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Abstract
This work has been carried out to present and characterize a new coated
wire encoded sensor 1 ((TZ- CTA/DOP)/silver) and chemically modified
carbon

paste

electrodes

encoded

sensors

2&3

((TZ-

CTAB/DOP)/CMCPE&(TZ-CTAB/TEPH)/CMCPE) for determination of
tartrazine dye Na3TZ in real samples. The electrodes are based on
Tartrazine-Cetryltrimethyl ammoniumbromide (TZ-CTA) as a chemical
modifier. The performance characteristics of these electrodes were fully
characterized in terms of composition, concentration range, response
time, pH range and temperature according to IUPAC recommendations.
The proposed sensors exhibit the following characteristics listed
respectively; a Nernstian slope of 17.9±0.5 ((TZ-CTAB/DOP)/SILVER),
19.4±0.5

((TZ-CTAB/DOP)/CMCPE)

and

16.5±0.5

((TZ-

CTAB/TEPH)/CMCPE) mV/decade for tartrazine ion over a wide
concentration range from 4.3x10-7 -1.0x10-2, 1.0x10-7 -1.0 x10-2 and
4.3x10-7-1.0x10-2. The detection limits were 4.3x10-7, 4.3 x10-7 and
4.3x10-7, short response time (5-8s) over the pH range 3.8-7.7, 4.2-8.1
and 4.2-7.7, for (TZ-CTAB/DOP)/SILVER, (TZ-CTAB/DOP)/CMCPE
and (TZ-CTAB/TEPH)/CMCPE sensors, respectively. The developed
electrodes were applied to the potentiometric determination of tartrazine
ion in its aqueous solution and in different kinds of foodstuffs: Solid jelly
V

(strawberry and custard powder) samples and soft drink (orange) samples
with average recoveries of 97.5-102.5% and relative standard deviations
of 0.3-2.3% for all electrodes.
The electrochemical degradation of Tartrazine (E102 dye) at lead
dioxide-doped carbon C/PbO2 anode was studied varying the parameters
such as CL- concentration, temperature, initial E102 dye concentration,
pH of aqueous medium and applied current density. The results obtained
were explained in terms of in-situ concomitant generation of hydroxyl
radicals and hypochlorite species. After 10 minutes, nearly complete
degradation of E102 dye was achieved (95.1 %) using C/PbO 2 anodes.
The optimum time for COD removal (100 %) was 300 minutes under
similar experimental conditions. Kinetic study indicated that the
degradation of E102 dye at C/PbO2 anode followed pseudo-first-order
reactions, with reaction rate constant, Ks= 0.134 s-1. The results were
obtained by UV-Vis spectrophotometer and the presently designed
electrode was
coincident.
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CHAPTER ONE
INTRODUCTION

1

1. Introduction to Ion-Selective Electrode
1.1. Chemical Sensor
According to the International Union of Pure and Applied Chemistry (IUPAC), a chemical
sensor is “a device that transforms chemical information, ranging from the concentration of a
specific sample component to total composition analysis, into a useful analytical signal" [1].
This definition emphasises two important aspects in chemical sensing i.e. molecular
recognition and signal transduction. Chemical sensors can be divided into different classes
depending on different transducing processes namely optical sensors, electrochemical sensors,
electrical sensors, mass sensitive sensors, magnetic sensors, thermometric sensors and other
sensors which include the determination of chemical composition [1].
However, electrochemical sensors are by far the most established sensor. Electrochemical
sensor involves measuring potential (potentiometric sensors) or current (amperometric
sensors). The former sensor class includes the well-established ion-selective electrodes (ISEs).
This field has rapidly grown in just a few decades due to relatively low cost, portability and
fast read-out signal. 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 [2-6].

1.2. Classification of Ion-Selective Electrodes
Ion-selective electrodes (ISEs) can be classified into two categories: Primary ISEs and
Sensitized ISEs as suggested by (IUPAC) [7]:

1.2. 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) [8].
2

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 [8].
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 famous glass electrode determines H activity
or pH. The membrane is composed of a silicate glass. Glass electrodes can also be
constructed that are sensitive to other cations such as Na+, K+, Li+, and NH4+[8].
2. Electrodes with a mobile carrier: The membrane of these electrodes consists of an
organic liquid immiscible with water in which an electroactive material, capable of
exchange with ions for which the electrode is selective, has been dissolved. Usually
the electroactive materials are an uncharged species, or ion-pairs with the cation or
anion having a long hydrocarbon chain. These electrodes exhibit a response due to the
presence of the ion-exchange material in the membrane [8,9].

1.2. 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[8].
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.
3

Alternatively, the sensor could be covered with a layer of substrate, which reacts with the
enzyme, co-factor or inhibitor to be assayed [8].

1.3. Sensing Components in Ion-Selective Membrane
ISE comprises of four basic components, in which the nature and the amount of each
component have a great effect on the nature and characteristics of the chemical sensors. The
four basic ISE components are:
1. The polymeric matrix or carbon (graphite) powder.
2. The ionophore (membrane–active recognition).
3. The membrane solvent (plasticizer).
4. Ionic additives.
The membrane of the electrode is made of an electrically conducting material where a
potential is developed that depends on the activity of the analyte [10].

1.3.1. 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 readily than other components). Several kinds of ion
selective membranes have been developed including solid state membranes, glass membranes
[10], liquid ion exchanger membranes and neutral carrier polymeric membrane [11].

1.3.1.1. 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 [12]. Regarding the first polymeric ISE membranes,
their manufacture involved valinomycin as the neutral ion carrier in silicon rubber or PVC
without the addition of lipophilic ionic sites [12].
Silicon rubber [13], some methacrylates [14], polyurethanes [15, 16] and poly vinyl chloride
have been demonstrated as polymer matrixes. Usually, PVCwith or without plasticizers was
historically used as matrix [17, 18]. Nevertheless, several disadvantages have been reported
4

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 [19, 20]. In addition, PVC membranes readily up-take water generating a thin water layer 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
decylmethacrylate (DMA) have emerged [21-24].

1.3.1.2. Carbon (graphite) powder
Electrodes based on carbon material are commonly used in electroanalysis. Suitable
carbonaceous materials should obey the following criteria [25, 26]:


chemical inertness



high chemical purity



rich surface chemically



particle size in micrometers



uniform distribution of the particles



low cost



suitability for various sensing and detection applications

1.3. 1.3. The Ionophore (membrane–active recognition)
The ionophore or the ion carrier (ligand agents) is the most vital component in a polymeric
membrane sensor in terms of selectivity. The primary ion must be bound to the ionophore
more strongly than other interfering ions. In order to keep the membrane composition
constant, the ionophore must be retained within the membrane. Therefore, aside from the
binding centre it must contain numerous lipophilic groups to respond towards the ions and
lower the leaching out rate [27]. 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 [28].
5

1.3. 1.4. The membrane solvent (plasticizer, binder or solvent mediator)
Plasticizers are additives that increase the plasticity or fluidity of the material to which they
are added.
Solvent polymeric membranes are used in ion sensors to: [29-31]


increase diffusion mobility of the ion pair inside the membrane



allowing homogeneous dissolution



change the polarity of the membrane phase and improves the workability



reduce the strength of the membrane but increase the ductility



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

The membrane solvent must be physically compatible with the polymer, that is, display
plasticizer properties such as: [32].


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



high viscosity and low volatility



low vapour pressure



low tendency for exudation from the polymeric matrix



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



immiscibility with organic solvents



dielectric constant should be adequate



high molecular weight to separate the polymeric chains

The names/abbreviations of the most common plasticizers employed in the ISE fabrication are
as follows: benzyl acetate (BA) [33], bis-(1-butylpentyl) adipate (BBPA) [34], bis (26

ethylhexyl) adipate (DOA) [35], bis(2-ethylhexyl) phthalate (dioctyl phthalate, DOP) [36],
bis(2-ethylhexyl) sebacate (BEHS) [37], bis(n-octyl)sebacate (DOS) [38], bibenzyl ether
(DBE) [39], dibutyl phthalates (DBP) [40], dibutylsebacate (DBS) [38], didecyl phthalate
(DDP) [41], 2-nitrophenyl phenyl ether (o-NPPE) [42], o-nitrophenyloctyl ether (o-NPOE)
[43, 44] and tri-n-butyl phosphate (TBP) [45].

1.3. 1.5. Ionic additives (lipophilic ionic sites)
The prerequisite for obtaining a theoretical response with ISE membranes is their permselectivity, which means that no significant amount of counter ions may enter the membrane
phase. Lipophilic ionic additive is a salt of non-exchangeable lipophilic anion/cation and an
exchangeable counter ion. Their main function is to render the ion selective membrane permselective, 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 [12].
The most important salts used as lipophilic additives are potassium tetrakis(p-chlorophenyl)
borate (KTPClPB) [46, 47], sodium tetrakis-[3,5-bis(1,1,1,3,3,3-hexafluoro-2-methoxy-2propyl)phenyl] borate (NaHFPB) [48], sodium tetraphenyl borate (NaTPB) [49], tetrakis(4fluorophenyl)borate (cesibor) [50], tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (TFPB) [42]
as

anionic

additive

while

hexadecylpyridinium

bromide

(HDPB)

[51],

hexadecyltrimethylammonium bromide (HTAB) [52], trioctylmethylammonium chloride
(TOMACl) [53] as cationic additive.

1.4. 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 [54, 55]:

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
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rapidly and easily (e.g. simply dipping in lakes or rivers, dangling from a bridge or
dragging behind a boat).


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



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



They are unaffected by sample colour or turbidity.



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



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



They are particularly useful in biological/medical applications because they measure
the activity of the ion directly, rather than the concentration. Electrodes are
particularly suitable as they monitor ion activity which is considered to be more
biologically significant than concentration; for example, analysis of fluoride in skeletal
structures, investigation of fluoride in dental studies and sweat chloride measurement
as a screening test for cystic fibrosis [56].

1.5. Potentiometric Measurements Using Ion-selective Electrodes
Potentiometric measurements are made using a potentiometer to determine the difference in
potential between a working electrode and a reference electrode (EMF measurement). In
potentiometric measurements, two electrodes need to be used as the potential of an individual
half-cell cannot be determined. The two electrodes are:


an ion-selective electrode with membrane.



an external reference electrode
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Figure 1.1. Schematic diagram of an ISE-based potentiometric cell.

Ion-selective electrodes (ISEs) are electrodes that respond selectively to the activity (not
concentration) of a particular ion sensed by the selective membrane. The conventional ISE
consists of a Teflon tube filled with inner filling solution. The electrical contact is made via
internal reference electrode (usually Ag/AgCl). The external reference electrode should be
stable and has a fixed potential such as a Ag/AgCl or saturated calomel electrode. The
electrochemical cell of the ISE measurement can be represented as [56]:
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The potential of a membrane is generated when both electrodes are in contact with the sample
solution. The primary ion is transferred from the sample solution to the membrane phase and a
potential difference is generated by selective ion exchange at both interfaces. The
measurement is made at zero current condition. In this condition, the transfer of primary ion
from the solution to the membrane is equal to the transfer of ions from the membrane to the
solution. The measured voltage is a difference of potentials and not possible to measure the
absolute potentials. The total potential difference measured between the two terminals of the
cell is composed of several local potential differences in the potentiometric cell.
EMF  ( E1  E2  E3  E4 )  E j  EM

Ecell  Ec  Ea  E j

where E

electromotive force (emf); Eo

reference potential, including the potential

contributions from E1 to E4; EJ liquid junction potential; EM membrane potential.
In an ideal condition, potentials of E1 through E4 are constant. Therefore, the electromotive
force (EMF) across the galvanic cell can be expressed as: [57]
EMF  Econstan t  E j  EM

EM is the membrane potential which includes the phase boundary potentials (EPB) at both
aqueous sample | membrane interfaces and the diffusion potential within the membrane (ED).
EJ is the liquid junction potential created at the porous frit, practically used instead of the salt
bridge (||) for which EJ = 0 [58]. It is important to note that this liquid junction potential that
prohibits the true assessment of single ion activities with ion selective electrodes [59]. EJ
originates from a separation of charge created on the interface due to the different mobilities
of ions migrating at different rates. For ions of similar mobility EJ can be very small and it can
be neglected. For an ISE, the ED is zero if no ion concentration gradients occur. Then, the
EMF is only dependent on the variation of the phase boundary potential at sample solution |
membrane interface (EPB):
EMF  Econstan t  EPB

1.6. Coated Wire and Carbon Paste Electrode
In conventional polymeric membrane ISEs, the sensing membrane is interposed between two
aqueous phases, the sample and the inner solution [56]. With this construction, ISEs suffer
from potential drifts and erratic emf changes. These instabilities have been mainly attributed
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to back diffusion of target ions from reference solution into the membrane and to leaching of
ions from membrane into the sample solution [57].
Reducing ion fluxes in the membrane [58-60] and minimize the size of the conventional ISEs
by removal the internal reference solution [61, 62] were proposed to improve of the
composition of the inner solution. Therefore, ISEs membrane with a solid contact (coated
wire) rather than a traditional liquid inner contact are anticipated to give lower detection limits
because of diminished ion fluxes [63].

