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ABSTRACT
A new PVC membrane and graphite coated wire electrodes for
haloperidol drug (HP) based on haloperidol-phosphomolybdate (HP-PM) as
ion-pair complex are described. The proposed electrodes exhibit a Nernstian
slope of 57.4±0.8 and 61.1±0.4 mV per decade over a wide concentration
range from 3.7×10-6–1.0×10-2 M and 5.8 x 10-7– 1.0 x 10-2 M and the limit of
detection (LOD) of 1.6 × 10-6M and 4.2×10-7M over the pH range of 2.5–7.5
and 2.5-8.0 respectively. The present sensors display notable selectivity for
haloperidol drug ion over other species such as inorganic and organic cations
and different excipients which may be present in pharmaceutical preparations.
The developed sensors were applied efficiently for determination of HP in its
pharmaceutical preparations (ampoules) and in urine samples using
potentiometric determination and the calibration curve method.
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ةهذسرا لرعلىرأ بر ررسا لقرساأ بقر.
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AIM of THE PRESENT WORK
1. General Objective
The present work aims to prepare new PVC membrane and coated wire electrodes (CWEs)
for haloperidol drug (HP) and use of these electrodes in assaying this drug in its
pharmaceutical preparation (ampoules) and biological fluid (urine).

2. Specific Objective
The present work has focused on the following:
1- Preparation of lipophilic ion-pairs haloperidol-phosphomolybdate (HP-PM) and
haloperidol-phosphotungstate (HP-PT).
2- Using of these ion-pairs as electroactive materials in the preparation of coated wire
and PVC membrane electrodes.
3- Study the performance characteristics of the proposed electrodes
4- Using of the electrodes for determination of haloperidol drug in pharmaceutical
ampules and in urines samples using potentiometric titration and calibration
methods.
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CHAPTER ONE
INTRODUCTION

1. INTRODUCTION TO ION-SELECTIVE ELECTRODE
1.1.

Chemical Sensor

According to the International Union of Pure and Applied Chemistry (IUPAC), a chemical
sensor is ―a device that transforms chemical information, ranging from the concentration of
a specific sample component to total composition analysis,into a useful analytical signal"[
Hulanicki, et. al., 1991].
Chemical sensors can be divided into different classes depending on different transducing
processes namely optical sensors, electrochemical sensors, electrical sensors, mass
sensitive sensors, magnetic sensors, thermometric sensors and other sensors which include
the determination of chemical composition [Hulanicki, et al., 1991].
However, electrochemical sensors are by far the most established sensor. Electrochemical
sensor involves measuring potential (potentiometric sensors) or current (amperometric
sensors). The former sensor class includes the well-established ion-selective electrodes
(ISEs). This field has rapidly grown in just a few decades due to relatively low cost,
portability and fast read-out signal.
1.2.

Definition of Ion-Selective Electrode (ISEs)

An ion-selective electrode (ISE) is defined as an electroanalytical sensor with a membrane
whose potential indicates the activity of the ion to be determined (the determinand) in a
solution (the analyte) [Koryta, 1986]. The fundamental in potentiometric measurement is
the potential(E) arising between two electrodes in approximately zero current flow
conditions. This simple concept makes the practical electro analytical method very useful
for determination of different analytes [Lindner & Pendley, 2013; Shawish et al., 2013;
Kamel & El-lethey, 2011; Gaber et al., 2012].
1.3.

Classification of Ion-Selective Electrodes

Ion-selective electrodes (ISEs) can be classified into two categories: primary ISEs
and sensitized ISEs as suggested by (IUPAC) [Buck & Lindner, 1994]:
1.3.1. Primary ion-selective electrodes
Primary electrodes have further been divided into two classes:

(1)

1.3.1.1 Solid state electrodes / crystalline electrodes: In these electrodes the
physical state of the membrane is usually in solid state. Depending on the
composition of the membrane, these are further subdivided into the
following two categories:
1.3.1.1.1

Homogeneous membrane electrodes: These are ISE's, in which the
membrane is a

crystalline material prepared from either a single

compound (e.g., LaF3) or a homogeneous mixture of compounds
(e.g., Ag2S, AgI/Ag2S) [Christian, 1980].
1.3.1.1.2

Heterogeneous membrane electrodes: The heterogeneous solid-state
membranes are fragile and tend to crack on often uses. To adjust this
limitation for these, inert binders are added. These are ISE's prepared of
an active substance, or mixture of active substances, mixed with an inert
matrix (such as silicone rubber or PVC), or placed on hydrophobized
graphite or conducting epoxy resin, to form a heterogeneous sensing
membrane. This matrix should be inert, hydrophobic, tough, flexible and
crack resistant and not swell in sample solution [Christian, 1980].

1.3.1.2 Liquid

membrane

electrodes/Non-crystalline

electrodes:

This

category includes the rigid matrix electrodes (glass membrane) and
electrodes with a mobile carrier (liquid membrane electrodes):
1.3.1.2.1

Glass membrane electrodes:The most widely used glass electrode is
the pH electrode, which determines

H+ ions. The membrane is

composed of a silicate glass. Glass electrodes can also be constructed
that are sensitive to other cations such as Na+, K+, Li+, and NH4+
[Christian, 1980].
1.3.1.2.2

Electrodes with a mobile carrier: The membrane of these electrodes
consists of an organic liquid immiscible with water in which an electro
active material, capable of exchange with ions for which the electrode is
selective, has been dissolved. Usually the electro active materials are an
uncharged species, or ion-pairs with the cation or anion having a long
hydrocarbon chain. These electrodes exhibit a response due to the
presence of the ion-exchange material in the membrane [Christian,
1980; Wang, 1994].

(2)

1.3.2.

Sensitized ion-selective electrodes (ISEs)

These electrodes are modified form of primary ISEs, for the determination of
concentrations of gases and organic molecules rather than of ions. There are two main
types of these sensitized ISEs.
1.3.2.1 Gas sensing electrodes: These are the sensors composed of an ISE (indicator
electrode) and a reference electrode in contact with a thin film of solution,
which is separated from the bulk of the sample solution by a gas-permeable
membrane or an air gap[Christian, 1980].
1.3.2.2 Enzyme substrate electrode: This is a sensor in which an ISE is covered with
a coating layer containing an enzyme which reacts in specific with an organic
substance (substrate) resulting in a species to which the ISE responds.
Alternatively, the sensor could be covered with a layer of substrate, which
reacts with the enzyme, co-factor or inhibitor to be assayed [Christian, 1980].
In this work liquid membrane electrodes will be our focus after wards
1.4.

Liquid Membrane Electrodes

Liquid membrane electrode lSE, based on water immiscible liquid substances impregnated
in a polymeric membrane, are widely used for direct potentiometric measurements of
several polyvalent cations as well as certain anions. The membrane active recognition can
be by a liquid ion exchanger [Wang, 1994] or by a neutral macrocyc1ic compound having
molecule-sized dimensions containing cavities to surround the target ions [Beer et al.,
1996].
1.5. Sensing Components In Ion-Selective Membrane
ISE comprises of four basic components, in which the nature and the amount of each
component have a great effect on the nature and characteristics of the chemical sensors.
The four basic ISE components are:
1.

The polymeric matrix.

2.

The ionophore (membrane–active recognition).

3.

The membrane solvent (plasticizer).

4.

Ionic additives.

(3)

1.5.1.

The polymeric matrix

The polymeric matrix provides mechanical stability to the membrane. The components are
inert and insoluble in water. Due to the lipophilic environment provided by the membrane,
a distribution of ions in the two phases (hydrophobic membrane/aqueous sample) is
accomplished. Usually, poly(vinyl-chloride) (PVC) with or without plasticizers was
historically used as matrix [Moody et al., 1970; Ammann et al., 1972]. The plasticizers are
employed as a solvent enabling the achievement of a homogenous membrane. Solvent
polymeric membranes contain about 33-50 % (w/w) of PVC, 40-60 % (w/w) of plasticizers
and 0.5-10% ionophore [Ganjali et al., 2006] Nonetheless, several disadvantages have
been reported regarding the PVC-plasticized matrix. For instance, leaching out the
plasticizer causes contamination of the sample, reduces the life-time of the sensor and
provides instability to the signal [Peper et al., 2001; Reinhoudt et al., 1994]. In addition,
PVC membranes readily up-take water generating a thin layer water between the
membrane and the internal contact that is detrimental for some performance analytical
parameters. In addition, the absence of plasticizer and ionic impurities as well as the low
diffusional constant of the membrane give the sensor longer stability and a lower limit of
detection. Attempting to overcome these drawbacks, new membranes based on n-butyl
acrylate (n-BA), methyl methacrylate (MMA) and decylmethacrylate (DMA) have
emerged [Qin et al., 2002; Heng & Hall, 2000]. Regarding the first polymeric ISE
membranes, their manufacture involved valinomycin as the neutral ion carrier in silicon
rubber or PVC without the addition of lipophilic ionic sites [Ganjali et al., 2006]. Silicon
rubber [Tsujimura et al., 1996], some methacrylates [Qin et al., 2002], polyurethanes
[Lindner et al., 1994] and poly vinyl chloride have been demonstrated as polymer matrixes.
1.5.2.

Ionophores

Lipophilic ionophores or ligand agents play a unique and important role related to the
selectivity of the membrane. The ionophore or the ion carrier (ligand agents) is the most
vital component in a polymeric membrane sensor in terms of selectivity. The primary ion
must be bound to the ionophore more strongly than other interfering ions. In order to keep
the membrane composition constant, the ionophore must be retained within the membrane.
Therefore, aside from the binding centre it must contain numerous lipophilic groups to
respond towards the ions and lower the leaching out rate [Bakker et al., 1994].
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The ionophore or the membrane–active recognition agent can be an ion exchanger or a
neutral macrocyclic compound. It contains cavities or semicavity to surround the target
ions. Therefore, the ionophores are synthesized according to the nature of each analyte
[Ganjali et al., 2006].
1.5.3.

The membrane solvent (plasticizer, binder or solvent mediator)

Plasticizers are additives that increase the plasticity or fluidity of the material to which they
are added.
Solvent polymeric membranes are used in ion sensors to: [Ammann et al., 1975; Anker et
al., 1981; Sakaki et al., 1994]


increase diffusion mobility of the ion pair inside the membrane



allowing homogeneous dissolution



change the polarity of the membrane phase and improves the workability



reduce the strength of the membrane but increase the ductility



increase the selectivity through both extraction of ions into organic phase and
influencing their complexation with the ionophore

The membrane solvent must be physically compatible with the polymer, that is, display
plasticizer properties such as [Vytřas et al., 2009]:


chemical inertness (i.e. weak interaction with the polymeric chains) and
electronegativity



high viscosity and low volatility



low vapour pressure



low tendency for exudation from the polymeric matrix



high solubility in membrane phase to dissolve the substrate and other additives
present in the polymeric membrane



immiscibility with organic solvents



dielectric constant should be adequate



high molecular weight to separate the polymeric chains

The names/abbreviations of the most common plasticizers employed in the ISE fabrication
are as follows: benzyl acetate (BA) [Ganjali et al., 2006], bis-(1-butylpentyl) adipate
(BBPA) [Xu & Katsu, 2001], bis

(2- ethylhexyl) adipate (DOA) [Saad et al., 2005],
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bis(2-ethylhexyl) phthalate (dioctyl phthalate, DOP) [Ganjali et al., 2004], bis(2ethylhexyl) sebacate (BEHS) [Seguí et al., 2007], bis(n-octyl)sebacate (DOS) [Seguí et al.,
2006], bibenzyl ether (DBE) [Siswanta et al., 1994], dibutyl phthalates (DBP) [Shamsipur
et al., 2003], dibutylsebacate (DBS) [Seguí et al., 2006], didecyl phthalate (DDP) [Akl et
al., 2006], 2-nitrophenyl phenyl ether (o-NPPE) [Peper et al., 2005], o-nitrophenyloctyl
ether (o-NPOE) [Zamani et al., 2006, Ganjali et al., 2003] and tri-n-butyl phosphate (TBP)
[Gupta et al., 2007].
1.5.4.

