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Abstract

A carbon paste electrode for diquat dibromide (Dq.2Br) was prepared and
fully characterized in terms of composition, usable pH range, response time
and temperature. The electrode was applied to the potentiometric
determination of diquat ions in water and urine samples with average
recoveries of 97.5 – 104.0% and relative standard deviations of 0. 30 –
4.73%.

The electrode is based on the ion exchanger, namely, diquat-

phosphotungstate dissolved in 2-nitrophenyloctyl ether as the pasting liquid
with 1.0% Na-TPB as an additive. The modified electrode showed a nearNernstian slope of 30.9 mV over the concentration range of 9.0 x10-7 – 1.0
x10-3 M with the limit of detection 5.0 ×10−7 over the pH range 4.5–9.5. The
electrode exhibits good selectivity for Dq+2 cations with respect to a large
number of inorganic cations, organic cations, sugars and amino acids. The
proposed potentiometric method offers the advantages of simplicity,
accuracity, automation feasibility and applicability to turbid and colored
sample solutions.
Degradation of diquat dibromide (Dq.2Br) was studied to figure out the effect
of certain parameters such as conductive electrolyte type, concentration of
electrolyte, pH, temperature, density of applied current, initial concentration
of diquat dibromide (Dq.2Br) and time of electrolysis. The samples were
degraded

electrochemically

and

analyzed

by

two

methods;

by

spectrophotometric method at ëmax 308 nm and by potentiometric method
using the constructed electrodes. The measurements of the degradation rate of
diquat dibromide using the designed electrode was found coincident with that
obtained by UV-Vis spectrophotometric method.
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CHAPTER "ONE"
INTRODUCTION

1.1 Ion-Selective Electrodes
Ion-selective electrodes (ISEs) belong to the oldest established chemical sensors. ISEs were
applied in diverse fields of analysis such as clinical [1] pharmaceutical [2-5] and
environmental chemistry [6]. They are cheap, selective, sensitive and applicable over a wide
range of experimental conditions. Therefore, development of efficient ion-selective
electrodes has always been desirable objectives for the scientists.
Ion selective electrodes (ISEs) are electrochemical sensors that allow potentiometric
determination of the activity of certain ions in the presence of other ions in the sample
solution. Potentiometric sensors are essentially passive electrochemical devices, in which
changes in the electromotive force (emf) are monitored under zero current conditions. In
direct potentiometry, the emf is ideally a function of the activity of only one chosen sample
ion so that it can be assessed in the presence of other ions [7]. The ISEs function is due to
the phase-boundary processes. The phase boundary potential across the sample membrane
interface is the result of the ion-selective charge separation at that interface. In accordance
with this charge separation, only the membrane surface processes affect the potential [8].
This is in contrast with the approach based on a carrier mechanism across the electrode
membrane. The basis of the electrode potential formation is a simple ion-exchange reaction
between the solution and the electrode surface or the bulk of the electrode membrane.

1.1.1.

Types of ion-selective electrodes

ISEs can be classified according to the type and composition of the sensor of the electrode
into many categories, from which:
1- Glass-electrodes [9]
2- Solid state-electrodes [10]
3- Liquid membrane-electrodes [11]
4- Enzyme substrate electrodes [12,13]
5- Gas-Sensing electrodes [14]
6- Bacterial, tissue and immuno-electrodes [15,16]
7- Ion-selective field effect transistors [17,18]
Liquid membrane-electrodes have many applications [19] and will be our focus afterwards.
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1.1.1.1 Liquid membrane electrodes
Liquid membrane electrodes are based on water-immiscible liquid substances impregnated in
polymeric membrane. The membrane-active recognition can be by a liquid ion exchanger
[20] or by a neutral macrocyclic compound having molecular sized dimensions containing
cavities to surround the target ions [21].
The membrane is interposed between a standard (internal) and the test (external) ion
solution, the voltage being measured for the complete electrochemical cell, which comprises
the membrane separating the internal and the external electrolytes, as well as the two
(internal and external) reference electrodes (Figure 1.1). Assume that these solutions contain
the same hydrophilic electrolyte, M+ A-, and M+ is the counter cation of the ion exchanger in
the membrane. A chemical driving force that depends on the activity of this ion in both
phases causes M+ to partition from the organic to the aqueous phase. Because M+ carries a
charge and no net current can flow, this driving force is counter balanced by the phase
boundary potential. It builds up spontaneously as M+ starts to cross the interface and leads to
interfacial charge separation. The relationship between this interfacial potential, EpB, and the
ion activities on either side of the phase boundary is:
E PB 

RT k m a M (aq)
In
zF
a M (org )

(1)

in which aM(aq) and aM(org) are the activities of the ion in the aqueous and organic phases,
respectively, with charge z , km is the single ion distribution coefficient describing the
distribution of the ion between the sample solution and the membrane phase, R, T and F are
the gas constant, the absolute temperature, and the Faraday constant, respectively [22].
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Figure(1.1) A classical ion-selective electrode ISE.

1.1.1.1.a. Conventional PVC membrane electrodes
The Poly vinyl chloride (PVC) principle for making conventional liquid membranes attracted
much attention and was adopted by many workers for ISEs based on valinomycin and other
neutral carrier sensors [23, 24]. Indeed, the PVC matrix concept was the essential
breakthrough that led to the almost universal clinical use of ISEs [25] for determining blood
electrolytes [25] and for other applications [26].

1.1.1.1.b. Coated wire electrodes (CWEs)
Coated wire electrodes (CWEs) refer to a type of ISEs in which an electroactive species is
incorporated in a thin polymeric support film coated directly on a metallic conductor. This
moves to the total elimination of the internal filling solution and provides new advantage.
Different materials can serve as central conductors. It was shown in an extensive study [27]
that when the wire support did not react with the membrane component, it had no substantial
influence on the potentiometric response of the electrode. The substrate in the wire type
electrodes is usually platinum wire, but silver, copper and graphite anodes have also been
used. CWEs are prepared simply by dipping the central conductor in to a solution containing
the dissolved polymer, the plasticizer and the electroactive substance and allowing the
solvent to evaporate [28]. Sometimes CWEs exhibited better selectivity than conventional
type electrodes with an internal solution. Simplicity of design, lower costs, mechanical
-4-

flexibility of miniaturization and microfabrication widened the application for wire type
electrode, especially in the fields of medicine and biotechnology.

1.1.1.1.c. Chemically modified carbon paste electrodes (CMCPEs) [29]
Over the past five decades, carbon paste, has become one of the most popular electrode
materials used for the laboratory preparation of various electrodes, sensors [30]. Carbon
paste electrodes are mixtures prepared from graphite powder and various water-immiscible
organic liquids of nonelectrolytic character such as 2-nitrophenyl octyl ether (2-NPOE). This
kind of carbon paste electrodes are classified as unmodified carbon electrodes [31-33].
Potentiometric carbon paste electrodes (CPEs) offer very attractive properties for the
electrochemical investigation of inorganic and organic species over polymeric membrane
and coated wire electrodes. These are ease of preparation and use, renewal of surface,
chemical inertness, robustness, stability of response, no need of internal solution and
suitability for a variety of sensing and detection application [34, 35].
From the viewpoint of equilibrium potentiometry, the composition of carbon paste enables
the classification of CPEs as ion-selective liquid membrane type electrodes [36, 37]. The
electrodes themselves do not possess selectivity. However, by modifying the electrode in
different compositions, degrees of selectivity may be introduced into the electrode itself and
this can be done easily.
The modifying agent is usually one substance; but the paste can also be modified with two or
even more components such as in the case of carbon paste-based biosensors that contain
enzyme (or its carrier) together with an appropriate mediator [38] or CMCPEs with a
mixture of two modifiers [39]. The amount of the modifier in the paste usually varies
between 0.5-30% (w/w), depending on the character of the modifying agent and its
capability of forming enough active sites in modified paste (e.g., functional groups
immobilized at the electrode surface) [40].
Ion-selective electrodes have been used successfully in basic research of pesticide [41], drug
and heavy metals in real samples [1-6]. Different types of ISEs have emerged over the last
few years, significantly expanding the scope of these electrodes for the measurement of
diverse chemical, biological and medical species [42].

-5-

1.1.2. Membrane composition
Any polymeric membrane ion selective sensor consists of some components. These
components are: the polymeric matrix, the ionophore (membrane active recognition) and the
membrane solvent (plasticizer) [30]. The nature and the amount of each component have
great effects on the nature and the characteristics of the sensor.

1.1.2.1. The ionophore (membrane active recognition)
The ionophore, also named "ion carrier" or "ion exchanger" is the most significant
component of any polymeric membrane sensor for its selectivity and sensitivity which
produces the response of the ISE in binding between the ionophore and the target ion.
The different selectivities of an ISE toward the other ions, hence, may be considered to
originate from the difference in the binding strength between any chosen ionophore, to be
used in the sensor, and the various ions [43].

1.1.2.2. The membrane solvent (plasticizer)
Plasticizers increase the plasticity or fluidity of the material, to which they are added.
Solvent polymeric membranes, used in ion sensors, are usually based on a matrix containing
about 40-60% (w/w) of a membrane solvent. In order to give a homogeneous organic phase,
the membrane solvent must be physically compatible with the polymer, that is, display
plasticizer properties. These properties influence the selectivity behavior. Some of the
common plasticizers are : Benzyl acetate (BA), 2-nitrophenyl octyl ether (2-NPOE), dioctyl
phthalate (DOP), dibutyl phthalate (DBP), tris(2-ethylhexyl) phosphate(TEPh), dioctyl
sebacate (DOS), tributyl phosphate (TBPh) and dibutyl butyl phosphonate (DBBPh) [43].