1.6. 1. Coated wire electrode (CWE)
The first CW-ISEs, with the advantage of eliminating the inner reference solution, in addition
to its fast response time were published by Cattral and Freiser [64]. CW-ISEs comprise a film
of PVC or other suitable polymeric matrix substrate containing a dissolved electroactive
species, coated on a conducting substrate [64]. Most of the CWEs prepared have utilized solid
metals such as platinum, silver 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 [65-68].Therefore, they
have been used as detectors in liquid chromatography [69], capillary electrophoresis [69] or
flow injection analyses [70].
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 [71]. Several authors assumed that an oxygen half-cell is formed at the
inner electrode since the membrane is permeable to both O2 and water [72]. 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 solidcontact ISEs [73]. Their lipophilicity hinders formation of an aqueous layer between the
membrane and the metal [74].

1.6. 2. Carbon paste electrode (CPE)
Potentiometric CPEs offer very attractive properties for the electrochemical investigation over
polymeric membrane and coated wire electrodes. CPEs are mixtures prepared from graphite
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powder and various water-immiscible organic liquids of non electrolytic character. This kind
of CPEs is classified as unmodified carbon electrodes [75]. The first chemically modified
carbon paste electrode (CMCPE) was constructed by Kuwana [76] who introduced an
electrochemically active surface into paste [77]. From the viewpoint of equilibrium
potentiometry, the composition of carbon paste enables the classification of CPEs as ionselective liquid membrane type electrodes [78].
One of the important characteristics of using CMCPEs is that they are easy to use and
preparation, renewal of surface, chemical inertness, robustness and stability of response [79,
80].

1.7. 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:

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

1.7. 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 [81]:
E = E˚ +

) Ln ai

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).
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This equation contains the term activity which is a measure for the reaction behaviour of the
ion. This term is largely determined by the Concentration, but it is not the same. In solutions
where only free ions are present, the following relationship exists between the ion activity ax
and the concentration (X).

ax = fx(X)
The activity coefficient γx, which is a measure for the non-ideal behaviour of the solution, can
be estimated from the following called Debye-Hückel equation [81]:

 log(  x ) 





0.51Z x2 
1  3.3 x 



1
AZ A2  BZ B2  ...
2

Where Z is the charge number of the ion, and A, B are temperature-dependent constant at all
temperatures and for compositions of the solution.

1.7. 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:
Performance

Physical

Linear Range
Limit of detection
Response time
Selectivity
Sensitivity
Reproducibility
Stability
Drift

Lifetime
Size
Durability
Biocompatibility
Cost
----------

Each of these criteria will be discussed, with the focus on potentiometric sensors.
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1.7. 2.1. Performance characteristics
To reduce confusion in the area of ISE research, IUPAC put forward a set of
recommendations for the nomenclature of ISEs in 1994 [7]. Most of the performance
characteristics were defined.

1.7. 2.1.1. Linear range
It is defined as that part of the calibration curve through which a linear regression would
demonstrate that the data points do not deviate from linearity by more than 2 mV. For many
electrodes this range can extend from 1 M down to 10-6 M or 10-8 M [82].

1.7. 2.1.2. Limit of detection
In practice, the values of the detection limit for most ISEs are in the order of 10 −7-10−10 M.
Therefore, the detection limit is defined as lowest concentration of analyte that can be
discriminated by the cross-section of the two extrapolated linear parts (two straight lines) of
the ion-selective calibration curve, according to the IUPAC recommendation [7].

1.7. 2.1.3. Response time
It is well known that the response time of the modified electrode is one of the most important
factors in its evaluation and is defined as the time between the addition of analyte to the
solution and the time when a limiting potential has been reached [7].

1.7. 2.1.4. Selectivity
The selectivity of a sensor is a measure of the ability of the sensor to accurately determine the
concentration of the analyte in the presence of interfering ions which can also affect the
measured potential. The selectivity of a sensor should be determined for all possible
interferents. This requires knowledge of the composition of the test solution.
Potentiometric selectivity coefficients can be measured with different methods that fall into
three main groups, [83] namely:
 The Separate Solution Method (SSM).
 The Mixed Solution Method (MSM). a. Fixed Interference Method (FIM). b. Fixed
Primary Method (FPM).
 The matched potential method (MPM).
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1.7. 2.1.5. 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 [82].

1.7. 2.1.6. Hysteresis and reproducibility
Hysteresis or electrode memory occurs when there is a difference between the emf first
observed in a solution containing a concentration of A and a second observation of the emf in
the same solution after exposing the electrode to a different concentration of A.
The standard deviation of emf data collected in a series of emf measurements in solutions of
different concentrations of A (after removal and washing and/or wiping of the electrodes) is
called reproducibility. If the electrode does have a distinct hysteresis, the reproducibility will
be poor. Successive emf measurements in solution A, provides a measure of drift and standard
deviation of the electrode, not a measure of hysteresis [82].

1.7. 2.1.7. Stability
The evaluation of the potentiometric signal along short and long time periods is one of the
most important parameters to characterize ISEs. Usually, the stability is expressed as a drift in
μV.h-1 or mV.h-1 units [84].

1.7. 2.1.8. Drift
For ISEs drift can be due to a variety of physical or chemical parameters such as temperature
fluctuations, leaching of electroactive 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 some times be accommodated by either
frequent recalibration or some type of drift correction in the signal processing stage [7].

1.7. 2.2. 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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1.7. 2.2.1. 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 [82].

1.7. 2.2.2. 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 [82].

1.7. 2.2.3. 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 [82].

1.7. 2.2.4. 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 [82].

1.7. 2.2.5. Cost
Cost is primarily determined by the manufacturing method, the expense decreasing with the
use of automation. For sensors using raw or biological materials, the small volumes required
for microsensors reduces the cost compared to conventional sensors [84].
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1.8. 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).

1.8. 1. Direct potentiometric method
It is compulsory for electrochemical sensor to be calibrated before use. The preparation of
solution is very important in terms of concentration, ionic strength, and pH. It is better to
adjust the ionic strength and the pH of the samples in which the analyte will be determined to
the same values in the solutions used for calibration. These solutions must be buffered and
their ionic strength kept constant by addition of a strong electrolyte [85].

1.8. 2. Standard addition method
The standard additions method (often referred to as spiking the sample) is used to determine
the concentration of an analyte that is in a complex matrix such as biological fluids, soil
samples, etc. The reason for using this method is that the matrix may contain other
components that interfere with analyte signal causing in accuracy in the determined
concentration. The idea is to add standard concentration of analyte to the sample and monitor
the change in instrument response from the sample to the spiked samples and it is assumed to
be due only to the change in analyte concentration [85].

1.8. 3. Potentiometric titration
In titration there is no need for calibration of electrode before use. The electrochemical cell
contains only the sample that has to be titrated. Step by step addition of the reagent is used
and the potential is recorded versus the volume of the reagent added. To express the
concentration of the analyte can be given as:

CR Ve = CA VA
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
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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 [85].

1.9. Advanced Oxidation Processes (AOPs)
Advanced oxidation processes (AOPs) which involve in situ generation of highly potent
chemical oxidants, such as the hydroxyl radical (•OH), have emerged as an important class of
technologies for accelerating the oxidation (and hence contaminant removal) of a wide range
of organic contaminants in polluted water and air [86]. These techniques were used in
effluents with organic material in high concentration.
The advanced oxidation methods use oxidation agents, like, ozone, with its high redox
potential E0 = 2.07 V and its electrophilic properties, for disinfection and oxidation of organic
and inorganic compounds [87]. In general, the methods of advanced oxidation [88] include
application of the following agents: ozone [89, 90], hydrogen peroxide, UV radiation [91],
ozone and UV radiation together [92], hydrogen peroxide and UV radiation [93], Fenton
reagent [94] and hydrogen peroxide, and photocatalysis on titanium dioxide. All the methods
listed above were used in the investigation of the oxidation, and some of them were applied in
the treatment of various kinds of wastewater [95].
Although the removal and eventual mineralization of organic contaminants through advanced
oxidation processes can be complex, and involves a number of elementary chemical steps, the
overall kinetics or removal rate of a specific component, can often be described
phenomenologically by simple rate expressions that are either zero-order or first order in the
organic contaminant [86]. Over the last decades, the increasing industry demand for dyes has
shown a high pollutant potential, specially the use of azo dyes [96], for example, tartrazine
[97], amaranth [98] and other.
Decoloration is one of the basic indicators that describe the quality of water [99]. Although
this is economically good, the high competitivity of the sector makes the factories to improve
their products making them more attractive. Meanwhile they usually use synthetic dyes to
achieve their goals [100-102] because the color of the food influences the consumer's likes
[103, 104]. These synthetic food dyes are most widely composed by aromatic rings and
chromophore groups (e.g. azo, anthraquinone) [105, 106], and present high stability and
xenobiotic characteristics, hence they are not easily degraded by conventional biological
treatment processes [96, 107, 108].
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For environment, the minimization of waste represents the ultimate solution to pollution
problems that threaten ecosystems at global and regional levels [108]. Photolysis (UV
irradiation) is an alternative method for the degradation of azo dyes [109, 110]. Photo
degradation of amaranth has been reported in the literature [97-99]. The degradation has been
investigated using UV radiation in the presence of TiO2. The results showed an efficient
degradation through photo catalytic treatment.

1.10. Dyes Degradation by Electrochemical Oxidation Processes
The effectiveness of Advanced Oxidation Process (AOP) for degradation of reactive red 120
dye in aqueous solutions was tested. Ten different concentrations of the reactive red 120 dye
were ex-posed to UV alone and a combination of UV with two different concentrations (10
ml/L and 20 ml/L) of H2O2 for 10 different retention times at the pH of textile effluent (pH =
10-11). The effect of acidifying the dye solution on the removal efficiency was also
investigated.
The COD removal efficiency was determined for the most efficient treatment. The dye
degradation efficiency obtained after 60 min exposure to UV alone was 27.01% for 50 mg/L
dye concentration and 0.33% for 500 mg/L dye concentration. The degradation efficiency
obtained after exposure to UV/10 ml/L H2O2 was 99.83% after 25.4 min for the 50 mg/L dye
concentration and 99.70% after 60 min for the 500 mg/L dye concentration. Exposure to UV/
20 ml/L H2O2 resulted in a degradation efficiency of 99.96% after 20 min for the 50 mg/L dye
concentration and 99.95% after 60 min for the 500 mg/L dye concentration. Increasing the
H2O2 from 10 ml/L to 20 ml/L (UV/20 ml/L H2O2) improved the oxidation efficiency and
reduced the treatment time.
The Chemical Oxygen Demand (COD) analysis performed on the effluent obtained from the
UV/20 ml/L H2O2 treatment showed a COD removal efficiency of 99.96% (from 704 mg/L to
416 mg/L) after 20 min for the 50 mg/L dye concentration and 99.95% (from 1184 mg/L to
256 mg/L) after 60 min for the 500 mg/L dye concentrations. However the final COD
concentrations were higher than the COD discharge limit of 80 mg/L. The COD discharge
limit of 80 mg/L could be achieved with UV/ 20 ml/L H2O2 treatment by increasing the
exposure time (longer than 60 min).
The pH of the treated effluent is within the accepted discharge limit of 6-9. Treatment of the
dye effluent under acidic condition was slightly faster but the time reduction does not justify
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the cost of chemicals addition to adjust the pH to 3 before treatment and then to 7 and the
further treatment to remove these chemicals before disposal [111].
Several variables that influence the efficiency of color removal from a solution containing an
azo dye (C.I. Reactive Black 5, abbreviated here as RB5) was investigated by the combination
of ozonation and electrocoagulation at iron electrodes. Several working parameters, such as
initial pH, initial dye concentration, current density, salt (K2SO4) concentration, temperature,
ozone flow rate and distance between the electrodes, were studied in an attempt to achieve
higher color removal efficiency.
The experimental results reveal that the color of RB5 in the aqueous phase was removed
effectively. Under the conditions of an initial dye concentration of 100 mg/L, initial pH of 5.5,
current density of 10 mA/cm2, salt concentration of 5000 mg/L, temperature of 20 °C, ozone
flow rate of 20 mL/min (ozone dose 0.20 g/h), and inter electrode distance of 1 cm, the colorremoval efficiency reached 94%, corresponding to a reduction in COD of more than 60%. The
energy consumption of the technique was approximately 33 kWh/kg of COD removal [112].
A 5000 g/m3 CI Reactive Blue 19 dye solution was treated using electrochemical peroxidation
(ECP) process. This method involves the utilization of Fenton’s reaction chemistry through
the addition of hydrogen peroxide into the solution and the use of an iron anode as source of
Fe(II) catalyst. The degradation of the dye was evaluated using a 23 full factorial design
augmented with four center points. The factors and levels of the experimental design were as
follows: initial pH (2.2, 2.5, 2.8), initial H2O2 dosage (332 mol/m3, 377 mol/m3, 422 mol/m3),
and current density (164 A/m2, 205 A/m2, 246 A/m2). Results of the study showed that initial
pH-current density interaction significantly influenced the percent COD removal. Moreover,
after 60 minutes of treatment, the percent absorbance reduction reached up to 99.98% and the
percent COD removal reached up to 82.83%.