Ionic additives (lipophilic ionic sites)

The prerequisite for obtaining a theoretical response with ISE membranes is their permselectivity, which means that no significant amount of counter ions may enter the
membrane phase. Lipophilic ionic additive is a salt of non-exchangeable lipophilic
anion/cation and an exchangeable counter ion. Their main function is to render the ion
selective membrane perm- selective, to optimize sensing selectivity and to increase the
sensitivity of membrane electrodes. Presence of lipophilic ionic sites keeps the total
concentration of the measuring ion in the membrane phase constant. These additives may
also catalyze the exchange kinetics at the sample membrane interface [Ammann et al.,
1972].
The most important salts used as lipophilic additives are potassium tetrakis(pchlorophenyl) borate (KTPClPB) [Ganjali et al., 2005; Faridbod et al., 2007], sodium
tetrakis-[3,5-bis(1,1,1,3,3,3-hexafluoro-2-methoxy-2- propyl)phenyl] borate (NaHFPB)
[Katsu et al., 2002], sodium tetraphenyl borate (NaTPB) [Ganjali et al., 2003], tetrakis(4fluorophenyl)borate (cesibor) [Masadome & Asano, 1999] as anionic additive while
hexadecylpyridinium

bromide

hexadecyltrimethylammonium

(HDPB)

bromide

[Ganjali

(HTAB)

[Püntener

et

al.,
et

al.,

2003],
2002],

trioctylmethylammonium chloride (TOMACl) [Cabrera et al., 2001] as cationic additive.
1.6.

Advantages of Ion-Selective Electrodes

Several analytical techniques suffer from either time consuming, tedious procedure,
involving multiple sample manipulations, or too expensive for most analytical laboratories.
Thus, chemical sensor based on potentiometric detection offer several advantages over
other techniques such as [Covington, 1979; Koryta & Mater, 1986]:

ISE's are relatively inexpensive, portable and simple to use.
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The most recent plastic-bodied, all-solid-state or gel-filled models are very robust,
durable and ideal for use in either field or laboratory environments.



Under the most favourable conditions, when measuring ions in relatively dilute
aqueous solutions and where interfering ions are not a problem, they can be used
very rapidly and easily (e.g. simply dipping in lakes or rivers, dangling from a
bridge or dragging behind a boat).



With careful use, frequent calibration, and an awareness of the limitations, they can
achieve accuracy and precision levels of ± 2 or 3% for some ions and thus compare
favourably with analytical techniques which require far more complex and
expensive instrumentation.



ISE's are one of the few techniques which can measure both positive and negative
ions.



They are unaffected by sample colour or turbidity.



ISE's can be used in aqueous solutions over a wide temperature range. Crystal
membranes can operate to 80°C and plastic membranes operate to 50°C.



ISE's can be used in direct determinations and as sensors for titrations.



They are particularly useful in biological/medical applications because they
measure the activity of the ion directly, rather than the concentration. Electrodes are
particularly suitable as they monitor ion activity which is considered to be more
biologically significant than concentration; for example, analysis of fluoride in
skeletal structures, investigation of fluoride in dental studies and sweat chloride
measurement as a screening test for cystic fibrosis [Zhang, 2000].

1.7.

Potentiometric Measurements Using Ion-selective Electrodes

1.7.1. Generation of nernstian response
The generation of the sensing mechanism in the ion selective membrane has been the
source of a large discussion for at least 30 years. Basically there are several models that
attempt to explain the mechanism using different factors and suppositions. Several models
ranging from basic ones to others showing a high degree of complexity have been
proposed.Potentiometric measurements are made using a potentiometer to determine the
difference in potential between a working electrode and a reference electrode (EMF
measurement). In potentiometric measurements, two electrodes need to be used as the
potential of an individual half-cell cannot be determined. The two electrodes are:
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an ion-selective electrode with membrane.



an external reference electrode (SCE)

Figure (1.1) Schematic diagram of an ISE-based potentiometric cell.

Ion-selective electrodes (ISEs) are electrodes that respond selectively to the activity (not
concentration) of a particular ion sensed by the selective membrane. The conventional ISE
consists of a Teflon tube filled with inner filling solution. The electrical contact is made via
internal reference electrode (usually Hg/HgCl). The external reference electrode should be
stable and has a fixed potential such as a Hg/HgCl or saturated calomel electrode. The
electrochemical cell of the ISE measurement can be represented as [Zhang, 2000]:

The potential of a membrane is generated when both electrodes are in contact with the
sample solution. The primary ion is transferred from the sample solution to the membrane
phase and a potential difference is generated by selective ion exchange at both interfaces.
The measurement is made at zero current condition. In this condition, the transfer of
primary ion from the solution to the membrane is equal to the transfer of ions from the
(8)

membrane to the solution. The measured voltage is a difference of potentials and not
possible to measure the absolute potentials. The total potential difference measured
between the two terminals of the cell is composed of several local potential differences in
the potentiometric cell.
EMF = (E1+E2+E3+E4)+Ej +EM

(1.1)

In an ideal condition, potentials of E1through E4are constant. Therefore, the electromotive
force (EMF) across the galvanic cell can be expressed as [Sulaiman, Y. (2012]:
EMF =Econstant+Ej +EM

(1.2)

EM is the membrane potential which includes the phase boundary potentials (EPB) at both
aqueous sample | membrane interfaces and the diffusion potential within the membrane
(ED). EJ is the liquid junction potential created at the porous frit, practically used instead
of the salt bridge (||) for which EJ= 0 [Bakker, 1997]. It is important to note that this liquid
junction potential that prohibits the true assessment of single ion activities with ion
selective electrodes [Sigel et al., 1991]. EJ originates from a separation of charge created
on the interface due to the different mobilities of ions migrating at different rates. For ions
of similar mobility EJcan be very small and it can be neglected. For an ISE, the ED is zero
if no ion concentration gradients occur. Then, the EMF is only dependent on the variation
of the phase boundary potential at sample solution | membrane interface (EPB):
EMF =Econstant+EPB

(1.3)

1.7.2. Chemisorptions mechanism
The concept of an electrical double layer was originally proposed by Helmholtz back in the
1850s as an explanation for the charge accumulation and separation at the surface of the
electrode in contact with an inner filling solution and outer sample solution [Vetter, 1967].
In the modern Helmholtz electrical double layer, the anions enter into the ion selective
membrane and move to an unbound ionophore binding site. The counterions within the
―Inner Helmholtz plane‖ are considered to be a contact adsorbed layer without solvations
and held in place by the strong electrostatic potential to the membrane surface. The
counterions in the ―Outer Helmholtz plane‖ are solvated (to various degrees) and also
commonly referred as the ―Diffuse Double layer‖ with a weaker charge accumulation than
the inner adsorbed contact layer (Figure 1.2) [Vetter, 1967]. ErnõPungor and co-workers
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[Pungor, 2001] were supportive of this theory and confined that the electrode potential is
caused by charge separation at the surface of the electrode. The interpretation is connected
with the chemisorptions of the primary ion from the solution phase onto the surface of the
electrode interface no ion penetration from the membrane surface to the inside membrane,
the primary ions adsorption at the complexing agents, etc. In this case counter ions
accumulate in the solution phase, and this is the charge separation. Adsorption of the
primary ion leads to formation of an electric double layer (Figure 1.2).

Figure 1.2. Illustration of modern Helmholtz electrical double layer in solvent polymeric ion selective
sensor membranes. The “C+” represents a large immobile organic cation (fixed), the “I” represents an
unbound neutral carrier ionophore, and “IA-” represents the anion bound ionophore-ion complex.
The anions and the counterions (represented by the circles with negative sign and positive charged
species) respectively.

1.8.

Coated Wire

In conventional polymeric membrane ISEs, the sensing membrane is interposed between
two aqueous phases, the sample and the inner solution [Zhang, 2000]. With this
construction, ISEs suffer from potential drifts and erratic emf changes. These instabilities
have been mainly attributed to back diffusion of target ions from reference solution into the
membrane and to leaching of ions from membrane into the sample solution [Sulaiman,
2012].
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Reducing ion fluxes in the membrane [Bakker, 1997; Sigel et al., 1991; Vetter, 1967;
Pungor, 2001; Vigassy et al., 2003] and minimize the size of the conventional ISEs by
removal the internal reference solution [Püntener et al., 2004;, Arnold & Meyerhoff, 1984]
were proposed to improve of the composition of the inner solution. Therefore, ISEs
membrane with a solid contact (coated wire) rather than a traditional liquid inner contact
are anticipated to give lower detection limits because of diminished ion fluxes [Vigassy et
al., 2003].
1.8.1.

Coated wire electrode (CWE)

The first CW-ISEs, with the advantage of eliminating the inner reference solution, in
addition to its fast response time were published by Cattral and Freiser [Arnold &
Meyerhoff, 1984]. CW-ISEs comprise a film of PVC or other suitable polymeric matrix
substrate containing a dissolved electroactive species, coated on a conducting substrate
[Cattrall & Freiser, 1971]. Most of the CWEs prepared have utilized solid metals such as
platinum, silver, geaphite or copper as the internal contact wires.
One of the important aspects of using CW-ISEs is that not only absence of internal solution
but also has other advantages, needs a very small volume of sample, simplicity of design
and mechanical flexibility, i.e., the electrode can be used at any angle [James et al., 1972;
Cunningham & Freiser, 1986; Freiser, 1986].Therefore, they have been used as detectors
in capillary electrophoresis [Schnierle et al., 1998] or flow injection analyses
[Toczyłowska et al., 2005, Tahir et al., 2012].
On the other hand, in solid contact (CWEs), a potential instability observed with such
systems have been mainly attributed to ill-defined contact between polymeric membrane
and solid conductor interface [Hauser et al., 1995]. Several authors assumed that an oxygen
half-cell is formed at the inner electrode since the membrane is permeable to both O2 and
water [Hulanicki & Trojanowicz, 1976]. Another problem associated with such solidcontacted electrodes is the formation of a thin aqueous layer between the polymeric
membrane and the metal electrode. Therefore, polymers such as the polyurethane Tecoflex
that have better adhesive properties than PVC were proposed for solid- contact ISEs [Cha
et al., 1991]. Their lipophilicity hinders formation of an aqueous layer between the
membrane and the metal [Fibbioli et al., 2000].
1.9.