1.1.3. Characterization of an ion-selective electrode
1.1.3.a. Measuring range
The linear range of the electrode 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 0.1 M down to
10-7 or even 10-8 M [44].

-6-

1.1.3.b. Detection limit
The limit of detection can be deducted from the calibration graph of the potentiometric
electrode .It may be taken as the activity (or concentration) of the ion at the point of inter
section of the extrapolated linear calibration curve and the activity (or concentration) axis
according to the IUPAC recommendation. In practice, the values of the detection limit for
most selective ISEs are in the range of 10−5 - 10−9 M [44].

1.1.3.c. Response time
It is well known that the dynamic response time of the modified electrode is one of the most
important factors in its evaluation. The response time of such electrodes is represented by the
sum between the time necessary for the ion to be extracted in the membrane solution
interface and the time necessary to reach the equilibrium (e.g., of complexation,
precipitation, or redox) stage. [45].

1.1.3.d. Selectivity
Selectivity is the most important characteristic of ion selective electrode. IUPAC defined the
interfering substance as any substance, other than the ion being determined, whose presence
in the sample solution affects the measured emf of a cell. There are a number of different
methods for determination of the potentiometric selectivity coefficients (KXY). The most
important being: the separate solution method (SSM), and the matched potential method
(MPM) [44].

1.1.3.e. Lifetime
The average lifetime for most of the reported ISEs is in the range of 2 to 10 weeks. 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 main reason for the limited lifetime of the carrier-based sensors [44].
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1.1.3.f. Reproducibility
The closeness of agreement between independent results obtained with the same method on
identical test martial but under different conditions (different operators, different apparatus,
different laboratories, and/ or after different intervals of time) [46]. The measure of
reproducibility is the standard deviation qualified with the term

reproducibility as

reproducibility standard deviation.

1.1.4 Potentiometric determination
1.1.4.a. Standard addition method
In this method, the standard additions method was applied, in which a known incremental
change is made through the addition of standard solution of the sample. This was achieved
by adding known volumes of standard analyte ion solution to 50 mL water containing
different amounts of the investigated analyte in the test solution with known amounts of
analyte ion. The change in mV reading was recorded for each increment and used to
calculate the concentration of the analyte in the sample solution using the following
equation:

C x  Cs (

Vs
Vx
) (10 n ( E / S ) 
) 1
V x  Vs
Vs  V x

(2)

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 a certain
volume of standard solution, n is the charge of pesticide, and S is the slope of the calibration
graph [50].

1.1.4.b. Direct potentiometric methods or calibration curve method
Direct potentiometry is the simplest and most widely used method of using ISEs. That
simply measures the electrode response in an unknown solution and reads the concentration
directly from the calibration graph or from the meter display on a self-calibrating ion meter.
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A big advantage of this method is that it can be used to measure large batches of samples
covering a wide range of concentrations very rapidly without having to change range,
recalibrate or make any complicated calculations [50].

1.1.4.c. Potentiometric titrations
In titration there is no need for calibration of the 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 potential is recorded versus the volume of the reagent added. CRVe = CAVA
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 change of potentials for potentiometric titration is slow at the beginning
of the titration, increases to a maximum as the equivalence point is passed. When the
measured potential is plotted versus the added volume of reagent, a double curve, like an
elongated letter S, is obtained and the equivalence point is indicated at the steepest point of
the curve, where the potential changes most rapidly [50].

1.2. Electrochemical Oxidation
Advanced oxidation processes (AOPs) are technologies with significant importance in
environmental restoration [51, 52]. The AOPs concept was established by Glaze et al [53-55]
who defined AOPs as processes involving the generation of highly reactive oxidizing species
able to attack and degrade organic substances , Now adays AOPs are considered to have high
efficiency physical-chemical processes due to their thermodynamic viability and capable to
produce deep changes in the chemical structure of the contaminants [60] via the participation
of free radicals [56]. These species, mainly hydroxyl radicals (HO•), are of particular interest
because of their high oxidation capability [57-60]. However, other studies have suggested
that, besides hydroxyl radicals, AOPs can also generate other oxidizing species [61].
Generated radicals are able to oxidize organic pollutants mainly by hydrogen abstraction (eq.
3) or by electrophylic addition to double bonds to generate organic free radicals (R•) which
can react with oxygen molecules forming peroxyradicals and initiate oxidative degradation
chain reactions that may lead to the complete mineralization of the organics, as proposed in
eq. (3)
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RH  HO* (orSO4* )  HR*  H 2O

(3)

Free radicals in AOPs, may be produced by photochemical and non photochemical
procedures. Ozonation and ozone related processes (O3/H2O2,UV/O3), heterogeneous
photocatalysis (TiO2/UV), homogeneous photocatalysis (Fenton and Fenton-like processes)
and electrochemical oxidation are considered as the most efficient for pesticide degradation
in water [62-72].

1.2.1 Pesticide degradation by electrochemical oxidation processes
In the last years, there has been great interest in the development of effective methods of
pollutans removal from aqueous solutions based on direct and indirect electrochemical
techniques. The most useful direct electrochemical method is anodic oxidation [73-83],
where organic compounds are essentially degraded by reaction with adsorbed hydroxyl
radicals at the anode surface, which are generated from water oxidation:
H2O → *OHads + H+ + e-

(4)

Since the participation of *OHads radicals in the reaction is the key factor to degrade the
pollutant, then the generation efficiency of them should be tightly related to the nature of the
anodic material. Thus, although the traditional Pt anodes have been used for this purpose
[84], they are less efficient than the oxide-base electrodes such as PbO2 [85], doped PbO2
[86] doped SnO2 [80], IrO2 [83] or more recently to the boron-doped diamond thin-layer
anode, BDD [87]. On the other hand, the indirect electrochemical methods involves the
previous formation of oxidizing agents such as H2O2 [88-100].
O2 + 2H+ + 2e− →H2O2

(5)

or the well known Fenton’s reagent (H2O2/Fe2+) [101-102]:
Fe2+ + H2O2 →Fe(OH)2+ + *OH
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(6)

The combination of chemical and electrochemical procedures have also been reported as a
good alternative method for water treatment. The electro-Fenton and photoelectro-Fenton
methods can be considered as advanced electrochemical oxidation processes, AEOPs [102].

A variety of advanced and conventional treatment options have been suggested for the
removal and/or destruction of these persistent organics in water and wastewater, such as
chemical oxidation, activated carbon adsorption, and membrane filtration. Of these options,
chemical oxidation using ozone, alone or in combination with additional physical/chemical
agents (i.e., advanced oxidation), has been proved a highly effective treatment process for a
wide

spectrum

of

emerging

aqueous

organic

pollutants,

including

pesticides,

pharmaceuticals, personal care products, surfactants, microbial toxins, and natural fatty acids
[103].

Arapoglou et.al. [104] reported for the first time the application of a direct electrochemical
oxidation for the treatment of organophosphoric pesticides. Their electrochemical system
was a Ti/Pt anode and a stainless steel 304 as cathode in a brine solution (H2O + NaCl) under
an applied current of 36 A. After 2h of electrolysis a high reduction of COD and BOD of the
oxidized methylparathion as well as a low kWh/COD ration were reported. No degradation
byproducts of this organophosphoric pesticide were identified in any of these experiments.
Vlyssides et.al. reported [105] the electrochemical degradation of methylparathion by using
Ti/Pt as anode in an aqueous medium of sodium chloride as electrolyte at 45ºC and an
applied current density of 560 mA/cm2. It was shown that an 8% w/w aqueous suspension of
methylparathion and 20 g/L of sodium chloride can be electrolyzed in 2 h reaction of time.
Hachami et.al. [106] investigated the degradation of 1.4 mM of methidathion in in aqueous
solution by anodic oxidation using a boron-doped diamond (BDD) anode. They observed an
important reduction of chemical oxygen demand (COD) in the presence of 2-3 % of NaCl, as
well as in the pH of electrolyzed solution. It was concluded that applied current increases the
rate of electrochemical oxidation but decreases it by raising the temperature.
Yatmaz and uzman [107] investigated the direct electrochemical oxidation for removal of
monochrotophos on Ti electrodes in aqueous solution of sodium salts (chloride or sulphate)
as a function of applied current density and initial concentrations of pesticide. This
electrochemical arrangement based on use of Ti as anodes for direct oxidation of
monochrotophos was not an efficient method for removal this organophosphorous pesticide
from aqueous media.
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Organophosphoric pesticides have been treated by direct electrochemical oxidation using
Ti/Pt as anodes vlyssides et.al. [108] has reported experimental results from a laboratory
scale pilot plant where the achieved reduction was nearly 26%.
Vlyssides et.al. [108] has also reported the electrochemical oxidation of the phosphorothioate
pesticides
The anodic oxidation of methamidophos was studied by Martinez et. al. [109] in a sodium
sulphate aqueous solution using Pb/PbO2, Ti/SnO2, and Si/BDD (boron doped diamond)
electrodes at 30°C.
The electrochemical oxidation of some thiocarbamate (R1,R2,NCOSR3, where R’s are alkyl,
cicloalkyl or aryl groups) herbicides in aqueous NaCl solutions has been investigated [110],
as well the oxidation of thiram (C6H12N2S4) [111], an organo-sulfur fungicide, and the
atrazine (C8H14ClN5) herbicide [112,113]. In addition, the electrochemical combustion of
mecoprop (C10H11ClO3) [114], carbaryl (C12H11NO2) [115, 116], and propham (C10H13NO2)
[117] herbicides hav been reported recently.
Lead/lead oxide (Pb/PbO2) modified electrodes was prepared for electrocatalytic oxidation
of agrochemicals including herbicidal 2,4-D (albar super) and pure 2,4-dichlorophenoxy
acetic acid. The results of electrocatalytic oxidation process of the agrochemical solutions
were expressed in terms of the remaining concentration and COD removal. This electrode
gives good results for the removal of agrochemicals and COD. The results also showed the
best conductive electrolytes is NaCl [118].