1.11. Aim of the work
E102 dye is a colorant which is an anionic azo dye whose presence in thousands of foods and
drugs has been reported as a possible cause of asthma, urticaria, and angioedema. It also has
phototoxic potentials. As a justification for the the determination of tartrazine in food samples
and industrial products is vital for quality control of industrial sector products, which assist
human being to avoid some health problems mentioned previously.
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•

Prepare and characterize three chemically modified carbon paste and coated wire
electrodes to be used in analysis of E102 dye in real samples. Aims can be
summarized as:
1- Preparation of lipophilic ion-pair (TZ-CTA)
2- To use this ion-pair as active ingredient in preparation of TZ selective electrode
3- To study the performance characteristics of the electrodes.
4- To use the electrodes for determination of TZ in foodstuff

As well, the electrochemical degradation of E102 dye from aqueous solutions under several
operating conditions using C/PbO2 electrode
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CHAPTER TWO
LITERATURE REVIEW
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2.1. Analytical Methods for Tartrazine
Tartrazine (E102), C16H12N4O9S2,

trisodium;(4E)-5-oxo-1-(4-sulfonatophenyl)-4-[(4-

sulfonatophenyl)hydrazinylidene]pyrazole-3-carboxylate as shown in (Figure 2.1). Tartrazine
is synthetic organic food dyes that can be found in common food products such as beverages,
candies, dairy products and bakery products. Tartrazine is known to provoke asthma attacks
and urticaria in children also linked to thyroid tumours, chromosomal damage, urticaria and
hyperactivity [113], recent studies show that tartrazine has significant adverse effects on
neurobehavioral parameters [113].

Fig. 2.1. Chemical Structure of Tartrazine.

Several analytical procedures have been used in the determination of tartrazine, especially
chromatography, spectrophotometry and electrochemistry. In spite of the high sensitivity of
these methods. However, most of these methods comprise sample manipulations, extraction
operations and derivatization reactions that are liable to various interferences as well as being
some are not applicable to colored and turbid solutions. These methods are relatively
expensive for they require large infrastructure backup and qualified personnel.

2.2. Reported Methods for Determination of Tartrazine
Dinc et. al. [114] suggested methods based on double divisor-ratio spectra derivative, inverse
least-squares (ILS) and principal component regression (PCR). These methods were subjected
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to the quantitative analysis of soft drink powders containing sunset yellow, tartrazine and
allura red in the presence of spectral interferences and gave satisfactory results.
Nia et. al. [115] described a simple and sensitive kinetic spectrophotometric method for the
simultaneous determination of Amaranth, Ponceau 4R, Sunset Yellow, Tartrazine and
Brilliant Blue in mixtures with the aid of chemometrics. The results indicate that the proposed
method is satisfactory for the simultaneous determination of the five amaranth, ponceau4R,
sunset yellow, tartrazine and brilliant blue dyes in food products.
Alba et. al. [116] developed a simple extraction–spectrophotometric method for the
determination of tartrazine (TZ) and Sunset Yellow (SY) in mixtures, based on the extraction
of the ion pairs formed between the dyes and trioctylmethylammoniumchloride (Adogen-464)
into toluene.
Sahraei et. al. [117] described a method based on the catalytic effect of silver nanoparticle
(AgNPs) on the oxidation reaction of tartrazine by potassium iodate in the acetate buffer
medium. The method was successfully applied to the determination of tartrazine in lemon, and
papaya-flavoured gelatin, candy, and in fruit syrup.
Alves et. al. [118] developed a relatively fast method to the determination of selected
synthetic food dyes (Sunset Yellow, Tartrazine, Amaranth, Brilliant Blue and Red-40) in three
different kinds of foodstuffs: solid juice powders, solid jelly powders and soft drinks based on
High performance liquid chromatography with UV-DAD detection.
Zatar et. al. [119] suggested analytical method for the simultaneous determination of seven
food colorants in single run by liquid chromatography-diode array.
Hurst et. al. [120] developed a method based on a High Performance Liquid Chromatography
(HPLC) for characterization and quantitation of tartrazine (FD&C Yellow 5) in a variety of
food products. Recovery studies of 93–97% indicate method accuracy from three food
matrices.
Jurcovan et. al. [121] suggested a method based on a high performance liquid chromatography
(HPLC) system consisting of ultraviolet – visible (UV – VIS) detector for the separation and
determination of Sunset Yellow and Tartrazine in soft drinks. (E 102; E 110).The amount of
the sample required for the analysis is very small, with a limited sample pre-treatment.
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Ramakrishnan et. al. [122] developed a method based on a high performance liquid
chromatography

for separation and determination of synthetic food colorant tartrazine

(E102).
Ghoreishi et. al. [123] was fabricated a carbon-paste electrode (CPE) that is chemically
modified with gold nanoparticles (nAu) for the determination of Sunset yellow (SY) and
Tartrazine (TZ).
Zhang et. al. [113] was developed electrochemical method for the simultaneous determination
of Sunset Yellow and Tartrazine. The proposed method was successfully used to detect Sunset
Yellow and Tartrazine in soft drinks.
Ghoreishi et. al. [123] developed a method to determined Tartrazine in the presence of Red
10B using cyclic voltammetry (CV), differential pulse voltammetry (DPV), and
chronoamperometry (CHA) in soft drinks with satisfactory results.

2.3. Degradation of Tartrazine (E102) using Different Methods
The efficiency of the photocatalytic degradation of dyes and dyeing industry pollutants on
immobilized photocatalysts can be improved by addition of hydrogen peroxide, due to its
photocatalytic decomposition on TiO2. Experiments were carried out with two azo dyes, Acid
Orange7 (AO7) and Tartrazine (TZ) using a thin-film fixed bed reactor. The effect of
hydrogen peroxide is only significant for concentrations higher than 5x10-3 M [125].
Wastewater from some industries such as textile and paper contain residual dyes, which are
not readily biodegradable. One of them is tartrazine (C.I. Acid Yellow 23, AY23) which is an
anionic azo dye whose presence in thousands of foods and drugs has been reported as a
possible cause of asthma, urticaria, and angioedema [126, 127]. It also has phototoxic
potentials [126].
Tartrazine is a synthetic azo dye used in food colorants industry, cosmetic and textile industry.
There are very few studies in the literature concerning Tartrazine degradation but they did not
lead to a total mineralization. photooxidative degradation of Tartrazine (E102) by
UV/Fe2+/H2O2 was investigated using a laboratory scale photoreactor equipped with a low
pressure mercury lamp [128].
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Al, Fe-pillared clays (PILCs) were applied as heterogeneous catalysts in catalytic wet
peroxide oxidation of tartrazine azo-dye in water. A series of Al, Fe PILCs with different Fe3 +
content were synthesized. The degree of Fe incorporation into PILCs was in accordance with
the amounts of introduced Fe. The influence of Fe content and reaction temperature on the
efficiency of the decolorization of tartrazine solutions was investigated [129].
Two factors, pH and initial [H2O2], were optimized in the ultraviolet (UV)/H2O2/microwave
(MW) process through experimental design and assesses the effect of MWs on the color
removal of an azo-dye (tartrazine) solution that was favored by an acidic pH. The estimated
optimal conditions were: initial [H2O2] = 2.0 mmol L−1 and pH=2.6, at 30±2°C. We obtained
color removals of approximately 92% in 24 min of irradiation (EDL, 244.2 W) [130].
The removal of the dye—tartrazine by photodegradation has been investigated using titanium
dioxide surface as photocatalyst under UV light. The process was carried out at different pH,
catalyst dose, dye concentration and effects of the electron acceptor H2O2. It was found that
under the influence of TiO2 as catalyst, the colored solution of the dye became colorless. The
optimum conditions for the degradation of dye were 6 × 10− 5 M dye concentration, pH of 11,
and 0.18 mg/L of catalyst dose. Chemical Oxygen Demand (COD) measurements were
carried out both before and after the treatment and a significant decrease in the values was
observed, implying good potential of this technique to remove tartrazine dye from aqueous
solutions [131].
Tartrazine decay by UV irradiation and H2O2 photolysis, and the removal of total organic
carbon (TOC) under specific experimental conditions was explored. Irradiation experiments
were carried out using a photoreactor of original design with a low-pressure Hg vapour lamp.
The photodegradation rate of tartrazine was optimised with respect to the H2O2 concentration
and temperature for the constant dye concentration of 1.035 × 10−5 M [132].
Decolourization of tartrazine (C.I. Acid Yellow 23, AY23) in aqueous solutions has been
investigated by coupling electrocoagulation and ZnO photocatalyst methods and also by a
comparison between ZnO, UV, EC, UV/ZnO, UV/EC, and EC/UV/ZnO systems in the
removal of AY23 as a model contaminant. Results indicated that the decolourization
efficiency was in order of EC/UV/ZnO > UV/EC > EC > UV/ZnO > ZnO ≥ UV. Combining
EC with UV/ZnO can trigger the Fenton or Fenton-like reaction, which accelerates the rate of
decolourization. Desired operating conditions for decolourization of 40 mg·dm–3 AY23
26

solution in EC/UV/ZnO process were [ZnO]0 = 650 mg·dm–3, [NaCl] = 800 mg·dm–3, light
intensity = 31/2 W·m–2, current density = 120 A·m–2, electrodes distance = 15 mm, pH = 6.29,
stirring rate = 900 rpm and electrodes of steel 304/Al, which yielded 99.70% colour removal
in 5 min of treatment time [133].
Mg, Pd system was found to efficiently decolourize reactive black 5, sunset yellow FCF and
tartrazine dyes. There is complete loss of visible range absorption peaks and extent of colour
removal exceeded 95% within 24 h of reaction. There is appearance of new peak (s) in the UV
region and/or gradual and significant shift of the λmax in the UV range during 1–24 h of
reaction of dyes with Mg/Pd system [134].

27

CHAPTER THREE
EXPERIMENTAL
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3.1. Reagents and Materials
Tartrazine (E102) dye was obtained from Aldrich. All Reagents used were chemically pure
grade

and

doubly

distilled

water

was

used

throughout.

Cetryltrimethylammoniumbromide(CTAB) and graphite powder were commercially available
(Sigma). Dioctyl phthalate (DOP), dibutylphthalate (DBP), tributyl phosphate (TBP),
dioctylsebacate(DOS) chlorides, tris(2-ethylhexyl) phosphate (TEPh), nitrates, sulphates,
acetate and benzoate salts of all cations were purchased from Aldrich and used as received.
The foodstuffs containing tartrazine was obtained from local market. Tartrazine stock
solutions of 1×10−2 M were prepared by dissolving the appropriate amount of this food dye in
distilled water in 25 ml volumetric flasks. Dye stock solutions were stored in the dark.
Standard solutions of these coloring agents with lower concentration were prepared daily by
diluting the stock solution with distilled water, Sodium chloride, sodium fluoride, sodium
carbonate, sodium sulphate, calcium chloride, potassium chloride, sodium hydroxide,
sulphuric acid, potassium dichromate, silver sulfate were of analytical grade and purchased
from Merck.
Distilled water was used for the preparation of solutions. Standard solutions of potassium
dichromate (K2Cr2O7), sulfuric acid (H2SO4) reagent with silver sulfate (Ag2SO4) and
potassium hydrogen phthalate (KHP) were prepared to measure the COD. Different standard
solutions of E102 with concentration from 10–100 mg L-1 were prepared to measure its
degradation at different conditions. The double-beam UV-Vis spectrophotometer is from
Shimadzu, the DC power supply is model GP4303D, LG Precision CO. Ltd. (Korea), a pH
meter model AC28, TOA electronics Ltd., (Japan) to adjust pH of the solutions and a digital
multi-meter is Kyoritsu model 1008, (Japan) for reading out the current and potential values.
A closed reflux titrimetric unit was used for the COD determination [135].

3.2. Preparation of Ion-Exchanger Complex
An ion-exchanger complex was made by mixing equal quantities of 3.3×10−3 M of TZ ion and
1.0×10−2 M of CTAB according to a previously reported method [136,137]. The product
settled for 5 h and the precipitates formed were filtered off, washed thoroughly with distilled
water, dried at room temperature, ground to fine powders and used as the active substances for
preparing the sensors of TZ, as shown in (Figure 3.1).
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Fig. 3.1: Proposed mechanism for the reaction between Na3TZ and CTAB.

