Al-Azhar University of Gaza
Deanship of Postgraduate Studies
Faculty of Science
Department of Chemistry

Enhanced Sensitivity of Atomoxetine Selective
Electrodes Comprising TiO2 Nanoparticles

By

Ahmed Hamza Tabaza
Supervisors

Dr. Hassan M. Tamous

Prof. Hazem M. Abu Shawish

Associate Prof. of Physical Chemistry

Professor. of Analytical Chemistry

Chemistry Department – Faculty of Science

Chemistry Department – Faculty of Science

AL-Azhar University of Gaza

AL-Aqsa University of Gaza

A Thesis Submitted in Partial Fulfilment of the Requirements for the Degree
of Master in Chemistry

2018

Al-Azhar University of Gaza
Deanship of Postgraduate Studies
Faculty of Science
Department of Chemistry

Enhanced Sensitivity of Atomoxetine Selective
Electrodes Comprising TiO2 Nanoparticles
A Thesis submitted in partial fulfilment of the requirements for the degree of
master of science in analytical chemistry
By

Ahmed Hamza Tabaza
This thesis was defended successfully on 2017 and Approved by:

Committee of Evaluation
Dr. Hassan M. Tamous ………………………………...
Main supervisor

Prof. Hazem M. Abu Shawish………………………………...
supervisor

Prof. Nasser M. Abu-Ghalwa ………………………………...
Internal Examiner

Dr. Khaled Abed El-Monem ………………………………...
External Examiner

بسم اهلل الرمحن الرحيم

(وَيُعَلِّمُكُمْ مَا لَمْ تَكُونُوا تَعْلَمُونَ )

سورة البقرة اآلية151

إنين ال أرغب يف يشء سوى أن أتعمل
قد ال أكون شيئا و لكنين سأصبح لك يشء
إنين ال أتوقع أن أكون مثاليا
إنين أتعمل من لك إلش ياء ومن لك إلناس
إنين أعرتف بأخطايئ برصإحة وحرية
إنين أحصحها دون جخل

فيسكوت ديفيد

Enhanced Sensitivity of
Atomoxetine Selective

Electrodes Comprising TiO2
Nanoparticles

DECLARATION
I, the undersigned hereby, declare that the thesis titled:

Enhanced Sensitivity of Atomoxetine Selective
Electrodes Comprising TiO2 Nanoparticles
Is my own research work and the work provided in this thesis, unless
otherwise referenced, is the researcher's own work , and has never been
submitted elsewhere for any other degree qualifications nor for any academic
titles, nor for any other academic or publishing institution.
I, hereto, affirm that I will be completely responsible in academic
and legal terms if this work proves the opposite.

Student's name: Ahmed Hamza Tabaza
Signature : ………………………………

(i)

DEDICATION
To my lovely parents, brothers and sisters
To all my friends at life…
To all of them I dedicate this humble work, fulfillment and
recognition…

(ii)

ACKNOWLEDGEMENTS
I am grateful to Allah, who granted me life, the power,
peace and courage to finish this study.
First of all I would like to thank my father Mr Hamza
A. Tabaza the general manger of Arab German
pharmaceuticals

company

who

gave

me

encouragement all time, his endless love and support
I would like to thank my supervisors, Prof. Hazem M.
Abu-Shawish and Dr. Hassan M. Tamous, for the
helpful

advice

and

discussions

throughout

this

research and full support they provided over the past
several years
My best acknowledgments to , Prof. Salman M.
Saadeh, Saad S. Alhaj, Badea I. Khalil , Hadeel S. Abu
Aziz Ahmad Z. Musabah and Nader B. Farahat for
their unconditional help both in the lab and in this
thesis
My parents and brother, my relatives and friends
who supported me, and, most important, who believed
I could finish this challenge that seemed, at the
beginning,

something

too

difficult

for

me

to

accomplish
I also extend my profound thanks to Al-Azhar
University of Gaza and AL- Aqsa University, specially
Prof. Ali H. AL-Astal for making the facilities at ALAqsa University available for me to use.

(iii)

LIST OF ABBREVIATIONS
ISE

Ion-Selective Electrode

CMCPE

Chemically modified carbon paste electrode

CWE

Coated Wire Electrode

SMA

Silicomolybdic acid

STA

Silicotungstic acid

PMA

Phosphomolybdic acid

PTA

Phosphotungstic acid

Na-TPB

Sodium tetraphenylborate

ATM-SM

Atomoxetine-silcomolybdate

ATM-ST

Atomoxetine-silcootangestate

ATM-PM

Atomoxetine-phosphomolybdate

ATM-PT

Atomoxetine-phosphotangestate

ATM-TPB

Atomoxetine-tetraphenyl borate

SCE

Saturated calomel electrode

DOP

Dioctyl phthalate

DBP

Dibutyl phthalate

DOA

bis(2-ethylhexyl) adipate

DOS

Dioctyl sebacate

TEPh

Tris(2-ethylhexyl) phosphate

Emf

Electromotive force

IUPAC

International Union of Pure and Applied Chemistry

pATM

-log [ATM]

ATM

Atomoxetine drug

PVC

Poly Vinyl Chloride

SSM

Separate Solution Method

MSSM

Modified Separate Solution Method

THF

Tetrahydrofurane

(iv)

NPs

Nanoparticles

S1

ATM-TPB carbon past electrode

S2

ATM-PT carbon past electrode

S3

ATM-PT PVC membrane electrode

S4

ATM-TPB coated wir electrode

(v)

ABSTRACT
A new carbon paste, PVC membrane and coated silver wire electrodes for
Atomoxetine drug (ATM) based on Atomoxetine-phosphotangestate (ATMPT) and Atomoxetine-tetraphenyl borate (ATM-TPB) as ion-pairs complex are
described. The proposed electrodes exhibit a Nernstian slope of 58.70±0.5 ,
67.20±0.8 , 59.20±0.6 and 62.90±0.4 mV per decade over a wide linear range
from 1.10×10-6–1.00×10-2 , 1.75×10-6–1.00×10-2 , 8.50×10-6–1.00×10-2 and
2.2 x 10-6– 1.00 x 10-2 M and the limit of detection (LOD) of 8.00×10-7 ,
9.20×10-7 , 1.00 × 10-6 and 6.20×10-7M from S1 to S4 respectively. Parameters
affecting the performance of the electrodes were investigated, such as
composition, type of plasticizers, kind of electroactive materials, concentration
range, response time, pH range and temperature. Each sensors as indicator
electrodes were applied for determination of the ATM in pharmaceutical
preparation (tablets and capsules), biological fluids (urine and serum).

(vi)

)ABSTRACT(ARABIC
الملخص باللغة العربية :
العنوان  :تحسين حساسية األقطاب االنتقائية لدواء االتوموكستين باستخدام جزيئات أكسيد
التيانيوم النانونية
تصف الدراسه تحضير أقطاب انتقائية من أنواع األغشية المطاطية واألسالك المغطاة وعجينة
الكربون لتقدير هيدروكلوريد االتوموكستين في صورته الصيدالنية األقراص والكبسوالت ( وكذلك
.في السوائل البيولوجية مثل البول والدم.
يعتمد تحضير هذه األقطاب على إدماج زوج أيوني في غشاء بالستيكي من بولي كلوريد الفينيل
في األقطاب ذات األغشية المطاطية أو األسالك المغطاة  ,أما في أقطاب عجينة الكربون تم إدماج الزوج
األيوني في المادة الملدنه وخلطها مع حبيبات الكربون  .األزواج األيونية المستخدمة هي عبارة عن
تجمعات أيونية ناتجة عن اتحاد كاتيون الدواء مع احد انيونات حمض الفوسفوموليبديك أو حمض
الفوسفوتنجستك أو السيليكوموليبديك أو السيليكوتنجستك أو رابع فينوالت البورون  .أوضحت النتائج أن
المجسات المعنية ذو إنتقائية كبيرة لدواء األتوموكستين في وجود عدد من الكاتيونات العضوية وغير
العضوية والسكريات وكذلك في وجود المكونات غير االساسية في المستحضرات الصيدالنية.
تم دراسة العوامل التي لها تأثير على فاعلية هذه المجسات مثل درجة الحرارة واإلختيارية و
مجال الدالة الحامضية والتكرارية وزمن اإلستجابة  .تم تقدير المركبات الصيدالنية في المستحضرات
الدوائية مثل األقراص والكبسوالت والعينات البيولوجية مثل البول والدم باستخدام المعايرة الجهدية .
والمنحنى العياري .
وتتضمن الدراسه أربعة فصول
الفصل األول:
ويتضمن مقدمة عن الخلفية النظرية للدراسة وتشمل الخواص العامة لألنواع المختلفة من
األقطاب االنتقائية  ,خاصة الغشاء البالستيكي واألسالك المغطاة وعجينة الكربون المعدلة.
الفصل الثاني:
يشمل هذا الفصل سرد الطرق المختلفة المستخدمة في تقدير هيدروكلوريد األوتومكستين والتي
تتضمن الطرق الكروماتوجرافية مثل جهاز الكروماتوجرافي السائل عالي الكفاءة وجهاز
الكروماتوجرافي الغازوايضا تشمل الطرق الطيفية و طرق أخرى .وبعد الدراسة الدقيقة و الشامله تبين
عدم وجود أي أبحاث منشورة تشتمل على قياس الدواء محل الدراسة باستخدام تقنية األقطاب األيونية
االنتقائية .
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الفصل الثالث:
يشمل هذا الفصل التجريبي على مصادر المواد الكيميائية ودرجة نقاوتها وطرق تحضير المواد
والكشوف والمحاليل والطرق العلمية المستعملة .ويحتوي على وصف كامل لتحضير هذه األقطاب
والرسم المعياري لها  ,ودراسة تأثير األس الهيدروجيني −درجات الحرارة ووجود مواد متداخلة على
خواص األقطاب وتم وصف الطرق التحليلية المستخدمة في تقدير الدواء المعنى في مستحضراتها
الصيدالنية و العينات البيولوجية.
الفصل الرابع:
يشمل هذا الفصل على النتائج واالستنتاجات حيث تم تحضير ودراسة قطب من نوع الغشاء
المطاطي وقطبان من نوع عجينة الكربون المعدلة وقطب واحد من األسالك المغطاة.
فاعلية واستخدام هذه األقطاب نوقشت في النقاط التالية:
 -1مـدى االستجابة الخــطية ضمـن مجال تركـيز التي تم تقديرها بهذه األقطــاب كـانت
) ((1.10x 10-6 to 1.00 x 10-2 and 1.75×10-6 -1.00×10-2ألقطاب عجينـة الـكربون المعدلة و -
) (8.50×10-6 1.00×10-2لقطب األغشية المطـاطيـة و ) (2.20×10-6 -1.00×10-2لقطب األسالك المغطاة
ويتضح منها اتساع مدى التقدير لهذه األقطاب.
 -2دراسة تفصيلية للوصول إلى الظروف المثالية للحصول على أفضل استجابة لهذه األقطاب.
 -3وجد أن االستجابة الجهدية لألقطاب ال تتأثر باألس الهيدروجيني في المدى 7.5 – 4.0
ألقطاب عجــيـنة الكربـون المعدلة وفي المـدى  7.1– 4.5لقـطـب األغشـية المـطاطـية وفي المـدى
 7.8-4.1لقطب األسالك المغطاة.
 -4أظهرت دراسة تأثير درجة الحرارة على االستجابة الجهدية لألقطاب أنها تتميز بثبات
حراري كبير في المدى  25 − 45درجة مئوية.
 -5وجد أن زمن االستجابة الجهدية لألقطاب يتراوح بين  12-3ثانية .
 -6أوضحت النتائج أن انتقائية األقطاب للدواء التي تحت الدراسة كانت عالية جدا في وجود
عدد كبير من الكاتيونات العضوية وغير العضوية والسكريات وكذلك بعض اإلضافات غير األساسية
الموجودة في المستحضرات الصيدالنية .
 -7كان تقدير الدواء الذي أجريت عليه الدراسة باستخدام األقطاب المحضرة في عينات مختلفة
بطريقة المعايرة الجهدية واستخدام المنحنى المعياري على درجة عالية من الدقة والحساسية.
 -8وجد بعد تحليل النتائج إحصائيا أن هناك تطابق بين الطرق المستخدمة مع طريقة منشورة
وهذا يدل على مدى دقة الطرق المقترحة والمطورة.
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AIM OF THE PRESENT WORK
1. General Objective
This work is intended for construction of new chemically-modified carbon
paste, conventional polyvinyl chloride (PVC) and coated wire ion-selective
electrodes for Atomoxetine hydrochloride drug and use of these electrodes
in assaying this drug in its pharmaceutical preparation and biological fluids
(serum and urine) .
2. Specific Objective
The present work has focused on the following:
1- preparation of lipophilic ion-pairs of the desired drug
2- Use of the ion-pair as active substance in fabrication of ion-selective
electrodes including chemically-modified carbon paste, conventional
(PVC) and coated wire.
3- Study of the performance characteristics of the electrodes.
4- Use of the electrodes for determination of the Atomoxtine
pharmaceutical preparation as well in some biological fluids .
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CHAPTER ONE
INTRODUCTION

1. INTRODUCTION
1.1.

Chemical Sensor

Research and development of pharmaceutical analysis employs novel methods for the sake of
accuracy, precision, selectivity, and sensitivity with simplicity, rapidity and low cost. Therefore,
interest in biosensors has recently increased. For these characteristics, biosensors have found
applications in many fields of chemical analysis. (Gil & Melo, 2010)
In general, sensors can be categorized into two major groups. There are physical sensors, which are
sensitive to physical responses, such as temperature, pressure, and magnetic field. Then there are
chemical sensors, which rely on a particular chemical reaction for their response (Cattrall, 1997). A
chemical sensor can be described as an analytical device that convert chemical data, ranging from the
concentration of a specific sample component to total composition analyses, into an analytically
useful signal. Chemical sensors contain two basic functional units: a receptor and a transducer part.
The sensing element (receptor) that recognizes the target species from the environment can be isolated
enzyme, antibody, inorganic salt or synthetic organic ligand. The transduction of the recognition
reaction can be potentiometric, voltametric, optical or microgravimetric
1.2.

Electrochemical Sensors

Electrochemical sensors are the most versatile and highly developed chemical sensors. They are
divided into several types (Hulanicki et al., 1991).:
1. Potentiometric sensors: in which the potential of an indicator is measured against a reference
electrode. An example of which is this study which focuses on development of atomoxetin-sensitive
electrodes.
2. Voltammetric sensors: including amperometric devices, in which current is measured as a function
of the applied potential.
3. Conductometric sensors: that work based on measuring electrolytic conductivity.
4. Impedimetric sensors: in which the measuring parameter is impedance.
1.3.