1.2.2 Degradation of diquat using different methods
The complex nature of the molecular structure of pesticides, highly heteroatomic, is a
restrictive factor to stablish the chemical composition characteristics of solution due to the
solubility problems and/or generation of dangerous intermediates. Thus, for instance,
pesticides containing N atoms can form chloramines when using aqueous solution of NaCl as
electrolyte [119]. However, it is important to point out that presence of NaCl in solution can
also confer an enhanced activity to the electrodes. In this case the Cl- species at the electrode
surface act as intermediates in the electron transfer between the pesticide molecule and the
electrode [115]. The anode material is another important restrictive factor which
determinates reaction parameters such as current efficiency, selectivity and product
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composition. Several works have reported the use of Ti or Pt electrodes [120, 121] with
results less adequate for considering its as anodic material for removal of pesticides from
aquatic media. The formation of complex mixture of oxidation byproducts in solution, no
detoxification of solution, or desactivation phenomena of anodes are some of the limitations
of these type of electrodes for their use in the electrochemical method of direct oxidation.
Better results has been achieved by using metallic oxides such as advanced oxidation
processes (AOPs) for removal of pesticides from aqueous media such as SnO2, PbO2, or
RuO2 [122], dimensionally stable anodes [115], and more recently boron-doped diamond
surfaces [123,124].

The degradation of diquat was investigated by means of two different advanced oxidation
processes, photocatalysis with TiO2 (UV/TiO2), a heterogeneous process, and Fenton
reaction, a homogeneous process, and the efficiency of both processes were compared [125].

The decomposition of paraquat and diquat aqueous solutions was compared by commercial
TiO2 and _home prepared’ Ti1_xFexO2 (x ¼ 0% and 4%), using an adequate UV artificial
light as well as natural solar radiation. UV spectroscopy was used to investigate the stability
of the herbicides solutions and to follow and optimize the photodegradation reactions [137].

Diquat is degraded photochemically, a process accelerated by surface adsorption, to the
1,2,3,4- tetrahydro- 1 -oxopyrido[1,2-a]-5-pyrazinium ion [128] which further decomposes
to picolinamide (pyridine-2- carboxamide) and picolinate (pyridine-2-carboxylate) [129]. A
bacterium capable of growing on picolinamide has been isolated. The pathway of oxidation
of picolinamide (pyridine-2-carboxamide) by a Gram negative rod has been elucidated [130].
The ozonation process has been used as an efective method for removing residual pollutants
such as pesticides and other hazardous chemicals from raw water during drinking water
treatment. Ozone selectively reacts with compounds containing heteroatom such as S, N, O,
and Cl. Thus, pesticides, which usually have some heteroatom on the molecules, are often
expected to be destroyed by ozonation. However, as has been found by many researchers, the
reactivity of pesticides with ozone varies largely due to their diverse structural features
[131,132].
The biodegradation of two bipyridinium herbicides, paraquat and diquat was investigation
was investigation by Lipomyces starkeyi. This yeast was able to grow in a synthetic medium
containing the herbicides as sole nitrogen sources. growth with paraquat was more rapid than
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with diquat. Both herbicides were consumed from the medium within the logarithmic phase.
The yeasts seemed to have low conversion activities from [methyl-14C] paraquat or
[ethylene-14C] diquat to 14C02, even when they were grown in the absence of the
herbicides. paraquat added to the culture medium augumented the degradation of both [14C]
paraquat and [14C]diquat. On the other hand, diquat added to the medium did not augument
degradation of the herbicides. Moreover, the addition of diquat together with paraquat
abolished the augumentation caused by paraquat. The protein composition of L, starkeyi was
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Cells in the
logarithmic phase contained more proteins than those in the stationary phase. In addition, the
protein patterns of the cells in the logarithmic phase were found to vary with the nitrogen
sources, i.e. paraquat, diquat and NH4C1. The mechanisms which regulate the catabolism of
the two herbicides are discussed [133]. Vohar and Tanaka addressed different Biological
methods of treatment heterocyclic nitrogenous compounds and combination of these method
for the efficient removal to achieve a treated effluent quality fit for disposal without causing
any damage to the environment [134].

1.3. Methods Used for Determination of Diquat Dibromide
Diquat 2HBr [1,1′-ethylene-2,2′-bipyridylium ion] (molecular structure in Fig. 1.2) is a
quick-acting contact herbicide and plant desiccant. It is used to control floating and
submerged weeds in waters and for preharvest desiccation. Exposure to mists of this
compound may produce irritation of skin, mouth and upper respiratory tract, cough, chest
pain and nosebleeds. Poisoning by diquat can cause acute renal failure, toxic liver damage,
respiratory difficulty and brain hemorrhage. Notwithstanding, it is among the most used
pesticides for weed control, and it is formulated as dust or as 50% solution in water with
non-ionic surface actives agents. It is available as water-soluble granules containing 2.5%
diquat and 2.5% paraquat. When it is released into the environment, diquat rapidly adheres
strongly to soil particles, which protects it from microbiological degradation, increasing the
contamination risk [135].
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Fig.(1.2) The chemical structure of Diquate dibromide

The reported methods for the estimation of diquate dibromide are mainly chromatographic or
spectrophotometric . In spite of the high sensitivity of these methods, they are very
expensive, involve the use of complex procedure with several sample manipulation, and
requiring long analysis time. Besides, none of them are easy to automate. The
spectrophotometric methods described for the analysis of this pesticide may have good
accuracy and precision but they generally lack selectivity .

López-Paz JL et. al. [136] described a method based on the coupling of flow injection
analysis methodology and direct chemiluminescent detection.
VY. Taguchi, et. al. [137] developed a method for the determination of the herbicides diquat
and paraquat in water developed using liquid chromatography-(electrospray ionization) mass
spectrometry [LC-(ESI)MS].
L. Grey et. al. [138] described a method based on using conventional and multilayer solidphase extraction cartridges.
Determinenation of diquat by using an on-line solid-phase extraction-liquid chromatographytandem mass spectrometry system was developed by R. Castro, et. al. [139].
Determination of herbicides diquat in olive oil was developed by liquid chromatography–
electrospray ionization mass spectrometry was developed by A. María et. al. [140] .
R. Rial-Otero et. al. [141] suggested method based on solid-phase extraction (on silica
cartridges) and high-performance liquid chromatography (HPLC) followed by diode array
UV detection is presented as an analytical tool for screening diquat and paraquat in drinking
waters.
TL. Kuo [142] described a method based on ion-pair chromatography in conjunction with
spectrophotometry for determination of paraquat in tissue.
Simultaneous determination of paraquat dichloride and diquat dibromide in human
biological materials has been developed, using high-performance liquid chromatography was
suggested by S. Ito et. al. [143] .
M. Ito et. al. [144] described a method based on using ion-pair high-performance liquid
chromatography for determination paraquat and diquat in the serum.
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BL. Worobey [145] described a liquid chromatographic (LC) method for the determination
of diquat and paraquat herbicides/desiccants in potatoes.
T. Nagayama et. al. [146] suggested a method of reversed phase liquid chromatographic for
determination of paraquat and diquat in agricultural products.
Y.Yuk. et. al. [147] described a method used high-performance capillary electrophoresis
with ultraviolet detection in potato.
T. G. Díaz et. al. [148] developed a method used stopped flow kinetic-spectrophotometric for
determination of diquat in waters.
An electron spin resonance (ESR) method already in use for the quantitative analysis of
paraquat was applied by K. Minakata, et. al. [149] to the analysis of diquat in blood, serum,
urine, tissue homogenates and several drinks without purification of the samples.
P. Mahieu et. al. [150] described method for determination of diquat in urine and the
evaluation of renal proximal tubule integrity.
Rapid determination of paraquat in urine with ion-pair extraction and spectrophotometry was
described by M .Akerblom [151].
A. Sánchez-Palacios et. al. [152] developed a method for determination of diquat in real
samples by electron spin resonance spectometry .
Sensitive method for the determination of paraquat and diquat in aqueous media using square
wave voltammetry (SWV) was developed by A. Walcarius and L. Lamberts [153] .
O. Núñez et. al. [154] suggested a method for determination of paraquat, diquat and
difenzoquat by capillary zone electrophoresis using a stacking technique in a chemically
modified capillary have been established.
M. akerblom [155] used spectrophotometry method for determination diquat residues in
rape seed.
C. Fuke et. al. [156] described the identification of diquat-dipyridone and diquatmonopyridone as metabolites of diquat diquat-dipyridone was isolated from urine and
identified by electron impact mass spectrometry, thin layer chromatography and high
performance liquid chromatography (HPLC). Diquat-monopyridone, diquat-dipyridone,
diquat and paraquat in serum and urine were assayed by HPLC with fluorescence and UV
detection.
Wu WS and Tsai JL. [157] studied qualitative and quantitative detection of paraquat and
diquat in urine which was performed by capillary zone electrophoresis (CZE).
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A high-performance liquid chromatographic used to separate diquat and paraquat and
detection of their concentrations was developed by R. gilla et. al. [158].
Capillary electrophoresis (CE) for simultaneous qualitative and quantitative detection of
paraquat and diquat in both serum and urine was investigated by E. Vinner et. al. [159].
T. Pérez-Ruiz et. al.