3.3. Preparation of Coated Wire Electrodes (CWEs)
Varying amounts of (0.1-.05%) ion-exchanger, (51-51.7%) PVC and (40.3-40.5) plasticizer
were dissolved in 5 ml THF and the solvent was evaporated at room temperature to obtain
oily concentrated mixture. Silver, copper and graphite of 1 mm diameter and 12 cm in length
were insulated by tight polyethylene tubes leaving polished 2 cm at one end for coating and
1cm at the other end for connection (Figure 3.2). The polished rod surface of each type was
coated with the active membrane by quickly dipping the exposed end into the concentrated
membrane solution, and allowing the film to dry in air for about 1 min. The process was
repeated until a plastic film approximately 1.0 mm thick was formed (about ten times). The
prepared electrodes were preconditioned by soaking for ~30 min in 10 -3 M solution of the
investigated drug. The electrochemical system in this case is: wire/membrane/test
solution//SCE.
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Fig. 3.2. The scheme of coated wire electrode.

3.4. Preparation of Chemically Modified Carbon Paste Electrodes
(CMCPEs)
A Teflon holder (12 cm, length) with a hole at one end (7 mm diameter, 3.5 mm deep) for the
carbon paste filling served as the electrode body (Figure 3.3). Electrical contact was made
with a copper rod through the center of the holder. This rod can move up and down by screw
movement to press the paste down when renewal of the electrode surface is needed. The
modified paste of each electrode was prepared by mixing the appropriate weight(s) of ionexchanger(s) and high purity graphite. The mixture was homogenized, left at room
temperature, and then the impregnated carbon powder was added to a weighed amount of
plasticizer. Very intimate homogenization is then achieved by careful mixing with glass rod in
agate mortar and afterwards rubbed by intensive pressing with a pestle. The ready-prepared
paste is then packed into the hole of the electrode body. The carbon paste was smoothed onto
paper until it had a shiny appearance and was used directly for potentiometric measurements
without preconditioning requirements. The electrochemical system is represented as follows
CMCPE/test solution//SCE.
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Fig. 3.3. A typical carbon paste electrode (cross section).

3.5. Apparatus
The saturated calomel electrode (SCE) was used as reference electrode for potential
measurements and was obtained from Sigma–Aldrich Co. (St Louis, MO, USA).
Potentiometric and pH measurements were made with a Pocket pH/mV metres, pH315i
Wissenschaftlich-TechnischeWerkstatten GmbH (WTW), Weilheim, Germany). The emf
measurements with the CMPE and CAgE 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 || membrane/silver wire.
The performance of the electrodes was investigated by measuring the emfs of TZ solutions in
a concentration range of 10-8 M to10-2 M prepared by serial dilution. Each solution was stirred
and the potential reading was recorded when it became stable, and plotted as a logarithmic
function of TZ ion activities [138].
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3.6. Recommended Procedures
3.6.1. Construction of the calibration curve
Suitable increments of standard dye solutions were added to 50 mL doubly distilled water so
as to cover the concentration range 2.0×10-8 M − 1.0×10-2 M. The sensor and the reference
electrode were immersed in the solution and the emf value was recorded at 25±1 oC, after each
addition and the values were plotted versus the negative logarithmic value of the dye
concentration p(dye).

3.6.2. The repeatability of potential readings of the electrodes
The repeatability of the potential readings for each electrode was examined by subsequent
measurement in 1.0×10-6 M and 1.0×10-5 M of the dye solution.

3.6.3. Effect of temperature
To study the thermal stability of the electrodes, calibration curves were constructed at
different test solution-temperatures covering the range 20-55oC. The slope, usable
concentration range and response time of the electrodes were determined at each temperature.

3.6.4. Effect of pH
The effect of pH on the potential values of the electrode system in solutions of different
concentrations (1.0×10-4 M and 1.0×10-5 M) of the dye was studied. Aliquots of the dye 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 2.0-12.0 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.

3.6.5. Selectivity coefficient
Potentiometric selectivity factors of the electrodes were evaluated by applying the matched
potential method (MPM) and the separate solution method (SSM) [139]. According to the
MPM, the activity of (TZ) was increased from a A =1.0×10−5 (reference solution) to
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a A = 5.0×10−5 M, and the change in potential a A~ (ΔE) corresponding to this increase were

measured. Next, a solution of an interfering ion of concentration a B in the range 1.0×10−1 M
−1.0×10−2 M is added to new 1.0×10−5 M (reference solution) until the same potential change
(ΔE) was recorded. The selectivity factor, K AMPM
, B for each interferent was calculated using the
Equation:

K AMPM

,B

aA~  a A
aB

In the SSM, the potential of a cell comprising a working electrode and a reference electrode is
measured in two separate solutions, one containing the TZ ions, E1, and the other containing
the interferent ions (J ), E2, and S is the slope of the calibration graph. These values were used
to calculate the selectivity coefficient from the following equation:
POt
KTZ

, jZ 

 

E2  E1
 logTZ   log J z 
s

l

z

3.6.6. Direct potentiometric method
In the calibration curve method, different amounts of the dye were added to 50 mL of water
comprising a concentration range from 2.0×10-8 M to 1.0×10-2 M and the measured potential
was recorded using the constructed electrodes. Data were plotted as potential versus logarithm
of the dye activity and the resulting curve was used for subsequent determination of unknown
dye concentration [140].

3.6.7. Standard addition method
Small increments of a standard dye solutions (1.0×10-2 M) were added to 25 mL aliquot
samples of various dye concentrations (5.0×10-6 M and 5.0×10-5 M). The change in mV
reading was recorded for each increment and used to calculate the concentration of the drugs
in sample solution using the following equation:

C x  Cs (

Vs
Vx
) (10 n ( E / S ) 
) 1
V x  Vs
Vs  V x
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Where Cx is the concentration to be determined, Vx is the volume of the original sample
solution, Vs and Cs are the volume and concentration of the standard solution added to the
sample to be analyzed, respectively, E is the change in potential after addition of certain
volume of standard solution, and S is the slope of the calibration curve.

3.6.8. Potentiometric titration
Potentiometric titration of 5 mL of 1.0×10-2 M dye solution were transferred to a 25 mL
beaker, and titrated with a standard solution of CTAB using the prepared dye electrodes as
indicator electrodes. The end points were determined from the S-shaped curve.

3.6.9. Analysis of real samples
Homogenized solid samples commercially available were used in analysis. Samples ranging from
3 to 4 g were precisely weighted. Solid jelly (strawberry and custard) powder samples were
dissolved in hot pure water (45 °C), diluted to 50 mL and filtered through medium pored filter
paper. Soft drink (orange) samples were similarly filtered and directly analyzed [4].

3.7. Preparation of Modified C/PbO2 Electrode
3.7.1. Carbon surface treatment
Pretreatment of carbon rod (8 mm×25 cm) was carried out following the procedure applied by
Narasimham and Udupa [142]. The carbon rod was soaked in 5% NaOH solution, washed
with distilled water, dried in furnace at 105 C, and cooked with linseed oil to reduce the
porosity of rod. After that the electrode is ready to receive doped PbO2.

3.7.2. Electrochemical deposition of PbO2
The electrodeposition of PbO2 was performed at constant anodic current of 20 mA cm-2 in
12% (w/v) Pb(NO3)2 solution containing 5% (w/v) CuSO4.5H2O and 3% surfactant. The role
of the surfactant is to minimize the surface tension of the solution. Electrodeposition was
carried out for 60 min. at 80oC with continuous stirring [141].
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3.8. Electrolysis of E102 Degradation
Galvanostatic electrolyses were carried out at C/PbO2 electrode, with current density ranging
from 5 to 40 mA.cm-2 and electrical potential ranging from 1-12 volts. Runs were performed
at 10 - 50oC. Solutions of 50 mg L-1 of E102 solution were used. The investigations of this
study were carried out in the presence of sodium chloride (0-4 g L-1) and 0.5 g L-1 of different
conductive electrolytes such as; NaCl, CaCl2, KCl, Na2CO3, NaF, and Na2SO4 with pH 2. The
electrolysis duration ranges from 0-60 min. The electrochemical degradation of E102
solutions was carried out in a 100 mL Pyrex glass cell where the prepared electrode C/PbO 2,
work as anode and austenitic stainless steel as cathode. The electrode were connected to a DC
power supply while the current and potential measurements were read out using digital multimeter.

3.9. Analysis
Two main parameters were measured to evaluate the electrochemical treatment efficiency, the
remaining pollutant concentration and the COD. Remaining pollutants (E102) concentration
was measured with the double-beam UV-visible spectrophotometer from Shimadzu at λmax=
427 nm using calibration curve with standard error ±0.5. The COD was determined using a
closed reflux titrimetric method [137].
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CHAPTER FOUR
RESULTS AND DISCUSSION

37

4.1. Ion-Selective Electrode
Design and development of new electrodes to measure various chemical species such as
drugs, surfactants, dyes and heavy metals is a prospering area of research [142-147]. ISEs
continue to be interest for dyes analysis because these sensors offer the advantage of simple
design and operation, reasonable selectivity, fast response, applicability to colored and turbid
solutions and possible interfacing with automated and computerized systems [148].
In this study CWEs and CMCPEs were constructed, characterized and used for determination
tartrazine dye.

4.1.1. Coated wire membrane electrodes
The CWEs have become attractive because of their simple fabrication, high dynamic range,
low detection limit and enhanced possibility of miniaturization. The main advantage of these
electrodes toward other types of ISES arises from the fact that, there is no need for an inner
electrolyte solution. The electrodes, simply; consists of conductive bed coated with a coating
mixture containing an electroactive material [140].
The optimum composition of a coating mixture is that which exhibits a Nernstian slope and a
wide dynamic range of concentration when it is used as an electrode coating. For this purpose
several coating mixtures of varying nature of ion-exchanger and plasticizer were prepared and
used to coat several conductive beds (silver, copper and graphite).

4.1.1.1. Optimizing the composition of the coating mixtures (sensors)
It is well known that the sensitivity, linear dynamic range and selectivity obtained for a given
electrode depend significantly on the composition of the electrode [149-151]. Several
compositions for the studied electrodes were tested along with their other characteristics and the
obtained results are given in (Table 4.1).

4.1.1.1.a. Effect of the ion-exchanger complex
Ion-exchanger complex used in ISEs should have rapid exchange kinetics and adequate formation
constants in the membrane. In addition, they should have good solubility in the membrane matrix
and sufficient lipophilicity to prevent leaching from the membrane into the sample solution [152].
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The ion-exchanger TZ-CATB has high molecular weight (1317 g/mol), low solubility and
negligible leaching from the membrane. Therefore, This ion-exchanger was investigated as
modifier in the present electrodes. However, the limited solubility of the ion-exchanger in THF,
membranes containing 0.1%, 0.3% and 0.5% of the ion-exchanger complex were made and tested.
The slope, concentration range, detection limit and response time of the above electrodes given in
(Table 4.1). The electrode without the modifier (electrode 1) showed poor sensitivity to TZ anion,
whereas, in the presence of the modifier the electrode showed remarkable selectivity for TZ ion.
The results obtained indicate that the best sensitivity and concentration range is obtained for the
(electrode 2) made of 0.1 wt.% of the ion-exchanger as shown in (Table 4.1). However, further
increase of the ion-exchanger amount hampered the results, most probably due to some
inhomogeneities and possible saturation of the membrane [153].

4.1.1.1.b. Plasticizer influences
The plasticizer influences the mobility of the ion-exchanger through extraction of both ions into
the organic phase [154]. In addition, the plasticizer should have a high capacity to dissolve the
substrate and other additives present in the membrane. Since the nature of the plasticizer
influences the dielectric constant of the membrane phase and the mobility of the ionexchanger molecules, it is expected to play a key role in determining the electrode
characteristics.
In exploration for a suitable plasticizer for constructing this electrode we used four
plasticizers, with the values of dielectric constants, lipophilicity and molecular weight
respectively listed in parentheses, namely DOP (εr = 5.1, PTLC = 7.0, M.wt. = 391), DBP (εr =
6.4, PTLC = 4.5, M.wt. = 278), TEPh (εr = 4.8, PTLC = 10.2, M.wt. = 434) and TBP (εr = 4.2,

PTLC = 10.1, M.wt. = 426) in sample electrodes [155-157] to figure out the plasticizer with the
best response. It is quite obvious from (Table 4.1) and Figures (4.1, 4.2), that the use of DOP
results in a Nernstian linear plot over a wide concentration range, whereas for other solvent
mediators, the slopes of the potentiometric response are much different from the expected
Nernstian value of 19.3 mV per decade. DOP with intermediate lipophilicity, dielectric
constant and molecular among the tested plasticizers produced the best result. It is not clear
why this mediator was the best among those used, but one can say that the outcome of these
properties was the most effective on the electrode response.
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The electrode containing 0.1% ion-exchanger complex (TZ-CTAB), 48.3% graphite and
51.6% DOP exhibited the best response characteristics and the lowest detection limit. This
electrode, encoded (TZ-CTAB/DOP)/SILVER, was then used to study the various operation
parameters. The electrochemical performance characteristics of this electrode were
systematically evaluated according to the International Union of Pure and Applied Chemistry
(IUPAC) recommendations [7].
Table 4.1:Optimization of membrane ingredients and their performance characteristics of TZ-electrodes at
25.0±0.1 °C.
No.