Potentiometric Sensors

Potentiometric ion sensors or ion-selective electrodes (ISEs) are important subgroup of
electrochemical sensor. (Bobacka et al., 2008 )
They are taken as one of the simplest and oldest electrochemical techniques being attractive for
numerous analyses due to the low cost, small size, protability, low energy of consumtion and ease
2

of implementation ( Pretsch, 2007; Tani et al., 2005; Yan et al., 2016 ). Attractively it has other
interesting properties such as short response times, high selectivity and very low detection limits.
Considering these merits, ISEs are getting more attention as routine tools of chemical analysis in
practicle applications ( Crespo, 2017; Hussien et al., 2011; Abu Shawish et al., 2011; Cuartero et
al., 2018; Abu Shawish et al., 2015 ).
1.4.

Definition of Ion-Selective Electrode (ISEs)

An ion-selective electrode (ISE) is defined as a potentiometric sensing device 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 electroanalytical method very useful for determination of different analytes
( Lindner & Bradford , 2013; Abu Shawish et al., 2013; Kamel & lethey, 2011; Gaber et al., 2012 ).
1.5.

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.



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.
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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).

1.6.

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) :
1.6.1. Primary ion-selective electrodes
Primary electrodes have further been divided into two classes:
a)

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.

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 ) .

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 ).

b)

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.

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
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be constructed that are sensitive to other cations such as Na+, K+, Li+, and NH4+
(Christian,1980 ).
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 ionexchange material in the membrane (Christian,1980; Wang, 1994 ).

1.6.2. 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.
a. 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 (Koryta ,1986).
b. 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 afterwards.
1.7.

ISE Components
The ISE nature and characteristics are considerably influenced by the nature and the amount of
each component ( Ganjali et al., 2007). Each membrane ISE comprises four basic components:
1. The polymeric matrix or carbon (graphite) powder
2. The ionophore (membrane–active recognition)
3. The membrane solvent (plasticizer)
4. Ionic additives

1.7.1. ISE membrane
A membrane is an interphase, between two adjacent phases, acting as a selective barrier, regulating
the transport of substances between the two compartments. The main advantages of membrane
technology as compared with other unit operations are related to this unique separation principle, i.e.
the transport selectivity of the membrane (the membrane allows transport of one component more
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readily than that of other components). Several kinds of ion selective membranes have been
developed including solid state membranes, glass membranes ( Eisenman et al., 1957), liquid ion
exchanger membranes and neutral carrier polymeric membrane ( Morf, 1981).
1.7.1.1.

The Polymeric matrix or carbon (graphite) powder

1.7.1.1.1.

The Polymeric matrix

The polymeric matrix provides the required physical properties (e.g. elasticity and mechanical
stability to the membrane). For the preparation of a sensing membrane, a typical composition is as
follows: 35-50% (w/w) PVC as the polymeric matrix, 40-60% plasticizer for the matrix
homogenization and 0.5-3% ionophore ( Ganjali et al., 2006). Regarding the first polymeric ISE
membranes, their manufacture involved valinomycin as the neutral ion carrier in silicone 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; Yun et al., 1997) and poly vinyl chloride have been demonstrated as polymer
matrixes. Usually, PVC with or without plasticizers was historically used as matrix ( Moody et al.,
1970; Ammann et al., 1972) . Nonetheless, several disadvantages have been reported regarding the
PVC-plasticized matrix. For instance, leaching out the plasticizer and ion-pair causes contamination
of the sample, reduces the life-time of the sensor and provides instability to the signal ( Peper &
Bakker, 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. Attempting to overcome these drawbacks, new membranes based
on n-butyl acrylate (n-BA), methyl methacrylate (MMA) and decyl methacrylate (DMA) have
emerged ( Heng & Hall, 1996; Heng & Hall, 2000).
1.7.1.1.2.

Carbon (graphite) powder

Electrodes based on carbon material are commonly used in electroanalysis. Suitable carbonaceous
materials should obey the following criteria: 1) chemical inertness 2) high chemical purity 3) rich
surface chemically 4) particle size in micrometers 5) uniform distribution of the particles 6) low cost
7) suitability for various sensing and detection applications ( wang, 2000; Fanjul et al., 2008).
1.7.1.2.

The Modifier (membrane–active recognition)

The modifier, commonly known as ion-pair or ion-exchanger or ion-carrier or ligand agent, is the
most vital component in a polymeric membrane sensor in terms of selectivity. The primary ion must
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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 responde towards the ions and the
lower the leaching out rate (Bakker et al., 1994) . 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).
1.7.1.3.

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 used in ion sensors: 1) increase diffusion mobility of the ion pair inside
the membrane 2) allowing homogeneous dissolution 3) change the polarity of the membrane phase
and improves the workability 4) reduce the strength of the membrane but increase the ductility 5)
increase the selectivity through both extraction of ions into organic phase and influencing their
complexation with the ionophore (Ammann et al., 1975; Anker et al., 1981; Sakaki et al., 1994) .
The membrane solvent must be physically compatible with the polymer, that is, display plasticizer
properties such as: 1) chemical inertness (i.e. weak interaction with the polymeric chains) and
electroinactivity 2) high viscosity and low volatility 3) low vapour pressure 4) low tendency for
exudation from the polymeric matrix 5) high solubility in membrane phase to dissolve the substrate
and other additives present in the polymeric membrane 6) immiscibility with organic solvents 7)
dielectric constant should be adequate 8) high molecular weight to separate the polymeric chains
(vytras et al., 2009).
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), bis(2-ethylhexyl) phthalate (dioctyl
phthalate, DOP) (Ganjali et al., 2004), bis(2-ethylhexyl) sebacate (BEHS) (Segui et al., 2007), bis(noctyl)sebacate (DOS) (Segui et al., 2006), bibenzyl ether (DBE) (Siswata et al., 1994) , dibutyl
phthalates (DBP) (Shamsipur et al., 2003) , dibutyl sebacate (DBS) (Segui et al., 2006), didecyl
phthalate (DDP) (Akl et al., 2006) , 2-nitrophenyl phenyl ether (o-NPPE) (Peper et al., 2005) , onitrophenyl octyl ether (o-NPOE) (Zamani et al., 2006; Ganjali et al., 2003) and tri-n-butyl phosphate
(TBP) (Gupta et al., 2007) .
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1.7.1.4.

Ionic additives (lipophilic ionic sites)

The prerequisite for obtaining a theoretical response with ISE membranes is their perm- selectivity,
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 (Ganjali et al., 2006) .
The most important salts used as lipophilic additives are potassium tetrakis(p-chlorophenyl) borate
(KTPClPB) (Ganjali et al., 2005; Faridbod et al., 2007), sodium tetrakis-[3,5-bis(1,1,1,3,3,3hexafluoro-2-methoxy-2- propyl)phenyl] borate (NaHFPB) (Katsu et al., 2002) , sodium tetraphenyl
borate (NaTPB) (Ganjali et al., 2003), tetrakis(4- fluorophenyl)borate (cesibor) (Masadome & Asano,
1999) , tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (TFPB) (Peper et al., 2005) as anionic additive
and hexadecylpyridinium bromide (HDPB) (Ganjali et al., 2003) [66], hexadecyltrimethylammonium
bromide (HTAB) (Puntener et al., 2002) , trioctylmethylammonium chloride (TOMACl) (Walton
Cabrera et al., 2001) [68] as cationic additive.
1.8.

Construction of Electrochemical Cell (Galvanic or Potentiometric Cell) .

The ISE and reference electrode form an electrochemical cell. The potential is measured against a
stable reference electrode of constant potential. The potential difference between the two electrodes
will depend upon the activity of the specific ion in solution. This activity is related to the concentration
of that specific ion. The electrochemical cell used for the membrane measurements is shown in
Figure (1.1). In the conventional barrel configuration, the ion-selective membrane separates two
electrolytic solutions; the sample solution is placed on one side and a standard solution on the other
(Vesely et al., 1978) .A silver/silver chloride (Ag-AgCl) reference system is commonly used inside
the ISE. The membrane is in contact with an internal electrode conductor element (Ag-AgCl)
connected to the electrode lead. Response of the electrode is described as the voltage developed
between the inside and the outside of the ion selective membrane. To achieve this response, the ISE
membrane is a half cell and needs a companion reference electrode half cell to function.
The reference electrode provides a constant potential which is dependent only on the concentration
of chloride ions in the filling solution and unaffected by the pH of the sample. The magnitude of this
potential need not be known because it is eliminated during the calibration process. One of the most
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common and the simplest reference systems is a silver wire coated with solid silver chloride and
immersed in a concentrated solution (known as the "filling solution") of potassium chloride saturated
with silver chloride (Vesely et al., 1978) . A reference electrode consists of a nonconductive body (a
cylindrical glass tube containing a solution described above). The lower end is sealed with a porous
ceramic frit which allows slow passage of the internal filling solution and forms the liquid junction
with the external test solution.
In electrochemical terms, the half-cell can be represented by:

Ag / AgCl (Satd), KCl (Satd)

and the electrode reaction is: AgCl (s) + e- ↔ Ag (s) + Cl- .
The potential of the ISE also measured against a Saturated Calomel Electrode (SCE) as reference
system (Vesely et al., 1978) .
In electrochemical terms, the half-cell can be represented by:

Hg / Hg2Cl2 , KCl (Satd)

and the electrode reaction is: Hg2Cl2 (s) +2e- ↔2 Hg (L) +2 Cl-

Figure 1.1 Potentiometric cell composed for a reference electrode (RE, right) and an
internal solution (ISE, left). The EMF is the sum of all the phase boundary involved in
the cell. E2, E3 and ED,ref correspond to the potentials generated in the RE, whereas E1 ,

EPBʺ , EPB’ and ED correspond to the potentials generated in the ISE part.
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1.9.

Theory of Membrane Potential

The term membrane is used to describe a thin layer separating two solutions and creating a distinct
boundary between them. Membranes that allow free transport of particles between solutions are
referred to as permeable, and those that selectively transport particles are termed semipermeable.
Membranes which are semipermeable to ions are known as electrochemical membranes. When an
electrochemical membrane separates two different electrolyte solutions, a potential gradient develops
across the membrane. The overall potential difference across the membrane is therefore the sum of
the two potential differences at the membrane- solution interfaces and the diffusion potential (liquidjunction) across the membrane.
1.9.1. The Liquid-junction potential
When a membrane mechanically prevents rapid mixing of two solutions without hindering the
transport of electro1ytes, a diffusion potential is developed across the membrane. This diffusion
potential is called the liquid-junction potential ΔEL. Liquid junction potentials can appear whenever
two dissimilar electrolytes come into contact. In practical electrochemical cells, ΔEL appears at the
porous frit of the external reference electrode. At this junction, a potential difference will develop as
a result of the tendency of the smaller and faster ions to move across the boundary more quickly than
those of lower mobility. These potentials are difficult to reproduce, tend to be unstable, and are
seldom known with any accuracy. Fluctuations of ΔEL can be minimized during the potentiometric
measurements, by using high concentrated salts with similar mobilities like LiAcO, KCl and
NH4NO3, and adding a large fixed concentration of an indifferent electrolyte to the test solution thus
inhibiting any back diffusion of sample ions. The liquid-junction potential is then essentially a
function of the composition of the electrolyte solution inside the reference electrode and the
composition of the buffer of the test solution (Vesely et al., 1978).
1.9.2. 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 (Bakker, 2010).
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1.9.2.1.

Phase boundary mechanism

One of the sensing mechanisms is adopted to interpret the potentiometric measurements is (phase
boundary potential- total equilibrium models) (Bakker, 2010).
The potentiometric cell is composed of two electrodes: the ISE and the reference electrode. The EMF,
measured between the two electrodes, is the sum of phase boundary potentials across the cell. The
EMF expression is highly simplified.

EMF=Em+ ED, ref + Econst

Equation 1-1

The only sample dependent potentials are the membrane potential, EM , and the liquid- junction, or
diffusion, potential of the reference electrode, ED,ref , all other potentials can be kept constant and
represented by Econst .
In fact, the membrane potential is divided into the sum of three potentials: the boundary potential
between the inner solution or inner solid contact and the membrane (EPB”); the diffusion potential
inside the membrane (ED) and the phase boundary potential between the membrane/sample solution
(EPB’) Figure (1.2). The electrochemical membrane potential is denoted ∆EM where:

EM=EPB"+ED+ EPB’

Equation 1-2

At this point, are needed to simplify the border effects that are always difficult to model. Diffusion
potential contribution (ED) due to the ion migrations inside the membrane are ignored except for the
thin layer in contact with the solution. In addition, the internal phase boundary (EPB”) is considered
constant. As a result, membrane potential depends only on the external phase boundary potential in
contact with the sample.

(EM = EPB’)

Equation 1-3

To express the phase boundary potential between membrane/sample solutions (EPB’) can be given as:

Equation 1-4
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in which aM (aq) and aM (org) are the activities of the ion, with charge z in the aqueous and organic
phases, respectively; kM is a constant that incorporates the standard Gibb’s free energy of ion transfer
from the aqueous to the organic phase, R, T and F are the gas constant, the absolute temperature, and
the Faraday constant, respectively (Bkker & Pretsch , 2002). The activity of ion aM (org) in the
membrane is included into the constant term. Therefore, the phase boundary potential depends only
on the activity of the ion aM (aq) in the aqueous phase (Bkker & Pretsch , 2002). .
Moreover, the phase boundary potential at the interface between organic membrane and aqueous
sample appears as a consequence of charge separations due to the solvation energies of the anions
and cations in the two phases are different. Consequently, the cation for instance, has a greater
tendency to pass into the membrane phase than the anion, appearing an electrical double layer at the
interface. Furthermore, this phenomenon occurs in a thin layer around 10 nm from the membrane
surface (Guggenheim, 1929). Figure (1.3).

Figure 1.2 A model of ion-selective membrane diffusion the ion i+; symbols are in
the text. The membrane potential is divided into the sum of three potentials: E PB”,
ED and EPB’.
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Figure 1.3 Phase boundary sensing mechanism is illustrated. a) The membrane it is not in
contact with a solution at the first instant. b) The membrane is placed in contact with an
aqueous solution which has a primary ion and a counter-ion (I+ and X-).

1.9.2.2.