Electrode Characterization
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Once an electrode has been assembled investigations are undertaken to evaluate its
performance as an ISE. It is an accepted practice to describe a new ISE by these
characteristics:
1.9.1.

Calibration theory

Calibration is carried out by immersing the electrodes in a series of solutions of known
concentration and plotting a curve of mV reading versus the logarithmic of the activity.
This should give a straight line over the whole linear concentration range. The slope of the
calibration curve is mV response per decade of concentration change. This is typically
around 59 and 29 mV/decade for monovalent and divalent ions respectively. The
calibration curve must be in agreement with Nernst equation.
1.9.1.1.

Nernst equation

The voltage of all ISE is a logarithmic function of the activity of the free ion to which the
concerning electrode responds. This relationship is given by the Nernst equation which
was already introduced as following [Janata, 1994]:
E

E

( T nF) Ln ai(1.4)

In which: E: measured potential between indicator and reference electrode, E°: standard
voltage of the electrode assembly, depending on the construction of the electrodes, R: gas
constant (8.314 J/mol.K), T: temperature in K, n: electric charge of measured ion,
ai: activity of the ion I, F: Faraday's constant (96485J/mol).
This equation contains the term activity which is a measure for the reaction behaviour of
the ion. This term is largely determined by the concentration, but it is not the same. In
solutions where only free ions are present, the following relationship exists between the ion
activity ax and the concentration (X).
ai = γi × ci(1.5)
The activity coefficient γi, which is a measure for the non-ideal behaviour of the solution,
can be estimated from the following called Debye-Hückel equation [Janata, 1994]:

 log( x ) 

0.51Z x2 
1  3.3 x 
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(1.6)

[ ]

[ ]

(1.7)

Where Z is the charge number of the ion, μ is ionic strength, and A, B are temperaturedependent constant at all temperatures and for compositions of the solution.
1.9.2.

Criteria for the evaluation of sensors

In the evaluation of any type of chemical sensors there are certain criteria which must be
addressed. The reliability of a chemical sensor can be said to be the sum of all the
characteristics. These can be divided into two areas of concern as follows:
Tabel 1.1.Criteria for the evaluation of electrodes

Performance

Physical

LinearRange

Lifetime

Limitofdetection

Size

Responsetime

Durability

Selectivity

Biocompatibility

Sensitivity

Cost

Reproducibility

----

Stability

----

Drift

----

Each of these criteria will be discussed, with the focus on potentiometric sensors.
1.9.2.1.

Performance characteristics

To reduce confusion in the area of ISE research, IUPAC put forward a set of
recommendations for the nomenclature of ISEs in 1994 [Buck & Lindner, 1994]. Most of
the performance characteristics were defined.

1.9.2.1.1.

Linear range

It is defined as that part of the calibration curve through which a linear regression would
demonstrate that the data points do not deviate from linearity by more than 2 mV. For
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many electrodes this range can extend from 1 M down to 10-4 M or 10-7 M [Faridbod et al.,
2007].
1.9.2.1.2. Limit of detection
In practice, the values of the detection limit for most ISEs are in the order of 10-7 -10-10 M.
Therefore, the detection limit is defined as lowest concentration of analyte that can be
discriminated by the cross-section of the two extrapolated linear parts (two straight lines)
of the ion-selective calibration curve, according to the IUPAC recommendation [Buck &
Lindner, 1994].
1.9.2.1.3. Response time
It is well known that the response time of the modified electrode is one of the most
important factors in its evaluation and is defined as the time between the addition of
analyte to the solution and the time when a limiting potential has been reached [Buck &
Lindner, 1994].
1.9.2.1.4. Selectivity
The selectivity of a sensor is a measure of the ability of the sensor to accurately determine
the concentration of the analyte in the presence of interfering ions which can also affect the
measured potential. The selectivity of a sensor should be determined for all possible
interferents. This requires knowledge of the composition of the test solution.
Potentiometric selectivity coefficients can be measured with different methods that fall into
three main groups, [Bakker et al., 2000; Umezawa et al., 2000; Zdrachek et al., 2015;
Gadzekpo & Christian, 1984] namely:


The Separate Solution Method (SSM) and Modified separate solution
method (MSSM)



The Mixed Solution Method (MSM). a. Fixed Interference Method (FIM).
b. Fixed Primary Method (FPM).



The matched potential method (MPM).

1.9.2.1.5. The sensitivity
Sensitivity is basically the minimum change of analyte concentration that can be observed.
Then, sensitivity gives us information about the proper functioning of the electrode. The
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slope of the calibration curve, noise and readout resolution combine to determine the
sensitivity of a sensor [Faridbod et al., 2007].
1.9.2.1.6. Hysteresis and reproducibility
Hysteresis or electrode memory occurs when there is a difference between the emf first
observed in a solution containing a concentration of A and a second observation of the
emf in the same solution after exposing the electrode to a different concentration of A.The
standard deviation of emf data collected in a series of emf measurements in solutions of
different concentrations of A (after removal and washing and/or wiping of the electrodes)
is called reproducibility. If the electrode does have a distinct hysteresis, the reproducibility
will be poor. Successive emf measurements in solution A, provides a measure of drift and
standard deviation of the electrode, not a measure of hysteresis [Faridbod et al., 2007].
1.9.2.1.7. Stability
The evaluation of the potentiometric signal along short and long time periods is one of the
most important parameters to characterize ISEs. Usually, the stability is expressed as a
drift in μV.h-1 or mV.h-1 units [Janata, 1994].
1.9.2.1.8. Drift
For ISEs drift can be due to a variety of physical or chemical parameters such as
temperature fluctuations, leaching of electro active material from the membrane or sorption
of interferents. Any type of drift in the output of a chemical sensor is undesirable. Short
term drift generally renders the sensor useless. Long term drift can sometimes be
accommodated by either frequent recalibration or some type of drift correction in the
signal processing stage [Buck & Lindner, 1994].
1.10.

Physical Characteristics

The physical properties of a chemical sensor are determined primarily by the choice of the
transducer. The physical characteristics often are the deciding factors as to commercial
success.
1.10.1.

Life time

The average life time for most of the reported ISEs is in the range of 4 - 10 weeks. Other
sensors have been designed for single-use applications which may only require life times
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of hours or even minutes. After this time, the slope and the detection limit of the sensor
will decrease and increase, respectively. Loss of the plasticizer, carrier or ionic site from
the polymeric film, as a result of leaching into the sample, is the primary reason for the
limited lifetime of the carrier-based sensors [Faridbod et al., 2007].
1.10.2.

Size

For the evaluation of any sensor both the overall size of the sensor and the actual
dimensions of the sensing area should be considered. During the development of a sensor,
the size is often much larger than necessary to facilitate manual processing. The final
dimensions will usually be smaller, especially if automated manufacturing methods are
used [Faridbod et al., 2007].
1.10.3.

Durability

A chemical sensor may be subjected to many different environments. It should be resistant
to chemical attack by the constituents of the sample and variable temperatures. It should
also be capable of undergoing cycles of dry storage, reconditioning and use without loss of
performance [Faridbod et al., 2007].
1.10.4.

Biocompatibility

This criteria is important only if the sensor is used for in-vivo or undiluted biological fluid
testing. Two aspects of biocompatibility must be considered. The first is the effect of the
sensor on the safety and well-being of the subject. In-vivo sensors for use in blood streams
must be non-thrombogenic, and all sensors must be non-toxic to the subject. The second
aspect which must be considered is the effect of the biological matrix on the performance
of the sensor [Faridbod et al., 2007].

1.11.

Analytical Methods Based on Electrochemical Sensor

There are three methods th0at can be used, a direct method (potentiometric method), and
indirect method (potentiometric titration).
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1.11.1.

Direct potentiometric method

It is compulsory for electrochemical sensor to be calibrated before use. The preparation of
solution is very important in terms of concentration, ionic strength, and pH. It is better to
adjust the ionic strength and the pH of the samples in which the analyte will be determined
to the same values in the solutions used for calibration. These solutions must be buffered
and their ionic strength kept constant by addition of a strong electrolyte [Buck & Lindner,
1994, Danzer & Currie, 1998].
1.11.2.

Potentiometric titration

In titration there is no need for calibration of electrode before use. The electrochemical cell
contains only the sample that has to be titrated. Step by step addition of the reagent is used
and the potential is recorded versus the volume of the reagent added. To express the
concentration of the analyte can be given as:
CRVe = CA VA
Where CR is the concentration of the reagent used for titration of the analyte, CA is the
concentration of the analyte, Veis the volume at equivalence and VA is the volume of the
sample. The rate of potential changes for potentiometric titration is slow at the beginning
of the titration, increases to a maximum as the equivalence point is reached, and reduces
again when the equivalence point is passed. When the measured potential is plotted versus
the added volume of reagent a curve like letter S is obtained and the equivalence point is
indicated at the steepest point of the curve, where the potential changes most rapidly
[Christopoulos et al., 1982].
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CHAPTER TWO
LITERATURE REVIEW

2. LITERATURE REVIEW
Research

studies

have been reported in several articles for the determination of

haloperidol drug in pharmaceutical formulations and in biological samples.
Haloperidol was discovered by Paul Janssen. It was developed in 1958 by the
Belgian company Janssen Pharmaceutical and submitted to first clinical trials in
Belgium in the same year. After being rejected by U.S. Company Searle due to side
effects, it was later marketed in the U.S. by McNeil Laboratories. It was approved by the
U.S. Food and Drug Administration on April 12, 1967.
2.1.

Analytical Methods for Haloperidol Drug

The IUPAC name of haloperidol (HP) is 4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)-4oxobutyl]-4 piperidinyldecanoate with empirical formula C31H41ClFNO3, molecular
weight of 375.86g mol-1 and CAS: 52-86-8. The chemical structure of haloperidol is shown
in Fig (2.1). Haloperidol drug is an older antipsychotic used in the treatment
schizophrenia and acute psychotic states and delirium. However, haloperidol produces
extrapyramidal side effects including acute dystonic reactions, akathisia syndrome, drug
induced parkinsonism, bradykinesia and tardive dyskinesia. Some research studies have
suggested effects of haloperidol on brain tissue [Hu et al., 2016; Giannini et al., 2000;
Dorph-Petersen et al., 2015]. Several analytical procedures have been used in the
determination HP especially chromatographyand spectrophotometry. In spite of the high
sensitivity of these methods. However, these methods are very expensive, involve the
use of complex procedures with several sample manipulations and require long
analysis times as well as being some are not applicable to colored and turbid
solutions. Besides, none of them is easy to automate

Figure(2.1) Chemical Structure of Haloperidol
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2.2.

