values. Temperatures up to
50°C show no effect on the end point. The systems
under investigation showed a regular rise in
conductance up to the equivalence point where a
sudden change in the slope occurs.

Representative conductometric titration curves are
shown in Fig. 1. The system showed a regular rise
in conductance up to the equivalence point where a
sudden change in the conductance was observed as
obviously shown from the first derivative plots
sustaining the elemental analysis data with the
formation of (1 : 1) (drug:reagent) ion associates.

Conductance of the investigated solutions has been
employed to find out the solubility product of the
formed precipitates. The solubility products together
with the parameters related to ion pairing of NAP are
listed in Table 1 and illustrated in Fig. 2.

The calculated equilibrium constant values (K) are high
enough to show the high degree of completeness of the
ion pairing reactions. At equilibrium, the solubility of
the undissociated ion-associates in water (the intrinsic
solubility) was omitted as it has an insignificant
contribution to the total solubility because the ion-
associates are sparingly soluble in water and their
saturated solutions are consequently very dilute.
Naproxen potentiometric sensors
Limited scientific reports on the use of ion-selective
electrodes for NAP determination have been found in
literature [20–24]. These are based on the ion
associates between naproxenate ions and different
cationic surfactants as well as mercury (I) nitrate.
Usually, the ion-associates preparation protocol
involves preparation of main ion solution,
preparation of ion exchanger solution, several
repetitions of extraction of the ion associated into
the organic phase, washing of the organic phase
from interfering ions, and finally possible
centrifugation or drying of the complex until a clear
solution is obtained. Owing to the toxic effect of
organic solvent and tedious extraction conditions,
the present work describes a simple and reliable
green protocol for preparation of NAP ion associates
with different cationic surfactants applying
lyophilization as an efficient tool for separation of
formed IPs from their aqueous solutions.

Moreover, incorporation of a suitable ion pairing agent in
themembranematrix followedby soaking the electrode in
the target analyte solution will lead to formation of
analyte–IP complexes at the electrode surface, which
are subsequently extracted into the electrode bulk by
the plasticizer [30,31]. Both ion pairing agent and IP
have been incorporated as ion exchangers during the
fabrication of ISEs, where modification with ion
pairing agent is called in-situ mode.

In addition to the aforementioned methods for electrode
fabrication, a simple and reliable suggested procedure
could be applied by soaking the plain electrodes in the
aqueous suspension of the lipophilic IP, where the
electrode mediator (plasticizer) extracts IP and becomes
gradually saturatedwith this IP. In such a case, there is no
need to incorporate either IP or the ion pairing agent into
the electrode matrix during its fabrication [32,33].
Optimization of the electrode performance under batch
condition
The investigation of the experimental variables that
contribute to the electrode response led to the
development of a simple, selective, and reliable
method for NAP determination.

Both unmodified (plain) and modified electrodes
(either with NAP-surfactant IPs or surfactants) were
prepared and tested for nature and content of modifier,
plasticizer, pH effect, response time, selectivity, and
applications.
Modification with ion pair
NAP can form insoluble IP complexes with oppositely
charged cationic surfactants such as Hy, CPCl, CATB,
and SEP, which can be used as ion exchangers for NAP
sensors construction. The stoichiometric ratios were
estimated from elemental analysis and conductometric
titration data. NAP forms 1 : 1 IPs with both the tested
ion pairing agents.

Preliminary experiment declared that the blank
electrodes fabricated without incorporation of the



Figure 1

Conductometric titration of 5.0ml of 10−2mol/l NAP with 10−2mol/l surfactant solutions. CPCl, cetylpyridiniumchloride; CTAB, cetyltrimethy-
lammonium bromide; Hy, hyamine; SEP, Septonex; NAP, naproxen.