[160] described a method

depending on reaction involving the

formation of a charge-transfer complex between diquat and cysteine for the determination of
diquat.
Spectrofluorimetric determination of diquat by manual and flow-injection methods was
studied by T. Pérez-Ruiza et. al. [161].
Two methodologies were developed by M. Luque et. al. [162] for determination of paraquat
and diquat. The first is based on the pre-treatment of an electrode with a surfactant solution
the second methodology is based on the preconcentration of paraquat and diquat in a
minicolumn packed with a cation-exchange material.
M. Helena Florencio et. al. [163] developed method used different types of TiO2 to
photodegradation of diquat and paraquat herbicides solutions.
S. Rata et. al. [164] described a biodegradation method of paraquat and diquat by lipomyces
starkeyi.
P. Slade and A. E. Smith [165] studied breakdown of diquat dibromide by exposing to
sunlight.
G. V. Simsiman and G. Chesters [166] studied the presence of the pesticide in aqueous
media and factors affecting it.
S. N. Smith et. al. [167] studied the breakdown of paraquat and diquat by soil fungi.
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CHAPTER "TWO"
EXPERIMENTAL PART
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2.1. Reagents and Materials
All reagents used were chemically pure grade. Double distilled water was used throughout all
experiments. Diquat dibromide (DqBr2, M.wt =344.05g mol−1) , was obtained from Aldrich
Chemical Company. Graphite powder, 2-nitrophenyl octyl ether (2-NPOE), dioctyl
phthalate (DOP), dibutyl phthalate (DBP), tris(2-ethylhexyl) phosphate (TEPh), dioctyl
sebacate (DOS), tributyl phosphate (TBPh) and dibutyl butyl phosphonate (DBBPh) were
purchased from Aldrich and used as received. Silicotungstic acid (STA) H4[SiW12O40],
silicomolybdic acid (SMA) H4[SiMo12O40], phosphotungstic acid (PTA) H3[PW12O40],
phosphomolybdic acid (PMA) H3[PMo12O40], and sodium tetraphenylborate (Na-TPB)
Na[C24H20B], were obtained from Sigma. Chloride, nitrate, carbonate, sulfate or phosphate
of each of the following cations Na+, NH4+, K+, Zn+2, Co+2, Ni+2, Ba+2, Mg+2, Mn+2, Sr+2,
Cr+3, Al+3, as well as glucose, lactose, maltose, fructose and ascorbic acid were purchased
from Aldrich.
Different standard solutions of diquat with concentration from 10 – 100 ppm were
prepared to measure the degradation in different conditions.
Standard solutions of potassium dichromate (K2Cr2O7) and sulfuric acid (H2SO4) reagent
with silver sulfate (Ag2SO4) were prepared to measure the COD [168]. Other reagents were
used to preparation the electrodes shown in section 3.2

2.2. Preparation of the Ion-exchangers
An ion-exchanger was made from diquat dibromide (DqBr2) and one of the following
substances according to a reported method [169]: silicotungstic acid (STA), silicomolybdic
acid (SMA), phosphotungstic acid (PTA), phosphomolybdic acid (PMA), or sodium
tetraphenyl borate (Na-TPB) as detailed below:
Dq4ST2 ion-pair: 10 mL of 1×10−2 M DqBr2 solution was mixed with 10 mL of 5×10-3 M
STA solution. Dq4SM2 ion-pair: 10 mL of 1×10−2 M DqBr2 solution was mixed with 10
mL of 5×10-3 M SMA solution. Dq3PT2 ion-pair: 10 mL of 1×10−2 M DqBr2 solution was
mixed with 10 mL of 6.6 ×10-3 M PTA solution. Dq3PM2 ion-pair: 10 mL of 1×10−2 M
DqBr2 solution was mixed with 10 mL of 6.6 ×10-3 M PMA solution. DqTPB ion-pair: 10
mL of 5×10−3 M DqBr2 solution was mixed with 10 mL of 1×10−2 M Na-TPB solution.
Each solution was left standing for 2 h to settle and the precipitate ion-pair was filtered
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using quantitative rapid filter paper. This residue was washed with 50 mL cold distilled
water. The filter paper containing the precipitate was dried at room temperature for 48 h.
These ion-pairs were used as the active substances for preparing the electrodes of diquat
dibromide.

2.3. Preparation of Carbon Paste Electrodes
Unmodified carbon paste was prepared by intimate hand mixing of 147.6 mg of reagent
grade graphite powder and 147.9 mg of different plasticizers in plastic Petri dishes using a
glass rod as previously described [170]. The modified pastes were prepared analogously,
except that the graphite powder was mixed with the desired weight of the ion-associate to
get different compositions. Both unmodified and modified pastes were compactly packed
into the end of a disposable polypropylene syringe (ca. 3 mm i.d. and 6 cm long) and
electrical contact was achieved with a copper wire screw (Figure 2.1). The electrode
surface was pressed against a filter paper to obtain intimate packing of the carbon paste
and a smooth surface. A fresh surface of the paste was obtained by squeezing more out.
The surplus paste was wiped out and the freshly exposed surface was polished on a paper
until the surface showed 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. (2. 1) A typical carbon paste electrode (cross section)

2.4. Electrodeposition of Doped Lead Dioxide at Different Substrates
2.4.1. Preparation of Pb/PbO2 modified Electrode
2.4.1.1. Lead surface treatment
Pretreatments of the lead substrate were carried out before anodization to ensure good
adhesion of lead dioxide film. Lead was first roughened to increase the adhesion of PbO2
deposit via subjecting its surface to mechanical abrasion by sand papers of different grades,
down to 40/0. Then, it was cleaned by acetone to remove sand particles or any other
particles lodged in the metal surface. This process has a great application and good
penetrating power. Then it was treated with an alkali solution [a mixture of sodium
hydroxide (50g L-1) and sodium carbonate (20g L-1), Tri-sodium orthophosphate (20g L-1)
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and sulphuric acid (2g L-1). Uniform and well adhesive deposit necessitates a smooth
surface with no oxide or scales. To confirm our preparation , the lead substrate was soaked
for 2 min. in a pickling solution consisting of nitric acid (400g L-1) and hydrofluoric acid
(5g L-1) and then chemically polished in boiled oxalic acid solution (100g L-1) for 5 min.
[171].

2.4.1.2. Electrochemical deposition of PbO2
PbO2 was deposited galvanostatically on the pretreated lead substrate by electrochemical
anodization of lead in oxalic acid solution (100g L-1). This acid solution was electrolyzed
galvanostatically for 30 min. at ambient temperature using an anodic current density of 100
mAcm-2. The cathode was stainless steel (austenitic type), the two electrodes were
concentric with the lead electrode was axial. This arrangement gave the formation of a
regular and uniform deposit [171].

2.4.2. Preparation of modified C/PbO2 electrode
2.4.2.1. Carbon surface treatment
Pretreatment of Carbon rod (8mm × 25cm) was carried out following the procedure
applied by Narasimham and Udupa [172]. The carbon rod was soaked in 5% NaOH
solution, washed with distilled water, dried in furnace at 105oC, Time 15 min. , cooked
with linseed oil to reduce the porosity of rod. The electrode after the previous treatment is
ready to receive doped PbO2 .

2.4.2.2. Electrochemical deposition of PbO2
The electrodeposition of PbO2 was performed at constant anodic current of 20

mAcm-2

from 12% w/v Pb(NO3)2 solution. containing 5% w/v CuSO4.5H2O and 3%
surfactant(CETAP). The role of the surfactant is minimizing the surface tension of the
solution. Electrodeposition was carried out for 60 min. at 80oC with continuous stirring
[173].
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2.5. Apparatus
Potentiometric and pH measurements were made with a Pocket pH/mV Meters, pH315i
(Wissenschaftlich-Technische Werkstatten GmbH (WTW)-Germany) under stirring
conditions at room temperature (25.0±1.0 °C). The performance of the electrodes was
investigated by measuring the emfs of DqBr2 solutions with a concentration range of 1.0 x
10-7– 1.0 x 10-2 M by serial dilution. Each solution was stirred and the potential reading
was recorded when it became stable, and plotted as a logarithmic function of DqBr2 cation
activities which are calculated according to the Debye-Hückel equation(eq.7).
log γ = - 0.511 Z2 [µ1/2(1+1.5 µ1/2) – 0.2 µ]

(7)

which is applicable to any ion, where µ is the ionic strength and Z the charge [174].
The electrolysis of the aqueous solutions containing diquat dibromide to be treated
electrochemically was carried out in a one-compartment Pyrex glass cell of 50 ml volume
with the prepared Pb/PbO2 electrode as anode and austenitic stainless steel as cathode. DC
power supply (modelGP 4303D, LG Precision Co. Ltd, Korea) was used. The current and
potential measurements were carried out using digital multimeter ( Kyoritsu model 1008,
Japan ) . Remaining concentration of diquat dibromide was measured with UV-Vis
spectrophotometer (Shimadzu, Japan ). In addition COD was determined using the Reactor
Digestion Method [175].

2.6. Electrolysis for Degradation of Diquat dibromide
Galvanostatic electrolyses were carried out at Pb/PbO2 and C/PbO2 electrodes,

with

current density ranging from 0 to 200 mAcm-2 with potential ranging from 1-20 volts.
Runs were performed at 5 - 40oC. Solutions of 50 mg L-1 of pure diquat solution were
used. Electrolysis done with 2 g L-1 of different types of electrolytes NaCl, CaCl2, KCl,
Na2CO3, NaF, and Na2SO4, at sodium chloride concentration from 0.0-16 g L-1 with pH
around 1.5-11.5 . The electrolysis of time ranges from 0-180 min, for diquat degradation
and from 0 to 550 min. for COD removal.
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The electrolysis of the aqueous solution containing the diquat to be treated
electrochemically was carried out in one compartment Pyrex glass cell of 50 ml volume
with the prepared Pb/PbO2 and C/PbO2 as anode and austenitic stainless steel as cathode.
DC power supply was used for degradation of diquat pesticide. The current and potential
measurements were carried out using digital multi-meter.