Kind of
wires

Composition (%)
I.E

P

Ps

S
(mV/decade)

LOD
(M)

C. R. (M)

R.S.D%

R(S)

Effect of electrode bed
1-

silver

--

51.7

48.3

DOP

7.3±0.2

1.5×10-4

1.0×10-7 – 1.0×10-2

1.78
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2-

Graphite

0.1

51.6

48.3

DOP

12.3±0.2

6.7 ×10-7

1.0×10-7 – 1.0×10-2

1.00

18

3-

* Silver

0.1

51.6

48.3

DOP

19.4±0.1

5.5×10-8

1.0×10-7 – 1.0×10-2

0.95

16

4-

Copper

0.1

51.6

48.3

DOP

11.7±0.9

5.1×10-6

2.7×10-6 – 1.0×10-2

0.62

5

Effect of different composition
5-

0.2

51.5

48.3

DOP

17.4±0.1

2.5×10-7

1.8×10-7 – 1.0×10-2

6-

0.3

51.3

48.4

DOP

17.1±0.3

3.1×10-7

2.1×10-5 – 1.0×10-2

1.01

16

7-

0.4

51.2

48.4

DOP

16.8±0.3

3.2×10-7

2.2×10-5 – 1.0×10-2

0.99

16

8-

0.5

51.0

48.5

DOP

16.3±0.5

3.6×10-7

2.3×10-5 – 1.0×10-2

1.03

15

1.75

11

Effect of different plasticizers
9-

0.1

51.6

48.3

TEPh

14.3±0.1

1.9×10-7

3.1×10-7 – 1.0×10-2

0.32

6

10-

0.1

51.6

48.3

DBP

15.3±0.6

2.1×10-7

1.2×10-7 – 1.0×10-2

0.27

10

0.1

51.6

48.3

TBP

12.8±0.5

5.6×10-7

2.8×10-7 – 1.0×10-2

0.91

17

11-

I.E: Ion-exchanger, P: PVC, Ps: Plasticizer, S: slope (mV/decade), LOD: limit of detection,
C.R.: concentration range (M)., R.S.D: Relative standard deviation., R(s): response time(s).
* selected composition.
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Fig. 4.1: Effect of plasticizers on the potential response of (TZ-CTAB/DOP)/SILVER

Fig. 4.2: Calibration graph and limit of detection of (TZ-CTAB/DOP)/SILVER
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4.1.1.1.c. Effect of electrode bed
It was intended to investigate the effect of the bed nature on the efficiency of CWEs, namely,
silver, copper and graphite. After conditioning, the electrodes of TZ ion were examined in the
concentration range 1.010-7 M − 1.010-2 M of the dye. The resulting calibration plots for
the electrodes are shown in (Table 4.2). It seems that the detection limits and dynamic ranges
for CWEs are influenced by the nature of the bed, and that the detection limit decreases with
increasing chemical affinity of the electroactive ingredient towards the bed matrix, and is also
influenced to some extent by its resistivity (Table 4.2). In most cases the electrodes utilizing
silver gave the best response. This is believed to be due to the low resistivity of silver [158].
Graphite has a layer structure with π-clouds extended over its layers. The high relative
conductivity of the graphite is linked to its structure in line with the structure-function
relationship usually encountered for chemical species.
Table 4.2: Analytical characteristics of TZ CWE prepared by using the optimized membrane
mixtures.
Linear Range

Slope

Detection Limit

Resistivity/µΩ

(M)

mV/decade

(M)

cm-1a

* Silver

1.0×10-7  ــ1.0×10-2

19.4±0.1

5.5×10-8

1.62

Copper

2.7×10-6 ــ1.0×10-2

11.7±0.9

5.1×10-6

1.72

Graphite

1.0×10-7ــ1.0×10-2

12.3±0.2

6.7 ×10-7

1375

Kind of Electrodes
TZ-CTAB/DOP

a: Resistivity values of conductive beds, Reproduced from C. R. C. Handbook of Chemistry and
Physics, 58thed, 1978, CRC Press, West Palm Beach,

4.1.1.2. Effect of temperature
To study the thermal stability of the electrodes, calibration graphs were constructed for the
test solution at different temperatures covering the range 20–55 °C. The slope, response time,
concentration range and the detection limit were obtained from the calibration plot
corresponding to each temperature are given in (Table 4.3).
At 25 °C the potentials was 19.4 ± 0.2 mV/decade and at 55 °C was 18.6 ±0.3 mV/decade for
tartrazine ion over a wide concentration range from 1.1×10-7 M to 1.0×10-2 M. This indicates
42

high thermal stability of the electrodes within the investigated temperature range and shows
insignificant deviation from the theoretical Nernst behaviour.
Table 4.3: Characteristics of TZ-electrode at different temperatures .

T(c)

S mV/decade

C. R. (M)

LOD (M)

R(s)

20

19.35±0.5

10×10-7 – 1.0×10-2

4.8×10-7

5-7

25

19.4±0.2

1.1×10-7 – 1.0×10-2

5.5×10-8

5-7

30

19.1±0.4

1.4×10-7 – 1.0×10-2

1.7×10-7

6-8

35

18.9±0.3

9.4×10-7 – 1.0×10-2

2.3×10-7

5-8

-7

5-8

-7

-2

40

18.7±0.2

8.5×10 – 1.0×10

6.7×10

45

18.6±0.8

8.3×10-7 – 1.0×10-2

5.1×10-7

5-6

50

18.8±0.4

1.3×10-7 – 1.0×10-2

4.3×10-7

6-9

55

18.6±0.3

1.1×10-7 – 1.0×10-2

2.5×10-7

5-8

4.1.1.3. Selectivity of the electrode
An important characteristic of any ion-selective sensor is its response to the primary ion in the
presence of other ions in solution, which is expressed in terms of the potentiometric selectivity
coefficient. The separate solution method (SSM) is recommended by IUPAC to determine the
selectivity coefficient of the ISE [159]. SSM is based on Nickolsky–Eisenman equation.
However, it has been shown that this method suffers some limitations in terms of the values
for ions of unequal charges, a non-Nernstain behavior of interfering ions [160].
Therefore another method named the "matched potential method (MPM)" was recommended
especially when the primary ion and/ or the interfering ion dissatisfy with the Nernst response
or when the involved ions are unequal in charge [161]. The resulting values presented in
(Table 4.4), show that this sensor displays significantly high selectivity for TZ ion over many
common dyes and some carbohydrates, as well as some anions and cations. In foodstuff
analysis, it is important to test the selectivity towards food additives such as lactose, glucose,
sucrose, and starch.
The interference of some of these additives was explored and measured. With the exception of
certain dyes, such as E122, E124 and E110 it is found that they cause a detectable effect on
the function of the electrode as shown in (Table 4.4). This finding is most likely due to
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similarity in the structures of these dyes. Fortunately, some foodstuffs do not include E122,
E124 and E110 in the same product.
Table 4.4: Selectivity coefficient of various interfering ions for TZ CWEs

Interfering ions

SSM

MPM

Na+

2.4×10-4

1.1×10-4

K+

3.5×10-4

8.9×10-5

Zn2+

3.7×10-4

1.7×10-4

Mg2+

6.7×10-5

2.4×10-5

Ca2+

1.4×10-5

9.3×10-6

Cd2+

6.5×10-4

1.8×10-4

Cr3+

4.4×10-4

1.3×10-4

Cl-

2.7×10-4

1.2×10-4

C2O42-

2.8×10-3

8.2×10-4

NO3-

2.3×10-3

3.6×10-4

HSO4-

2.4×10-3

2.5×10-4

SCN-

6.7×10-6

1.9×10-6

SO42-

1.3×10-5

2.2×10-5

Br-

1.4×10-3

8.9×10-4

CO32-

2.3×10-4

1.6×10-4

CH3COO-

3.1×10-6

2.3×10-6

Azorubin S (E122)

3.5×10-1

1.6×10-1

Acid Red 18 (E124(

3.6×10-2

3.1×10-2

Sunset yellow (E110(

2.2×10-1

1.7×10-1

Crystal violet

2.8×10-5

1.5×10-5

Methylene blue

4.1×10-3

3.7×10-3

Brilliant green

5.2×10-3

4.2×10-5

Galactose

—

2.2×10−5

D-Glucose

—

5.4×10-4

Maltose

—

4.7×10-4

Succrose

—

5.6×10-6

Starch

—

7.2×10−5
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4.1.1.4. pH dependence
An important factor affecting the functioning of the ion-selective electrodes is the medium
acidity expressed as pH value. The influence of the pH of the solution on the response of the
proposed electrode was studied for 1.0×10−4 M and 1.0×10−5 M TZ ion in the pH range of
2.0–12.0. The pH was adjusted with 0.1 M solutions of hydrochloric acid or sodium
hydroxide. It can be seen from (Figure 4.3) that the variation in potential is acceptable in the
pH range 4.2–8.1. Nevertheless, at pH values less than 4.2 an increase was observed that is
probably caused by progressive formation and precipitation of the acidic form of tartrazine
and may also be due to leaching of the ion exchangers in acidic media. On the other hand the
potentials decrease gradually in solutions as pH is raised above 8.1, a drop that can be
attributed to OH− effects on the electrodes.

Fig. 4.3: Effect of pH on potential response of (TZ-CTAB/DOP)/SILVER electrode using 1.0×10-4 M
and 1.0×10-5 M TZ solutions.
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4.1.1.5. Response time and reproducibility of the electrode
The response time of the electrode was obtained by measuring the time required to achieve a
steady state potential (within ± 2 mV) after successive immersion of the electrodes in a series
of Na3TZ solutions, each having a 10-fold increase in concentration from 1.0×10-6 M to
1.0×10-2 M. As shown in (Figure4.4). The potential reading stays constant, to within ±1 mV,
for at least 5 min. The repeatability of the potential reading for the present electrode was
examined by subsequent measurement in 1.0×10-5 M Na3TZ solution immediately after
measuring the first set of solutions in 1.0×10-6 M Na3TZ. The electrode potential for six
replicate measurements in 1.0×10-6 M solution of the electrode is 253 mV with a standard
deviation of 1.31. The corresponding value in 1.0×10-5 M solution was 233 mV with standard
deviation of 0.62. This indicates excellent repeatability of the potential response of the
electrodes.

Fig. 4.4: Response time of (TZ-CTAB/DOP)/SILVER electrode for step changes in concentration of
TZ from (1.0×10-6–1.0×10-2 M).

4.1.2. Chemically 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, low ohmic resistance, no need for internal solution and suitability for a variety of
sensing and detection applications [158-163]. Moreover CMCPEs belong to nontoxic and
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environmentally friendly electrodes. In their case, problems with passivation are simply
eliminated by a simple and quick renewal of their surface [164,165].

4.1.2.1. Composition of the electrode
It is well known that the performance characteristics of a given CMCPE based on ionexchangers depend to a large extent on the nature of these ion-exchangers and their
lipophilicities [158] and the type of solvent mediator [162]. Thus, the influences of ionexchanger, nature and amount of solvent mediator, on the potential response of the proposed
sensor were tested.

4.1.2.1.a. Effect of the modifier concentration on electrode potential
For this purpose, electrodes with different percentages of the modifier TZ-CTAB were
prepared namely 0.5%, 1.0%, 2.0%, 3.0% and 5.0% (w/w). The slopes, concentration range,
detection limit and response time of the above electrodes are given in Tables (4.5-4.6).
The modifier free electrode shows poor sensitivity to TZ anions, whereas the sensitivity of the
electrode response increased with increasing modifier content.
The sensors containing 0.5% and 3.0% of the modifier exhibit the best performance.
However, further addition of the modifier displays some-what smaller slopes and sensitivity,
most probably due to some inhomogenieties and possible saturation of the paste. In addition,
the sensitivity and selectivity of the electrode depend on graphite/plasticizer (g/p) ratio [166].

4.1.2.1.b. Effect of the graphite/plasticizer (g/p) ratios
To study the effect of the g/pratio on electrode potential several electrodes composed of
graphite/plasticizer (g/p) ratios of 0.70-1.15 were examined. It is interesting to note that the
ratios 0.90 (sensor 2) and 1.05 (sensor 3)showed the optimum physical properties and ensured
high enough mobilities of their constituents [167]. Pastes with g/p more than 1.15 produced
“crumbly” pastes and those with ratio smaller than 0.70 had a consistency resembling that of
“peanut butter”, i.e., notworkable among the different compositions.