Ion exchange mechanism

One of the earliest theories of membrane potential was worked out by Donnan (Donnan, 1991;
Marinsky, 1996) . He considered a semipermeable membrane separating two electrolyte solutions.
The membrane is treated as a geometrical dividing plane with zero thickness. Ion-exchange
membranes of finite thickness have been treated as if they were separated from the bathing solutions
on both sides by semipermeable membranes.
Consider a membrane made of a cation exchange material and placed in a dilute solution of a
particular electrolyte. There is a considerable difference between the concentration profile of the two
phases, i.e. the membrane and the electrolyte solution. The concentration of cations is much larger in
the membrane, anions in this case, is larger in the solution. This concentration profile causes the
migration of cations into the solution, and of anions into the ion exchanger. This results in an
accumulation of positive charges in the solution, as well as an accumulation of negative charges in
the ion exchanger. This accumulation of charges builds up

an electrical double layer is

simultaneously formed on both sides of the membrane and a potential difference between the two
phases, which is called the Donnan potential, ∆ED Figure (1.4).
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Figure 1.4 Ion exchang mechanism is illustrated. The membrane has much large
cation concentration and it is in contact with a solution and an aqueous solution
which has a counter-ion. The accumulation of charges forms an electrical
double layer on both sides of the membrane due to ion exchange

1.9.2.3.

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 1.5) (Vetter, 1967).
Ernõ Pungor and co-workers (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 (1.5) .
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Figure 1.5 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.

1.10.

Carbon Paste Electrodes

Carbon paste electrodes (CPEs), one type of ISEs, combine a carbon powder with a pasting liquid (an
organic binder). CPEs are superior to other types of ISEs for their favorable characteristics and
advantages such as stable response, easy renewal of surface and no requirement of internal solution,
which were utilized in various applications (Vytřas et al., 2009; Švancara et al., 2009; Abu-Shawish
et al., 2013; Abu-Shawish, 2008; Issa et al., 2017) . Moreover, CPEs are nontoxic and
environmentally friendly making their use soaring. Modification of CPEs with nanoparticles having
unique electrochemical properties showed interesting ability toward various ions and biological
molecules. The morphological structure of nanoparticles may improve diffusion of the electro-active
species and improve sensitivity thus enhancing a fast response (Wang et al., 2017; Ali et al., 2014) .
Careful review of the literature spotted no reports on potentiometric determination based on the
carbon paste electrode modified with additives such as Na-TPB and the nanoparticles of TiO2. In the
present work, carbon paste and nanocomposite carbon paste electrodes were utilized for
determination. The electrodes exhibit a near Nernstian slope, wide concentration range, low detection
limit and short response time. The lowering of detection limit, wider concentration range and stability
of the response are apparently due to the incorporated nanoparticles.

15

1.11.

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 (Cattrall & Freiser, 1971). 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
(Schnierie et al., 1998) or flow injection analyses (Nagels & Poels, 2000; 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 al1995). 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 & Trajanowicz, 1976)
Another problem associated with such solid-contacted 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) .
1.12.

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).
1.13.

Potentiometric Measurements Using Ion-selective Electrodes

For the potentiometric sensors response analysis, the zero current potential applied between the
working and the reference electrodes are recorded as a function of the concentrations of target
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analytes in a logarithmic manner (Ralinian et al., 2010). If a potentiometric sensor behaves Nernstially
towards the detection of a singly charged, doubly charged, and a triply charged cation/anion, the
corresponding graphs should be straight lines with slopes (absolute values) of nearly 59 ± 1 , 29.5 ±
1, and 19.7 ± 1 mV per decade of the ion concentration/activity, respectively Figure (1.6).

Figure 1.6 Typical Nernst plot used as potentiometric calibration curve
in the analysis of the cation of interest.

1.14.

Electrode Characterization

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:
1.14.1. 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.
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1.14.1.1.

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˚ × (RT ̸ nF) Ln ai

Equation 1-5

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 (96485 J/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 ai and the concentration
Ci.
a i = γ i × ci

Equation 1-6

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) :
Equation 1-7

Where I is ionic strength, z is the charge of the ion, å is the ion size parameter and A, B are temperaturedependent constants for the compositions of the solution at all temperatures.

1.14.1.2.

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:
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Table 1.1 Criteria for the evaluation of electrodes

Performance

Physical

Linear Range

Lifetime

Limit of detection

Size

Response time

Durability

Selectivity

Biocompatibility

Sensitivity

Cost

Reproducibility

----

Stability

----

Drift

----

Each of these criteria will be discussed, with the focus on potentiometric sensors.
1.14.1.3.

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. Most of the performance characteristics were defined.
1.14.1.3.1.

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 many electrodes this range
can extend from 1 M down to 10-4 M or 10-7 M (Faridbod, 2007) .
1.14.1.3.2.

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 crosssection of the two extrapolated linear parts (two straight lines) of the ion-selective calibration curve,
according to the IUPAC recommendation (Buck & Lindner, 1994) as shown in Figure (1.7).
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Figure 1.7 IUPAC definition of detection limit in ISEs.

1.14.1.3.3.

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).
1.14.1.3.4.

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 & Pretsch 2000; Umezawa et al., 2000; Elena et al., 2015; Gadzepo &
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).
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1.14.1.3.5.

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 slope of the
calibration curve, noise and readout resolution combine to determine the sensitivity of a sensor
(Janata, 1994) .
1.14.1.3.6.

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, 2007) .
1.14.1.3.7.

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).
1.14.1.3.8.

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).
1.15.

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.
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1.15.1. Life time
The average lifetime 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 lifetimes 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 (Janata, 1994).
1.15.2. 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 (Janata, 1994).
1.15.3. 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 (Janata,
1994).
1.15.4. 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 (Janata, 1994).
1.16.

Analytical Methods Based on Electrochemical Sensor

There are three methods that can be used, a direct method (potentiometric method), standard addition
method and indirect method (potentiometric titration).
1.16.1. 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
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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; Klaus, 1998) .
1.16.2. Potentiometric titration
In potentiometric titration calibration of electrode is not importante before use. The electrochemical
cell contains only the analyte that has to be titrated. Step by step addition of the reagent is used and
the potential is listed versus the volume of the reagent added. To express the concentration of the
analyte can be given as:
CR Ve = C A VA

Equation 1-8

Where CR is the concentration of the reagent used for titration of the analyte, CA is the concentration
of the analyte, Ve is 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
Atomoxetine hydrochloride was discovered by Paul Janssen. It was developed by the Eli Lilly
Company. It was approved by the U.S. Food

and Drug Administration on November 2002.

Atomoxetine hydrochloride Figure (2.1), is designated chemically as (-)-N-methyl-3-phenyl-3-(otolyloxy)- propylamine hydrochloride and has molecular mass of 291.82. It has a solubility of 27.8
mg/mL in water. It is a white solid that exists as a granular powder inside the capsule, along with
pregelatinized starch and dimethicone (swathi et al., 2015 , Vijetha et al., 2015, Guo et al., 2007).
Atomoxetine is the first non-stimulant drug approved for the treatment of an attention deficit
hyperactivity disorder (ADHD) with no associated side effects. However, cases of chronic overdose,
acute and lethal poisoning by atomoxetine were registered (Reed et al., 2016 , Garside et al., 2006).

Figure 2.1 Chemical Structure of Atomoxetine

25

2.1.

Reported Methods For Determination of Atomoxetine Drug

Several studies were made for the determination of Atomoxetine hydrochloride drug in real samples.
(Guo et al., 2007) developed a method for the analysis of Atomoxetine in human plasma based on
HPLC. The mobile phase was acetonitrile/phosphate buffer (39/61, v/v) at pH 6.6 using UV detection
at 210 nm.
(Dogrukol-Ak & Yeniceli ., 2010) described a liquid chromatographic method for the determination
of atomoxetine in pharmaceuticals and human plasma. Plasma samples were analyzed after a simple,
one step protein precipitation with methanol followed by chromatographic separation of atomoxetine
and carbamazepine (internal standard) using the optimum mobile phase of a methanol=
acetonitrile=phosphate buffer (10 mM, pH 3.0) (35:15:50, v=v=v). Limit of quantification values
were 45.2 and 49.5 ng = mL for atomoxetine and carbamazepine.
(Prajapati., 2010) presented an (RP–HPLC) method for the determination of atomoxetine
hydrochloride in bulk and pharmaceutical formulation. The separation was made by a Perkin Elmer
Brownlee analytical C8 column (260 mm x 4.6 mm, 5 μm) using methanol: 50 mM KH2PO4 buffer
(PH adjusted to 6.8 with 0.1 M NaOH), 80:20 v/v as an eluent.
(Gurmeet et al., 2000) described a high performance liquid chromatographic method for the
determination of Atomoxetine HCl in pharmaceutical dosage form using hromatographic separation
on RP-C8 column (Phenomenex, size: 250×4.60 mm, particle size 5μm) with a mobile phase
composed of acetonitrile and 10 mM disodium hydrogen phosphate buffer with 0.1% TEA (pH 3.0,
adjusted with OPA) (55:45, v/v) in isocratic mode at a flow rate of 1mL/min. The detection was
monitored at 271nm. The retention time for Atomoxetine was found to be 3.08 min.
(Ishaq et al., 2014) reported the reaction of ATM with gold (III) chloride in the pH range 3.5-4.5
forming violet colored complex solution, showing absorption maxima at 550 nm. The linear plot
indicates that Beers law is obeyed in the range of 5 to 80 ug//mL of atomoxetine hydrochloride.
Isocratic separation of the derivative 4-(4,5-diphenyl-1H-imidazol-2-yl) benzoyl chloride (DIB-Cl)
under mild conditions on a C18 column using a HPLC system with fluorescence detection (λex:
318 nm, λem: 448 nm) was reported by (Zhu et al., 2007). A linear calibration curve was obtained
over the concentration range 1–1000 ng/mL (r = 0.999). The limit of detection (S/N = 3) was
0.3 ng/mL.
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(Patel et al., 2007) determined atomoxetine using liquid–liquid extraction with tertiary butyl methyl
ether and UV detector. This method is linear over the concentration range of 0.05–3.0 μg/mL. The
limit of quantification was 0.05 μg/mL.
(SK,et al., 2009) spectrophotometrically determined atomoxetine at 270.0 nm using doubly distilled
water (DDW) as a solvent. The linearity over the concentration range was 20-180 ug/mL and
correlation coefficient 0.9997. The detection limit and quantitation limit were 4.04 ug/mL and 12.25
ug/mL, respectively.
(WU,et al., 2006) determined atomoxetine hydrochloride by capillary electrophoresis with
electrochemiluminescence detection (CE-ECL) using tris(2,2′-bipyridyl) ruthenium (II).
(Pérez-Ortiz,et

al.,

2010)

employed

a

differential

pulse

voltammetric

technique

in

0.1 mol L−1 perchloric acid which exhibited adequate figures of merit. The percent recovery was
96.6 ± 1.2 and the detection and quantitation limits were 6.9 × 10−5 and 1.0 × 10−4 mol L−1,
respectively.
(Ammar ,.2016) measured atomoxetine HCl (ATM) using an electrode that incorporates PVC
membrane with atomoxetine-tetraphenyl borate (ATM-TPB) ion pair complex and dioctylphthalate
(DOP) as a plasticizer. The electrode showed a fast, stable and Nernstian response over a wide
atomoxetine concentration range (1.0x10-5M-1x10-2 M) with a slope of 58.0 mV dec-1 of
concentration, a detection limit of 2.2x10-5M, and wasfound to be very selective, and usable within
the pH range 3-7.8.
2.2.

Nanoparticle-impregnated ion-selective electrodes

Nanoparticle-modified ISEs have interesting ability toward various ions and biomolecules as
nanomaterials display new properties not shown by bulk materials. With their notably high surface to
volume ratio, nanostructures built in the recognition layer cause greater interaction with the target
species, In addition, stemming from their exceptional electrical properties, such as high charge
transfer and extraordinary electrical capacities generated at the interface, they are of crucial
importance when used as the transducing parts of potentiometric sensors.( Kakhki, 2013). However,
some nanomaterials have pitfalls in the ISEs operations as observed when the modifier ligands are
bonded to additive nanoparticle enforcing a decrease in the interaction between ionophor and analyte
ions (Mashhadizadeh,et al., 2008). Another example is the unwanted redox sensitivity of the sensor
caused by conducting nanoparticles inside the membrane which is a significant drawback of such
potentiometric sensors, i.e., nanoparticles may participate in redox reactions affecting sensor
27

responses. Along with redox sensitivity of nanoparticle-modified membranes is the effect of oxygen
dissolved in the sample solution (Jaworska,et al., 2010) .In brief, the advantages of nanoparticles
surpass the above drawbacks and several nanostructured metal-oxides have been extensively explored
to develop biosensors with attractive properties such as high sensitivity, fast response time, and high
stability. (Rahman, 2010).
For example, nano TiO2 has been used vastly in industrial applications due to its unique physical and
chemical properties (Iravani, et al., 2015). Careful review of the literature spotted no reports on
potentiometric determination of atomoxetine based on potentiometric sensors modified with a
nanoparticles of TiO2.
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CHAPTER THREE
EXPERIMENTAL

3. EXPERIMENTAL
3.1.

Reagents and Materials

All reagents used were chemically pure grade. Doubly distilled water was used throughout all
experiments. Atomoxetine hydrochloride was obtained from (Multi apex pharma Cairo Egypt) and
its pharmaceutical preparations (capsules 10, 25, 40 mg and tablets 10, 25 mg) were obtained from
local drug stores. Silicomolybdic acid (SMA) H4[SiMo12O40] M. wt. 1823, silicotungstic acid (STA)
H4[SiW12O40] M. wt. 2878, phosphomolybdic acid (PMA) H3[PMo12O40] M. wt. 1825,
phosphotungstic acid (PTA) H3[PW12O40] M. wt. 2880 and sodium tetraphenylborate (Na-TPB)
Na[C24H20B] M. wt. 342 were purchased from Sigma-aldrich. Pure graphite powder and the
plasticizers: dibutyl phthalate (DBP), dioctyl phthalate (DOP), dioctyl sebacate (DOS), tris(2ethylhexyl) phosphate (TEPh), bis(2-ethylhexyl) adipate (DOA) were obtained from Aldrich
chemical company. In addition, ranitidine hydrochloride, tramadol hydrochloride, ephedrine
hydrochloride, diclofenac potassium, glucose, galactose, fructose, sucrose, ceftriaxone sodium,
gentamycin sulfate, lasix, vardenafil hydrochloride, lidocaine hydrochloride, hydralazine
hydrochloride, pethidine hydrochloride, dopamine hydrochloride, dexamethasone hydrochloride,
midazolam hydrochloride, tranexamic acid, furosemide, amoxicillin and paracetamol were
commercially available.
Titanium (IV) oxide nanopowder, 21 nm primary particle size, was obtained from Aldrich and used
as received.
3.2.