Reported Methods for Determination Of Haloperidol Drug

Wu et. al., [Wu et al., 1999] described a method based on capillary zone electrophoresis
for the simultaneous determination of haloperidol (HP) and its chiral metabolites [(+)- and
(−)- reduced haloperidol, (+)- and (−)-RHP] in human plasma.
Kurzawa et. al., [Kurzawa et al., 2004] developed a method based on spectrophotometric
and conductometric for determination of haloperidol (HAL), droperidol (DRO) and
pimozide (PIM). Spectrophotometric method is based on the reaction of HAL and PIM
with [Cr (NCS) 6] 3-,[BiI6] 3-and picric acid (PA).
Yasir et. al., [Yasir et al., 2014] developed a sensitive UV spectrophotometric method
for the estimation of haloperidol in prepared pharmaceutical formulations of solid
lipid nanoparticles (SLNs).
Wate et. al., [Wate et al., 2010] suggested a spectrophotometric method. The simultaneous
estimation method is based on the principle of additivity of absorbance, for the
determination of haloperidol and trihexyphenidyl in tablet formulation.
Ouanês et. al., [Ouanês et al., 1998] described a method based on first derivative
spectrophotometry with a zero-crossing technique of measurement for the quantitative
determination of haloperidol in the presence of methylparaben and propylparaben, which is
added as antimicrobial preservatives in pharmaceuticals. This technique permits the
quantification of haloperidol in the presence of parabens, with closely overlapping spectral
bands, and without any separation step
Haemers et. al., [Haemers et al., 1969] suggested a reaction of Butyrophenones with 3,5dinitrobenzoic acid in an alkaline medium with the formation of a red coloured complex.
This reaction can be used for the quantitative determination of these drugs in
pharmaceutical preparations
Shamsipur et. al., [Shamsipur et al., 2007] used19F nuclear magnetic resonance as
analytical tool for the identification and selective determination of haloperidol in human
serum and pharmaceutical preparations. The method is based on the integration of
appropriate signals of haloperidol and trifluoroacetic acid as an internal standard.
A densitometric high performance thin-layer chromatography (HPTLC) method and
validated for the quantitative analysis of haloperidol in tablets was developed by
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Mennickent et. al., [Mennickent et. al., 2007] Chromatographic separation was achieved on
precoated silica gel F 254 HPTLC plates using a mixture of acetone/chloroform/nbutanol/acetic acid glacial/water (5:10:10:2.5:2.5 v/v/v/v/v) as the mobile phase.
Quantitative analysis was carried out at a wavelength of 254 nm.
A gas chromatographic method for the qualitative and quantitative determination of
haloperidol in plasma at therapeutic levels was desdribed by Zingales [Zingales, 1971].
The procedure involves extraction of the drug from alkalinized plasma into n-heptane,
successive concentration into aqueous and organic solvents, and separation on a gas-liquid
chromatograph equipped with an electron capture detector.
Fujiiet et. al., [Fujiiet et al., 1996] used surface ionization organic mass spectrometry
(SIOMS) toperform on the drug haloperidol using quadrupole mass spectrometry in which
the thermal ion source has a rhenium oxide emitter
Korpi et. al., [Korpi et. al., 1983] described a method based on organic extractionand
subsequent isocratic reversed-phase HPLC with electrochemical detection of haloperidol
and its reduced metabolite, provides enough sensitivity and precision for clinicaldrug
monitoring and pharmacokinetic studies.
Nilsson [Nilsson, 1988] suggested a technique based on liquid chromatographic method
for the determination of haloperidol in plasma. The efficient and simple extraction
procedure, followed by reversed-phase ion-pair liquid chromatography on a 3-μm
octadecylsilica column and UV absorbance detection, makes it possible to determine
concentrations down to 0.5 µmol/l with acceptable precision.
Abernethy et. al., [Abernethy et al., 1984] described a method

that

is

selective,

separating haloperidol from metabolites and plasma contaminants, and sensitive to
0.5 ng/ml using GLC with nitrogen-phosphorus detection.
A sensitive gas-chromatographic method for quantitative analysis of haloperidol in human
plasma was described by Bianchetti et. al.,[ Bianchetti et al., 1978] The use of nitrogen—
phosphorus selective detection reduces the time required for analysis.
Arinobu et. al [Arinobu et Al., 2002] suggested a method based on HPLC–MS. In this
method haloperidol and its two metabolites, reduced haloperidol and 4-(4-chlorophenyl)-4hydroxypiperidine (CPHP) in human plasma and urine were analyzed by HPLC–MS using
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a new polymer column (MSpak GF-310), which enabled direct injection of crude
biological samples without pretreatment.
Ebrahimzadeh et. al., [Ebrahimzadeh et al., 2013] proposed an extraction procedure using
molecular imprinted polymer nanoparticles for the determination of haloperidol in
biological samples. The haloperidol imprinted polymer nanoparticles were synthesized
successfully by precipitation polymerization in a flask containing haloperidol as a
template, ethyleneglycoldimethacrylate as a crosslinking agent, methacrylic acid as a
functional monomer, and 2,2′-azobisisobutyronitrile as an initiator.
High performance liquid chromatography with diode array detection (HPLC-DAD) was
developed by Ramadan [Ebrahimzadeh et al., 2012] for the assay of haloperidol and
isopropamide iodide. Good chromatographic separation was achieved using a C18(150 mm
× 4.6 mm, 5 µm) column, mobile phase being methanol: phosphate buffer 50 mM (60:40
v/v) at pH 4.0 ± 0.2 and a flow rate of 1.5 mL/min. The peak was detected at 254 nm.
HPLC method for the analysis of haloperidol and its three main metabolites in human
plasma was developed by Aboul-Enein [Aboul-Enein et al., 2006]. The analysis was
carried out on a monolithic silica column (Chromolith Performance RP-18e, 100 × 4.6
mm). The mobile phase consisted of sodium phosphate (0.1m, pH 3.5)–acetonitrile (80:20,
v/v) at a flow rate of 2.0 mL/min. UV detection at 230 nm was used.
A high-performance liquid chromatographic method developed by Park et al., [Park et. al.,
1991] for the simultaneous determination of haloperidol and reduced haloperidol in human
plasma, urine and rat tissue homogenates using bromperidol as an internal standard. The
method involved extraction followed by injection of 50–80 μl of the aqueous layer onto a
C18 reversed-phase column. The mobile phase was 0.5 M phosphate buffer—
acetonitrile—methanol (58:31:11, v/v/v) and the flow-rate was 0.6 ml/min. The column
effluent was monitored by ultraviolet detection at 214 nm.
Dammalapati et. al., [Raju & Dammalapati, 2014] proposed RP-HPLC method. The
proposed method demonstrates

simultaneous

determination

of haloperidol

and

trihexyphenidyl hydrochloride with good resolution and sharper chromatographic peaks in
a runtime of 12 minutes. The RP- HPLC method uses a mobile phase consisting of
methanol:acetonitrile:water (50:40:10% v/v/v), Zodiac C18 column in isocratic mode,
detection wavelength of 221 nm and a flow rate of 1.2 mL/minutes.
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A new simultaneous determination of haloperidol and bromperidol and their reduced
metabolites by modification of automated column-switching high-performance liquid
chromatography described by Yasui-Furukori et. al., [Yasui-Furukori et al., 2004]. The test
compounds were extracted from 1 ml of plasma using chloroform–hexane (30:70 (v/v)),
and the extract was injected into a hydrophilic metaacrylate polymer column for clean-up
and a C18 analytical column for separation. The mobile phases consisted of phosphate
buffer (0.02 M, pH 4.6), perchloric acid (60%) and acetonitrile (54:1:45 (v/v)) and was
delivered at a flow-rate of 0.6 ml/min. The peak was detected using a UV detector set at
215 nm.
Driouich et al., [Driouich et al., 2000] suggested method based on a micellar solution
containing phosphate buffer, anionic surfactant, and water-miscible organic solvent was
employed as a migration solution for the separation and the quantification of eleven
analytes by micellar electro kinetic chromatography (MEKC): the analytes examined were
haloperidol,
butylparaben,

methylparaben,

ethylparaben,

iso-butylparaben,

n-propylparaben,

iso-propylparaben,

sec-butylparaben,

n-

4-(4-chlorophenyl)-4-

hydroxypiperidine, 4-fluorobenzoic acid and 4-hydroxybenzoic acid.
Spectrofluorimetric method developed by Rahman et. al., [Rahman et al., 2010] for the
determination of haloperidol in pharmaceutical preparations. The present method is based
on the formation of an ion-pair complex between haloperidol and alizarin red S at pH 3.4
which is extractable with chloroform. The ion-pair complex exhibits maximum
fluorescence intensity at 564 nm with excitation at 466 nm.
The cyclic voltammetric behavior of haloperidol at a hanging mercury drop electrode
studied by El-Desoky et. al., [El-Desoky et al., 2005] in Britton–Robinson buffer series of
pH 2.5–11 containing 40% (v/v) ethanol. A single two-electron irreversible cathodic peak
was obtained which attributed to reduction of the

C=O double bond. Controlled

adsorptive accumulation of haloperidol onto the hanging mercury drop electrode provided
the basis for its direct trace assay in bulk form, pharmaceutical formulation and human
biological fluids using square-wave adsorptive cathodic stripping voltammetry.
Tuzhi et. al., [Tuzhi et al., 1991] developed a sensitive stripping voltammetric method for
trace measurement of the psychotherapeutic drug haloperidol. The method is based on
adsorptive preconcentration of haloperidol on the glassy-carbon electrode in an open
circuit, followed by medium exchange and voltammetric determination of surface species.
(23)

Abu shawish et. al., [Abu shawish et al., 2016] proposed a modified carbon paste electrode
for haloperidol drug based on haloperidol-phosphomolybdate (HP-PM) as an ionexchanger dissolved in plasticizer DBP. The electrode exhibited prominent characteristics
in their function: near Nernstian slopes, wide concentration ranges, low detection limits
and short response times.

(24)

CHAPTER THREE
EXPERIMENTAL

3. EXPERIMENTAL
3.1.

Reagents and Materials

Haloperidol drug (Ampoules 5 mg/mL) were provided by the General Administration of
Pharmacy Ministry of Health (Gaza-Palestine). The ampoule contains lactic acid and water
for injection. Dibutyl phthalate (DBP), dioctyl phthalate (DOP) and tris(2-ethylhexyl)
phosphate (DOPh) as well as metal salts were purchased from Sigma-Aldrich (CH-9471
Buchs-Germany) and used as received. Phosphotungstic

acid

(PTA)

H3[PW12O40],

phosphomolybdic acid (PMA) H3[PMo12O40], and sodium tetraphenylborate (Na-TPB)
Na[C24H20B], poly(vinylchloride) (PVC) and tetrahydrofuran (THF) were obtained from
Sigma–Aldrich (CH-9471 BuchsGermany). In addition, glycine, asparagine, arginine,
histidine, glucose, maltose, galactose, sucrose, Ascorbic acid (vitamin C), diclofenac
sodium (voltaren), ranitidine hydrochloride, metoclopramide hydrochloride, ephedrine
hydrochloride,

dapoxetine

hydrochloride,

lidocaine

hydrochloride,

atomoxetine

hydrochloride, amikacin sulfate, tramadol hydrochloride, duloxetine hydrochloride were
obtained from local drug stores.
3.2.

Preparation of Ion-Pairs

Two ion-pairs were made by mixing 15 mL of 1.0×10-2 M of haloperidol solution and 15
mL of 3.3×10-3 M of phosphotungstic acid or phosphomolybdic acid [Shawish et al.,
2016]. The precipitates that formed were collected, intimately washed with distilled water,
dried and ground to powders. The ion-pairs were utilized as a modifier for construction
haloperidol sensors.
3.3.