2.7. Analysis
Two main parameters were measured to evaluate the electrochemical treatment efficiency,
remaining pollutant concentration and COD (chemical oxygen demand). Remaining
pollutants (diquat) concentration was measured with the spectrophotometer at λmax =308
nm using the calibration curve, the standard error ± 0.2%. The COD was determined using
a closed reflux titrimetric method.

2.8. Data Treatment
The cost of degradation of diquat as:
Cost = Electrical energy consumption × price in dollars
Electrical energy consumption (Kwh) = I t v / 1000×3600
Price in dollar = 2.5 × 10-5 $

2.8 Operation Conditions for Optimization of Diquat dibromide
Electrodegradation

2.8.1. Type Effect of conductive electrolyte on electrochemical
degradation
Electrochemical oxidation removal efficiency of diquat dibromide and COD was carried
out in the presence of 2 g/L of different electrolytes, NaCl, CaCl2, KCl, Na2CO3, NaF, and
Na2SO4 under the following operating conditions: a 50 mg/L initial concentration of diquat
dibromide, a temperature of 10 oC, pH 9 and 2.2 using Pb/PbO2 and C/PbO2 respectively,
a current density of 150 mA/cm2 for 60 minutes, time for COD removal for Pb/PbO2 and
C/PbO2 was 300 and 210 min. respectively
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2.8.2. Effect of conductive electrolyte concentration on electrochemical
degradation
The operating conditions were 50 mg/L initial concentration of diquat dibromide under:
150mA/cm2 current density, pH 9 and 2.2 using Pb/PbO2 and C/PbO2 respectively 10 oC
and 60 minutes, 300 and 210 min electrolysis time for the electrochemical treatment of
diquat dibromide and COD removal respectively . The solution conductivity varied from
(1.0-16.0) g/L .

2.8.3. Effect of temperature on ISEs and electrochemical degradation
To study the thermal stability of the constructed electrodes, calibration curves were plotted
at different test solution-temperatures covering the range 20-60 oC. The slope, linear range,
detection limit and response time of the electrodes were determined at each temperature.
Similar to the previous experiments, 2 g/L NaCl, 50mg/L initial concentration, 150
mA/cm2 applied current density, the time of electrolysis 60 min, 300 and 210 min for
diquat dibromide degradation and COD removal respectively were used to test the effect
of temperature on removal efficiency.

2.8.4. Effect of current density on electrochemical degradation
Different current densities were applied to investigate the electrocatalytic degradation of
diquat dibromide in NaCl solution (2 g/L) at a 50 mg/L initial concentration of diquat
dibromide with corresponding initial COD of 50 mg/L at a solution pH 9 and 2.2 using
Pb/PbO2 and C/PbO2 respectively and a temperature of 10 oC. This was carried out after 60
minutes, 300 and 210 min for diquat dibromide degradation and COD removal respectively
electrolysis time.

2.8.5. Effect of pH on ISEs and electrochemical degradation
The effect of pH of the test solution on the potential values of the fabricated electrode system
in solutions of different concentrations (1.0×10-3 M and 1.0×10-4 M,) of the chemical
compounds, was studied. Aliquots of the pesticide solution (50 mL) were transferred to
100 mL titration cell and the tested ion-selective electrode in conjunction with the calomel
reference electrode were immersed in the same solution. The mV and pH readings were
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simultaneously recorded. The pH of the solution was varied over the range of 1.5-11.0 by
addition of very small volumes of (0.1-1.0) M HCl and/or NaOH solution. The mVreadings were plotted against the pH-values for the different concentrations.
In order to investigate whether diquat dibromide removal is pH dependant, the pH of the
solution was varied by adding drops of HCl and NaOH solution using a pH-meter while
the other conditions were kept constant. All the operating conditions for the treatments of
diquat dibromide 2g/L NaCl, 50 mg/L initial concentration, 10 oC temperature, 150
mA/cm2 applied current density, the time of electrolysis 60 min, 300 and 210 min for
diquat dibromide degradation and COD removal using Pb/PbO2 and C/PbO2 respectively.

2.8.6. Effect of time of electrolysis on electrochemical degradation
Investigation of the effect of time of electrolysis on the electrocatalytic degradation of
diquat dibromide was carried out from (0-180) minutes for diquat dibromide degradation
and (0-550) min for COD removal in 2g/L NaCl containing 50 mg/L initial concentration
of diquat dibromide at 10 oC, 150 mA/cm2, and pH 9 and 2.2 using Pb/PbO2 and C/PbO2
respectively.

2.8.7. Effect of initial diquat dibromide dosage on electrochemical
degradation
The results so far have indicated that the total electrochemical degradation of diquat
dibromide was attained after 60minutes and 300 and 210 min for diquat dibromide
degradation and COD removal using Pb/PbO2 and C/PbO2 respectively at 150 mA cm-2
current density in a 2g/L NaCl solution of pH 9 and 2.2 using Pb/PbO2 and C/PbO2
respectively and variable concentration in the range of 10-100 ppm . All the investigation
so far was carried out at a constant initial concentration of diquat dibromide (50 mg/L).

2.9. Effect of interfering ions
The separate solution method (SSM) and the matched potential method (MPM) [176] are
employed to determine the selectivity coefficients of the potentiometric sensors towards
different species such as some inorganic cations, organic cations, sugars and amino acids.
In the matched potential method (MPM) [176]. According to this method, the activity of
diquat dibromide was increased from aA =1.96×10−5 mol L−1 reference solution) to `aA =
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2.34×10−5 mol L−1, and the corresponding changes in potential (ΔE) were measured. Next,
a solution of an interfering ion of concentration aB, in the range 1.0×10−1 to 1.0×10−3 mol
L−1, was added to a new 1.96×10−5 mol L−1 (reference solution) until the same potential
Pot .
change (ΔE) was recorded. The selectivity factor, K pesticide
, for each interferent was
,J z

calculated using the following equation:
K

Pot
, J 2
pesticide



a pesticide
a

(8)

J

Where the aJ is the activity of the added interferent.
In separate solution method requires two potential measurements, first, the potential is
measured in a solution containing a known amount of the ion for which the electrode is
selective, and second, the potential is measured in a solution containing the interfering ion.
These potential values were used to calculate the selectivity coefficient value
pot
log K Drug
using the following equation:
,J 2

pot
log K pesticise

, J 2

E2  E1
 log [ pesticide ]  log [ J z  ]1 / z (9)
S

where E1 and E2 are the electrode potentials of 10-2 M solution of each of the investigated
pesticides and interferent cation, Jz+, respectively and S is the slope of the calibration
graph.

2.10. Sample Analysis:2.10.1. Potentiometric determination of DqBr2 solution:2.10.1.a. Standard additions method:
Standard addition methods in which small increments (10-100 µl) of (0.1 M) DqBr2
solution were added to 25 mL aliquot-samples of various concentrations (5.0 x 10-6 M and
5.0x10-5M) DqBr2 was applied.
The change in mV reading was recorded for each increment and used to calculate the
concentration of the drug 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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(10)

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 graph.

2.10.1. b. Calibration curve method
Different amounts of DqBr2 were added to 50 mL of water comprising a concentration
range from 1.0 x 10-7 M to 1.0 x 10-2 M and the measured potential was recorded using the
present electrode. Data were plotted as potential versus logarithm of the Dq+2 activity and
the resulting graph was used for subsequent determination of unknown drug concentration
[177].

2.10.1. c. Potentiometric titrations :
Different volumes of 1.0 x 10-3 M equivalent to 2 -4 mg of DqBr2, were transferred to a 25
mL beaker, and titrated with a standard solution of Na-TPB using the prepared DqBr2electrode as indicator electrodes. The end points were determined from the S-shaped
curves.

2.11. Analysis of spiked urine samples
The samples 5ml of urine were spiked with diquat dibromide and left stirred for 5 min,
transferred to a 25-mL volumetric flask and completed to the mark with distilled water to
give 8.0×10−6 M to 2.0×10−5 M DqBr2 These solutions were subjected to the calibration
graph method for DqBr2 determination [178].