Table 1 Conductometrically measured solubility (s), solubility
products (Ksp), and formation constants (k) of various drug-
ion associates

Ion
pairing
agent

Ks λo λion
asso

s=Ks×1000/
λ

Ksp K

CPCl 1516 2.09 9.26 163.7×103 2.68×1010 3.7×10−11

SEP 1780 1.74 8.91 199.7×103 3.99×1010 2.5×10−11

Hy 2140 1.73 8.90 240.5×103 5.78×1010 1.7×10−11

CTAB 1950 1.98 9.05 215.5×103 4.64×1010 2.16×10−11

CPCl, cetylpyridiniumchloride; CTAB, cetyltrimethylammonium
bromide; Hy, hyamine; SEP, Septonex.
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sensing materials showed poor Nernstian response
toward NAP (slope value was −24.0±0.8mV/
decade), whereas those modified with different IPs
gave performances depending on the IP used
(Fig. 3a). Sensors incorporated with NAP-Hy IP
showed the highest performance indicated
(Nernstian slope was 59.0±0.6mV/decade in the
concentration range from 10−7 to 10−2mol/l).
Sensors containing other NAP-IPs showed either
lower Nernstian slope values or narrow working
concentration ranges.

On constructing an ion selective electrode (ISE), the
amount of the sensing material in the electrode matrix
should be sufficient to obtain reasonable complexation
at the electrode surface that is responsible for the
electrode potential. If the sensing material presents
in excess, over-saturation occurs in the network
hindering the equilibrium process at the electrode
surface leading to unsatisfactory measurements.
Thus, the influence of the NAP-Hy IP content
within the electrode matrix was varied from 0 to
12.5mg (Fig. 3b). The sensor performance was
improved via incorporation of the sensing material,
and theNernstian slope value increased from −49.3±0.2
to −58.6±0.7mV/decade by rising the ionophore
content from 1 to 10%, then decreased with higher
IP concentration.



Figure 2

Equivalent conductance (λeq) versus the square root of concentration C1/2 for Hy, SEP, CPCl and CTAB, respectively. CPCl, cetylpyridinium-
chloride; CTAB, cetyltrimethylammonium bromide; Hy, hyamine; SEP, Septonex.

Figure 3

Effect of (a) nature of the ion associate, (b) NAP-Hy ion associate concentration, and (c) nature of plasticizer on the performance of naproxen
screen-printed sensor. Hy, hyamine; NAP, naproxen.
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Plasticizers play an important role on the ion-selective
electrode behavior as they improve the solubility of the
sensing material and lower the overall bulk resistance of
the electrode owing to their dielectrical constant (ɛ)
[34]. Different membrane plasticizers with different
dielectric constants were employed, namely, DOP,
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DOS, TCP, o-NPOE, and f-PNPE (ɛ=3.8, 5.2, 17.6,
24, and 50, respectively). Improved performances were
recorded for electrodes containing high polar
plasticizers (o-NPOE and f-PNPE), whereas other
tested plasticizers showed lower Nernstian slopes in
a narrow working concentration range (Fig. 3c). The
recorded slope values were −50.6±0.5, −53.1±0.6, −56.5
±0.5, −58.8±0.59, and −60.6±0.7mV/decade for DOP,
DOS, TCP, o-NPOE, and f-PNPE, respectively.
Modification in situ
Incorporation of a suitable ion pairing agent in the
electrode matrix followed by soaking the electrode in
the drug solution will lead to the formation of an ion
exchanger at the electrode surface, which will be
subsequently extracted by the plasticizer into the
electrode bulk. Such technique will reduce the time
required for the electrode fabrication, as there is no
need for IP precipitation, and it offers simpler
approaches for oily nature IPs and tinny precipitate
that cannot be separated by traditional methods.

The effect of the ion pairing agent type was tested via
incorporation of different cationic surfactantswithin the
electrode matrix, including Hy, CPCl,
tridodecyldimethylammonium chloride, CATB, or
SEP (Fig. 4a). The obtained results revealed the
superiority of Hy indicated by the highest slope (59.2
±0.2mV/decade in the concentration range from10−7 to
10−2mol/l), whichmay be attributed to the high polarity
ofHycomparedwithother tested surfactants.Moreover,
the Hy content was varied from 0 to 15mg, and
incorporation of 10mg was the most proper.

Similar to thosemodifiedwithNAP-IPs, the influence of
the membrane plasticizer on the electrode performance
Figure 4

Effect of (a) nature of the ion pairing agent, (b) Hy concentration, and (c)
printed sensor.
was tested. Sensors fabricated using f-PNPE showed the
highest slope value (−58.7±0.3mV/decade) compared
with other tested plasticizer (Fig. 4c).
Modification by soaking
In such type of sensors, membranes fabricated without
incorporation of the sensing material were soaked in
the aqueous suspension of the lipophilic IPs where the
membrane plasticizer extract such IPs and hence, there
is no need to add either IP or the ion pairing agent into
the electrode matrix during its fabrication. The IP
concentration in the electrode phase increases with
increasing both the extractability and the solubility
product of the IP formed [35].