4.1.2.2. Plasticizer influences
The addition of plasticizer improves the sensitivity and stability of the sensor. The plasticizer,
in particular, has a dual function: it acts both as a liquefying agent, enabling the homogenous
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solubilization of the paste modifier and serves to modify the value of the distribution constant
of the modifier used. The proportion of plasticizer used must be optimized in order to
minimize the electrical asymmetry of the paste, to keep the sensor as clean as possible and to
stop leaching to the aqueous phase [154].
It is well established that the polarity and chemical structure of the plasticizer can have a
significant influence on the sensitivity, stability, the selectivity and dynamic response range of
ISEs [155]. In exploration for a suitable plasticizer for constructing this electrode, were used
four plasticizers with different physical parameters [155] namely, DOP. DBP, DOS and TEPh
in electrodes composition to figure out the plasticizer with the best response. The CMCPE
with DOP (sensor 2) and TEPh (sensor 3) as a solvent mediator produced the best response, as
shown in Tables(4.5-4.6) that is likely due to intermediate lipophilicity, dielectric constant
and molecular weights. Apparently these physical parameters are collectively affecting the
electrode response and their specific values matched the best combination among the tested
plasticizers.
Several electrodes with different compositions were studied. Sensors 2 and Sensors 3
exhibited the best response characteristics. Sensor 3 (composed of 0.5% TZ-CTA, 48.5%
TEPh and 51.0% graphite) and Sensor 2 (3.0% TZ-CTA, 50.8% DOP and 46.2% graphite) as
well as the other sensors are compiled in (Table 4.6).Therefore, these compositions were used
to study various operation parameters of the electrodes.
The potentiometric responses of the electrodes 1 and 2 were examined in the concentration
range from 1.0×10-7 M to 1.0×10-2 M TZ(III) solutions. The calibration plots for these
electrodes, represented in Fig. 3, show linearity over the concentration range from 4.3×10 -7 M
to 1.0×10-2 M and 8.3×10-7 M to 1.0×10-2 M and the limits of detection were 3.2×10-7 M and
4.7×10-7 M for sensor 2 and sensor 3 respectively. These electrodes provided the best
response. Noticeably, the response obtained from sensor 3 is slightly better and that is likely
due to the higher lipophilicity and molecular weight that entails an effect in line with the
lower dielectric constant of TEPh.
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Table 4.5: Composition and slope of calibration curves for sensor 2 by using DOP as plasticizer
at 25.0±0.1 °C.
Composition (%)

S

No.

(mV/decade)

C.R (M)

LOD(M)

R(s)

7.3±0.9

5.9×10−5–3.4×10−3

2.3×10-5

38–45

1.

I.E
—

G
47.7

P
52.3

2.

0.1

51.6

48.3

8.3±0.5

6.7×10−6–3.2×10−3

3.2×10-5

38–45

3.

0.2

51.5

48.3

9.2±0.9

7.1×10−6–1.5×10−2

4.1×10-6

38–45

4.

0.5

51.0

48.5

9.7±0.4

1.2×10−6–8.8×10−3

9.3×10−7

15–18

5.

1.0

50.8

48.2

8.2±1.2

1.0×10−6–1.0×10−2

8.8×10−7

15–18

6.

2.0

50.2

47.8

12.7±0.9

1.0×10−6–1.0×10−2

6.8×10−7

13–15

7.

3.0

49.8

47.2

18.1±0.5

8.3×10−7–1.0×10−2

4.7×10−7

5–8

8.

5.0

48.8

46.2

10.3±1.1

4.4×10−6–1.0×10−2

2.1×10−6

15–18

Effect of plasticizer
9.

3.0

49.8

47.2 (DOP)

18.1±0.5

8.3×10−7–1.0×10−2

4.7×10-7

5–8

10.

3.0

49.8

47.2 (DBP)

9.5±0.8

1.2×10−6–1.0×10−2

8.4×10−7

10–12

11.

3.0

49.8

47.2 (TEPh)

16.8±0.4

4.7×10−7–1.0×10−2

3.2×10−7

5–8

12.

3.0

49.8

47.2 (DOS)

10.1±0.7

1.1×10−6–1.0×10−2

9.1×10−7

11–13

13.

3.0

49.8

47.2 (TBP)

13.1±0.9

9.3×10−7–1.0×10−2

8.7×10−7

12–15

14.

Different g/p ratios
0.70
3.0

40.0

57.0 (DOP)

12.5±0.4

1.0×10−6–5.0×10−3

6.3×10−7

5–8

15.

0.90

3.0

46.0

51.0 (DOP)

18.1±0.5

8.3×10−7–1.0×10−2

4.7×10−7

5–8

16.

1.00

3.0

48.5

48.5 (DOP)

13.6±0.9

1.0×10−6–5.0×10−3

7.7×10−7

10–13

17.

1.05

3.0

49.8

47.2 (DOP)

15.1±0.8

1.5×10-6–5.0×10-3

8.0×10−7

12–15

18.

1.15

3.0

52.0

45.0 (DOP)

8.4±1.2

1.5×10−6–5.0×10−3

1.0×10−6

12–15

I.E: Ion-exchanger, Ps: Plasticizer, G graphite S: slope (mV/decade), LOD: limit of detection,
C.R.: concentration range (M), R(s): response time(s).
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Table 4.6: Composition and slope of calibration curves for Sensor 3 by using TEPh as plasticizer
at 25.0±0.1 °C.
Composition (%)
I.E

G

P

S
(mV/decade)

C.R(M)

LOD(M)

R(s)

—

47.7

52.3(TEPh)

7.3±0.9

5.9×10−5–3.4×10−3

2.3×10-5

38–45

2.

0.1

51.6

48.3(TEPh)

8.3±0.5

6.7×10−6–3.2×10−3

3.2×10-5

38–45

3.

0.2

51.0

48.8(TEPh)

11.9±0.5

1.0×10−6–1.0×10−2

1.0×10−7

10–12

4.

0.5

51.0

48.5(TEPh)

16.8±0.4

4.7×10−7–1.0×10−2

3.2×10−7

5–8

5.

1.0

50.8

48.2(TEPh)

10.4±0.7

1.0×10−6–1.0×10−2

1.5×10−7

10–12

6.

2.0

50.2

47.8(TEPh)

9.6±0.8

1.1×10−6–1.0×10−2

1.1×10−6

10–12

7.

3.0

49.8

47.2(TEPh)

8.5±0.5

7.9×10−7–1.0×10−2

3.1×10−7

12–15

8.

0.5

51.0

48.5 (DOP)

18.1±0.5

8.3×10−7–1.0×10−2

4.7×10−7

5–8

9.

0.5

51.0

48.5 (DBP)

9.5±0.8

1.2×10−6–1.0×10−2

8.4×10−7

10–12

10.

0.5

51.0

48.5 (TEPh)

16.8±0.4

4.7×10−7–1.0×10−2

3.2×10−7

5–8

11.

0.5

51.0

48.5 (DOS)

10.1±0.7

1.1×10−6–1.0×10−2

9.1×10−7

11–13

12.

0.5

51.0

48.5 (TBP)

13.1±0.9

9.3×10−7–1.0×10−2

8.7×10−7

12–15

No.
1.

Sensor 3

Effect of plasticizer

Different g/p ratio
13.

0.7

0.5

43.5

56.0(TEPh)

8.5±0.7

7.9×10−7–1.0×10−2

3.1×10−7

10–12

14.

0.95

0.5

48.5

51.0(TEPh)

10.1±0.9

1.2×10−6–1.0×10−2

3.2×10−7

10–12

15.

1.0

0.5

50.0

49.0(TEPh)

13.2±0.8

1.0×10−6–1.0×10−2

6.3×10−7

5–8

16.

1.05

0.5

51.0

48.5(TEPh)

16.8±0.7

4.7×10−7–1.0×10−2

3.2×10−7

5–8

17.

1.15

0.5

53.2

46.3(TEPh)

11.3±0.5

1.0×10−6–1.0×10−2

7.9×10−7

10–12

I.E: Ion-exchanger, Ps: Plasticizer, G graphite S: slope (mV/decade), LOD: limit of detection,
C.R.: concentration range (M), R(s): response time(s).
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Fig. 4.5: Effect of plasticizers on the potential response of (TZ-CTAB/DOP)/CMCPE electrode.

Fig. 4.6: Calibration graph and limit of detection of (TZ-CTAB/DOP)/CMCPE electrode.
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Fig. 4.7: Effect of plasticizers on the potential response of (TZ-CTAB/TEPH)/CMCPE electrode.

Fig 4.8 : Calibration graph and limit of detection of (TZ-CTAB/TEPH)/CMCPE electrode.
52

4.1.2.3. Effect of temperature
To study the thermal stability of the electrode, calibration graphs were constructed at different
temperatures of the test solution covering the range 20–55 °C. At 25 °C the potentials for
sensor 2 and sensor 3 were 17.9 ± 0.5 and 18.1 ± 0.4 mV/decade and at 55 °C were 16.7 ± 0.1
and 17.7 ± 0.3 mV/decade for tartrazine ion over a wide concentration range from 4.3×10-7 M
to 1.0×10-2 M and 8.3×10-7 M to 1.0×10-2 M for the two sensors respectively. From (Table
4.7), it is obvious that no appreciable change in the calibration characteristics was observed in
the temperature range 20–55 °C.
Table 4.7: Characteristics of TZ-electrodes at different temperature.
Sensors
T (°C)
S
C.R
(TZCTAB/DOP)/CMCPE

S3

LOD

R(s)

20

18.4 ±0.9

9.1×10-7- 1.0×10-2

5.1 ×10-7

5-8

25

18.1 ±0.3

8.3×10-7- 1.0×10-2

4.7×10-7

5-9

30

18.7 ±0.5

8.8 ×10-7- 1.0×10-2

5.0 ×10-7

5-7

35

18.5 ±0.3

8.5 ×10-7- 1.0×10-2

4.8 ×10-7

6-8

40

17.9 ±0.7

9.0 ×10-7- 1.0×10-2

5.2 ×10-7

5-7

45

17.7 ±0.8

9.2 ×10-7- 1.0×10-2

5.4 ×10-7

7-9

50

17.5 ±0.9

9.5 ×10-7- 1.0×10-2

5.4 ×10-7

5-8

55

17.4 ±0.5

9.8 ×10-7- 1.0×10-2

5.5 ×10-7

5-8

20

17.4 ±0.9

8.75×10-7- 1.0×10-2

5.3 ×10-7

5-8

25

17.9 ±0.3

8.25×10-7- 1.0×10-2

4.8×10-7

5-8

30

17.2 ±0.5

8.8 ×10-7- 1.0×10-2

4.5 ×10-7

5-8

35

17.1±0.3

7.8 ×10-7- 1.0×10-2

4.36 ×10-7

6-8

40

16.9 ±0.7

8.5 ×10-7- 1.0×10-2

5.3 ×10-7

5-7

45

16.7 ±0.8

9.3 ×10-7- 1.0×10-2

5.1 ×10-7

5-8

50

15.5 ±0.9

9.4 ×10-7- 1.0×10-2

5.9 ×10-7

5-9

55

16.7 ±0.5

9.9 ×10-7- 1.0×10-2

5.4 ×10-7

6-8
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4.1.2.4. pH dependence
The influence of pH on the response of sensor 2 and sensor 3 was examined for (1×10 −4 M
and 1×10−5 M) TZ(III) solutions in the pH range of (2.0-12.0). The electrodes surface were
neatly polished to expose a fresh surface of the paste between consecutive experiments the
results obtained show that, the potential response remains almost constant over the pH range
(3.8–7.7) and (4.2–8.1) for sensor 2 and sensor 3 respectively as shown in Figures (4.9,4.10)
However, there is an observed drift at pH values lower than 3.8 and 4.2 which may be due to
H+ ion interference. On the other hand, the potential decreases gradually at pH values higher
than 7.7 and 8.1. The decrease may be attributed to OH− effects on the electrodes.

Fig. 4.9: Effect of pH of the test solution on the potential response of (TZ-CTAB/DOP)/CMCPE
using 1.0×10-4 M and 1.0×10-5 M TZ solutions.

Fig. 4.10: Effect of pH of the test solution on the potential response of (TZ-CTAB/TEPH)/CMCPE
using 1.0×10-4 M and 1.0 × 10-5 M TZ solutions.
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4.1.2.5. Potentiometric selectivity
The potentiometric selectivity coefficient of an electrode, as one of the most important
characteristics, is defined by its relative response for the primary ion over the other ions
present in the solution [168].
The selectivity coefficients of modified carbon paste electrodes ((TZ-CTAB/DOP)/CMCPE
and (TZ-CTAB/TEPH)/CMCPE) toward many inorganic anions, dyes and carbohydrates were
evaluated by the matched potential method (MPM) and the separate solution method
(SSM)This method measures selectivity coefficients of ionic and nonionic species; it has an
advantage of removing limitations imposed by Nikolskii –Eisenman equation while
calculating selectivity coefficients by other methods. These limitations include non-Nernstian
behavior of interfering ions and problems of inequality of charges of primary and interfering
ions [169].
The values of the selectivity coefficients are listed in (Table 4.8); they reflect a very high
selectivity of this electrode for TZ ion over most of the tested species. However, some dyes
show little effect on the slope and Overall, the designed electrode is useful for the intended
measurements.
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Table4.8: Selectivity coefficient values of various interfering ions for TZ CMCPE.