- 28 -

CHAPTER "THREE"
RESULTS & DISCUSSION
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3.1. Ion-Selective Electrode

In the past few decades, considerable efforts have led to the development of new sensors for
fast, accurate, reproducible and selective determination of many important ions. The
introduction of new ion-selective electrodes (ISEs) has promoted fundamental development in
potnetiometry. Potentiometric detectors based on ISEs offer advantages such as selectivity,
sensitivity, good precision, simplicity and wide linear concentration range. In this study a new
chemically modified carbon paste electrode is constructed and used for determination of diquat
dibromide in water and biological samples.
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 [179], the type of solvent mediator, the graphite(G)/plasticizer(P) ratio [180] and
any additives used [181]. Thus, the influences of paste composition, nature and amount of ionexchanger solvent mediator, and amount of additives, such as sodium tetraphenylborate, on the
potential response of the proposed sensor were tested and the obtained results are given in Table
3.1.
3.1.1. Optimization of the composition of the paste
3.1.1.1. Optimization of the amount of the ion-exchanger in the paste
Ion-exchanger complexes used in ion-selective electrodes should have rapid exchange kinetics
and adequate stability. In addition, they should have appreciable solubility in the membrane
matrix and have sufﬁcient lipophilicity to prevent leaching from the membrane into the sample
solution [182] The ion-exchanger incorporated in each electrode was an ion-association
complex of the pesticide cation with a heteropoly anion: Silicotungstic acid (STA),
silicomolybdic acid (SMA), phosphotungstic acid (PTA), phosphomolybdic acid (PMA), and
sodium tetraphenylborate (Na-TPB). These species with high molecular weight anions, 2878,
1823, 2880, 1825 and 342 respectively.
An ion-exchanger complex of Dq4ST2, Dq4SM2, Dq3PT2, Dq3PM2 and Dq(TPB)2, with different
lipophilicities and stabilities[183], were prepared and investigated as modifiers for carbon paste
electrodes selective to diquat dibromide. The results are given in Table 3.1, from which it can be
seen the electrode containing Dq3PT2 complexes displayed remarkable selectivity for diquat
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ions towards diquat cations. This may be due to that the lipophilicity of the ion-exchanger
Dq3PT2 Complex is more than that of the others complex as it is more bulky and has the highest
molecular weight.
The electrodes with different percentages of the Dq3PT2 modiﬁer were prepared namely 0.5%,
1.0%, 1.5%, 2.0%, 2.5%, and 3.0% (w/w). The slopes, concentration range, detection limit and
response time of the above electrodes are given in (Table 1). The electrode without the modiﬁer
(sensor No. 1) showed poor sensitivity to diquat cations, whereas, in the presence of the
modiﬁer, the electrode showed remarkable selectivity for Dq(II). The sensitivity of the electrode
response increased with increasing modiﬁer until the value of 1.5 wt% (electrode No. 4) which
gives the best result. Further addition of the ion-exchanger complexes (sensors No. 5, 6 and 7)
resulted in a little decrease in the response of the electrode that is most probably due to some
inhomogenieties and possible saturation of the paste.[184]

3.1.1.2. Inﬂuence of anionic additives
The presence of lipophilic anion sites in cation-selective electrodes reduces ohmic resistance
and improves response behavior and selectivity. In addition, it enhances the selectivity of the
paste electrode in case where the extraction capability of the ion-exchanger is poor. Moreover,
the lipophilic additive may catalyze the exchange kinetics at the sample-electrode interface [185
– 186]. addition of 1.0% Na-TPB, the sensitivity of the sensor increased and the slope of
calibration curve increased to 30.0 mV/decade and the response time decreased.
3.1.1.3. Influence of the plasticizer
A plasticizer is an important constituent and inﬂuences the detection limit, selectivity and
sensitivity of the electrode [187]. It should be noted that the partition coefficients of ions are
strongly dependent on the solvation properties of the organic phase [188] which are mainly
determined by the polarity of the plasticizer used in the electrode. In addition the nature of the
plasticizer affects both the dielectric constant of the paste and the mobility of the target ions
[189]. Therefore, the inﬂuence of the polarity of the plasticizer on the cation selectivity of the
paste was investigated.
In exploration for a suitable plasticizer for constructing this electrode, six plasticizers were used
with the values of dielectric constants, lipophilicity and molecular weight respectively listed in
parantheses, namely, 2-NPOE (εr = 23.6, PTLC = 5.9, M.wt. = 251), DOP (εr =5.1, PTLC = 7.0,
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M.wt. = 391), DBP (εr = 6.4, M.wt. = 278), DOS (εr = 3.9, PTLC = 10.1, M.wt. = 427), DOPh (εr
= 4.8, PTLC = 10.2, M.wt. = 434) and TPB ((εr =8.0, PTLC = 4.0, M.wt. = 266)
It is quite obvious from (Table 3.1 and Figure 3.1) 2-NPOE has a great polarity (εr = 24), and
high lipophilicity to avoid exudation and to considerably affect dissolution of ion-associations
within the paste. This effect is due to increasing its partition coefficient and providing suitable
mechanical property to it compared with low polarity plasticizers [190].

3.1.1.4. The graphite/plasticizer (g/p) ratio study
It is well known that the sensitivity and selectivity of the electrode depend on (g/p) ratio used.
The (g/p) ratios of 0.90–1.35. were examined as shown in (Table 3.1 ). It was observed that the
highest useful ratio of g/p considered was 1.00, that is likely due to the optimum physical
properties that ensured high enough mobility of their constituents [191]. Pastes with g/p more
than 1.35 produced “crumbly” pastes a those with ratio smaller than 0.90 had a consistency
resemble that of “peanut butter”, i.e., not workable.
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Table 3.1. Composition and slope of calibration curves for Dq-CMCPE electrodes at
25.0±0.1 oC.
Composition (%)

1
2
3
4
5
6
7

I-E

G

P

A

S

C.R.

LOD

--

50.0

50.0

--

10.2

1.6x 10-6-1.6 x 10-6

1.6x10-6

25-30

5.0×10ˉ

7

10-15

4.5×10ˉ

7

5-10

5.0×10ˉ

7

5-7

8.0×10ˉ

7

5-10

8.0×10ˉ

7

5-15

8.5×10ˉ

7

5-15

Dq-PT
Dq-PT
Dq-PT
Dq-PT
Dq-PT
Dq-PT
Dq-PT

Electrode response

0.5
1.0
1.5
2.0
2.5
3.0

51.0
51.0
48.6
49.2
49.2
47.3

48.5
48.5
48.9
49.3
49.3

--1.0
---

-7

-3

25.7

8.2×10  ــ1.0×10

27.3

7

6.8×10ˉ -1.0x10

-3

30.8

-7

9.0x10 -1.0x10

-3

27.4

7

9.0×10ˉ -1.0x10

-3

25.3

6

1.0×10ˉ -1.0x10

-3

6

-3

49.7

--

24.8

1.0×10ˉ -1.0x10

R(s)

Different of ion-pair
8

Dq-ST

1.5

48.6

48.9

1.0

19.6

6.0x10-6-1.7x10-4

6.0×10ˉ6

10-15

9

Dq-PM

1.5

48.6

48.9

1.0

20.5

8.0x10-7-1.6x10-4

8.0×10ˉ7

10-15

-7

-3

10

Dq-PT

1.5

48.6

48.9

1.0

30.8

9.0x10 -1.0x10

11

Dq-TPB

1.5

48.6

48.9

1.0

12.2

1.6x10-6 -1.6x10-4

12

Dq-SM

1.5

-7

5.0×10ˉ

7

1.6×10ˉ6

25-30

6

25-35

-4

4.0×10ˉ

5.0×10ˉ7

48.6

48.9

1.0

11.7

8.0x10 -1.7x10

48.6

48.9

1.0

30.8

9.0x10-6 -1.0x10-3

5-7

Different plasticizers
plasticizers
13
14
15
16
17
18

(2-NPOE)

(DOP)
(DBP)
(DOS)
(DoPh)
(TBP)

1.5
1.5
1.5
1.5
1.5
1.5

48.6
48.6
48.6
48.6
48.6

48.9
48.9
48.9
48.9
48.9

1.0
1.0
1.0
1.0

10.2

-6

2.0x10 -1.2x10

-6

10.5

-5

-4

-6

-4

-6

-6

-6

-4

12.2
11.7

2.0x10 -1.7x10

1.6x10 -1.6x10

2.0×10  ــ1.2×10

1.0

12.3

1.8x10 -1.7x 10

1.0

24.5

8.5×10ˉ7-1.0x10-3

5-7

1.0x10

-6

30-45

3.0x10

-6

35-40

1.6×10ˉ

6

25-30

2.0×10ˉ

6

30-35

1.8×10ˉ

6

30-35

5.1×10ˉ7

10-15

Different g/p ratios
19

0.90

1.5

46.3

51.2

-7

-3

20

1.00

1.5

48.8

49.2

1.0

30.8

9.0x10 -1.0x10

21

1.10

1.5

50.5

48.0

1.0

16.7

4.0x10-7-1.0x10-3
-6

-4

22

1.20

1.5

53.2

44.3

1.0

14.6

1.6x10 -1.6x10

23

1.35

1.5

56.0

41.5

1.0

11.2

8.0x10-7-1.7x10-4

5.0×10ˉ

5-7

4.3x10-7

15-20

6

25-30

4.0×10ˉ6

25-35

1.6×10ˉ

I.P: Ion-pair, S: slope (mV/decade), C.R.: concentration range (M), LOD: limit of
detection, R(s): response time(s), A: Additives as "Na-TPB"
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7

(Fig. 3.1)Effect of different plasticizer on the potential response of Dq-CMCPE
40
20
0
-20

E.mV

-40
-60
-80
-100
-120
-140
-160
8

7

6

5

4

3

2

1

0

-Log(Dq+2)

(Fig. 3.2)The calibration curve and limit of detection (LOD) of Dq-PTA electrode.
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3.1.1.5 Effect of pH
The influence of pH on the response of the Dq-CMCPE was examined for (1x10-4 and1x10-3 M)
Dq(II) solutions. It can be seen from Figure 3.3 that the variation in potential due to pH change
is considered acceptable in the pH range 4.5 – 9.5. However, there is an observed drift at pH
values lower than 3.5 which may be due to H+ ion interference. On the other hand, the potential
decreases gradually at pH values higher than 9.5. The decrease may be attributed to the
formation of the free diquate base in the test solution.

Fig.(3.3) Effect of pH on potential response of Dq-CMCPE using 1.0x10-4 M and 1.0x10-3 M
Dq-Br2 solution.