Results indicated that the electrodes soaked in theNAP-
Hy ion part suspension possessed the best sensitivity
(Fig. 5a) indicated by the highest slopes when compared
with other IPs (−59.2±0.2, −55.8±0.7, −50.9±0.9, −47.8
±1.4, and 51.0±1.3mV/decade for sensors soaked
in NAP-Hy, NAP-CTAB, NAP-CPCl, NAP-
TDDMAC, and NAP-SEP, respectively) which is
directly related to the solubility products of such IPs.

In addition to the nature of the IP, the membrane
plasticizer affects the sensors performance through its
ability to extract the formed IP from their aqueous
solutions. From five different plasticizers, o-NPOE
and f-PNPE were selected (Fig. 5b) with highest
sensitivities (slope values were −59.5±0.3 and 58.4
±0.2mV/decade, respectively).
Sensors performance
The potentiometric response characteristics of NAP
disposable sensor fabricated with various modes were
evaluated according to IUPAC recommendations [28].
nature of plasticizer on the performance of naproxen (NAP) screen-



Figure 5

Effect of (a) nature of ion associate suspension and (b) nature of plasticizer on the performance of naproxen (NAP) screen-printed sensor.

Table 2 Analytical performances* of different naproxen screen-printed sensors

Modified with NAP-Hy Modified with Hy Soaked

Concentration range (mol/l) 10−7–10−2 10−7–10−2 10−7–10−2

Slope (mV/decade) −57.4±0.2 −56.8±0.7 −56.2±0.6

R 0.9997 0.9996 0.9999

LOD (mol/l) 1.0×10−7 8.0×10−8 1.0×10−7

Response time (s) 4 6 6

Life time (months) 3 3 2

Titration potential jump for 2.3mg NAP (mV) 115 122 145

Working pH range 8–12

Hy, hyamine; LOD, lower detection limit; NAP, naproxen. *Average of five calibration graphs.

Table 3 Selectivity coefficient for naproxen sensors

Interferent −log KA,B Interferent −log KA,B

Na+ 2.40 Starch 3.40

K+ 2.95 Maltose 3.20

Li+ 2.70 Glucose 3.15

NH4
+ 3.10 Sucrose 3.30

Ca2+ 3.31 Citrate 3.65

Mg2+ 3.05 Caffeine 3.80

Phosphate 3.30 Glycine 3.80

Citrate 2.60 Cysteine 3.80
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The developed sensors can be successfully applied for
the potentiometric determination of NAP in
concentration range 10−7–10−2mol/l with Nernstian
anionic slopes depending on the type of the
electrode and the method of modification. The
lower limit of detection was 8.0 ×10−8mol/l (Table 2).

As the fabricated sensors have the solid state nature,
owing to the absence of internal reference solution, they
showed a 12-week shelf lifetime, during which the
Nernstian slopes did not change significantly (±1mV/
decade). Relatively shorter lifetime was found with
soaked electrode as it needs dipping of the electrode
in IP suspension to compensate for the sensingmaterials
leached from the membrane during measurements.
Meanwhile, the fabricated sensors are disposable; the
same electrode can continuously operate up tomore than
4 weeks without losses of performance. Screen printing
technology offers the advantages of high fabrication
reproducibility. The average Nernstian slope values for
ten modified printed electrodes within the same batch
were −56.2±0.7mV/decade with standard potential of
(Eo) −378.8±3.5mV.

During the sensor fabrication protocol, both the
sensing membrane and the conducting track
contained PVC polymer matrix; therefore,
copolymerization of both PVC matrices during
printing takes place that prevents the formation of
undefined layer between sensing membrane and
conductor and improves the potential stability [36].
Thus, the fabricated electrodes showed stable potential
reading after preconditioning in 10−3mol/l NAP
solutions for 60min.

For analytical applications, the response time of a new
fabricated sensor is of critical importance. The dynamic
response time of different NAP sensors was tested by
measuring the time required to achieve a steady-state
potential (within ±1mV) after sudden increase in the
NPA concentration from 1×10−7 to 1×10−3mol/l. The



Naproxen screen printed Khaled et al. 209
fabricated sensors showed fast response time ranging
between 4 and 6 s.