Preparation of PVC Membrane Electrode

The membranes were prepared according to a previously reported method [Gholivand et
al., 2007; Ibrahim et al., 2005]. The membranes were prepared by dissolving different
percentage of PVC, plasticizers and ion pairs in 5-10 mL of tetrahydrofuran (THF). The
mixture was poured into a glass dish 7 cm in diameter. The THF was allowed to evaporate
overnight leaving a transparent membrane. Small disks (10 mm) were punched from the
cast films and mounted on home-made electrode bodies. The electrodes were filled with
the internal filling solution (9 mL of 0.01 M KCl and 1 mL of 0.001M HP) and
preconditioned by soaking for 5 min in 0.001 M HP solution. The electrode produced is
shown in Figure 3.1.The electrochemical system in this case is:
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Ag-AgCl║

internal

solution,0.01

M

KCl

and

1

mL

of

0.001M

HP║PVCmembrane║sample solution║Hg,Hg2Cl2(s), KCl(sat)

Figure (3.1). Schematic diagram of PVC membrane electrode

3.4.

Preparation of Coated-Wire Electrodes

The coated-wire electrodes (CWEs) were prepared according to a previously reported
method [Vytras et al., 1997]. The coating solution was prepared by dissolving varying
amounts of (0.5-3%) HP-PM as ion-pair, (48.7-50%) PVC , (48.2-49%) DOP as plasticizer
and 0.1% Na-TPB as additive in 10.0 mL THF.A silver, copper and graphite wires about 1
mm diameter and 50 mm length were polished on a cloth pad and washed with acetone.
One end of the wires were coated by repeated dipping into the mixture solution. A
membranes were formed on the wire surface and was allowed to dry. The prepared
electrodes were finally conditioned by soaking for 5 min in 0.001 M of HP solution. The
emf measurements with the proposed electrode were carried out with the following cell
notations:wire│membrane║testsolution║SCE.
The final picture of coated wire electrode produced is shown in Figure( 3.2).
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Figure(3.2). Schematic diagram of coated wire electrodes

3.5.

Apparatus

Potentiometric and pH measurements were made with a Pocket pH/mV Meters, pH315i
(Wissenschaftlich-TechnischeWerkstatten GmbH (WTW), Weilheim, Germany). The
saturated calomel electrode (SCE) was used as reference electrode for potential
measurements. It was obtained from Sigma-Aldrich Co. (St Louis, MO, USA).
The performance of the electrodes was investigated by measuring the emfs of HP solutions
in a concentration range of 10-7- 10-2 M by serial dilution. Each solution was stirred and the
potential reading was recorded when it became stable, and plotted as alogarithmic function
of HP ion activities
3.6.

Effect of Interfering Ions

Potentiometric selectivity factors of the electrode were evaluated by applying the separate
solution method (SSM) [Umezawa et al., 2000] and the modified separate solution method
(MSSM) [Bakker et al., 2000]. In the SSM, the potential of a cell comprising a working
electrode and a reference electrode is measured in two separate solutions, one containing
the drug ions,

, and the other containing the interferent ions (J),

the calibration graph.

and S is the slope of

and are the charge of HP and interfering species respectively.

These values were used to calculate the selectivity coefficient from the following equation:
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(

)

(3.1)

In the modified separate solution method (MSSM), the potentiometric calibration
curves are measured for the primary (D) and interfering ions (J). A plot of the
measured potential vs. the concentration of ionic species, the drug or the interfering ion, is
made from which the potential corresponding to 1.0 M concentration is obtained by
extrapolation. The selectivity coefficients are calculated using Equation below.
log

=

Where log

(3.2)
= selectivity coefficient;

and

= values from the extrapolated to

log(a) = 0 calibration curves for various interfereing species and drug, for the studied
electrode respectively;
3.7.

= slope of the drug electrode

Effect of Temperature on The Electrode Potential

To study the thermal stability of the electrodes, calibration curves were constructed
at different test solution-temperatures covering the range 20-60oC. The slope, usable
concentration range and response time of the electrodes were determined at each
temperature.
3.8.

Effect of pH on The Electrode Potential

The effect of pH of the test solution on the potential values of the electrode system in
solutions of different concentrations (1.0×10-4M and 1.0×10-5M) of the HP solution
was studied. Aliquots of the drug on (50 mL) were transferred to 100 mL titration cell and
the tested ISE in conjunction with the SCE, and a combined glass electrode were immersed
in the same solution. The pH of the solution was varied over the range of 2.0-10.0 by
addition of very small volumes of (0.1 or 1.0 M) HCl and/or NaOH solution. The
mV-readings were plotted against the pH-values for the different concentrations.
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3.9.

Determination of Haloperidol in Real Samples

3.9.1.

Potentiometric titration method

Real samples (5.0 mL) of the drug ranging from1.0 x 10-3 M haloperidol in a 25-ml beaker
were potentiometricaly titrated with 1.0 x 10-3 M Na-TPB and the equivalence points were
determined from the inverted S-shaped curve.
3.9.2.

Calibration graph method

Different amounts of haloperidol comprising 2.0 x 10-7 M to 1.0 x 10-2 M of the drug were
added to 50.0 mL of distilled water and the measured potential was recorded using the
present electrodes. The potential was plot versus logarithm of the haloperidol activity and
the resulting curve was used for determination of unknown drug concentration.
3.9.3.

Analysis of spiked urine samples

Urine samples ranging (0.5 mL) were spiked with haloperidol and left stirred for 5 min.,
transferred to a 25 mL volumetric flask and completed to volume to give 1.0 x 10-6 M, 1.0
x 10-5 M and 1.0 x 10-4 M haloperidol. The drug-content of these solutions were determined
by the calibration curve method.

(30)

CHAPTER FOUR
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4. RESULTS AND DISCUSSION
4.1.

Ion-Selective Electrode

Potentiometric methods with ion-selective electrodes (ISEs) have proved to be effective for the
analysis of pharmaceutical formulations and biological samples, because these sensors offer the
advantages of simple design, construction, and manipulation, reasonable selectivity, fast response
time, applicability to coloured and turbid solutions and possible interfacing with automated and
computerized systems [Baiulescu & Cosofret, 1977; Vytras, 1989; Abu Shawish et al., 2016; Abu
Shawish et al., 2015; Abu Shawish et al., 2015].
In this study a new PVCs and CWEs were fabricated, characterized and utilized for haloperidol
drug determination.
4.1.1.

Polyvinylchloride (PVC) membrane selective electrodes

When an electroactive membrane separates two solutions having different activities of the ions, then
a electrical potential across the membrane is developed and its value depends on the activities of the
ions taken in the test solution. In this work we have an example of this common fact. The electrode
membrane separates the internal solution from the analyte solution which has different
concentrations of haloperidol and a potential difference develops across the membrane. However,
the response of conventional polymeric, membrane-based, ion-selective electrodes (ISEs) is usually
dominated by the phase boundary potential at the membrane/sample interface [Buck & Lindner,
2001; Malon et al., 2007].
4.1.1.1.

Characteristics of the electrode

It is a well-known fact that sensitivity, detection limit, linear range, and selectivity coefficients of
ion-selective electrodes depend significantly on the properties of the polymer matrix, amount of the
ion-pair complex, amount of lipophilic additive, the nature and amount of plasticizer and its
fabrication. The electrodes with different amounts of these components are evaluated for their
characteristic parameters and the results are provided in Table 1.
4.1.1.1.1. Effect of ion-pair on electrode potential
Ion-pairs should have good solubility in the membrane matrix and sufficient lipophilicity to prevent
leaching from the membrane into the sample solution [Bakker, 1999, Bhat et al., 2004]. In addition,
the amount of ion-pair should be sufficient to make reasonable ionic exchange at the gel layer-test
solution interface which is responsible for the membrane potential [Shoukry et al., 2001]. In a
preliminary experiment, the electrode without the ion-pair, electrode No. 1, showed insignificant
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selectivity toward haloperidol ions. Therefore, ion-pairs of HP3-PT and HP3-PM were made and
incorporated as electroactive materials in PVC-membrane electrode where these species have
different lipophilicities and stabilities. Tests as ion-pairs are compiled in Table 4.1. Electrodes
modified by HP-PM gave the best results, whereas HP-PTare unsatisfactory. Different percentages
of the HP-PM were prepared namely 0.5%, 1.0%, 2.0%, and 3.0% (w/w). The results obtained
indicate that the best sensitivity and linear range is obtained for 3.0 wt.% of the ion-pair (electrode
No. 6, Table 4.1).
4.1.1.1.2. Effect of plasticizers
An adequate plasticizer must have four criteria: sufficient lipophibicity, no crystallization in the
paste and no oxidation as well as selectivity properties [Eugster et al., 1994]. The plasticizer helps
controlling various equilibria between the ionophore and the primary ions in the membrane phase
hence improving performance of the electrode. In addition the nature of the plasticizer affects both
the dielectric constant of the membrane and the mobility of the ion-pair. To spot a suitable
plasticizer for constructing this electrode, we used three plasticizers, with various dielectric
constants, as a measure of the molecular polarity, briefly: DOP ( =5.1), DBP ( =6.4) andDOPh
( =4.8) [Shawish, 2009].as show in scheme 1. the results obtained are shown in Fig. (4.1). and
Table(4.1). It seems that DBP produced the best response characteristics and the lowest detection
limit as show in Fig. 4.1 as DBP can extract haloperidol ions from aqueous solutions to the organic
membrane phase. Among the different compositions studied as show in Fig.( 4.2). and Table
( 4.1)., the electrode containing 3.0% HP-PM, 48.0% PVC and 49.0% DBP exhibited the best gives
the best sensitivity with a Nernstian slope of 57.4±0.8mV/decade and detection limit of 1.6 x
10-6 M over a relatively wide dynamic range (3.7 x 10-6 to 1.0 x 10-2 M). Therefore, this
composition was used to study various operation parameters of the electrode. The electrochemical
performance characteristics of this electrode were systematically evaluated accordingto the
International Union of Pure and Applied Chemistry (IUPAC) recommendations [120].