Preparation of Ion-Pairs

An ion-pair was made from atomoxetine hydrochloride and one of the following substances: STA,
SMA, PTA, PMA and Na-TPB according to a reported method (Shawish et al., 2016 ) as detailed
below. The ion-pairs, (ATM4-ST), (ATM4-SM), (ATM3-PT), (ATM3-PM) and (ATM-TPB), were
prepared by addition of 20 mL of 0.01 M ATMCl solution to 20 mL of 0.0025 M of STA, 0.0025 M
of SMA, 0.0033 M of PTA, 0.0033 M of PMA and 0.01 M of Na-TPB. The resulting precipitates
were left overnight to assure complete coagulation. The products were then filtered and washed
thoroughly with copious amounts of distilled water, dried at room temperature and ground to fine
powders and applied as the modifiers for constructing the electrodes of atomoxetine hydrochloride.
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3.3.

Fabrication of Carbon Paste Electrode (CPE)

Modified electrodes were made by mixing 0.001 – 0.03 g ion-exchangers, 0.0005 – 0.002g Na-TPB,
0.003-0.009 g TiO2 nanoparticles and 0.260 – 320 g high purity graphite. These components were
intimately mixed to which 0.260– 0.320 g of a plasticizer was added. Intimate homogenization was
then assured by careful mixing with a spatula in an agate mortar and pressing with a pestle. The
produced paste was then packed in the tip of a polypropylene syringe (3 mm i.d., 0.5 mL). A copper
wire conducts the current to the paste. This paste was polished by pressing on a weighing paper to a
shining surface before use for potentiometric measurements without presoaking.
The final diagram of Carbon Paste Electrode produced is shown in Figure ( 3.1)

Figure 3.1 Schematic Diagram of Carbon Paste Electrode .

3.4.

Preparation of PVC Membrane Electrode

PVC-membranes were prepared as previously described else where (Gholivand et al., 2007; Ibrahim
et al., 2005). The membranes were prepared by dissolving optimized amounts of PVC, different
plasticizers and ionexchangers in 10 mL of tetrahydrofuran (THF). The mixture was shaken
vigorously and the clear solution was poured into a glass dish 7 cm in diameter. The solvent was
allowed to evaporate overnight leaving a homogeneous flexible and transparent membrane. Small
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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 (0.01 M KCl and different concentration ATM)
and preconditioned by soaking for 15 min in 0.001 M ATM solution. The electrode produced is shown
in Figure ( 3.2).

Figure 3.2 Schematic diagram of PVC membrane electrode

3.5.

Preparation of Coated-Wire Electrodes

The coated-wire electrodes (CWEs) were prepared according to a previously reported method
(Ardakani et al., 2007; Ibrahim et al., 2007) . Certain amounts of PVC, the ion-exchanger and one of
a few selected plasticizers were dissolved in about 10 mL of THF. A different wire about 1 mm
diameter and 50 mm length was first polished on a cloth pad and washed with acetone. One end of
the wire was then coated by repeated dipping into the membrane solution in THF. A membrane was
formed on the wire surface and was allowed to dry overnight. The prepared electrodes were finally
conditioned by soaking for 15 min in 0.001 mol L -1 of ATM solution. The coated electrode produced
is shown in Figure (3.3).
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Figure 3.3 Schematic diagram of coated wire electrodes

3.6.

Apparatus

Potentiometric and pH measurements were performed using a Pocket pH/mV meters, (pH315i) from
Wissenschaftlich-Technische Werkstatten GmbH (WTW), Weilheim, Germany. A saturated calomel
electrode (SCE) was used as reference electrode and was obtained from Sigma–Aldrich Co. (St Louis,
MO, USA). Electromotive force measurements with CPE, PVC membrane and coated silver wire
were carried out with the following cell assemblies:
Hg, Hg2Cl2 (s), KCl(sat.) || sample solution || carbon paste electrode.
Hg, Hg2Cl2 (s), KCl(sat.) || sample solution|| PVC membrane|| filling solution || Ag-AgCl
Hg, Hg2Cl2 (s), KCl(sat.) || sample solution|| PVC membrane/coated silver wire
3.7.

Construction of calibration curves

Solutions having concentrations 1.0 x 10-7 – 1.0 x 1.0-2 M were made and used to investigate
performance of the electrodes with continuous stirring by measuring the potential and plotting as a
logarithmic function of ATM ion activities.
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3.8.

Effect of Interfering Ions

The separate solution method (SSM) and the modified separate solution method (MSSM) were
applied to evaluate the potentiometric selectivity factors of the electrode. In the SSM, the potential of
a cell constructed from a working electrode containing the drug ions, ED and a reference electrode
containing the interferent ions (EJ) is measured one solution at a time. The measured potentials were
used to calculate the selectivity coefficient from the following equation:
𝒑𝒐𝒕

𝒍𝒐𝒈𝑲𝑫,𝑱𝒛+ =

(𝑬𝑱− 𝑬𝑫 )
𝑺

+ (𝟏 −

𝒛𝑫
𝒛𝑱

) 𝒍𝒐𝒈𝒂𝑫

Equation 3-1

where EJ and S is the slope of the calibration graph, ZD and ZJ are the charge of ATM and interfering
species respectively.
In the modified separate solution method (MSSM), the potentiometric calibration curves are
measured for the drug ions (D) and interfering ions (J). A plot of the measured potentials at various
concentration of the measured species is made and used to find the potential corresponding to 1.0 M
concentration by extrapolation. The selectivity coefficients are calculated from the equation:
𝒑𝒐𝒕

log 𝑲𝑫,𝑱 =

𝟎
𝑬𝟎
𝑱 − 𝑬𝑫

𝑺𝑫

Equation 3-2

𝑝𝑜𝑡
Where log 𝐾𝐷,𝐽
= selectivity coefficient; 𝐸𝐽0 and 𝐸𝐷0 = values from the extrapolated to log(a) = 0

calibration curves for various interfereing species and drug, for the studied electrode respectively; 𝑆𝐷
= slope of the drug electrode
3.9.

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.
3.10.

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 ATM 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 2.0-9.0 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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3.11.

Determination of Atomoxtine in Real Samples

3.11.1. Potentiometric titration method
Real samples containing 1.5- 60 mg (5 x10-3 - 2 x10-1 mmol) of atomoxetine hydrochloride were
potentiometrically titrated with 0.01 M Na-TPB. The end point was determined from s-shaped plot
of potential versus volume of titrant.
3.11.2. Calibration graph method
This method involves addition of the required amounts of drug to the test solution to make 50 mLsolutions with concentrations in the range 2.0 × 10−7 M –1.0 × 10−2 M of the drug and the measured
potential was recorded using the present sensors. A plot of the potential versus logarithm of the ATM+
activity was used for of unknown drug concentration.
3.11.3. Analysis of the drug in tablets and capsules
A few tablets were powdered, (20 capsules were emptied and mixed) then an equivalent amount of
10-4 to 10-6 M were dissolved and filtered. The measured potential of each solution was used to
calculate the concentration of the solution from the calibration plot constructed above.
3.11.4. Determination of atomoxetine in spiked human serum and urine samples
Different amounts of atomoxetine and 0.5 mL serum or 1.0 mL urine were transferred to a 50-mL
volumetric flask and diluted to volume. The solution was transferred to a 100-mL beaker and
subjected to the calibration curve method for determination of atomoxetine hydrochloride.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4. RESULTS AND DISCUSSION
4.1.

Ion-Selective Electrode

Design and development of new ion-selective electrodes to measure various drugs such as
atomoxetein is a prospering area of research. It is rewarding to get new fabricated electrodes with
competitive properties. One has to utilize the properties of the composite materials as efficiently as
possible to achieve this goal. With these points in mind, we have intimately worked in the design and
characterization of these electrodes: a CMCPEs , PVC and CWE electrodes of atomoxetine drug then
compared their properties in light of these considerations.
4.2.

. Composition of the Electrodes

It is well known that the performance characteristics of IESs based on ion-exchangers depend to a
large extent on the nature of hese ion-exchangers and their lipophilicities (Ibrahim et al., 2007) , the
type of solvent mediator (Masadome et al., 2004) and any additives used (Svancara et al., 2001).
Therefore, the influences of paste composition, nature and amount of solvent mediator as well as the
amount of additives, such as sodium tetraphenylborate and TiO2 nanopoarticles on the potential
response of the proposed sensors were tested and the obtained results are given in Table (4.1- 4.4).
4.2.1. Chemical modified carbon paste electrodes (CMCPEs)
CMCPEs have attracted attention as ion-selective electrodes mainly due to their advantages over
membrane electrodes such as chemical inertness, robustness, renewability, stable response, no need
for internal solution and suitability for a variety of sensing and detection applications (Ibrahim et al.,
2007; Umezawa et al., 2000; Chandra et al., 2007; Wang, & Pu ,2002; Masadome et al., 2004; Vyt et
al., 1998). Moreover CMCPEs belong to nontoxic and environmentally friendly electrodes. In their
case, problems with passivation are simply eliminated by a simple and quick renewal of their surface
(Kalcher et al., 2006; Stani et al., 2001) .

4.2.1.1.

Characteristics of the electrodes

Titanium dioxide nanoparticles and sodium tetraphenylborate as a lipophilic additive were
incorporated in the atomoxetine-sensitive electrodes to utilize their electronic properties in improving
the performance, namely, the detection limit, the linear-range and slope of the electrodes which
showed up in the measured results obtained from the present electrodes. These effects add up to those
of the other components that exemplify the basic parts in the sensors, namely the ion-pairs, the
plasticizers and carbon paste whose properties made the back bone for the response of shown in Table
(4.1 - 4.2).
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4.2.1.1.1.

Effect of ion-pair

The ion-pair renders selectivity to the paste by strongly bonding the target ion thus it can transport
the ion across the paste of the electrode, an effect which stems from the physicochemical properties
of the composite parts of the ion-pair intentionally incorporated for utility of their properties. More
specifically, they affect solubility, exchange kinetics and formation constants in the paste as well as
leaching and interference with existing ions. Each ion-pair is a complex of atomoxetine drug
associated with STA, SMA, PMA, PTA and Na-TPB which are high-molecular weight anions with
different lipophilicities and stabilities. A few pastes with different compositions were fabricated and
tested out of which sensors ATM-TPB and ATM-PT gave the best results. On examination of the
results collected in Table (4.1- 4.2.), it is noticed that the electrodes containing zero percent modifier
complexes have lower sensitivity and selectivity with poor repeatability toward atomoxetine cations.
Electrodes comprising various amounts of the ion-pairs namely 0.2 %, 0.5 %, 1.0 %, 2.0 %, 3.0 %
and 5.0 % (w/w), were made and tested to figure out the composition of the electrode that provides
the best results for use in the rest of the study. Two electrodes showed the best characteristics: one
composed of 1.0 % ATM-TPB and the other 0.5 % ATM-PT However, increase the amount of the
modifier complex hampered the sensitivity and the working range as excess modifier changes the
ratio of the ionic sites to the ionophore in the paste and possible saturation of the membrane leading
to sub- Nernstian slopes.
4.2.1.1.2.

Plasticizers selection

A plasticizer influences the detection limit, selectivity and sensitivity of the electrode. The partition
coefficients of chemical species are strongly dependent on the solvation properties of the organic
phase (Perez et al., 2003) which are mainly determined by the polarity of the plasticizer used in the
electrode. In addition, the nature of the plasticizer affects both the dielectric constant of the paste and
the mobility of the ionophore and its complex (Eugster et al., 1994) . The desirable properties of a
plasticizer used in the preparation of the ion-selective electrodes are: compatibility with the polymer,
low volatility and low solubility in aqueous solution, low viscosity, low cost and low toxicity (Rourke
et al., 2016; Rourke et al., 2009 ) . The plasticizers viz. DOS, DOP, DBP, TEPh and DOA with
different physical parameters such as dielectric constant, lipophilicity, viscosity and molecular weight
(M.wt) (los et al., 2003; Abu-Shawish, 2009 ) were employed to study the effect on the
electrochemical behavior of the electrodes Figure (4.1 - 4.2) and Table ( 4.1- 4.2.) to select the
plasticizer that provides the best improvement of the electrode response. Comparatively, tris(2ethylhexyl) phosphate (TEPh), with relatively high lipophilicity and similarity to that of the ion pair,
produced the best improvement to the response, an effect that stems from its direct effect on solubility
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in the paste which is in line with the rule of thumb "like dissolve like". Therefore, it was incorporated
in all mixtures utilized in characterization of the present electrode.
4.2.1.1.3.

The graphite/plasticizer (g/p) ratio study

The sensitivity and selectivity of the electrode depend on graphite/plasticizer ratio used (Ensafi et al.,
2008 ). Pastes comprising graphite/plasticizer ratios of 0.75–1.35 were examined. It is interesting to
note that the ratio of ca. 0.90 was the best combination as it showed the optimum response protruding
as the outcome of the physical properties of the constituents that enabled high mobilities of the
inherent constituents (Shamsipur et al., 2002 ). Pastes with g/p ratio > 1.35 are crumbly and those
with g/p < 0.75 are not sticky enough to be workable.
4.2.1.1.4.

The influence of Na-TPB as anionic additives

It is intended to improve the sensitivity of the electrode by incorporation of selected components
based on their physicochemical properties that show up in the response of the sensor. As for the
additives to the ingredients of the paste, it is the hydrophobicity that marks this additive and makes it
compatible with other components (Tani & Umezawa, 2005 ) . Sodium tetraphenyl borate, namely,
was found notably effective for this purpose. This behavior is due to tetraphenyl borate anions that
repel diffusion of anions from the analyte solution, this diffusion results in a decrease of the number
of the cation-anion sites in the bilayer at the membrane-analyte interphase making a smaller
difference in the concentrations of this cation-anion combination at the two sides of the membrane,
that consequently reduces the measured potential. These additives reduce ohmic resistance and
improve response behavior and selectivity. In addition, they may catalyze the exchange kinetics at
the sample-electrode interface (Schaller et al., 1994 ) . The results collected on the present electrodes
as well as reports in the literature (Yan et al., 2014; Abu-Shawisha et al., 2010) are in line with this
explanation. Electrodes containing various amounts, namely, 0.11, 0.17 and 0.33 w/w % of Na-TPB
were tested among which electrode S1 and electrode S2 containing no additive showed slopes of 44.2
and 39.7 mV per decade that were improved to 57.9 and 64.4 mV per decade on incorporation of 0.17
and 0.11 % of Na-TPB to these electrodes respectively.
4.2.1.1.5.