The influence of pH on the electrode response was
checked by recording the electrode potential readings
for NAP solutions containing 10−4 to 10−2mol/l at
different pH values (pH 6–12). The electrode
responseswere pH independent in the range from8 to12.

Selectivity is one of the most important characteristics
of an ISE, as it measures the sensitivity to the target ion
over interferents and hence determines the electrode
reliability, and applicability to sample measurement is
possible or not. Selectivity coefficient describes the ion
discrimination ability and depends upon the nature and
content of each electrode component including
the recognition element, solvent, and the plasticizer
[37,38]. In pharmaceutical analysis, it is important to
test the selectivity of the method toward the excipients
which are usually added to the pharmaceutical
preparations, such as glucose, starch, talc,
lactose, and sucrose. Selectivity of the prepared
potentiometric sensors toward different species was
tested applying matched potential method [38].
Results revealed a high selectivity toward NAP
Figure 6

Potentiometric titration of (a) 1.0ml of 1.0×10−2mol/l NAP with 1×10−2m
different concentration of naproxen with 1×10−2mol/l Hy using naproxen

Table 4 Determination of naproxen in pure form and in pharmaceu

Sample Taken (mg)

Official method

Recovery %* RSD*

Authentic sample 2.30 95.22 3.1

6.90 97.26 2.7

8.14 98.40 2.0

Naprosyn tablets 6.90 96.60 3.2

RSD, relative standard deviation.*Mean recovery and SDs for five deter
in presence of other interferents, additives, and
fillers commonly introduced in pharmaceutical
formulations (such as glycine, caffeine, citrate,
maltose, sucrose, and starch); moreover, inorganic
cations, such as Na+, K+, Li+, Ca2+, Mg2+, and
NH4

+, did not affect the electrode potential (Table 3).
Potentiometric titration
In contrast to the direct potentiometric measurements
requiring careful calibrations of measuring cells, the
potentiometric titration techniques offer the
advantage of high accuracy and precision, though
the cost of increased time and consumption of
reagents used as titrants [39]. The effect of the
electrode fabrication techniques on the titration
process was investigated and the plain electrodes
showed the best titration curve compared with
those modified with either the IP or with ion
pairing agent (Fig. 6a).

Under the optimum conditions, the titration curves
were symmetrical with a well-defined potential jump
indicating the high sensitivity of the electrode.
Concerning the titration process, the total potential
changes were large (ΔE ranges between 120 and
ol/l hyamine (Hy) solution using different naproxen sensors and (b)
-soaked sensor. NAP, naproxen.

tical preparations

Found

Developed sensors

Standard addition Titration

Recovery %* RSD* Recovery %* RSD*

96.18 2.7 97.30 2.1

99.00 2.0 100.09 1.9

101.16 2.2 102.10 1.1

95.10 3.0 99.27 1.9

minations.
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260mV) allowing the application of the electrode to
determine NAP reaching down to 2.3mg (Fig. 6b),
with mean recovery of 101.3±0.8%.
Analytical applications
The obtained satisfactory sensitivity and selectivity of
the fabricated disposable sensors toward NAP
suggested their application as a suitable tool for
assaying of NAP in pharmaceutical dosage samples
with average recoveries in agreement with the official
methods (Table 4).
Conclusion
The present work describes the fabrication of a novel
NAP screen-printed sensors based on NAP ion
associates with different cationic surfactants.
Different fabrication techniques were employed
involving modification with NAP-Hy ion associates,
incorporation of cationic surfactant in the electrode
matrix or soaking the blank electrode in the aqueous IP
suspension. The fabricated electrodes showed anionic
Nernstian compliance in the concentration range
10−7–10−2mol/l with fast response time (4 s) and
long operational lifetime.

Studies on the determination ofNAP in pharmaceutical
formulations were carried out to illustrate the feasibility
of the proposed method. Furthermore, as both the
electrode and the standard potentiometric equipment
are low cost, the developed procedure also allows small
laboratories with limited resources to run NAP analyses
for the aforementioned samples.

The developed disposable strips have several advantages
including miniaturization, simplicity, versatility, and
reproducibility of the preparation with low cost mass
production. The proposed methods of electrode
modification (in situ and soaked) allow the
potentiometric determination of more anionic whose
IPs cannot be isolated by traditional methods and avoid
using of toxic organic solvent for extraction.
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