SSM

MPM

Interfering Ions
S2

S3

S2

S3

C2O42-

1.5×10-3

9.52×10-5

9.1×10-4

8.41×10-5

NO3-

6.3×10-3

1.7×10-4

8.6×10-4

1.81×10-4

HSO4-

3.9×10-3

2.56×10-3

2.1×10-4

3.41×10-3

SCN-

6.7×10-6

4.41×10-6

1.3×10-6

5.25×10-6

SO42-

3.3×10-5

4.36×10-5

1.5×10-5

6.7×10-6

Br-

1.7×10-3

1.85×10-3

9.5×10-4

2.3×10-3

CO32-

1.2×10-4

2.9×10-3

1.1×10-4

1.99×10-3

CH3COO-

3.4×10-6

3.9×10-5

4.5×10-6

4.7×10-5

Azorubin S (E122)

1.5×10−1

9.89×10-2

1.9×10−1

8.32×10-2

Acid red 18 (E124)

9.5×10−2

1.05×10-3

6.1×10−2

1.56×10-3

Sunset yellow (E110)

5.1×10−1

5.56×10-1

8.7×10−1

4.02×10-1

Crystal violet

9.3×10−5

8.4×10-4

3.5×10−4

7.9×10-4

Methylene blue

9.7 ×10−3

2.2×10-3

5.1×10−3

5.3×10-3

Brilliant green

9.9×10−3

2.2×10-3

7.9×10−3

1.8×10-3

Galactose

—

—

3.2×10−5

2.1×10-6

Ascorbic acid

—

—

6.7×10−4

3.9×10-4

D-Glucose

—

—

6.7×10-4

5.1×10-4

Maltose

—

—

4.1×10-4

3.9×10-3

Succrose

—

—

5.34×10-6

5.5×10-6

Starch

—

—

7.9×10−5

2.8×10-5
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4.1.2.6. Dynamic response time of TZ-CMCPEs
The dynamic response time of the modified electrodes was measured according to IUPAC
recommendation [7]. The response time of the electrode was obtained by measuring the time
required to achieve a steady state potential (within ± 2 mV) after successive immersion of the
electrodes in a series of Na3TZ solutions, each having a 10-fold increase in concentration
from 1.0×10-6 M to 1.0×10-2 M. The potential reading stays constant, to within ±1 mV, for at
least 5 min. The static response time of the present sensors ((TZ-CTAB/DOP)/CMCPE and
(TZ-CTAB/TEPH)/CMCPE) was around (5–8) s over the concentration range (1.0×10−6 M to
1.0×10−2 M) as shown in Figures(4.11- 4.12) which clearly indicates that equilibriums
reached in a very short time.

Fig. 4.11: Response time of (TZ-CTAB/DOP)/CMCPE electrode for step changes in concentration of
TZ from (1.0×10-6 M -1.0×10-2 M).

57

Fig. 4.12: Response time of (TZ-CTAB/TEPH)/CMCPE electrode for step changes in concentration of
TZ from (1.0×10-6 M -1.0×10-2 M).

4.1.2.7. Surface renewal and reproducibility of CMCPEs
The slope of the calibration graph obtained by these electrodes was found to decrease
markedly after seven times of use starting at 17.9 ± 0.5 and 19.4 reaching 12.8 ± 0.7 mV and
16.5 mV respectively at the last measurement. This decrease may be attributed to memory
effect due to the surface contamination. Therefore, the electrode surface should be polished to
expose a new fresh layer ready for use after each calibration. In these electrodes, a new
surface was obtained by squeezing out a small amount of the paste, scrapping off the excess
against a printing paper and polishing the electrode on a smooth paper such as aluminum foil
to obtain a shiny appearance again. Accordingly, a paste of optimum composition and suitable
weight (1.0 g) can be used for several months without any deterioration or change in the
response of the electrode.
The standard deviation of the measured electromotive force (emf) for five replicate
measurements obtained are 1.29, 2.38 for electrodes 2 and 3 in 5.0×10−6 M solution, and 0.54,
0.23 in 5.0×10−5 M solution, respectively. This indicates excellent repeatability of the
potential response of the electrodes.
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4.1.3. Analytical applications
The performance characteristics of the studied electrodes show that most of these electrodes
have closely similar characteristics, namely the linear concentration range, working pH range,
response time …etc. which implies that they can be effectively used for determination of
tartrazine ions in different food staff: solid jelly (strawberry), custard powder and soft drink
(orange).
Several methods are applied for quantitative analysis using the present electrodes. These
methods comprise: (i) calibration curve method (direct potentiometry), (ii) the standard
additions method, which is frequently applied in using ISE, (iii) potentiometric titration
involving the use of counter ion as titrant.

4.1.3.1. Potentiometric determinations
4.1.3.1.1. Direct potentiometric
A calibration curve is a general method for determination of the concentration of a substance
in unknown sample by comparing the response of the unknown to those of a set of standard
samples of known concentration.
Tartrazine dye was determined by the calibration curve method. The results, compiled in
(Table 4.9), have relative standard deviation (RSD) of (1.13-0.23)% and an average recovery
of (100.9-97.6)%. F-test was used for comparing the precision of the two methods and t-test
for comparing the accuracy. The calculated values of F- and t-test, compiled in (Table 4.9),
were less than the critical (tabulated) ones. Thus, there is no significant difference between the
precision or the accuracy of the two methods at 95% confidence levels. In summary, the
obtained results indicated a reasonably fair agreement of the present and official methods.

4.1.3.1.2. The standard addition method
Tartrazine dye was determined by the standard addition method. The results, shown in Table
(4.11), indicate that recovery range from 102.2− 99.2% and small relative standard deviation
ranging from 0.17–1.78% for tartrazine dye.

59

4.1.3.1.3.The potentiometric titration method
The potentiometric titration technique usually has the advantage of high accuracy and
precision, but with increased consumption of titrants. A further advantage is that the potential
break at the equivalent point is well defined.
The sensors were successfully applied as an indicator electrode in potentiometric titration of
5.0 ml of 1.0×10−3 M TZ ion against 1.0 ×10−2 M CTAB. Typical results of titration of TZ(III)
is shown in (Figure 4.13). The added titrant caused a decrease in the potential as a result of a
decrease in TZ ion due to formation of a ion-exchanger complex with CTAB. The amount of
TZ(III) ions in solutions can be accurately determined from the resulting titration curves.

4.1.3.2. Statistical treatment of analytical application 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 giving results fluctuating about the theoretical values
indicating 100% recovery for each of the applications in this work. In addition, 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.

4.1.3.2.1. 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, S12 and S22.
F= S12 / S22

(where S12 S22)
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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 [170] has been applied to check the agreement between the precision of the methods
used for determination of tartrazine dye using the different electrodes. Also, it has been
applied to check the agreement between the present methods and official methods.
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.

4.1.3.2.2.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 degree of freedom is lost for each subject. A value
for t is computed by using the following equation [170] :
t

( x  y)
sp

MN
M N

Where x is the mean of a set containing M observations, y is the mean of N values
comprising the other set and Spis the pooled standard deviation, which is given by:
sp 

( x i  x ) 2   ( y  y ) 2
zk

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

( x y )
sp

N
2

The t-test [170] has been applied to investigate the agreement between mean values obtained
for determination of tartrazine dye using 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 (4.9-4.10) it is clear the present data are in
agreement with that obtained using the official methods.

Table 4.9: Analysis of TZCWEs and CMCPEs samples using standard addition methods.
TZ/mga

Sample
Soft drink (orange) 200 mlb

Solid jelly (strawberry)

Custard powder

Spectrophotometric
Analysis

X ± SE

RSD%

F-value

t-values

S1

(S) 715.0

721.0 mg

99.2 ± 0.044

1.24

2.25

2.19

S2

(S)735.0

721.0 mg

101.9 ± 0.012

1.66

3.96

2.31

S3

(S)736.0

721.0 mg

102.1±0.041

102

2.25

2.01

S1

(S) 0.135

0.134 mg

100.7 ± 0.058

0.71

4.18

2.49

S2

(S) 0.135

0.134 mg

102.2 ± 0.029

0.98

4.59

2.44

S3

(S)0.136

0.134 mg

101.5±0.079

1.58

3.87

2.13

S1

(S) 0.042

0.042 mg

100.0 ± 0.085

1.78

4.21

2.57

S2

(S) 0.041

0.042 mg

97.6 ± 0.035

1.98

5.88

2.98

S3

(S)0.041

0.042 mg

97.6±0.033

1.05

4.89

2.98

a: Milligrams taken of TZ in different samples.
b: Drink bottle size.
S: standard addition method, X ± SE: recovery ±standard error, RSD relative standard deviation.
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Table 4.10: Analysis of TZCWEs and CMCPEs samples using calibration curve.
TZ/mga

Sample
Soft drink (orange) 200 mlb

Solid jelly (strawberry)

Custard powder

Spectrophotometric
Analysis

X ± SE

RSD%

F-value

t-values

S1

(C) 736.5

721.0 mg

100.9 ± 0.038

0.77

3.44

1.88

S2

(C)718.0

721.0 mg

99.6 ± 0.015

0.55

2.56

1.48

S3

(C)725.0

721.0 mg

100.6±0.068

0.62

1.97

1.88

S1

(C) 0.132

0.134 mg

98.5 ± 0.056

0.59

2.08

1.87

S2

(C) 0.132

0.134 mg

98.5 ± 0.08

0.23

1.98

1.23

S3

(C)0.133

0.134 mg

99.3±0.014

0.33

2.79

2.05

S1

(C) 0.041

0.042 mg

97.6 ± 0.016

1.42

3.71

1.96

S2

(C) 0.042

0.042 mg

100.0 ± 0.006

1.13

2.75

2.16

S3

(C)0.043

0.042 mg

102.3±0.013

0.69

2.18

2.45

a: Milligrams taken of TZ in different samples.
b: Drink bottle size.
C: calibration curve, X ± SE: recovery ±standard error, RSD relative standard deviation.

Fig.4.13: Potential titration of 5.0 ml of 1.0×10−3 M Na3 TZ with 1.0×10−2 M CTAB using
(TZ-CTAB/DOP)/CMCPE electrode.
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Fig.4.14: Potential titration of 5.0 ml of 1.0×10−3 M Na3 TZ with 1.0×10−2 M CTAB using
(TZ-CTAB/DOP)/Silver electrode.

Fig.4.15: Potential titration of 5.0 ml of 1.0×10−3 M Na3 TZ with 1.0×10−2 M CTAB using
(TZ-CTAB/TEPH)/CMCPE electrode.

64

4.2. The Effect of Different Operating Factors on Degradation of TZ
and COD Removal Using C/PbO2 Electrode
The effect of different operating conditions such as: type of conductive electrolyte, current
density, pH of simulated solution, temperature, time interval of treatment, initial
concentration, and NaCl concentration were studied. The remaining concentration (mg L-1)
and COD removal (%) were illustrated in Figures. (4.16- 4.21).

4.2.1. Effect of current density
As shown in (Figure 4.16), E102 degradation and COD removal increase with increasing the
applied current density up to 20 mA cm-2 by using C/PbO2 electrode. Further increase of the
current density was followed by gradual decrease in E102 degradation and COD removal due
to increase in temperature. Above a temperature 350C, sodium hypochlorite tends to
chemically decompose to sodium chlorate.
3NaClO → NaClO3 + 2NaCl
So when temperature rises higher than 35C, production of NaClO falls. But at higher current
densities the rate of hypochlorite decomposition increases with increase in current density.
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Fig. 4.16: The effect of cuurent density on E102 dye and COD removal using
C/PbO2 electrode. 50mgL-1 dye, 0.5 gL-1 NaCl, 40oC, pH 2

4.2.2. Effect of electrolyte
Electrolytes of 0.5 g L-1 of the following salts; NaCl, CaCl2, KCl, Na2CO3, NaF and Na2SO4
were studied by C/PbO2 electrode. As appears in (Figure 4.17), The NaCl, KCl and
CaCl2were the most effective conductive electrolytes for the electrocatalytic degradation of
the investigated E102 and COD removal while NaF, Na2CO3 and Na2SO4 electrolytes show
poor results. The Cl- anion is a powerful oxidizing agent. It enhances the degradation of
pollutants. Therefore, addition of NaCl, KCl and CaCl2 provides the effective Cl- ion. This
behavior may be due to the small ionic size of K+ and Na+ which increases the ion mobility
and the loss ability of Cl- ion. NaF, Na2CO3 and Na2SO4 electrolytes showed the least
efficiency in the degradation of pollutant. This may be attributed to the formation of an
adherent film on the anode surface which poisons the electrode surface. Also, these
electrolytes do not contain chloride ion (Cl-) in their structures and may form stable
intermediate species that could not be oxidized by direct electrolysis. These observations were
also confirmed in other studies [171].
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Fig. 4.17: The effect of conductive type of electrolyte on E102 dye and COD
removal using C/PbO2 electrode. 50mgL-1 dye, 20mAcm-2, 40oC, pH 2

4.2.3. Effect of pH value
The pH of the solution was varied while the other conditions were kept constant. As shown in
(Figure 4.18), maximum removal of E102 and COD were achieved at pH 2 for C/PbO2. The
pH values of the solutions were adjusted by adding drops of H2SO4 and NaOH. The initial
concentration of 50 mg L-1, a current density of 20 mA cm-2, a temperature of 40C and NaCl
concentration of 0.5 g L-1. The distance between the two electrodes was adjusted to 1cm. It
was found that the maximum rate of degradation using C/PbO2 electrode was achieved in
slightly acid medium as the optimal medium.
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Fig. 4.18: The effect of pH on E102 dye and COD removal using C/PbO2 electrode.
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50mgL dye, 20mAcm , 40 C, 0.5 gL NaCl.