The effect of TiO2 nanoparticles

Nanoparticles, as solid matrices, are important for their special properties which are currently utilized
in development of the characteristics of ISEs toward stronger signals, increased sensitivity, decreased
detection limit and better reproducibility. For example, TiO2 nanoparticles are non-toxic, stable,
mechanically strong and biocompatible. In addition, they have large surface area and thus can act as
an effective electron transfer agent. With these properties, they attracted interest of researchers around
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the globe for implementation in ISEs in endeavors to develop better electrodes for various purposes.
(Wang et al., 2017; Kakhki, 2013; Ching et al., 2011). In the present work, pastes containing different
amounts of TiO2 nanoparticles (as given in Table (4.1- 4.2)) were incorporated in studying the effect
of composition on the performance of the electrode. A notable drop from 10-6 to 10-7 in the detection
limit was attained with stabilization in the potential reading by the two electrodes containing 2.0 %
of TiO2 nanoparticles as shown in Figure (4.3 - 4.4) (Bagheriet al., 2014). Insolubility of TiO2
nanoparticles in THF curtailed its use in PVC membranes and coated wire electrdoes. However, it
was possible to test their effect on the response of carbon paste electrodes as mentioned above.
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Table 4.1 Composition and slope of calibration curve for proposed S1 electrode

No.

I.P

Composition%
g/p

I.P

G

Effect of amount ATM-TPB is an ion pair
0.90
47.50
1
ATM-TPB
0.90 0.20 47.23
2

S

C.R.

LOD

R.S.D%

R(s)

P

(Na-TPB)

52.50 (TEPh)
52.40 (TEPh)

0.17

27.70±0.6
52.10±1.0

3.00×10-5-1.00×10-2
8.00×10-6-1.00×10-2

1.50×10-5
7.30×10-6

1.72
2.10

13
10

0.90
0.90
0.90
0.90

0.50
1.00
1.00
2.00

47.13
46.90
46.83
46.43

52.20 (TEPh)
52.10 (TEPh)
52.00 (TEPh)
51.40 (TEPh)

0.17
0.17
0.17

59.20±0.7
44.20±0.4
57.90±0.3
53.30±0.5

3.00×10-6-1.00×10-2
3.50×10-6-1.00×10-2
2.70×10-6-1.00×10-2
5.40×10-6-1.00×10-2

2.80×10-6
3.10×10-6
2.30×10-6
4.40×10-6

1.89
1.62
1.05
1.54

10
8
5
7

ATM-TPB
0.90
7
ATM-TPB
0.90
8
Effect of different ion pair
ATM-TPB
0.90
9
ATM-PT
0.90
10

3.00
5.00

45.83
44.83

51.00 (TEPh)
50.00 (TEPh)

0.17
0.17

52.80±0.6
50.70±1.1

3.70×10-6-1.00×10-2
4.20×10-5-1.00×10-2

4.60×10-6
2.50×10-5

1.37
1.46

10
10

1.00
1.00

46.83
46.83

52.00 (TEPh)
52.00 (TEPh)

0.17
0.17

57.90±0.3
57.50±0.4

2.70×10-6-1.00×10-2
1.20×10-5-1.00×10-2

2.30×10-6
9.10×10-6

1.05
1.25

5
12

ATM-PM
0.90
11
ATM-ST
0.90
12
ATM-SM
0.90
13
Effect of different plasticizers
ATM-TPB
0.90
14

1.00
1.00
1.00

46.83
46.83
46.83

52.00 (TEPh)
52.00 (TEPh)
52.00 (TEPh)

0.17
0.17
0.17

35.10±0.7
32.60±0.6
33.00±0.3

6.30×10-6-1.00×10-2
4.50×10-6-1.00×10-2
5.80×10-6-1.00×10-2

5.10×10-6
4.20×10-6
5.00×10-6

1.62
1.43
1.51

18
24
17

1.00

46.83

52.00 (TEPh)

0.17

57.90±0.3

2.70×10-6-1.00×10-2

2.30×10-6

1.05

5

1.00

46.83

52.00 (DBP)

0.17

44.90±0.8

3.50×10-6-1.00×10-2

2.90×10-6

1.11

14

-6

3
4
5
6

15

ATM-TPB
ATM-TPB
ATM-TPB
ATM-TPB

ATM-TPB

0.90

-6

-2

16

ATM-TPB

0.90

1.00

46.83

52.00 (DOP)

0.17

40.10±0.9

8.20×10 -1.00×10

7.00×10

1.82

17

17

ATM-TPB

0.90

1.00

46.83

52.00 (DOA)

0.17

19.10±1.1

3.00×10-5-1.00×10-2

2.10×10-5

1.39

27

18

ATM-TPB

0.90

1.00

46.83

52.00 (DOS)

0.17

15.00±0.9

5.10×10-6-1.00×10-2

4.20×10-5

1.45

25
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Effect of different g/p value
19
ATM-TPB
0.75
20

ATM-TPB

0.90

1.00
1.00

42.43
46.83

56.50 (TEPh)
52.00 (TEPh)

0.17

62.90±0.8

0.17

4.10×10-6-1.00×10-2

57.90±0.3

-6

2.70×10 -1.00×10

-2

-6

-2

3.50×10-6

1.05

12

-6

1.43

5

-6

2.30×10

21

ATM-TPB

1.00

1.00

49.43

49.40 (TEPh)

0.17

50.30±0.6

3.30×10 -1.00×10

2.90×10

1.75

11

22

ATM-TPB

1.35

1.00

56.73

42.10 (TEPh)

0.17

49.40±0.6

3.20×10-6-1.00×10-2

2.90×10-6

1.27

10

Effect of amount Na-TPB additive
23
24

ATM-TPB
ATM-TPB

0.90
0.90

1.00
1.00

46.90
46.89

52.10 (TEPh)
52.00 (TEPh)

0.11

44.20±0.4
50.40±0.4

3.50×10-6-1.00×10-2
5.80×10-6-1.00×10-2

3.10×10-6
5.00×10-6

1.62
1.13

8
7

25

ATM-TPB

0.90

1.00

46.83

52.00 (TEPh)

0.17

57.90±0.3

2.70×10-6-1.00×10-2

2.30×10-6

1.05

5

-6

26

ATM-TPB

0.90

1.00

46.77

51.90 (TEPh)

0.33

-6

-2

100.30±0.5

7.40×10 -1.00×10

7.00×10

1.42

9

57.90±0.3

2.70×10-6-1.00×10-2

2.30×10-6

1.05

5

-6

Effect of amount TIO2 NPs additive
27

ATM-TPB

0.90

1.00

46.83

52.00 (TEPh)

Na-TPB

TiO2

0.17

-

-6

-2

28

ATM-TPB

0.90

1.00

46.33

51.50 (TEPh)

0.17

1.00

70.00±1.0

3.30×10 -1.00×10

2.60×10

2.02

9

29

ATM-TPB*

0.90

1.00

45.83

51.00(TEPh)

0.17

2.00

58.70±0.5

1.10×10-6-1.00×10-2

8.00×10-7

1.23

3

-6

1.59

8

30

ATM-TPB

0.90

1.00

45.33

50.50 (TEPh)

0.17

3.00

71.10±0.8

-6

8.00×10 -1.00×10

-2

7.10×10

I.P: ion-pair, g: graphite, p: plasticizer, S: slope (mV/decade), C.R.: concentration range, LOD: limit of detection, R.S.D%relative standard diveation R(s): response time(s),
*:selected composition..
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Table 4.2 Composition and slope of calibration curve for proposed S2 electrode

No.

I.P

Composition%
g/p
I.P
G
P
Effect of amount ATM-PTA is an ion pair
1
0.90
47.50 52.50 (TEPh)
2
ATM-PT
0.90 0.20 47.29 52.40 (TEPh)

S

C.R.

LOD

R.S.D%

R(s)

0.11

27.70±0.6
53.90±0.8

3.00×10-5-1.00×10-2
7.70×10-6-1.00×10-2

1.50×10-5
6.20×10-6

1.72
2.39

13
12

(Na-TPB)

3

ATM-PT

0.90

0.35

47.29

52.40 (TEPh)

0.11

55.50±0.8

1.00×10-6-1.00×10-2

9.20×10-6

2.39

11

4
5
6
7

ATM-PT
ATM-PT
ATM-PT
ATM-PT

0.90
0.90
0.90
0.90

0.50
0.50
1.00
2.00

47.20
47.19
46.89
46.49

52.30 (TEPh)
52.20 (TEPh)
52.00 (TEPh)
51.40 (TEPh)

0.11
0.11
0.11

39.70±0.4
64.40±0.6
73.40±0.5
83.20±0.4

5.30×10-6-1.00×10-2
3.60×10-6-1.00×10-2
5.00×10-5-1.00×10-2
8.00×10-5-1.00×10-2

3.90×10-6
2.80×10-6
4.20×10-5
6.50×10-5

1.48
1.01
1.47
1.61

9
5
10
11

8
ATM-PT
0.90
9
ATM-PT
0.90
Effect of different ion pair
10
ATM-TPB
0.90
11
ATM-PT
0.90

3.00
5.00

45.89
44.83

51.00 (TEPh)
50.00 (TEPh)

0.11
0.11

66.80±0.9
66.50±1.1

1.50×10-5-1.00×10-2
1.10×10-5-1.00×10-2

9.10×10-6
8.20×10-6

1.42
1.68

10
13

0.50
0.50

47.19
47.19

52.20 (TEPh)
52.20 (TEPh)

0.11
0.11

58.50±0.7
64.40±0.6

2.90×10-6-1.00×10-2
3.60×10-6-1.00×10-2

2.50×10-6
2.80×10-6

1.18
1.01

11
5

12
ATM-PM
0.90
13
ATM-ST
0.90
14
ATM-SM
0.90
Effect of different plasticizers
15
ATM-PT
0.90

0.50
0.50
0.50

47.19
47.19
47.19

52.20 (TEPh)
52.20 (TEPh)
52.20 (TEPh)

0.11
0.11
0.11

32.20±0.1
28.70±0.3
30.70±0.5

6.60×10-6-1.00×10-2
1.20×10-5-1.00×10-2
4.90×10-6-1.00×10-2

4.80×10-6
9.60×10-6
4.10×10-6

2.47
1.91
1.75

14
12
10

0.50

47.19

52.20 (TEPh)

0.11

64.40±0.6

3.60×10-6-1.00×10-2

2.80×10-6

1.01

5

0.50

47.19

52.20 (DBP)

0.11

45.60±0.9

7.90×10-6-1.00×10-2

6.80×10-6

1.74

8

-6

16

ATM-PT

0.90

-6

-2

17

ATM-PT

0.90

0.50

47.19

52.20 (DOP)

0.11

42.20±0.7

8.20×10 -1.00×10

7.00×10

1.88

9

18

ATM-PT

0.90

0.50

47.19

52.20 (DOA)

0.11

15.60±0.4

6.10×10-5-1.00×10-2

5.40×10-5

2.25

12

19

ATM-PT

0.90

0.50

47.19

52.20 (DOS)

0.11

17.10±0.8

5.50×10-5-1.00×10-2

4.70×10-5

1.65

14
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Effect of different g/p value
20
ATM-PT
0.75
21

ATM-PT

0.90

0.50
0.50

42.69
47.19

56.8 (TEPh)
52.20 (TEPh)

0.11

66.40±0.8

0.11

1.10×10-5-1.00×10-2

64.40±0.6

-6

3.60×10 -1.00×10

-2

-5

-2

9.20×10-6

1.05

7

-6

1.01

5

-5

2.80×10

22

ATM-PT

1.00

0.50

49.69

49.7 (TEPh)

0.11

49.80±0.7

2.50×10 -1.00×10

1.70×10

1.75

8

23

ATM-PT

1.35

0.50

56.99

42.4 (TEPh)

0.11

49.10±0.5

8.30×10-6-1.00×10-2

7.40×10-6

1.86

7

Effect of amount Na-TPB additive
24
25

ATM-PT
ATM-PT

0.90
0.90

0.50
0.50

47.20
47.19

52.30 (TEPh)
52.20 (TEPh)

0.11

39.70±0.4
64.40±0.6

5.30×10-6-1.00×10-2
3.60×10-6-1.00×10-2

3.90×10-6
2.80×10-6

1.48
1.01

9
5

26

ATM-PT

0.90

0.50

47.03

52.30 (TEPh)

0.17

68.40±0.7

4.60×10-6-1.00×10-2

3.00×10-6

2.32

7

-6

27

ATM-PT

0.90

0.50

46.97

52.20 (TEPh)

0.33

-6

-2

83.90±0.5

6.70×10 -1.00×10

6.00×10

1.96

10

64.40±0.6

3.60×10-6-1.00×10-2

2.80×10-6

1.01

5

-6

Effect of amount TIO2 NPs additive
28

ATM-PT

0.90

0.50

47.19

52.20 (TEPh)

Na-TPB

TiO2

0.11

-

-6

-2

29

ATM-PT

0.90

0.50

46.69

51.70 (TEPh)

0.11

1.0

63.00±0.4

8.00×10 -1.00×10

7.30×10

2.05

9

30

ATM-PT*

0.90

0.50

45.19

51.20(TEPh)

0.11

2.0

67.20±0.8

1.75×10-6-1.00×10-2

9.20×10-7

1.66

5

-6

1.50

8

31

ATM-PT

0.90

0.50

45.69

50.70 (TEPh)

0.11

3.0

70.10±0.9

-6

6.30×10 -1.00×10

-2

5.90×10

I.P: ion-pair, g: graphite, p: plasticizer, S: slope (mV/decade), C.R.: concentration range, LOD: limit of detection, R.S.D%relative standard diveation R(s): response time(s),
*: selected composition..
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Figure 4.1 Effect of different plasticizers on the response of S1 electrode

Figure 4.2 Effect of different plasticizers on the response of S2 electrode
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Figure 4.3 Calibration graph and limit of detection of S1 electrode
with and without TiO2 nanoparticl

TiO2

Figure 4.4 Calibration graph and limit of detection of S2 electrode with
and without TiO2 nanoparticl
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4.2.2.

PVC-membrane electrode (PVCE)

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 atomoxtine and a potential difference develops across the membrane that contains a derivative of
atomoxtine which is necessary for sensing the potential developed that is concentration dependent.
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 ) .
The electrode response based on ion-exchangers depend to a large extent on the nature of these ionexchangers and their lipophilicities (Ibrahim et al., 2007), the type of solvent mediator (Masadome et
al., 2004) and any additives used (Svancara et al., 2001). Therefore, the influences of membrane
composition, nature and amount of solvent mediator as well as the amount of additives, such as
sodium tetraphenylborate, on the potential response of the proposed sensors were tested and the
obtained results are provided in Table 4.3.
4.2.2.1.

Composition of membranes

In plastic membrane electrodes, the amount of ion-exchanger should be sufficient to make reasonable
ionic exchange at the gel layer-test solution interface which is responsible for the membrane potential.
In addition, the amount of the plasticizer should be to the extent that produces a membrane of good
physical properties and at the same time plays efficiently its role as a solvent mediator for the ionexchanger.
4.2.2.1.1.