Scheme 1: the structures of plasticizers
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Table(4.1) Composition and slope of calibration curve for HP-PM electrode

No. Composition (%)
IP

Electrode characteristics

PVC

P

S

C.R

LOD

RSD

R(s)

Influence of the amount of ion-pair

1-

--

50.0

50.0 DBP

45.3±0.3

2.7×10-5–1.0×10-2

1.4×10-5

1.79

25

2-

0.5 HP-PM

49.3

50.2 DBP

50.2±0.7

9.5×10-6–1.0×10-2

8.1×10-6

1.48

15

3-

1.0 HP-PM

49.0

50.0 DBP

53.8±0.4

8.7×10-6–1.0×10-2

7.3×10-6

1.39

12

-6

1.15

10

-6

-2

4-

2.0 HP-PM

48.5

49.5 DBP

55.8±0.5

7.1×10 –1.0×10

5-

3.0 HP-PM*

48.0

49.0 DBP

57.4±0.8

3.7×10-6–1.0×10-2

1.6×10-6

1.12

5

57.4±0.8

3.7×10-6–1.0×10-2

1.6×10-6

1.12

5

-6

1.78

8

6.1×10

Effect of different plasticizers

6-

3.0 HP-PM*

48.0

49.0 DBP

51.3±0.4

-6

9.1×10 –1.0×10

-2

7-

3.0 HP-PM

48.0

49.0 DOP

8-

3.0 HP-PM

48.0

49.0 DOPh 53.4±0.2

6.5×10-6–1.0×10-2

4.7×10-6

1.27

5

8.1×10

Influence of the ion-pair

9-

3.0 HP-PM

48.0

49.0 DBP

57.4±0.8

3.7×10-6–1.0×10-2

1.6×10-6

1.12

5

10-

3.0 HP-PT

48.0

49.0 DOP

48.1±0.3

8.3×10-6–1.0×10-2

7.1×10-6

1.33

15

IP: ion-pair

PVC: poly vinyl chloride, P: plasticizer, S: slope (mV/decade), C.R.: concentration

range, LOD: limit of detection, R(s): response time(s). *selected composition.
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Figure (4.1) Effect of various plasticizers on the measured potential

Figure (4.2) The calibration curve and the detection limit for proposed electrode
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4.1.1.2.

Effect of temperature

The EMF response of ion selective electrodes is influenced by temperature and its effect must be
studied in characterization of a certain electrode [Buck & Cosofret, 1993]. Calibration curves (Ecell
vs. log [drug] were constructed at different temperatures covering the range 20–60°C. The results
are collected in Table 4.2. It is noticed that the slopes of the calibration graphs still in the Nernstian
up to 60°C of the test solution and the linear concentration ranges of the electrodes are almost
unchanged. This means that the investigated electrodes are usable up to 60 °C without noticeable
deviation from the Nernstian behaviour. This indicates high thermal stability of the electrodes
within the investigated temperature range and shows insignificant deviation from the theoretical
Nernst behaviour.
Table (4.2) Characteristics of HP-PVC membrane at different temperatures

T(oC)

4.1.1.3.

S

C.R

LOD

R(s)

20

57.4±0.4

3.7×10-6ـ1.0×10-2

1.6×10-6

5

30

57.3±0.3

3.9×10-6ـ1.0×10-2

1.7×10-6

5

40

57.0±0.7

4.2×10-6ـ1.0×10-2

1.7×10-6

5

50

56.8±0.4

4.6×10-6ـ1.0×10-2

1.8×10-6

5

60

56.7±0.8

5.3×10-6ـ1.0×10-2

2.2×10-6

7

Dynamic response time andreversibility of the electrode

Dynamic response time is a significant parameter for any sensor. The response time of the
electrode is defined as the time between addition of the analyte to the sample solution and the time
when a limiting potential has been reached [Buck & Lindner, 1993]. It is essential when reporting
on response time of an electrode to keep in mind that all relevant measurements are made under
the same experimental conditions and that it depends on the membrane type and the interferents.
Routine measurements are typically related to how quickly the unstirrable layer of sample adhering
to the ISE membrane can be exchanged for a new layer because potentiometric responses only
require ion movements over nanometers at the phase boundary of the sample and the ion-selective
membrane [Gale & Steed, 2012].
In this work, the response time of the electrode was measured by varying the drug concentration
over the range 1.0 x 10-5 M to 1.0 x 10-2 M. As shown in Fig. 4.3, the electrodes reach equilibrium
in about 5 s. At lower concentrations, the response time was slightly longer and reached to 5 s and
no change was observed up to 5 min.
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The reversibility of the proposed electrode was evaluated by potential recording of the electrode
in the sequence high-to-low from 1.0 × 10−2 to 1.0 × 10−5 M sample concentrations of HP
drug. The results are shown in Fig. 4.3. indicate that the potentiometric responses of the sensor is
reversible; although the time needed to reach equilibrium values (8 s) was longer than that for lowto-high sample concentrations [Neel et al., 2014]. These observations indicate no memory effect on
the electrode response.
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Figure(4.3) Dynamic response of HP-electrode for step changes in concentration of HP drug (from low to high
and vice versa)

4.1.1.4.

Repeatability, reproducibility and life time of the electrode

The reproducibility of the ion selective electrode is necessary for the observation of a similar
response by another electrode prepared under similarly [Ibupoto et al., 2013]. To check this point,
six independent drug-selective electrodes were made and tested into 5.0 x 10-5 M solution. The
electrode revealed good reproducibility with less than 1.3% standard deviation. The repeatability of
an ion-selective electrode describes its potential reusability over a definite period of time. Here, the
drug-selective electrode was tested for three consecutive days in which the drug-selective electrode
exhibited comparatively the same response over the tested range of concentrations.

(37)

The performance characteristics of the investigated electrode were studied as a function of soaking
time. The effect of soaking on the performance of the electrode was studied by soaking each
electrode in 1.0 × 10−3 M solution of HP drug for variable intervals starting from 15 min reaching to
55 days. The slopes of the electrode were observed to show gradual decrease after 52 days (from
57.4±0.8to 54.8±0.3 mV/decade). Loss of the plasticizer, ion-pair from the polymericfilm, as a
result of leaching into the sample, is the primary reason for the limited life time of sensor.
4.1.1.5.

Effect of pH

The most important factor in the functioning of most ion selective electrodes is the medium acidity
expressed as pH value. It can be seen from Fig.( 4.4)that the variation in potential due to pH change
is considered acceptable in the pH range 2.5–7.5. However the potential decreases gradually at pH
values higher than 7.5. The decrease may be attributed to hydroxide ions that react with HP drug
leading to formation of free drug in the test solution, neutral species, which could not be extracted
into the membrane [Khalil, 1999].

Figure(4.4) Influence of pH on the response of the developed sensor

4.1.1.6.

Effect of interfering ions

One of the most important characteristics of an ISE is its relative response to other ions present
in solution [Ibupoto et al., 2013]. This is expressed in terms of selectivity coefficients. In analytical
applications, the selectivity for the analyte must be as high as possible, i.e. the selectivity for foreign
(38)

substances must be very small, so that the electrodes exhibit a Nernstian dependence on the primary
ion over a wide concentration range. The response of the electrode towards different substances and
ionic species such as inorganic, organic cations as well as different excipients which may be present
in pharmaceutical preparations was tested. The results listed in Table (4.3) reveal negligible
interferences from any of the tested substances. The inorganic cations do not interfere because of
differences in the ionic size, the mobility and the permeability. In brief, greater similarity in the
composition of the membrane to that of drug ion entails better compatibility and enhanced response.
The results indicate that the constructed sensor displays high selectivity for HP over common
drugs. Stereo specificity and electrostatic interaction most likely impose the behavior of the
electrode. The interferents marginally affect the electrode for the diminished similarity to drug as
compared to the ingredients of the membrane. It is noteworthy that the results obtained from the
two methods are different. The MSSM produced much better values than those obtained by the
SSM. This is in accordance with expectations that the MSSM produces unbiased, thermodynamic
selectivity coefficients.
Table (4.3) Selectivity coefficients of various interfering ions for HP-sensor

Interfering ions SSM

MSSM

Interfering ions

SSM

MSSM

NH4+

-3.23

-3.41

Maltose

----

-4.79

Na+

-3.25

-3.64

Galactose

----

-4.55

K+

-3.17

-3.33

Sucrose

----

-4.41

Ca2+

-3.88

-2.76

Ascorbic acid (vitamin C)

----

-4.32

Zn2+

-3.44

-4.18

diclofenac sodium (voltaren)

-3.66

-3.86

Ni2+

-3.25

-4.32

ranitidine hydrochloride

-3.11

-3.48

Cd2+

-3.17

-4.28

Metoclopramide hydrochloride

-3.25

-3.42

Co2+

-3.24

-4.15

ephedrine hydrochloride

-2.33

-2.74

Cu2+

-3.54

-2.68

dapoxetine hydrochloride

-2.83

-3.11

Glycine

----

-3.42

lidocaine hydrochloride

-3.35

-3.16

Asparagine

----

-4.06

atomoxetine hydrochloride

-2.87

-3.02

Arginine

----

-4.21

amikacin sulfate

-3.17

-3.33

Histidine

----

-3.95

tramadol hydrochloride

-2.53

-2.83

Glucose

----

-4.47

duloxetine hydrochloride

-2.24

-2.56
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4.1.1.7.

Analytical applications

In order to assess the applicability of the proposed selective electrode, the methods were applied for
determination of HP in in different real samples such as urine and ampoules.
Two methods are applied for quantitative analysis using the proposed electrode. These methods
comprise: (i) the calibration curve method (direct potentiometry) and (ii) potentiometric titration
involving the use of counter ion as titrant
4.1.1.7.1. The calibration curve method
A calibration curve is a general method for determination of the concentration of a substance in
unknown sample by comparing the response of the unknown to those of a set of standard samples of
known concentration. Pharmaceutical formulation (ampules) HP drug was determined by the
calibration curve method. The results, compiled in Table 4.4.have relative standard deviation (RSD)
of (0.76–1.17)% and an average recovery of (98.1–101.0)%.The accuracy and precision of these
findings indicate viability of this electrode in HP determination
4.1.1.7.2. Determination of haloperidol drug in urine samples
These measurements were made using calibration curve method utilizing the present electrode as
indicator. Results, in Table (4.4) are reasonable and indicate that haloperidol in urine can be
determined with this electrode. Thus the sensor can be employed for quantification of haloperidol in
urine samples
Table(4.4) Analysis of HP drug in real samples using PVC-membrane electrode.
Samples

R.S.Da. %

Taken (M)

Found (M)

X%

1.00 x 10-6

1.01 x 10-6

101.0

1.17

1.00 x 10-5

9.81 x 10-6

98.1

1.02

1.00 x 10-4

9.92 x 10-5

99.2

0.76

1.00 x 10-6

9.74 x 10-6

97.4

1.08

1.00 x 10-5

98.0 x 10-6

98.0

1.23

1.00 x 10-4

9.78 x 10-5

97.8

1.55

Ampoules

Urine

X: recovery, RSD: relative standard deviation. aThe number of replicate measurements = 5
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4.1.1.7.3. The potentiometric titration method
The potentiometric titration technique usually has the advantage of high accuracy and precision, but
with increased consumption of titrants. A further advantage is that the potential break at the
equivalent point is well defined. The potentiometric titration of HP drug is based on the decrease of
the drug cation concentration by precipitation with tetraphenylborate (TPB−) anion. The feasibility
of such titration depends on the degree of completeness of the reaction. As is obvious from Fig.(
4.5) the amount of haloperidol can be accurately determined from the end point of the titration
curve

Figure(4.5) Potentiometric titration of 10.0 mL of 1.0 × 10 -3 M HP with 1.0 × 10-3 M Na-TPB.

4.1.2.