4.2.4. Effect of temperature
It is well known that the rate of diffusion of ions increases with increasing temperature.
(Figure 4.19) represents the correlation between the concentration of the remaining E102 dye
and COD residual as a function of the solution temperature. The rate of the E102 degradation
and COD removal increase significantly with increasing the solution temperature until 40C.
Therefore, 40C was fixed as optimal electrolysis temperature under the same conditions
mentioned respectively.

68

39.5

14

29.5

12

24.5

10

19.5

8

14.5

6

9.5

4

4.5

2

-0.5

0
50

40

30
Tempereture

20

Remeining concentration (mg/L)

%COD removal

34.5

16
U.V
S.E
%COD

10

Fig. 4.19: The effect of temperature on E102 dye and COD removal using
C/PbO2 electrode. 50mgL-1 dye, 20mAcm-2, 0.5 gL-1 NaCl, pH 2

4.2.5. Effect of initial E102 concentration
The effect of different initial concentrations of E102 dye (10-250 mg/L) on the rate of
degradation and corresponding COD removal is displayed in (Figure 4.20). Total removal of
E102 dye and COD can be achieved from samples containing up to 50 mg/L. However,
increase in E102 dye concentration above this level resulted in a decrease in the rate of
electrocatalytic degradation.
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Fig. 4.20: The effect of the initial concentration on E102 dye and COD removal
using C/PbO2 electrode. 0.5 gL-1 NaCl, 20mAcm-2, 40oC, pH 2

4.2.6. Effect of the NaCl concentration
Different concentrations of NaCl were applied to study their effect on the removal of E102
and the corresponding COD elimination as indicated in (Figure 4.21). The results indicate
that an increase of the electrolyte concentration up to 0.5 gL-1 lead to increase in the E102
degradation rate and COD removal for C/PbO2 electrode. The NaCl solution liberates Cl2 gas
which is considered as the active species for the degradation of organic compound. Further
increase of the NaCl concentration has slightly effect on the degradation rate of E102 and
COD removal.
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Fig. 4.21: The Effect of NaCl concentration on E102 dye and COD removal using
C/PbO2 electrode. 50mgL-1 dye, 20mAcm-2, 40oC, pH 2.

4.2.7. Effect of the electrolysis time
To assess the effect of electrolysis time, experiments were conducted with operating treatment
conditions that were consistent with those described for C/PbO2 electrode. The maximum
removal of E102 was achieved using C/PbO2 electrode after at least 30 min. Therefore, this
was taken as optimal degradation time for the removal of E102. The optimal time for COD
removal for three electrodes was 240 min.

4.3. Potentiometric Determination of Tartrazine
The dye sample was treated under various conditions as given in the experimental section to
test the effect of these condition and relevant parameter on the dye sample that was degraded
electrochemically was analyzed by two method: the first is comparison of the spectrometrical
absorbance of each solution in the (UV region) with those of a calibration curve made of
standard dye solution and the other is by potentiometric determination of the dye using the
presently designed electrode. In all cases the result obtained by both methods were coincident
as can be seen from the figures provided
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4.4. Comparison With Other Method of Treatment
The percentages of degradation for each method using in literature and the electrochemical
method in this work were represented in (Table 4.11). It is clear that the electrochemical
degradation is the best.
Table 4.11: Comparison of proposed electrode and some decolonization technologies for E102
dye and its derivatives removal.
Initial dye
concentration
(mg L−1)

Color removal
efficiency (%)

Time

Literature

Mg/Pd system

100

95%

24 hour

22

Photo-Fentone

5.5

80%

2 hours

23

Fenton's reagent

100

99.3%

2 hours

24

UV/H2O2

80

92%

1/2 hour

25

TiO2+ UV+ H2O

32

93.5%

1 hour

26

C/PbO2 electrode

100

100%

1/4 hour

This work

Method of
treatment
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CONCLUSIONS
The present work offers several ion-selective electrodes of coated wire and chemically
modified carbon paste types for determination of tartrazine dye The electrode depends
mainly on the incorporation of the ion-associates of tartrazine with CTAB.
The electrodes have attractable characteristics:


Wide usable concentration range (8.310-7 M to 1.010-2 M).



Slopes always very close to the theoretical value (17.9 to19.4).



Very short response time (˂10 seconds).



The pH ranges from (3.2 – 8.1).



High selectivity towards many inorganic cations, organic cations, sugars, and some
dyes.

The proposed potentiometric methods offer the advantages of simplicity, accuracy,
automation feasibility and applicability to turbid and colored
sample solutions.
The electrochemical treatment of simulated water containing tartrazine has been investigated
in different conductive electrolytes and under several operating conditions using and C/PbO2
electrodes. The results of this study revealed the following:
• The electrocatalytic activity of lead dioxide electrodes depends on the conductive
electrolyte.
• The highest electrocatalytic activity was achieved in the presence of NaCl (2 g/L).
• The optimum conditions of the treatment process using C/PbO2 electrode are: current
density of 20 mAcm-2, pH ≈ 2.2, temperature of 40 oC , initial E102 concentration 50
mg/L and time of electrolysis 30 min and 240 min for degradation of E102 and COD
removal respectively .
• The modified electrode is the most efficient one in the electrochemical degradation of
the pollutant.
• This behavior may be referred to conformation of PbO2 film that doped on the
electrode.
• The designed electrodes were used to follow degradation tests of E102 and the results
were coincident with those obtained by UV spectra.
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الملخص العربي

تصففارسالفففحسيتأقففباأت فففح ر ت قحئبففي فففاأ ففالر رملففف ورس ة ففحرالن ب فففيرسدا ففالاستقففف با فففح ر
رستاتارزبابعت تأقباهذهرمت ح نلىإ حج فح رمبفال أأالأد فاغفأ مفحط فح أ فا فالسأ
دلالابف رسنب بف غففأرمت ففح ذرارملف ورس ة ففحراأ ففحغففأأت ففح ن ب ففيرسدا ففالاتف إ ففحجرس ففح 
ر مبففال أغففأرس ففح ررس لب ففيرس حلف يالسل قففحغففأ لففأال رسدا ففالا.رس ففح ارمبال بففيرس لففتس يهففأ
ن حارنات عحاأبال بي حت ينارتأح ر الارسص ةي عرأ ىرسدحتبال حاأالقأارس تحئجأار تقحئبي
رمت ففح رس ع بففينحسبففيغففأال ففال ن ف د بففا ففار بال ففحارسعقففالبيال بففارسعقففالبيالرمأ ففح



رسلدابحا.
ت  ارليرسع ب  ارسعالر رستأت بدالاسقحتأ بانلىغحنلبيهذهرمت ح  ف  ا فيرسأفارارالز فا
ر لت ح يالرستدارابيالرمسرسقب اال ب أت تقف بارسصف ةيغفأرس أحسبف رس حئبفيرس قبفي حلفتس ر  ابقفي
رإلقحغحارسقبحلبيالرس عحباررس ق بيالرس أ ىرسعبحاي.
تفف إ ففارطن لبففيرمدلفف ررسأنزبففيرسدقا بففيس أحسبفف رستاتففارزبا حلففتس ر رمت ففح رس أففالاردففأ ال 
()C/PbO2ال ارليرسعالر رس ستلنيرستأتؤ انلىن لبيرمدلف رالإزرسفيرس فالر رسنعحسفي فا أحسبلقفح
الرستفأتمف  :بعفير سدتاالسبفارس الصف اد حغفيرستبفحاارسفات رسقبف اال ب أسل ألفال ارسفز اا ا ففي
رسأاراراتادبزر سدتاالسبارس الص االتادبزرس فح ررسنعحسفي.تف ت بف هفذهرس تفحئج د بفيرس فح ررسنعحسفي
رس ت قبففي( )mgL-1عف ن لبففيرس عحس ففينففا ابف  قففحزرس بففاغففال رس نلف أUV-Visالدففذسود بففي
رمدل بارسدب بحئأرس لتقلو.COD
رلتس ارمت ح رس أقارلح قحستعببارستاردبزرس ت قبي ع ن لبيرمدل ر ا أحسب رستاتارزباالت 
أن ا تحئج ب ر.
أ

ال ارليرسعالر رس ستلنيرستأتؤ انلىن لبيرمدل رالإزرسيرس فالر رسنعحسفي فا أحسبلقفحالرستفأتمف :
بعير سدتاالسبارس الص اد حغيرستبحاارسات رسقبف اال ب أسل ألفال ارسفز اا ا فيرسأفاراراتادبفز
ر سدتاالسبارس الص االتادبزرس ح ررسنعحسي.
غحنلبيالرلتس ر هذهرمت ح  التماغأرس قح رستحسبي:
 .1ىرستادبزرارستأت تقف باهح قفذهرمت فح دح فا1.0×10-7-1.0×10-2بتقف  قفحأتلفح 
ىرستق باسقذهرمت ح .
 .2ت  ارليتأ بارسة سغأرس أحسب رس سننيسلص ةينلىهذهرمت ح نلفىهفذهرمت فح الت فبا
اهذهرس ارليإارمت ح تع  دنحطرسنتاراز بي  حس قحتتارالح با20-25بال ح.
 .3تف ن ف  ارلففيتنصففبلبي ةففا

رسالصففال إسففىرسوففاالارس حسبففيالذسففوسلأصففال نلففىأغق ف 

رلت ح يسقذهرمت ح .
 .4سففالأوأار لفففت ح يرس ق بففيس ت فففح  تتففأ ا فففحمسرسقبفف اال ب أغفففأ()4.2-8.1مت فففح 
رمل ورس ة ىالغأرس ى )(3.2- 8.7مت ح ن ب يرسدا الارس ع سي.
 .5أوقاا ارليتأ با ا يرسأارارنلفىر لفت ح يرس ق بفيس ت فح أ قفحتت بفز فحاأفاراي
د باغأرس ى) (20-50ا ي ئالبي.
.6ال أاز ار لت ح يرس ق بيس ت ح بتارالح با ) (5-8ح بيغق .
.7أالقأارس تحئجأار تقحئبيرمت ح سلص ةيرستأتأارس ارلفيدح فانحسبفي ف رغفأال فال نف 
د با ارسدحتبال حارسعقالبيال بارسعقالبيالرسلدابحا.



.8دح اتقف بارسصف ةيرستفأتأفارس ارلفي حلفتس ر رمت فح رس أقفارغفأنب فحا ستلنفي ابقفي
رإلقحغحارسقبحلبيالأبقحرس عحباررس ق بيالرلتس ر رس أ ىرسعبحاينلى ا ينحسبي ارس تفي
الرسألحلبي.
 .9عتألب رس تحئجإأصحئبحال أاه حوت ح  بارس ا رس لفتس ي فعرس فا رمسفاىالهفذر
ب نلى ى تيرس ا رس

قي.

.11أ ففات ففف C/PbO2دنحطتفففغفففأن لبففيرستدلفففباالذسفففوسقففالرتأ لففففاتلففيتدلنفففيرسدب حالبفففحا
رس لتس يغأتأقباهالدذسوغتار مح رسق

.

.11أ دارستالص إسىأ ل واالارس عحس يالرستأن هحب دارسأصال نلفىأنلفىدنفحطرسع لبفي
رمدلفف رسلصفف ةي حلففتس ر ت فف C/PbO2الهففأدففحمتأ:د حغففيرستبففحا 20للففأأ بففا/لفف 2
ا PH=2.2ا ا ففيرسأففارار 40ا ففي ئالبففيارسففز ا 25تبقففيغففأال ففال دلالاب ف رسصففال بال 
تادبز0.5 gL-1اس ألال تادبزه.50 gL-1
.12د بيرس ح ررسنعحسيرس ت قبي( )mgL-1ع ن لبيرس عحس ينا اب  قحزرس باغال رس نل أ
UV-Visت ح تبحلحارمت ح رس أقار ان ب يرسدا الارس ع سي.
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