3.1.1.6 Response time of the electrode
It is well known that the response time of the modified electrode is one of the most important
factors in its evaluation. The response time of the electrode is defined as the time between the
addition of analyte to the sample solution and the time when a limiting potential has been reached
[192]. In practice, response time was recorded by increasing the Dq+2 ion concentration in solution
from 1.0 x 10-6 to 1.0 x 10-3 M, with subsequent measurement of the corresponding stable
potentials. The results, depicted in (Figure 3.4) clearly indicate that equilibrium is reached in a
very short time (5-10 s) .
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Fig. (3.4) Response time of Dq-CMCPE for step changes in concentration
of DqBr2 (from 1x10-6-1x10-3 M).

3.1.1.7 Surface-renewal , homogeneity and reproducibility of the electrode
The main attraction of using the modiﬁed electrode is that the electrode surface can be renewed after
every use. The bulk modiﬁed electrode can be renewed by squeezing a little carbon paste out of the
tube and a fresh surface is smoothed on a piece of weighing paper whenever needed [193].
Accordingly, a paste of optimum composition and suitable weight (~2.0 g) can be used for several
months without any deterioration or change in the response of the electrode. To test paste
homogeneity, the proposed electrodes were applied for diquat determination in a 1.0×10−4 M Dq(II)
solution and the measurement was repeated ten times with a newly exposed surface of the electrode
for each one. The average potentials was a round -40 mV with relative standard deviation (R.S.D.)
0.52 for sensor. This result indicated that the measurement on the polished surface of the electrode is
reducible.
The slope of the calibration graph was found to decrease slightly from 30.6 to 21.6 mV/decade after
three times of use. This decrease may be attributed to surface contamination and memory effect.
Therefore, the electrode surface should be polished to expose a fresh layer for use.
The sensor reproducibility was evaluated on the same surface by three successive measurements and
resulted in a relative standard deviation of 4.1% and 1.9% for 1.0×10−3 and 1.0×10−4 M of Dq(II),
respectively.
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3.1.1.8 Effect of temperature
To study the thermal stability of the electrode, calibration graphs were constructed at different test
solution temperatures of the test solution covering the range 20–60°C. The slope, response time,
concentration range and the detection limit obtained from the calibration plots as corresponding to
each temperature is given in Table 3.2. it is obvious that no appreciable change in the calibration
characteristics was observed in the temperature range This indicates fairly high thermal stability of the
electrode.

Table (3.2) Performance characteristics of Dq-CMCP electrodes at different temperatures.
T(0C)
20
30
40
50
60

Slope(mv/decade)
28.3
30.8
28.9
29.2
28.9

Linear range (M)
9.8×10ˉ7-1.0x10-3
9.0×10ˉ7-1.0x10-3
8.8×10ˉ7-1.0x10-3
9.0x10-7-1.0x10-3
8.5×10ˉ7-1.0x10-3

Detection
limit
5.5×10ˉ7
5.0×10ˉ7
5.8×10ˉ7
6.1×10ˉ7
6.5×10ˉ7

Response
time
8-10
5-7
6-9
8-12
8-15

3.1.1.9 Selectivity of electrode
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 [194]. The separate solution method (SSM) is recommended by IUPAC to
determine the selectivity coefficient of the ISE [44]. SSM is based on Nickolsky-Eisenman
equation [44]. 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 [195].
Therefore another method named the “matched potential method (MPM)” was recommended
[44] especially when the primary ion and/or the interfering ion dissatisfy with the Nernst
response or when the involved ions are unequal in charge [196]. The resulting values, presented
in Tables (3.3) show that these sensors display significantly high selectivity for Diquat over
many common organic and inorganic compounds, sugars, amino acids as well as some anions.
Comparing the selectivity coefficient values obtained for the investigated electrodes in both
SSM and MPM methods collected in Tables (3.3), makes obvious that there is a measurable
difference between the values for each interfering ion obtained in both cases. The values of
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selectivity coefficients obtained using MPM method are more reliable. It is noticed that the
results of selectivity tests on interfering divalent ions are similar to those of Diquat ion.
However, the monovalent and trivalent cations produce different results from the two methods.
This is reasonable considering that the SSM depends on the charge and gives inaccurate results.
However, the MPM gave more accurate ones as it is independent of the charge of the ion.

Pot

Table (3.3) Selectivity coefficient ( K pesticide, J z  ) of various interfering ions for Dq-PT electrodes.
Interfering ions

Dq-PTA
SSM

.

MPM

K+

1.1x10-5

1.1 x 10-4

Ba2+

6.9x10-5

1.6 x 10-5

Na+

1.8x10-5

9.0 x 10-6

NH+

9.5x10-6

3.0 x 10-5

Li+

3.1x10-5

4.5 x 10-6

Cd2+

7.5x10-6

1.3 x 10-5

Mg2+

2.9x10-5

1.5 x 10-5

Al3+

3.9x10-3

9.5 x 10-4

Ni2+

1.5x10-6

4.8 x 10-6

Cu2+

1.8x10-3

2.3 x 10-3

Pb2+

1.9x10-5

1.8 x 10-5

Cr3+

1.9x10-4

1.6 x 10-7

D-Fractose

-

1.2 x 10-5

D- Galactose

-

1.7 x 10-5

Maltose

-

2.1 x 10-5

Glucose

-

3.3 x 10-5

Glycine

-

8.2 x 10-5
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3.1.2. Analytical Applications
The performance characteristics of the studied electrode (Tables 3.4) show wide concentration
range, fast response time, lower detection limit…etc. which implies that it can be effectively
used for determination of diquat in ,ground water and urine samples using: the calibration curve
method ,the standard additions method and potentiometric titration .

3.1.2.1 Potentiometric determinations
3.1.2.1.a The standard additions method
Diquat dibromide determined by the standard additions method. The results, shown in Tables
(3.4), indicate that recovery ranged from 99.3-104.0% and small relative standard deviation
ranging(1.65-2.3). These values reflect high accuracy and precision of the studied electrodes as
sensors for the pesticide.

3.1.2.1.b The calibration curve method
A calibration curve is a general method for determination of the concentration of a substance in
an unknown sample by comparing the response of the unknown to those of a set of standard
samples of known concentration. diquat dibromide ion were determined by the calibration curve
method as shown in table(3.3) indicate that recovery ranged from 97.5-104.0% and small
relative standard deviation ranging from 0.30-4.70% for diquat dibromide. The accuracy and
precision of these findings indicate the viability of the
determination.
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electrode in

diquat dibromide

Table (3.4) Analysis of diquat dibromide in real samples , spiked ground water, tap water and
Urine using standard additions method, calipration curve method , by using Dq-PT electrode.
Sample

M
Taken

Found

X

R.S.D%

Spiked Dq(II) in ground water samples
Calibration curve method
(4.00) x 10-6

(3.97± 0.01) x 10-6

99.3

0.69

(2.00) x 10-5

(1.93± 0.01) x 10-5

97.5

4.73

(1.00) x 10-4

(9.78± 0.01) x 10-5

97.8

2.82

(1.70) x 10-3

(1.70± 0.01) x 10-3

100.0

1.30

(5.00) x 10-6

(4.98± 0.01) x 10-6

99.6

2.31

-5

-5

99.2

1.72

Standard addition method

(5.00) x 10
Spiked Dq(II) in urine samples
Standard addition method

Calibration curve method

(4.96± 0.01) x 10

(1.00) x 10-6

(1.04 ± 0.02) x 10-6

104.0

1.65

(5.00) x 10

-5

(4.96± 0.01) x 10

-5

99.2

1.83

(1.00) x 10

-5

(1.01 ± 0.03) x 10

-5

101.0

2.01

(1.00) x 10

-4

(9.97 ± 0.02) x 10

-5

99.7

1.35

X: recovery ; RSD : relative standard deviation

3.1.2.1.c The potentiometric titration method
The potentiometrtic 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 end-point is well defined.
The potentiometric titration of for diquat dibromide is based on the decrease of the pesticide
cation concentration by precipitation with tetraphenylborate anion. The feasibility of such
titration depends on the degree of completeness of the reaction. The titration was carried out
manually in aqueous solution containing 1.32 to 2.60 mg of Diquat dibromide. The average
recoveries were 98.8-102.5% and the relative standard deviation 0.31-1.97% in Diquat
dibromide. These values reflect high accuracy and precision of the tested electrode as sensors of
the diquat dibromide as shown in Figures (3.5 and 3.6) indicate the potential jump at the vicinity
of end point ranged from (10 to -95 )mV. This reflects very high degrees of completeness of the
titration reactions.
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Fig. (3.6) Potentiometric titration of 5.0
mL of 1.0x10-2 M DqBr+2 with1.0x10-2
M Na-TPB as a titrant, using Dq-PT
electrode.