Coated wire membrane electrodes

Studies have shown the flux of ions from the membrane, in contact with the inner electrolyte
solution that contains a salt of the primary ion, towards the sample causes the concentration in the
contacting aqueous layer to be ca. 10−6 M. Consequently, the lower detection limit was found to be
around 10−6 M [Bakker & Pretsch, 2002; Abu‐Shawish et al., 2013]. Despite some remedies, the
internal solutions still pose a major hindrance in the miniaturization of the devices. Therefore, some
new sensing systems, such as solid-contact (coated wire) has been proposed [Švancara et al., 2009].
In a coated-wire electrode, the polymer membrane is directly cast on the solid surface, with no
(41)

internal reference solution being interposed. This type of sensors eliminated the internal filling
solution provides new advantages, for instance, good mechanical stability, simplicity, and
possibility of miniaturization [Bakker & Chumbimuni-Torres, 2006].
The electrodes, simply; consists of conductive bed coated with a coating mixture containing an
electro active material [Narasimham & Udupa, 1976].
The optimum composition of a coating mixture is that which exhibits a Nernstian slope and a wide
dynamic range of concentration when it is used as an electrode coating. For this purpose several
coating mixtures of varying nature of ion-exchanger and plasticizer were prepared and used to coat
several conductive beds (silver, copper and graphite).
4.1.2.1.

Optimizing the composition of the coating mixtures (sensors)

The composition of each membrane was varied so as to reach the optimum composition
exhibiting the best performance characteristics, (slope of calibration curve, concentration
range and reproducibility of the results).
Several compositions were varied so as to reach the optimum composition exhibiting the
best performance characteristics, (slope of calibration curve, concentration range and response
time.The obtained results are given in Table (4.5).
4.1.2.1.1. Optimization of the amount of the ion-pair in the membrane
Ion-pairs used in ion-selective electrode should have appreciable solubility in the membrane matrix
and sufficient lipophilicity to prevent leaching from the membrane into the sample solution [Bhat et
al., 2004]. Ion-pairs incorporated in each electrode presented here was an ion-association complex
of the drug cation with phosphomolybdic acid and phosphotungstic acid. These species, with high
molecular weight anions: (1825 and 2880) g/mol respectively, have different lipophilicities and
stabilities. They were used as electro active materials in coated electrode construction and were
candidates for the formation of highly lipophilic ion associates as well as active recognition
elements in the proposed electrode.
The results indicate the HP-PM is better than HP-PT and was fully characterized and used for
analysis of the drug samples. The response of the electrodes comprising different amounts 0.5%,
1.0%, 2.0%, 3.0%, 4.0% and 5.0%(w/w) of the ion-pair complex was studied in solutions
containing different activities of the HP drug ions ranging from (5.8x10-7 – 1.0x10-2) M for each
composition to spot the adequate electrode. The results are compiled in Table 4.5.
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The electrode without the ion-pair (electrode No. 7) gave good response to the drug ion. However,
it is responsive to other interfering ions which indicated poor selectivity and thus this curtails it use.
Tests showed marked selectivity and sensitivity was noticed when the ion-pair was incorporated
into the sensor. The sensitivity of the electrode response increased with increasing ion-pair until the
value of 1.0 wt% (electrode No.9). which gave the best sensitivity and working range. However,
further increase of the amount of the ion-pair complex drastically deteriorated the sensitivity and the
working range most probably due to some inhomogeneities and possible saturation of the
membrane [Arvand & Asadollahzadeh, 2008].
4.1.2.1.2. Selection of the plasticizer
The plasticizer influences the mobility of the ion-exchanger through extraction of both ions into the
organic phase . In addition, the plasticizer should have a high capacity to dissolve the substrate and
other additives present in the membrane. Since the nature of the plasticizer influences the dielectric
constant of the membrane phase and the mobility of the ion-exchanger molecules, it is expected to
play a key role in determining the electrode characteristics.
In exploration for a suitable plasticizer for constructing this electrode we used three plasticizers,
namely DBP (Ɛr =6.4, PTLC= 4.5, M.wt. = 278), DOP (Ɛr =5.1, PTLC 7.0, M.wt.

391) andDOPh(Ɛr

=4.8, PTLC= 10.2, M.wt. = 434) in sample electrodes to figure out the plasticizer with the best
response. It is quite obvious from Table (4.5),Figures (4.6), that the use of DOP results in a
Nernstian linear plot over a wide concentration range, whereas for other plasticizers, the slopes of
the potentiometric response are much different from the expected Nernstian value of 59 mV per
decade. DOP with intermediate lipophilicity, dielectric constant and molecular among the tested
plasticizers produced the best result. It is not clear why this plasticizer was the best among those
used, but one can say that the outcome of these properties was the most effective on the electrode
response.
4.1.2.1.3. The influence of anionic additive
It has been established that addition of the proper amount of a lipophilic additive distinctly
improves the response of an ISE. These added ions prevent coextraction of the counter-ions into the
membrane by repulsion between ions of similar charges. If these ions are not there, the counter-ions
come along and have their way into the membrane and lead to deterioration of the response or its
disappearance for minimizing or elimination of the charge separation along the membrane [Tani &
Umezawa, 2005; Wardak, 2009].
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In this work, sodium tetraphenylborate was used as the lipophilic ionic additive. It was noticed that
it is very effective as a trace of it (about 0.1%) produced the intended result. Among the trial
electrodes tested, electrodes #5 produced the best response where the limit of detection (LOD) of
the sensor increased from 2.2×10-6 to 4.2×10-7M and the slope of the calibration curve also
increased from 45.2±0.4 to 61.1±0.4 mV per decade. The excess amounts raised the slope to near
80 mV per decade.
Explorations on composition showed the electrode containing 1.0% HP-PM, 50.0% PVC, 48.9%
DBP and 0.1% of sodium tetraphenylborate (Na-TPB) exhibited favorable response characteristics.
Therefore, this composition was used to study various operation parameters of the electrode. The
electrochemical performance characteristics of these electrodes were systematically evaluated
according to the International Union of Pure and Applied Chemistry (IUPAC) recommendations
[Buck & Lindner, 2001]. The performance of the electrode was investigated by measuring the emfs
of HP solutions within a concentration range of 5.8 x 10-7 to 1.0 x 10-2M by serial dilution. Each
solution was stirred, and the potential reading was recorded when it became stable and plotted as
alogarithmic function of HP activities as shown in Fig.( 4.7).

Figure(4.6) Effect of different level of various plasticizers on the measured potential
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Figure(4.7) Calibration curve for HP-CWE selective electrode based on plasticizer DOP
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Table(4.5) Optimization of membrane ingredients and their performance characteristics of HP-electrodes
Composition (%)

Kind of
No.

wire

I.P

PVC

P

A

S

C.R. (M)

LOD(M)

R.S.D%

R(s)

Effect of electrode bed

1-

Silver

1.0 HP-PM

50.0

49.0 (DOP)

-

39.3±0.8

8.7×10-6–1.0×10-2 7.1×10-6

1.55

12

2-

Graphite 1.0 HP-PM

50.0

49.0 (DOP)

-

45.2±0.4

3.8×10-6 –1.0×10-2 2.2×10-6

1.23

8

3-

Copper

1.0 HP-PM

50.0

49.0 (DOP)

-

41.3±0.2

6.7×10-6 –1.0×10-2 3.8×10-6

1.38

22

4-

Silver

1.0 HP-PM

50.0

48.9 (DOP)

0.1

53.3±0.8

8.7×10-7–1.0×10-2 6.5×10-7

1.13

10

5-

*graphite 1.0 HP-PM

50.0

48.9 (DOP)

0.1

61.1±0.4

5.8×10-7 –1.0×10-2 4.2×10-7

1.05

5

6-

Copper

50.0

48.9 (DOP)

0.1

51.3±0.2

2.7×10-6 –1.0×10-2 1.6×10-6

1.25

22

50.0

49.4 (DOP) 0.1

53.3±0.8

5.6×10-6 –1.0×10-3 4.2×10-6

1.58

25

50.0

49.4 (DOP) 0.1

55.2±0.5

7.8×10-7 –1.0×10-2 6.2×10-7

1.0 HP-PM

Influence of the amount of ion-pair

7-

Graphite

--

8-

Graphite 0.5 HP-PM

-7

-2

1.22

8

-7

1.05

5

Graphite 1.0 HP-PM

50.0

48.9 (DOP) 0.1

61.1±0.4

5.8×10 –1.0×10

10- Graphite 2.0 HP-PM

49.0

48.9 (DOP) 0.1

55.3±0.6

7.2×10-7 –1.0×10-2 5.5×10-7

1.10

7

11- Graphite 3.0 HP-PM

48.7

48.2 (DOP) 0.1

53.7±0.4

5.8×10-7 –1.0×10-2 4.2×10-7

1.34

7

9-

4.2×10

Influence of the ion-pair

12-

Graphite11.0 HP-PM

50.0 48.9 (DOP)

0.1

61.1±0.4 5.8×10-7 – 1.0×10-3 4.2×10-7

1.05

5

13-

Graphite11.0 HP-PT

50.0 48.9 (DOP)

0.1

37.2±0.1 1.7×10-5 –1.0×10-3 8.2×10-6

1.48

20

Effect of different plasticizer

14-

Graphite11.0 HP-PM

50.0 48.9 (DOP)

0.1

61.1±0.4 5.8×10-7 –1.0×10-2 4.2×10-7

1.05

5

15-

Graphite11.0 HP-PM

50.0 48.9 (DBP)

0.1

41.4±0.7 1.5×10-6 –2.6×10-3 1.0×10-6

1.77

23

16-

Graphite11.0 HP-PM

50.0 48.9 (DOPH) 0.1

38.6±0.3 2.3×10-6 –5.5×10-3 1.2×10-6

1.92

25

I.E: Ion-pair, P: Plasticizer, S: slope (mV/decade), LOD: limit of detection, C.R.: concentration
range (M)., R.S.D: Relative standard deviation., R(s): response time(s). * selectedcomposition.

(46)

4.1.2.1.4. Effect of electrode bed
It was intended to investigate the effect of the bed nature on the efficiency of CWEs, namely, silver,
copper and graphite. After conditioning, the electrodes of HP ion were examined in the
concentration range 5.8x10-7 M − 1.0x10-2 M of the drug. The resulting calibration plots for the
electrodes are shown in Table 4.6. It seems that the detection limits and dynamic ranges for CWEs
are influenced by the nature of the bed, and that the detection limit decreases with increasing
chemical affinity of the electro active ingredient towards the bed matrix, and is also influenced to
some extent by its resistivity. In most cases the electrodes utilizing silver gave the best response.
This is believed to be due to the low resistivity of silver [Ibrahim et al., 2007]. However, graphite
gives the best results likely due to that graphite has a layer structure with π-clouds extended over its
layers. The high relative conductivity of the graphite is linked to its structure in line with the
structure-function relationship usually encountered for chemical species.
Table (4.6) : Analytical characteristics of HP-CWE prepared by using optimized membrane
esistivity/µΩ cm-1a

Kind of Electrodes

Linear range (M)

Slope mV/decade

Detection limit (M)

Silver

8.7×10-7–1.0×10-2

53.3±0.8

6.5×10-7

1.62

Copper

2.7×10-6 –1.0×10-2

1.6×10-6

1.6×10-6

1.72

Graphite

5.8×10-7 –1.0×10-2

61.1±0.4

4.2×10-7

1375

a. Resistivity values of conductive beds, Reproduced from C.R.C. Handbook of chemistry
and physics, 58thed, 1978, CRC Press, West Palm Beach,
4.1.2.2.