Ion-exchanger selection

Ion-exchanger complexes used in ion-selective membrane sensors should have rapid exchange
kinetics and adequate stability. In addition, they should have appreciable solubility in the membrane
matrix and sufficient lipophilicity to prevent leaching from the membrane into the sample solution
(Abu-Shawish, 2008; Bhat et al., 2004) . The ion exchanger incorporated in each electrode presented
here was an ion-association complex of the drug cation with TPB, PM, PT, ST and SM. These species
have different lipophilicities and stabilities. They were used as electroactive materials in PVC
membrane electrodes. A few membranes with various compositions were made and tested. From the
results given in Table.4.3, the electrodes containing zero percent ion-exchanger complexes have
lower sensitivity and selectivity with poor repeatability towards ATM cations. However, in the
presence of the ion-exchanger complexes the sensor displayed remarkable selectivity for drug. The
(47)

solubility product of the ion-exchangers is one of the main factors controlling the sensitivity of the
ion-selective electrodes.. However, due to a limited solubility of the ion-exchanger in THF,
membranes containing 0.2%, 0.5%, 1.0%, 2.0% of the ion exchangers were prepared and tested for
electrode. The results indicate that the best sensitivity and linear range is attained at 0.5 wt% of the
ionexchanger shown in Table 4.3, Figure (4.3). Further addition of the ion-exchanger hampered the
results, most probably due to some inhomogeneities and possible saturation of the membrane
(Arvand, & Asadollahzadeh, 2008) .
4.2.2.1.2.

The influence of anionic additives

Additives such as lipophilic anions reduce ohmic resistance and improve response behavior and
selectivity in cation-selective electrodes. In addition, they enhance the selectivity of the membrane
electrode in cases where the extraction capability of the ion-exchanger is poor. Furthermore, the
lipophilic additive may catalyze the exchange kinetics at the sample-electrode interface (Shamsipur
et al., 2002; Schaller et al., 1994) . Comparison of the data revealed that the sensitivity of the sensor
increased and the slope of the calibration curve increased from 45 to59.2 and 68.8 mV/decade with
the addition of a trace of Na-TPB (about 0.11and 0.17 wt%). The 0.11 wt% consider the best persent
Clearly this additive contributed significantly to the dielectric constant of the membrane in addition
to the effect of the plasticizer.
4.2.2.1.3.

Effect of internal reference solution

The key to the improvements of detection limit has been the reduction of zero current ion flux effects
that enhance the primary ion activities in the sensed sample layer near the membrane surface. This
has been achieved by careful adjustment of the composition of the inner solution by reducing ion
fluxes in the membrane and the thickness of the aqueous diffusion layer (Sutter et al., 2004) . Primary
ions contaminating the sample in the sensed layer originate either from the membrane or from the
internal solution (Sutter et al., 2004) .To investigate the effects of the inner filling solutions on the
atomoxtine ion-selective electrode response, the electrodes prepared were filled with different inner
filling solutions (10−2 mol KCl L−1 + 10−2 mol ATM L−1, 10−2 mol KCl L−1 + 10−3 mol ATM L−1, 10−2
mol KCl L−1 + 10−4 mol ATM L−1 and 10−2 mol KCl L−1 + 10−5 mol Atm L−1) and calibration graphics
were plotted for each case. and the most appropriate inner filling solution was 10-2 mol KCl L−1 +
10−3 mol ATM L−1 with 6.20×10-6 M detection limit .
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4.2.2.1.4.

Solvent mediators (plasticizers) effect

The solvent mediator, in particular, has a dual function: it acts as a liquifying agent, making the
membrane material workable, that is enabling homogenous solubilization and modifying the
distribution constant of the ion-exchanger used and sustaining these characteristics on continued use.
The proportion of solvent mediator must be optimized in order to minimize the electrical asymmetry
of the membrane in order to keep the sensor as clean as possible and to stop leaching to the aqueous
phase (Sanchez, & Valle, 2005) . For a plasticizer to be adequate for use in sensors, it should gather
certain properties and characteristics such as having high lipophilicity, high molecular weight, low
tendency for exudation from the membrane matrix, low vapor pressure and high capacity to dissolve
the substrate and other additives present in the membrane (Perez et al., 2003) . To spot a suitable
plasticizer for constructing this electrode, we tested five plasticizers, with a range of characteristics,
namely: the values of dielectric constants, lipophilicity and molecular weight respectively are in
parentheses, for DOP (Ɛr = 5.1, PTLC = 7.1, M.wt = 390), DBP (Ɛr = 6.4, PTLC = 4.5, M.wt. = 278),
DOS (Ɛr = 4.2, PTLC = 10.1, M.wt. = 426), DOA (Ɛr = 3.9, PTLC = 6.1, M.wt. = 371)
and TEPh (Ɛr = 4.8, PTLC = 10.2, M.wt. = 435). DOP as solvent mediators produced the best results,
as shown in Table (4.3), Figure (4.4). it seems that DOP, with relatively moderate viscosity,
lipophilicity, molecular weight and low dielectric constant, produced the best results.
Among the different compositions studied, the electrode containing ion-exchanger complex 0.5 wt%
ATM-PTA, 49.5 wt% PVC and 49.89 wt% DOP and 0.11 wt% Na-TPB exhibited the best response
characteristics and the lowest detection limit. Therefore, these compositions were used to study
various operation parameters of the electrodes.
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Table 4.3 Composition and slope of calibration curve for S3 electrode

No.

Composition (%)
PVC

P

NaTPB

Influence of the amount of ion-pair
1-50.00

49.89 (DOP)

0.11

45.50±0.8

2-

0.2 ATM-PT

49.80

49.89 (DOP)

0.11

52.60±0.5

3-

0.5 ATM-PT

49.50

50.00 (DOP)

-

45.00±1.0

4-

0.5 ATM-PT

49.50

49.89 (DOP)

0.11

59.20±0.6

5-

1.0 ATM-PT

49.40

49.49 (DOP)

0.11

62.60±0.9

6-

2.0 ATM-PT

48.90

48.99 (DOP)

0.11

63.10±0.5

Effect of different plasticizers
70.5 ATM-PT
49.50

49.89 (DBP)

0.11

42.90±0.7

8-

0.5 ATM-PT

49.50

49.89 (DOP)

0.11

59.20±0.6

9-

0.5 ATM-PT

49.50

49.89 (TEPH)

0.11

45.80±0.9

10-

0.5 ATM-PT

49.50

49.89 (DOS)

0.11

11-

0.5 ATM-PT

49.50

49.89 (DOA)

Influence of the ion-pair
120.5 ATM-TPB

49.50

12-

0.5 ATM-PT

14-

IP

S

C.R

LOD

RSD

R(s)

3.70×10-5–1.0×10-2
2.30×10-5–1.0×10-2

1.90×10-5
1.10 ×10-5

1.79

18

1.55

15

1.70×10-5–1.0×10-2
8.50×10-6–1.0×10-2

9.40×10-6
6.20×10-6

1.62

14

1.64

12

1.90×10-5–1.0×10-2
2.50×10-5–1.0×10-2

1.00×10-5
1.10×10-5

1.38

13

1.43

16

3.10×10-5–1.0×10-2
8.50×10-6–1.0×10-2

1.90×10-5
6.20×10-6

1.94

10

1.64

12

2.80×10-5
3.40×10-5

1.86

16

36.20±1.1

3.70×10-5–1.0×10-2
4.80×10-5–1.0×10-2

2.05

19

0.11

26.50±1.0

5.20×10-5–1.0×10-2

4.10×10-5

1.88

23

49.89 (DOP)

0.11

65.60±0.8

14

49.89 (DOP)

0.11

59.20±0.6

1.10×10-5
6.20×10-6

1.77

49.50

2.60×10-5–1.0×10-2
8.50×10-6–1.0×10-2

1.64

12

0.5 ATM-PM

49.50

49.89 (DOP)

0.11

47.70±1.2

17

0.5 ATM-ST

49.50

49.89 (DOP)

0.11

22.90±0.9

1.60×10-5
3.20×10-5

1.48

15-

3.40×10-5–1.0×10-2
5.10×10-5–1.0×10-2

1.54

19

16-

0.5 ATM-SM

49.50

49.89 (DOP)

0.11

25.30±0.7

4.10×10-5–1.0×10-2

2.70×10-5

1.79

25

9.40×10-6
6.20×10-6

1.62

14

1.64

12

1.00×10-5

2.37

16

Effect of amount Na-TPB additive
17-

0.5 ATM-PT

49.50

50.00 (DOP)

-

45.00±1.0

18-

0.5 ATM-PT*

49.50

49.89 (DOP)

0.11

59.20±0.6

1.70×10-5–1.0×10-2
8.50×10-6–1.0×10-2

19-

0.5 ATM-PT

49.50

49.89 (DOP)

0.17

68.80±0.8

2.40×10-5–1.0×10-2

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 4.5 Effect of different plasticizers on the response of S3 electrode

Figure 4.6 Calibration graph and limit of detection of S3 electrode

(51)

4.2.3. Coated Wire Membrane Electrode (CWE)
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. (Rubinova et al., 2007; Ceresa et al., 2001; Pretsch, 2007) . Despite some remedies, the internal
solutions still pose a major hindrance in the miniaturization of the devices. Therefore, a sensing
system, such as solid-contact (coated wire) has been proposed In a coated-wire electrode, the polymer
membrane is directly cast on the solid surface, with no 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,
2008). 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).
4.2.3.1.

Effect of ion-exchanger on electrode potential

In a preliminary experiment, the results showed the membrane with no ion-exchangers displayed
insignificant response toward the studied ATM drug. On the other hand, the membrane containing
the ion-exchangers showed Nernstian response and significant response for drugs. The results are
shown in Tables (4.4) Figures (4.8) indicate that the electrodes with low amount of the ionexchangers (0.2%) are not suitable to detect the desired drug in the solution and show poor sensitivity
to drug ions within working range. The performance of the electrodes improves by increasing the ionexchangers till it reaches a value of (0.5%) which has wide working range and Nernstian slope. When
the ion- exchangers was farther increased (˃ 0.5%), the performance of the membrane started to
decrease. This is most likely due to saturation of the membrane or its low homogeneity (GodlewskaŻyłkiewicz, & Zaleska,. 2002; Eugster et al., 1991. Therefore, the CWE that contain 0.5% of ionexchangers produced the best results.
4.2.3.2.

Plasticizers selection

Besides the critical role of the nature and the amount of ion-exchangers on the characteristics of the
sensors, some other important features such as the nature and amount of the solvent mediator are
known to significantly influence the sensitivity and selectivity of ISEs (Shawish 2009). The influence
of the type and quantity of the plasticizer on the characteristics of the studied sensors were
investigated by using five plasticizers with different physical parameters including DOS, DOA, DBP,
DOP and TEPh. The results obtained are shown in Figures (4.7). It is quite obvious from Table 1,
(52)

that the use of DOP results in a Nernstian linear plot over a wide concentration range. This is due to
the ability of DOP to extract drug ions from the aqueous solution to the organic membrane phase.
4.2.3.3.

Effect of electrode bed

To investigate the effect of the bed nature on the efficiency of coated wire electrodes, the optimized
coating mixture was used for preparation of electrodes with different conductive beds, namely silver,
copper and graphite. After conditioning, each electrode was examined in the concentration range from
2.2×10-6to 1.0×10-2M ATM solution. Examining the results compiled in Table (4.4)., one can notice
that all wires give inferior response towards ATM as compared to that of silver wire. Ag wire-coated
electrode has a slope 62.9 mV/ decade and a detection limit of 1.0×10-6M. This is attributed to low
resistivity (1.62 mO cm-1) of silver (Ibrahim et al., 2007) . Therefore, silver wire was used as the inner
solid contact for the electrodes in this study.
4.2.3.4.

Effect of sodium tetraphenylborate as anionic additives on electrode potential

The electrode with no additive of sodium tetraphenylborate showed poor sensitivity to ATM ions but
the additive-incorporated electrode showed remarkable selectivity for ATM, as presented in Table
4.4. The electrode impregnated with 0.14 % Na-TPB showed increased sensitivity of the sensor and
the slope of the calibration curve and decreased its response time. The best sensitivity was noted for
the electrode comprising 0.14% of Na-TPB.

.
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Table 4.4 4Composition and slope of calibration curve for S4 electrode

No.

Kind of
wire

I.P

Composition (%)
PVC
P

S

C.R. (M)

LOD(M)

R.S.D%

R(s)

1.0×10-6
2.1×10-6

1.19

7

1.34

11

NaTPB

Effect of electrode bed
1Silver
0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

62.9±0.8

2-

Graphite

0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

65.7±1.0

2.2×10-6 –1.0×10-2
3.3×10-6 –1.0×10-2

3-

Copper

0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

95.5±0.9

8.4×10-6 –1.0×10-2

7.2×10-6

1.62

13

Influence of the amount of ion-pair
4Silver
-50.00

49.86 (DOP)

0.14

44.0±1.2

23

Silver

0.20 ATM-TPB

49.80

49.86 (DOP)

0.14

64.0±0.9

6.1×10-6
1.5×10-6

1.58

5-

7.6×10-6 –1.0×10-2
3.2×10-6 –1.0×10-2

1.28

10

6-

Silver

0.50 ATM-TPB

49.50

50.00 (DOP)

-

43.5±1.0

12

Silver

0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

62.9±0.8

3.3×10-6
1.0×10-6

1.41

7-

4.3×10-6 –1.0×10-2
2.2×10-6 –1.0×10-2

1.19

7

8-

Silver

1.00 ATM-TPB

49.40

49.46 (DOP)

0.14

65.4±1.1

16

Silver

2.00 ATM-TPB

48.90

48.96 (DOP)

0.14

65.7±0.7

3.9×10-6
5.3×10-6

2.02

9-

4.5×10-6 –1.0×10-2
6.5×10-6 –1.0×10-2

1.85

15

Influence of the ion-pair
10Silver
0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

62.9±0.8

7

Silver

0.50 ATM-PT

49.50

49.86 (DOP)

0.14

42.1±0.9

1.0×10-6
4.0×10-6

1.19

11-

2.2×10-6 –1.0×10-2
4.8×10-6 –1.0×10-2

1.58

19

12-

Silver

0.50 ATM-PM

49.50

49.86 (DOP)

0.14

22.5±1.2

9

Silver

0.50 ATM-ST

49.50

49.86 (DOP)

0.14

25.1±1.0

6.9×10-6
5.8×10-6

1.05

13-

8.0×10-6 – 1.0×10-2
7.5×10-6 –1.0×10-2

1.48

17

14-

Silver

0.50 ATM-SM

49.50

49.86 (DOP)

0.14

35.1±0.6

6.5×10-6 –1.0×10-2

4.6×10-6

1.78

16

Effect of different plasticizer
15- Silver
0.50ATM-TPB

49.50

49.86 (TEPH)

0.14

73.1±0.8

10

Silver

0.50 ATM-TPB

49.50

49.86 (DBP)

0.14

68.1±1.1

2.7×10-6
4.1×10-6

1.19

16-

3.4×10-6 –1.0×10-2
5.3×10- 6–1.0×10-2

1.39

11

17-

Silver

0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

62.9±0.9

7

Silver

0.50 ATM-TPB

49.50

49.86 (DOS)

0.14

41.8±0.7

1.0×10-6
6.1×10-6

1.42

18-

2.2×10-6 –1.0×10-2
7.8×10-6– 1.0×10-2

1.25

16

19-

Silver

0.50 ATM-TPB

49.50

49.86 (DOA)

0.14

45.7±0.8

8.2×10-6– 1.0×10-2

7.0×10-6

1.85

19
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Effect of amount Na-TPB additive
20- Silver
0.50 ATM-TPB
49.50

50.00 (DOP)

-

43.5±1.0

21-

Silver

0.50 ATM-TPB

49.50

49.89 (DOP)

0.11

54.5±0.7

22-

Silver*

0.50 ATM-TPB

49.50

49.86 (DOP)

0.14

62.9±0.8

23-

Silver

0.50 ATM-TPB

49.50

49.83 (DOP)

0.17

76.6±0.9

4.3×10-6–1.0×10-2
2.4×10-6 –1.0×10-2

3.3×10-6
1.3×10-6

1.41

12

1.19

7

2.2×10-6 –1.0×10-2
3.7×10-6–1.0×10-2

1.0×10-6
3.0×10-6

1.08

7

1.48

17

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 4.7 Effect of different plasticizers on the response S4 electrods

Figure 4.8 Calibration graph and limit of detection of S4 electrode
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4.2.4. Effect of diverse ions
The selectivity coefficients are the foremost important characteristics of ISEs, informing about the
ability of the sensing membrane in discriminating the primary ion against other ions of the same
charge sign (Lindner , & Umezawa, 2008) . The response of the electrode to the analyte must surpass
that to other substances such that the electrode exhibits Nernstian dependence on concentration of the
primary ion over a wide concentration range. The selectivity of the electrode stems from the
selectivity of the ion-exchange process at the phase boundary and the mobilities of the relevant ions
in the matrix of the sensors. It is desired that an electrode has as low as possible response to all species
other than that for which it was fabricated to measure. The selectivity coefficients of these electrodes
toward a variety of chemical species and excipients, likely incorporated in pharmaceutical
preparations, were evaluated by the separate solution method SSM and the modified separate solution
method, MSSM. The results collected for the two methods, listed in Table (4..5 - 4.7), are clearly
different and those obtained by MSSM are much better and are in line with expectations as MSSM is
unbiased (Radu et al., 2007; Bakker et al., 1997) . It is worth mentioning that two ions of different
𝑝𝑜𝑡
charges significantly contribute to the emf and 𝐾𝐷,𝐽
which have different dimensions for different

charges of the interfering ion and 𝐽 𝑧𝐽 that direct comparison of the numerical values of two selectivity
𝑝𝑜𝑡
coefficients 𝐾𝑖𝑝𝑜𝑡
𝑗 and 𝐾𝑖 𝑦 is not meaningful if the charges zi and zy are different. That entails use of

an alternative approach, the modified separate solution method as described by Bakker et. al.( Bakker
𝑝𝑜𝑡
et al., 2000). When two ions give the same response then 𝐾𝐷,𝐽
= 1.0 then the ion with the smaller
𝑝𝑜𝑡
𝑝𝑜𝑡
𝐾𝐷,𝐽
makes less effect on the diverting ion. Ions with 𝐾𝐷,𝐽

values less than 1 indicate the ISE is

more responsive to the interfering ion. Consequently, the results (less than 1.0) in Table (4.5 - 4.7 )
for CMCPEs, PVCE and CWE indicate that the effects of the interfering ions on the response of the
electrodes are small which means that the inorganic cations do not interfere for they have different
ionic size enforcing different mobility and permeability. In addition, the results indicate that the
constructed sensor displays high selectivity for ATM over common drugs. This observation holds for
many drug; however, some other drug such as tramadol hydrochloride, pethidine hydrochloride and
Lidocaine hydrochloride show moderate effect at high concentrations. It is to be kept in mind that
this case is rarely encountered. Overall, similarity in the composition of the paste to that of drug ion
leads to better compatibility and improved response

(57)

Table 4.5 Selectivity coefficients of various interfering ions for carbon past sensors S1 and S2.

SSM

Interfering species

MSSM

Zn(II)
pb(II)
Co(II)
Ni(II)
Cu(II)
Na(I)
K(I)
Maltose
L-ascorbic acid
Galactose
Glucose
Sucrose
Asparagine
Histidine
Glycine
Lactose
Arginine
Midazolam hydrochloride
Dexamethasone hydrochloride

-3.395
-2.697
-3.037
-3.021
-2.918
-3.986
-4.037
-3.935
-3.918

S2
-2.393
-1.562
-2.393
-2.423
-2.125
-3.363
-3.378
-3.482
-3.452

Tramadol hydrochloride
Tranexamic acid
Pethidine hydrochloride
Ranitidine hydrochloride
Dopamine hydrochloride
Furosemide
Ephedrine hydrochloride
Hydralazine hydrochloride
Lidocaine hydrochloride
Diclofenac potassium
Vardenafil hydrochloride
Amoxicillin
Paracetamol
Gentamycin sulfate
Lasix
Ceftriaxone sodium

-1.448
-3.969
-1.704
-3.152
-3.663
-4.003
-2.385
-2.473
-1.533
-3.833
-3.663
-3.833
-3.901
-2.631
-2.463
-2.054

-2.083
-3.482
-1.934
-3.155
-3.125
-3.423
-2.232
-1.891
-1.845
-3.311
-3.452
-3.438
-3.405
--2.194
-2.233
-1.856

S1
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S1
-6.371
-4.446
-5.862
-5.894
-5.298
-5.809
-5.911
-6.286
-6.354
-6.269
-6.065
-6.099
-6.151
-6.286
-6.303
-6.328
-5.983
-5.639
-5.724

S2
-5.402
-2.381
-4.911
-4.942
-4.315
-4.836
-4.911
-5.033
-5.094
-5.061
-5.034
-5.002
-4.911
-5.074
-5.048
-4.985
-5.059
-5.059
-4.985

-1.635
-5.826
-2.061
-3.253
-5.128
-5.877
-2.572
-2.743
-1.908
-5.673
-5.179
-5.366
-5.817
-4.042
-2.661
-2.267

-2.381
-5.029
-2.232
-4.464
-4.464
-5.029
-2.455
-2.008
-1.786
-4.836
-5.059
-5.029
-4.985
-3.928
-2.732
-2.311

Table 4.6 Selectivity coefficients of various interfering ions for sensor S3

Interfering species

SSM

MSSM

Zn(II)
pb(II)
Co(II)
Ni(II)
Cu(II)
Na(I)
K(I)
Maltose
L-ascorbic acid
Galactose
Glucose
Sucrose
Asparagine
Histidine
Glycine
Lactose
Arginine
Midazolam hydrochloride
Dexamethasone hydrochloride
Tramadol hydrochloride
Tranexamic acid
Pethidine hydrochloride
Ranitidine hydrochloride
Dopamine hydrochloride
Furosemide
Ephedrine hydrochloride
Hydralazine hydrochloride
Lidocaine hydrochloride
Diclofenac potassium
Vardenafil hydrochloride
Amoxicillin
Paracetamol
Gentamycin sulfate
Lasix
Ceftriaxone

-2.253
-1.725
-2.509
-2.611
-2.424
-3.509
-3.492
-3.185
-3.236
-1.499
-2.538
-1.890
-2.299
-2.691
-3.236
-3.100
-2.521
-1.191
-2.812
-3.202
-2.990
-3.304
--2.168
-4.021
-1.452

-4.378
-2.930
-4.753
-4.718
-4.463
-4.241
-4.207
-5.161
-5.144
-5.110
-5.195
-5.127
-5.025
-5.127
-5.247
-4.974
-5.093
-5.059
-4.985
-2.381
-5.029
-2.232
-4.464
-4.464
-5.029
-2.455
-2.008
-1.786
-4.836
-5.059
-5.029
-4.985
-3.005
-4.128
-1.398
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Table 4.7 Selectivity coefficients of various interfering ions for sensor S4

Interfering species

SSM

MSSM

Zn(II)
pb(II)
Co(II)
Ni(II)
Cu(II)
Na(I)
K(I)
Maltose
L-ascorbic acid
Galactose
Glucose
Sucrose
Asparagine
Histidine
Glycine
Lactose
Arginine
Midazolam hydrochloride
Dexamethasone hydrochloride
Tramadol hydrochloride
Tranexamic acid
Pethidine hydrochloride
Ranitidine hydrochloride
Dopamine hydrochloride
Furosemide
Ephedrine hydrochloride
Hydralazine hydrochloride
Lidocaine hydrochloride
Diclofenac potassium
Vardenafil hydrochloride
Amoxicillin
Paracetamol
Gentamycin sulfate
Lasix
Ceftriaxone

-2.162
-1.656
-2.408
-2.506
-2.327
-3.368
-3.352
-3.057
-3.106
-1.439
-2.436
-1.814
-2.207
-2.583
-3.106
-2.976
-2.420
-1.143
-2.699
-3.073
-2.870
-3.171
2.081
-3.860
-1.393

-4.268
-2.856
-4.634
-4.600
-4.351
-4.134
-4.101
-5.031
-5.015
-4.982
-5.065
-4.998
-4.899
-4.998
-5.115
-4.849
-4.965
-4.932
-4.860
-2.321
-4.903
-2.176
-4.352
-4.352
-4.903
-2.393
-1.957
-1.745
-4.715
-4.932
-4.903
-4.860
-2.929
-4.024
-1.363
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4.2.5. Dynamic response time and reversibility of the electrode
The time between addition of the analyte to the sample solution and the time when a limiting potential
was attained, known as the response time (Buck, & Lindner, 1994) , was measured in accordance
with the IUPAC recommendations with all relevant measurements made under the same experimental
conditions. As it depends on the membrane type and the interferents, measurements of the response
time are related to how quickly the layer of sample adhering to the ISE membrane can be exchanged
for a new layer since potentiometric responses require ion movement over nanometers at the phase
boundary of the analyte and the ion-selective membrane ((Gale, & Steed, 2012). In the present
contribution, 1.0 × 10−6 M to 1.0 × 10−2 M for carbon paste, coated silver wire electrodes and 1.0 ×
10−5 M to 1.0 × 10−2 M for PVC membrane electrode solutions were used for measurement of the
response time of the electrode which reached equilibrium in 3 and 5 s. for the carbon paste, 12 s for
the PVC and 7 s for the coated wire electrodes as evident in Figure (4.9 -4.11) . The response of each
electrode was checked for reversibility. the electrodes potentials of 1.0 x 10-4 M and 1.0 x 10-5 M
atomoxetine hydrochloride solutions were estimated alternately in the same solution after making the
proper treatment. The results, shown in Figure (4.12 -4.14), indicate reversibility in potentiometric
responses of the sensors.

Figure 4.9 Typical potential-time plot for response of S1 and S2
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Figure 4.10 Typical potential-time plot for response of S3

Figure 4.11 Typical potential-time plot for response of S4

Figure 4.12 Dynamic response of the S1 and S2 carbon past electrodes for several high-to-low
respective measurements.

Figure 4.13 Dynamic response of the S3 for several high-to-low respective measurements.
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Figure 4.14 Dynamic response of the S4 for several high-to-low respective measurements.

4.2.6. Surface-renewal of CPEs
Modified electrodes are attractive for possibility of surface renewal after every use. The slope of the
calibration graph constructed for the present electrodes decrease slightly after three times of use that
may be attributed to memory effect caused by accumulating surface contamination. Fortunately, a
fresh surface of the modified electrodes can be exposed by squeezing a little carbon paste out of the
tube and smoothing on a piece of weighing paper whenever needed. Accordingly, a paste of optimum
composition and suitable weight (~2.0 g) can be used for several months to get dependable response
of the electrode.
4.2.7. Repeatability of the electrodes
The repeatability of the potential reading for the CPE, PVC membrane and silver CWE electrodes
was examined by subsequent measurement in 1.0×10-4 M ATMCl solution immediately after
measuring the first set of solutions in 1.0×10-5 M ATMCl. The electrode potential for four replicate
measurements in 1.0×10-6 M solution of electrode CPEs, PVC membrane and silver CWE are (65 and
85), 20 and 45 mV with a standard deviation of (1.23 and 1.36), 2.02 and 1.84 respectively. The
corresponding values in 1.0×10-4 M solution were (110 and 135), 75 and 110 mV with standard
deviation of (1.09 and 1.23), 2.31 and 1.79. This indicates excellent repeatability of the potential
response of the electrodes.
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4.2.8.

Effect of soaking on life span of the coated silver and PVC electrodes

The performance characteristics of the investigated electrodes were studied as a function of soaking
time. The effect of soaking on the performance of the electrodes was studied by soaking each
electrode in 10-3 M solution of ATMCl for variable intervals starting from 5 min reaching to 30 days.
The slopes of the electrodes were observed to show gradual decrease after 2 days for coated silver
electrode (from 62.9±0.8 to 51.3±0.5 mV/decade) and 18 days for PVC electrode (decreased from
59.2±0.6 to 53.4±0.3 mV/decade). 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 (Van Den Vlekkeet . al, 1988).
4.2.9.

pH dependence

The effect of the acidity of the solution on the response of the ATM-TPB, ATM-PT carbon past, PVC
membrane and coated wir electrodes was studied for 1.0 x 10-4 and 1.0 x 10-5 M atomoxetine
hydrochloride in the pH range of 2.0 – 9.0. The pH was adjusted with 0.2 M solutions of hydrochloric
acid or sodium hydroxide. It is noted from Figure (4.15 - 4.18 ) that the sensors can be dependently
used in the pH range 4.0 – 7.5 , 4.5 -7.1 and 4.1 -7.8 for CMCPEs, PVCE and CWE providing
acceptable results. Nevertheless, at pH 2.8 showed nonlinear response in the potential. This is
reasonably linked to the effect of the accumulating hydronium ion on the electrode behavior. At high
pH the OH- ions penetrate the paste and react with counter ions of the drug anions of the polyprotic
acid. Therefore, the equilibrium is hampered and shifted to the right by consumption of some drug
anions on formation of the insoluble drug in the paste with the effect of slow decrease of the ionexchanger and a decrease in the concentration of the active species of the sensor, in similar
explanation to a few recently reported sensors (Gaber et al., 2012 ).
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Figure 4.15 Effect of pH on the response of electrode S1 electrode 1.0 x 10-4 and 1.0 x
10-5 M sluotion of drug

Figure 4.16 Effect of pH on the response of electrode S2 electrode 1.0 x 10-4 and 1.0 x 10-5
M sluotion of drug
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Figure 4.17 Effect of pH on the response of electrode S3 electrode 1.0 x 10-4 and
1.0 x 10-5 Msluotion of drug

Figure 4.18 Effect of pH on the response of electrode S4 electrode 1.0 x 10-4 and 1.0 x
10-5 M sluotion of drug
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4.2.10. Effect of temperature
To study the thermal stability of the electrodes, calibration curves (Ecell vs. log [drug]) were
constructed at various temperatures covering the range 20– 60◦C where it is noticed that the slopes of
the calibration graphs remained in the Nernstian up to 45◦C of the test solution over almost the same
linear concentration ranges of the electrodes. These measurements ensure that the present electrodes
are usable up to 45◦C without noticeable deviation from the Nernstian behavior, i.e. provide
dependable results. However, temperatures higher than 45◦C cause significant deviations from the
theoretical values. This effect is likely due to a damage of the electrode surface and probable leaching
of the plasticizer due to decreasing viscosity as temperature is raised, a collective effect that shows
up in lower response of the electrode. It is noted from Figures (4.19 - 4.21 ) for CMCPEs, PVCEs
and CWEs respectively.