Effect of temperature

To study the thermal stability of the sensor, calibration graphs were constructed at different test
solution temperatures 20, 30, 40, 50 and 60 C. The slope, usable concentration range, detection
limit and response time of the electrode are given in Table (4.7) for proposed sensor. The results
indicate that the slopes of the calibration curves were slightly affected by the increasing of the
temperature of the test solutions up to 60 oC. This indicates fairly high stability of the electrodes.
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Table(4.7) Characteristics of HP-CWE at different temperatures

4.1.2.3.

T(oC)

S

C.R

LOD

R(s)

20

61.1±0.4

5.8×10-7–1.0×10-2

4.2×10-7

5

30

61.0±0.8

6.2×10-7–1.0×10-2

4.3×10-7

5

40

59.8±0.1

6.7×10-7–1.0×10-2

4.6×10-7

5

4.8×10

-7

5

5.1 ×10-7

7

-7

-2

50

59.7±0.6

7.3×10 –1.0×10

60

59.5±0.9

8.1×10-7–1.0×10-2

Influence of pH on the electrode performance

The effect of pH on the electrode potential at 25°C of the HP drug solutions was studied in
(1.0×10-4 M and 1.0 × 10-5M) over the pH range of 2.0–11.0. The results, shown in Fig. ( 4.8).
indicate that the variation in potential due to pH change is considered acceptable in the pH
range 2.5–8.0. the potential decreases gradually at pH values higher than 8.0. This drop may
be attributed to hydroxide ions that react with HP drug leading to formation of free drugs in the
test solution, neutral species, which could not be extracted into the membrane and the
measurements were hindered owing to the formation of a precipitate in the test solutions [Khalil,
1999].

Figure 4.8) Effect of pH of the test solution on the potential response of HP-CWE
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4.1.2.4.

Dynamic response time, reversibility of the graphite coated electrode

The dynamic response time is a significant parameter for an ion-selective electrode. The dynamic
response time of the presented electrodes was measured according to IUPAC recommendation
[Buck & Lindner, 1994]. The response time may be defined as the time between addition of the
analyte to the sample solution and the time when a limiting potential has been reached [Buck &
Lindner, 1994]. In this work, the response time of each electrode was measured by varying the HP
concentration over the range from 1.0 x 10-6 to 1.0 x 10-2 M . As shown in Fig. (4.9). the electrodes
reach equilibrium in about 5 s. At lower concentrations, the response time was longer and reached
to 8 s and no change was observed up to 5 min. To evaluate the reversibility of the electrode, the
potential measurements were performed in the sequence high-to-low (from 1.0 x 10-6 to 1.0 x 10-2
M) sample concentrations. The results showed that the response of the electrode was reversible,
where measurements were made either from low to high concentrations or vice versa.

Figure 4.9) Dynamic response of sensor A for step changes in concentration of HP drug (from low to high and
vice versa)
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4.1.2.5.

Repeatability, reproducibility and life time of the electrode

The reproducibility of the ion selective electrode is necessary for the observation of a similar
response by another electrode prepared under similarly [Ibupoto et al., 2013]. To check this point,
four independent drug-selective electrodes were made and tested into 1.0 x 10-5 M solution. The
electrode revealed reasonable reproducibility with less than 1.7% standard deviation. The
repeatability of an sensor describes its potential reusability over a definite period of time. Here, the
graphite coated electrode was tested for three consecutive days in which the developed electrode
exhibited comparatively the same results over the tested range of concentrations.
A freshly prepared HP-PM electrode can be used after soaking in 1×10−3 M of drug solution for at
least 15 min. The effect of soaking on the performance of the electrode was studied by soaking the
electrode in 10−3M solution of HP drug for variable intervals of time starting from 30 min reaching
2 days. The slopes of the electrode were observed to show gradual decrease after 1 days. Therefore,
The proposed electrode can be used for one day without any considerable change in potential
response. The life spans of the CWEs, in general, are less than those of the corresponding liquid
contact electrodes. This may be attributed to poor mechanical adhesion of the PVC-based sensitive
layer to the conductive bed [Ibrahim et al., 2007].
4.1.2.6.

Effect of diverse ions

The selectivity coefficient is a summary of information concerning interferences on the electrode
response in analytical applications. The response for the analyte must be as high as possible as
compared to the response for foreign substances which must be very small so that the electrode
exhibits Nernstian dependence on the primary ion over a wide concentration range.
The resulting values, presented in Table(4.8). show that these sensors display significantly high
selectivity for haloperidol over many common organic and inorganic compounds, drugs, sugars,
amino acids as well as some anions.In pharmaceutical analysis, it is important to test the selectivity
towards the excipients and the fillers added to the pharmaceutical preparations.
HP pharmaceutical formulations, mainly tablets, contain common excipients such as lactose,
glucose, sucrose, starch, stearic acid, magnesium stearate and microcrystalline cellulose. The
interference of some of these excipients was explored and measured.
It is found that they cause minor effect on the function of the electrode as shown in Table 4.8. It is
worth mentioning that measurements performed on tablets indicate accurate results as high as 98%
indicating that these excipients made negligible effect on the performance of the electrode
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Comparing the selectivity coefficients obtained for the investigated electrods using SSM and
MSSM methods collected in Table (4.8).makes obvious that there is a measurable difference
between the values for each interfering ion obtained in both cases. The MSSM produced more
reliable values.
Table(4.8) Selectivity coefficients of various interfering ions for proposed electrode

Interfering ions

SSM

MSSM

Interfering ions

SSM

MSSM

NH4+

-3.13

-3.51

Maltose

----

-4.88

Na+

-3.01

-3.33

Galactose

----

-4.43

K+

-2.98

-3.12

Sucrose

----

-4.45

Ca2+

-3.12

-2.61

Ascorbic acid (vitamin C)

----

-4.77

Zn2+

-3.55

-4.39

diclofenac sodium (voltaren)

-3.32

-3.55

Ni2+

-3.08

-4.44

ranitidine hydrochloride

-3.28

-3.35

Cd2+

-3.54

-4.62

Metoclopramide hydrochloride

-3.96

-3.72

Co2+

-3.10

-4.29

ephedrine hydrochloride

-2.29

-2.62

Cu2+

-3.24

-2.44

dapoxetine hydrochloride

-2.91

-3.46

Glycine

----

-3.31

lidocaine hydrochloride

-3.28

-3.21

Asparagine

----

-4.23

atomoxetine hydrochloride

-2.77

-3.22

Arginine

----

-4.36

amikacin sulfate

-3.24

-3.14

Histidine

----

-4.24

tramadol hydrochloride

-2.75

-2.91

Glucose

----

-4.59

duloxetine hydrochloride

-2.38

-2.46

4.1.2.7.

Analytical applications

The designed sensors were utilized to determine HP drug in pharmaceutical preparations using the
calibration curve and potentiometric titration methods.
4.1.2.7.1. Determination of HP drug in pharmaceutical formulations
The proposed electrode was used in the calibration methods for determination of HP ion content in
its pharmaceutical formulations (ampoules). As can be seen in Table (4.9). the recovery of HP is
almost quantitative.
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4.1.2.7.2. Recovery and determination of HP ions in urine
Recovery experiments were conducted by spiking urine samples with appropriate amounts of HP
drug, and determined by the electrode using the calibration curve method. The results, shown in
Table (4.9). indicate that the results are accurate and reproducible. Thus the sensor can be
employed for quantification of HP ion in urine samples.
Table(4.9) Analysis of HP ion in various samples using calibration curve methods

Samples

Taken (M)

Found (M)

X%

R.S.D %

1.00 x 10-6

9.86 x 10-7

98.6

1.28

1.00 x 10-5

9.92 x 10-6

99.2

0.89

1.00 x 10-4

9.97 x 10-5

99.7

0.64

1.00 x 10-6

1.01 x 10-6

101.0

1.19

1.00 x 10-5

9.84 x 10-6

98.4

1.35

1.00 x 10-4

9.92 x 10-5

99.2

1.34

Ampoules

Urine

R. S. D.: relative standard deviation, X: recovery
4.1.2.7.3. Titration of HP drug solution with Na-TPB solution
The present electrode was successfully applied as an indicator in potentiometric titration of 10.0 mL
of 1.0 x 10-3M HP drug with 1.0 x 10-3M Na-TPB. The method for HP drug titration is based on the
quantitative combination of HP cation with TPB anion and the decrease of HP drug concentration
by precipitation with Na-TPB standard solution. The resulting titration curve is shown in Fig.
(4.10). It is clear that the amount of HP ion can be an accurately determined with this electrode.
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Figure (4.10) Potentiometric titration curve of 10.0 mL 1.0 x 10-3M solution HP drug with 1.0 x 10-3M solution
Na-TPB using the present electrode

4.2.

Comparative Study of Coated Wire Electrode Versus PVC-Membrane Electrode

Results (compliend in table 4.10 and Figure 4.11) indicate a clear improvement in the detection
limit on use of coated wire electrodes versus PVC-membrane that utilize an internal solution
wichreducrs detection limit due to back diffusion inherent in the mode of action of this type of
electrodes. Thus, notable improvement in the detection limit is possible on use of coated wire
electrodes that eliminate the internal solution and replace it with the conducting wire electrode.
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Table (4.10) Critical Response Characteristics of Sensors.

Parameter

PVC-membrane electrode

Graphite coated wire

Selected composition (%)

3.0% HP-PM, 48.0%PVC

1.0% HP-PM, 50.0%PVC,

and 49.0 DBP

48.9% DOP and 0.1% Na-TPB

Slope (S) (mV/decade)

57.4 ± 0.8

61.1 ± 0.4

Limit of detection (M)

1.6×10-6

4.2×10-7

Concentration range (M)

3.7 × 10-6 – 1.0 ×10-2

5.8×10-7 –1.0×10-2

5

5

Correlation coefficient (R )

0.96

0.99

Relative standard deviation (RSDa)

1.12

1.05

Response time R(s)
2

Figure (4.11) Calibration graph and limit of detection of PVC-membrane and graphite coated electrodes
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CONCLUSION
The present work offers

ion-selective electrodes of PVC membrane and coated wire for the

determination of HP drug. The electrodes depend mainly on the incorporation of the ionassociates of the HP with phosphotungstate and phosphmolybdate in the electrode matrix.
The electrodes have attractable characteristics:
 Wide usable concentration range (5.8 x 10-7 to 1.0 x 10-2) and (3.7×10-6–1.0×10-2) for coated
wire and PVC membrane electrodes respectively.
 Slopes always very close to the theoretical value ( for coated wire ; 61.7±0.4 ) and (for PVC
membrane electrode; 57.4±0.8)
 Very short response time (both: 5 seconds).
 The pH ranges from (2.5 – 7.5).
 High selectivity towards many inorganic cations, organic cations, sugars, and some
drugs.
 The detection limits and the dynamic concentration ranges for coated wire electrodes
are influenced by the nature of the conductive bed.
 The electrodes have been also used for the determination of the drug in ampoule and
in urine samples with satisfactory results.
 The proposed potentiometric methods offer the advantages of simplicity, accuracy,
automation feasibility and applicability to turbid and colored sample solutions.
 The coated wire electrode shows a lower detection limit due to its diminished current flux.
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