Figure 4.19 Effect of temprture on the slope of calbration carve S1 and S2
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\

Figure 4.20 Effect of temprture on the slope of calbration carve S3

Figure 4.21 Effect of temprture on the slope of calbration carve S4

4.2.11. Analytical performance
It is important to check the applicability of the present electrode for determination of atomoxetine
drug in biological fluids and pharmaceutical preparations. This goal was achieved by using the
calibration curve and potentiometric titration methods.
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4.2.11.1.

Determination of Atomoxetine drug in tablets and capsules

The calibration curve method was employed for determination the drug in pharmaceutical products
(tablets and capsules). The results, collected in Tables (4.8 - 4.10 ), with relative standard deviation
(RSD) of (0.94–1.86) and an average recovery of (97.1–106.1%,) are accurate and indicate
dependable and successful use of the presently fabricated electrodes for the intended determinations
of atomoxetine hydrochloride.
4.2.11.2.

Determination of drug ions in urine and serum

Atomoxetine has high aqueous solubility and biological membrane permeability that facilitates its
rapid and complete absorption after oral administration. Absolute oral bioavailability ranges from 63
to 94%, which is governed by the extent of its first-pass metabolism (Sauer et al., 2005 ). A small
fraction (< 3%) of the dose is excreted as unchanged drug in the urine indicating minor role of renal
excretion of the drug (Yu et al., 2016 ). Experiments were conducted by spiking urine and serum
samples with appropriate amounts of ATM ions. Small urine (1.0 mL) and serum (0.5 mL) samples
gave results with best recovery suitable for low interference. The measured potentials were used to
calculate the corresponding concentrations using the calibration curve. As can be seen in Tables (4.8
-4.10 ), The results were accurate and reproducible with quantitative recovery of atomoxetine
showing that the proposed sensors can be employed for quantification of the drug in biological fluids.
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Table 4.8 Recovery of atomoxetine hydrochloride from pharmaceutical preparations and spiked biological fluids
samples by S1 and S2

Samples

Taken (M)

Found (M)

ATM-TPB carbon past electrode
Capsules
1.00 x 10-6
1.01 x 10-6
1.00 x 10-5
9.96 x 10-6
1.00 x 10-4
9.79 x 10-5
Tablet
1.00 x 10-6 1.03 x 10-6
1.00 x 10-5 9.89 x 10-6
1.00 x 10-4 9.72 x 10-5
Urine
1.00 x 10-6 1.05x 10-6
1.00 x 10-5 1.02 x 10-5
1.00 x 10-4 9.91 x 10-5
Serum
1.00 x 10-6 1.06 x 10-6
1.00 x 10-5 1.04 x 10-5
1.00 x 10-4 1.01 x 10-4
ATM-PT carbon past electrode
Capsules
1.00 x 10-6
9.86 x 10-7
1.00 x 10-5
9.91 x 10-6
1.00 x 10-4
9.87 x 10-5
Tablet
1.00 x 10-6
1.01 x 10-6
1.00 x 10-5
9.94 x 10-6
1.00 x 10-4
9.81 x 10-5
Urine
1.00 x 10-6
1.03 x 10-6
1.00 x 10-5
1.01 x 10-5
1.00 x 10-4
9.97 x 10-5
Serum
1.00 x 10-6
1.07 x 10-6
1.00 x 10-5
9.73x 10-6
1.00 x 10-4
9.91 x 10-5

X%

R.S.D %

F-value

t-values

101.0
99.6
97.9

1.11
1.05
0.94

2.51
2.13
1.85

1.22
1.56
1.40

103.0
98.9
97.2

1.41
1.08
1.45

1.98
1.56
2.18

1.38
1.87
2.31

103.5
102.0
99.1

1.76
1.48
1.64

2.08
2.39
3.76

2.14
1.98
2.39

104.3
103.1
101.0

1.38
1.67
1.44

4.15
3.62
5.98

3.17
2.87
3.28

98.6
99.1
98.7

1.28
1.02
1.86

1.25
1.58
1.98

1.30
1.52
2.13

101.0
99.4
98.1

1.07
1.39
1.26

1.77
1.23
2.24

2.45
2.13
1.95

103.0
101.0
99.7

1.12
1.18
1.51

3.21
2.58
3.79

2.58
2.84
3.11

105.6
97.3
99.1

1.22
1.42
1.36

4.52
4.76
3.95

3.29
3.44
3.08

X: recovery, M: the molar concentration of atomoxetine samples (taken), RSD relative standard deviation, the number
of replicate measurements = 3. The critical value of F =9.28 and the critical value of t=3.707
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Table 4.9 Recovery of atomoxetine hydrochloride from pharmaceutical preparations and spiked biological fluids
samples S3

Samples

Taken (M)

PVC membrean electrode
Capsules
1.00 x 10-5
1.00 x 10-4
Tablet
1.00 x 10-5
1.00 x 10-4
Urine
1.00 x 10-5
1.00 x 10-4
Serum
1.00 x 10-5
1.00 x 10-4

Found (M)

X%

R.S.D %

F-value

t-values

1.01 x 10-5
9.82 x 10-5

101.0
98.2

1.13
0.89

3.52
2.34

3.34
1.48

9.93 x 10-6
9.81 x 10-5

99.3
98.1

0.72
1.01

1.59
1.18

1.62
3.45

1.03 x 10-5
1.01 x 10-4

103.0
101.0

1.59
1.66

2.66
4.31

2.09
2.79

1.06 x 10-5
1.04 x 10-4

106.1
104.0

1.37
1.87

3.06
3.28

2.57
3.64

X: recovery, M: the molar concentration of atomoxetine samples (taken), RSD relative standard deviation, the number of
replicate measurements = 3. The critical value of F =9.28 and the critical value of t=3.707
Table 4.10 Recovery of atomoxetine hydrochloride from pharmaceutical preparations and spiked biological
fluids samples by S4

Samples

Taken (M)

coated wir electrode
Capsules
1.00 x 10-5
1.00 x 10-4
Tablet
1.00 x 10-5
1.00 x 10-4
Urine
1.00 x 10-5
1.00 x 10-4
Serum
1.00 x 10-5
1.00 x 10-4

Found (M)

X%

R.S.D %

F-value

t-values

9.96 x 10-6
9.69 x 10-5

99.6
96.9

1.01
0.76

2.42
1.95

2.37
1.67

9.73 x 10-6
9.84 x 10-5

97.3
98.4

1.18
1.09

2.74
2.18

2.81
1.64

9.82 x 10-6
9.71 x 10-5

98.2
97.1

1.32
1.85

2.68
3.64

1.68
2.46

1.05 x 10-5
1.04 x 10-4

105.1
104.0

1.94
1.49

5.62
5.43

2.49
3.48

X: recovery, M: the molar concentration of atomoxetine samples (taken), RSD relative standard deviation, the number of
replicate measurements = 3. The critical value of F =9.28 and the critical value of t=3.707
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4.2.11.3.

Titration of atomoxetine hydrochloride solution with Na-TPB solution

Potentiometric titrations involve detection of the end-point at a drastic change in the concentrations
of the reactants causing a big shift in the electrode potential. 25.0 mL-samples of 1.0 × 10−3 M of
atomoxetine hydrochloride solution were titrated successfully against 1.0 × 10−3 M Na-TPB standard
solution using the present electrodes. The data, plot in Figure (4.22- 4.24 ), clearly show a steep
potential jump at the end point indicating completeness of the titration. Na-TPB reacts with the drug
forming an ion-pair complex and causes its gradual depletion in solution and concomitant drop in the
corresponding measured potential. In brief, the present electrodes can be dependently used as
indicators in determination of atomoxetine drug in solutions

.

Figure 4.22 Potentiometric titration curve of 25.0 mL 1.0 x 10 -3 M atomoxetine hydrochloride solution with
1.0 x 10-3 M Na-TPB standard solution using S1 and S2
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Figure 4.23 Potentiometric titration curve of 25.0 mL 1.0 x 10 -3 M atomoxetine hydrochloride
solution with 1.0 x 10-3 M Na-TPB standard solution using S3

Figure 4.24 Potentiometric titration curve of 25.0 mL 1.0 x 10 -3 M atomoxetine hydrochloride
solution with 1.0 x 10-3 M Na-TPB standard solution using S4
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4.3.

Statistical treatment of analytical applications results

One of the most important properties of a new analytical method is that it should be free from
systematic errors, i.e. the value obtained for the amount of the analyte should be very close to the true
value. This comparison between the obtained and the expected values is expressed mathematically in
what is called the recovery values, almost 100% recovery was calculated for each of the applications
in this work, high precision was observed as indicated by the very low standard deviation values.
Moreover, as analytical methods usually have to be applicable over a wide range of samples, a new
method is often compared with a standard method in order to find if there is any significant differences
between the two methods and to find the extent to which this difference can affect the applicability
of this method rather than an already used method.
4.3.1. The F test
This is a test designed to indicate whether there is a significant difference between two methods
based on their standard deviations. F is defined in terms of the variances of the two methods, where
the variance is the square of the standard deviation, S1 2 and S2 2

Equation 4-1

There are two different degrees of freedom, v1 and v2, where the degrees of freedom are defined as
N–1 for each case, where N is the number of measurements. If the calculated F value from the above
equation exceeds a critical F value at the selected confidence level, then there is a significant
difference between the variances of the two methods.
F test (Christian, 1994 ) has been applied to check the agreement between the precision of the methods
used for determination of ATM using the different electrodes. Also, it has been applied to check the
agreement between the present methods and official methods (Lee, 2009 ).
The calculated F values were found to be less than the critical F value (6.39) where v1 = 4 and v2 =
4 for steady state and F value (6.94) where v1 = 2 and v2 = 4 for steady state at 95% confidence level.
We conclude that there is no significant difference in the precision of the compared methods or that
the standard deviations are from random error alone and don't depend on the sample.
4.3.2. The t test
Comparison is made between two sets of replicate measurements (M and N) made by two different
methods, one of them will be the test method and the other will be an accepted method. A statistical
t value is calculated and compared with a tabulated value (3.707) at a selected confidence limit (99%)
and certain degree of freedom. The degree of freedom is obtained from (N-1) + (M-1), where one
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degree of freedom is lost for each subject. A value for t is computed by using the following equation
(Christian, 1994 ).

Equation 4-2

where x is the mean of a set containing M observations, y is the mean of N values
comprising the other set and Sp is the pooled standard deviation, which is given by

Equation 4-3

Where :
xi and yi : are the individual values in each set
x and y : are the means of each of k sets of analysis
z: is the total number of measurements and is equal (N+M) where M=N, t is calculated using the
following equation:
Equation 4-4

The t-test (Christian, 1994 ) has been applied to investigate the agreement between mean values
obtained for determination of atomoxtine using PVC , coated wire and chemically modified carbon
paste electrodes. Also, it has been applied to investigate the agreement between the mean values
obtained using the official methods. From Tables (4.8 − 4.10) it is clear the present data are in
agreement with that obtained using the official methods
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CONCLUSIONS
The present work offers several ion-selective electrodes of chemically modified carbon paste, PVC
membrane and coated wire types for the determination of two atomoxtine drug . The electrodes
depend mainly on the incorporation of the ion-associates of the above mentioned drugs with
silicotungstate, silicomolybdate, phosphotungstate, phosphmolybdate and tetraphenylborate in the
electrode matrix. The electrodes are characterized by wide usable concentration ranges and slopes
always very close to the theoretical value and the response time was less than 15 seconds. The
electrodes have been also used for the determination of their respective drugs in pharmaceutical
preparations and in biological samples spiked with known amounts of the drugs. The results obtained
from the applications of the electrodes were compared to those of the official for assaying the drug
under investigation. The F- and t- tests were applied to compare the precision (coefficient of variation)
and mean values obtained, respectively and obtained values were much smaller than the tabulated
ones. From this study, it can be concluded that:
1-

Heteropoly

acid

anions

(silicotungstate,

silicomolybdate,

phosphotungstate

and

phosphomolybdate) in addition sodium tetraphenylborate are promising candidates for formations of
highly insoluble ion-associates with many organic cations, which can be used as ion-exchanger in
PVC matrix or carbon paste selective for these organic cations.
2- Several plasticizers of different polarities were studied as solvent mediators for CMCPEs ,PVCE
and CWE electrodes. DBP, TEPh, DOP, DOA and DOS as solvents provide more appropriate
conditions for incorporation of the drug cations to exchange with the soft ion-exchangers. Therefore,
these solvent were used as the suitable plasticizer throughout the study.
3- The detection limits and the dynamic concentration ranges for coated wire electrodes are
influenced by the nature of the conductive bed.
4- Chemically modified carbon paste electrodes possess many advantages namely, ease of
preparation, ease of regeneration and very stable response.
5- The nature and amount of modifier and solvent mediator (plasticizer) are significantly influence
the sensitivity and selectivity of modified carbon paste electrodes.
6- From the performance characteristics of the studied electrodes, it can be concluded that most of
these electrodes have similar characteristics, namely the linear concentration range, working pH
range, response time …etc. Comparing the detection limits of these electrodes, it is evident that the
modified carbon paste electrodes with use TiO2 NPs for atomoxtine showed the lowest detection
limits and high stability ..
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