Fig. (3.5) Potentiometric titration of
2.5 mL of 1.0x10-2 M DqBr+2
with1.0x10-2 M Na-TPB as a titrant,
using Dq-PT electrode

3.1.3 Determination of diquat dibromide in urine samples
Diquat is one of the most hazardous compounds for human health, the repeated exposures may
cause skin irritation, sensitization, or ulcerations on contact [197].
In general it has been considered that the majority of diquat absorbed into the body is eliminated
unmetabolized in the urine[198]. Therefore, it is necessary to estimate diquate dibromide in
urine sample. Consequently, urine samples were analyzed for diquate dibromide using the
standard addition method and the calibration curve method with the above developed sensor. It
is noted that results presented in table are reasonable as the recovery ranges are 99.2–102% and
R.S.D. ranges are 1.00–2.01 and the diquate ions in urine could be accurately determined with
the electrode.
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3.2 Electrochemical Degradation
3.2. 1. Mechanism of electrochemical oxidation of organic pollutants
The electrochemical oxidation of many organic pollutants in aqueous solutions on anode could
take place by direct electron transfer or oxygen atom transfer. In addition to direct oxidation,
organic pollutants can also be treated by an indirect electrolysis generating chemical reactant to
convert them into less deleterious products. Oxidation of these pollutants might go further to
carbon dioxide and water via successive reactions. Each of them could proceed through several
steps such as mass transport, adsorption and direct or indirect reaction at the anode surface.
The direct electrochemical oxidation of organic compounds could generally occur through the
following mechanism in which the first step is the oxidation of water molecules on the electrode
surface ( MOx ). This process may give rise to formation of hydroxyl radicals according to:
k1
MOx  H 2O 
MOx [OH ]  H   e 

(1)

The produced hydroxyl radicals can, be oxidized to a higher state forming the so-called higher
oxide
The above route can take place only if the transition of the underlying oxide to a higher
oxidation state occurred. The electrodes of this class are called " active electrodes ". However, if
the product of equation (3) is not obtained the electrogenerated hydroxyl radicals could directly
oxidize the organic compound to carbon dioxide and water, predominantly cause the
combustion of the organic compound through hydroxylation of these compounds:
h4
MOx [OH ]  R 
Ox  mCO2  nH 2O  H   e 

(2)

And this class of electrodes are called " non-active electrodes "
On the basis of the above mentioned mechanism, the lead dioxide anode employed in this
investigation is characterized by high oxygen overvoltage on which (OH• ) are generated from
the oxidation of water. Hydroxyl radicals (OH•) are electrosynthesized in aqueous solutions and
can react rapidly with aromatic pesticides, leading to a polyhydroxylation reaction, followed by
complete mineralization of the initial pollutants [199]. However, PbO2 does not have a higher
oxidation state; consequently it is classified as a "non-active electrode". It was reported that
lead dioxide electrode is hydrated one and the electrogenerated hydroxyl radicals are expected
to be more strongly adsorbed on its surface. This behavior, makes lead dioxide anode very
- 42 -

reactive towards organic oxidation. The degradation of the organic pollutants is completed by
reaction with adsorbed hydroxyl radicals forming carbon dioxide and water. Indirect
electrochemical oxidation of organic pollutants occurs through the "in situ" electrogeneration of
catalytic species with powerful oxidizing property. This process is capable of eliminating the
detrimental pollutants from their solutions by converting them into harmless compound.
Although a large number of electrogenerated oxidants can be used such as Fenton's reagent and
ozone, the hypochlorite ion is the most widely employed oxidant in wastewater treatment. The
mechanism of electrogeneration, from a solution, containing chloride ions involves two steps.
The first one is primary oxidation of chloride ions to chlorine at the

a node surface

according to the following:
k5
2Cl  
Cl 2  2e 

(1)

The second step is formation of hypochlorous acid:
k6
Cl 2  H 2 O 
HClO  Cl   H 

(2)

The HClO undergoes dissociation into hypochlorite and hydrogen ions:
k7
HClO 
ClO   H 

(3)

3.2.2. The effect of different operating factors on degradation of diquat
dibromide and COD removal using Pb/PbO2 and C/PbO2 electrodes
The results of studying the possibility of using different electrodes in the treatment of diquat
pesticide and COD removal were presented in figures (5.1-5.28). two modified electrodes were
used in this study, Pb/PbO2 and C/ PbO2. these electrodes were used as anodes in the
electrocatalytic oxidation process. the remaining concentration (mg L-1) and COD removal (mg
O2 L-1) were determined. 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, and optimized.
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3.2.2.1. Effect of pH value
The pH of the solution was varied while the other conditions where kept constant. As shown in
Figs. (5.1_5.4) maximum removal of diquat and COD were achieved in the pH 9.0 using
Pb/PbO2 electrode while by using C/PbO2 the maximum removal were in the pH 2.2. The pH of
the solution was changed by adding drops H2SO4 and NaOH solutions using a pH meter. The
reactions were carried out for 60 min using Pb/PbO2 and C/PbO2 electrodes under the following
condition: the initial concentration of 50 mgL-1, a current density of 150 mAcm-2, a temperature
of 10 C0 and NaCl concentration of 2g L-1.
In this study, it was found that the of electrocatalytic oxidation of diquat was depending on pH
value of solution as shown in Figs ( 5.1 – 5.4 ). It was shown that the maximum rate of
degradation using Pb/PbO2 electrode was in the acidic medium. In acidic medium the diquat
will liberate Cl2 gas which is considered as the active species for the degradation of organic
compound. While by using C/PbO2 electrode the basic medium is the optimum condition.
The basic medium initiated the absorption of chlorine which produced on the anode, and then
the percentage of hypochlorite will be increased because the reaction between chlorine and
NaOH will produce sodium hypochlorite (NaOCl) according to the following reaction :
NaOH + Cl2 → NaOCl + Cl- + H+

( 11)

Further, basic medium decreases the losses of chlorine gas which is produced on the anode and
this also increases the percentage of sodium hypochlorite.
3.2.2.2. Effect of the NaCl concentration
Variation of NaCl concentration were applied to investigate the removal of diquat under the
following conditions: 150 mAcm-2 of current density, temperature of 100C, pH 9 and 2.2 using
Pb/PbO2 and C/PbO2 respectively, initial concentration 50 mgL-1, and the time of electrolysis is
60 min. Figs. (5.5_5.8) represent the effect of different NaCl concentrations on the degradation
rate of diquat and the corresponding COD elimination. A general trend was observed: an
increase of the diquat degradation rate and COD removal with increasing the electrolyte
concentration up to 2g L-1 using both Pb/PbO2 and C/PbO2 electrodes. Further increasing the
NaCl concentration up to this value leads to no change in the rate of diquat degradation and
COD removal.
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3.2.2.3. Effect of current density
As shown in Figs. (5.9_5.12) both diquat degradation and COD removal increase with
increasing the applied current density up to 150 mAcm-2 by using Pb/PbO2 and C/PbO2
electrodes. Further increase of the current density was followed by gradual decrease in diquat
degradation and COD removal due to increase in temperature. In other words, the rate of
degradation of diquat increases with increase in current density by maintain a moderate
temperature. Different current densities were applied to investigate the optimum current density
for degradation of diquat. Optimum current density is 150 mAcm-2, at which the maximum
removal of diquat is observed. The treatment processes were carried out for 60 min under the
temperature of

10 C0, pH 9 and 2.2 using Pb/PbO2 and C/PbO2 respectively, initial

concentration 50 mgL-1 and the concentration of NaCl is 2g L-1.
Electrodegradation was carried out at current density of 150 mAcm-2. At this value there is a
great possibility of electrogeneration of Cl2 in solution .
As a current density increases, hypochlorite production also increases, however cell temperature
increasing with increasing current current density. Above atemperature 35C0 , sodium
hypochlorite tends to chemically decompose to sodium chlorite.
3NaClO → NaClO3 + 2NaCl

( 12)

So when temperature raise higher than 35C0 producing of NaClO falls.
3.2.2.4. Effect of type of electrolyte
The effect of the type of conductive electrolyte was performed by using a concentration of 2g L1

of the following salts: NaCl, CaCl2, KCl, Na2CO3, NaF, and Na2SO4 by using Pb/PbO2 and

C/PbO2 electrodes to study the degradation of diquat and COD removal . As shown in Figs.
(5.13_5.16), it appears that KCl and NaCl the most effective conductive electrolyte. The
electrocatalytic rate of degradation of the investigated diquat and COD removal was poor in the
Na2SO4 and Na2CO3 electrolyte. The operating conditions of the treatment process were by
using current density of 150 mAcm-2, pH 9 and 2.2 using Pb/PbO2 and C/PbO2 respectively,
temperature of 10oC, initial concentration 50 mgL-1, The reaction were allowed to proceed for
60 min.
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Figs. (5.13 – 5.16) show that the effect of conductive electrolyte on degradation of diquat using
Pb/PbO2 and C/PbO2 electrodes . From these figures it is clear that the less value of remaining
concentration and COD was obtained in presence of KCl and NaCl. This indicate that KCl and
NaCl are most effective electrolyte in electrodegradation of diquat. The Cl2 is a powerful
oxidizing agent. It enhances the degradation of pollutants. Therefore, addition of KCl or NaCl
provides the effective Cl- ion. From the above Figs., KCl and NaCl are considered as the most
preferential electrolyte. This observed behavior may be due to the small ion size of K+ and Na+
which Increase the ability of loss Cl- ion. From the above Figs., it is clearly that the less
effective electrolytes in the degradation of pollutant are Na2SO4 and Na3CO3. This behavior
may be attributed to formation of an adherent film on the anode surface which poisoned the
electrode process surface. Also these electrolytes does not contain chloride ion ( Cl-). Also those
electrolytes may form stable intermediate species that could not be oxidized by direct
electrolysis. These observations were confirm in other studies [201]. Also, it was shown the
NaF and CaCl2 have an intermediate effect on the rate of degradation of pollutants because
contain effective ion (Cl- ), While the electrodegradation of pollutants may be occurred through
electrocatalytic oxidation in the presence of these electrolytes, CaCl2 is less effective electrolyte
than NaCl in sodium hypochlorite producing.

3.2.2.5. Effect of the electrolysis time
As shown in Figs. (5.17-5.19), the maximum removal of diquat were achieved using Pb/PbO2
and C/PbO2 electrodes by reaction that proceeds for at least 60 min. Therefore, the electrolysis
of 60 min for both Pb/PbO2 and C/PbO2 electrodes were taken as optimum for the removal of
diquat. It is clearly shown from Figs. (5.18-5.20) that the optimum time for COD removal for
Pb/PbO2 and C/PbO2 was 300 and 210 min. respectively. To assess the effect of electrolysis
time, experiments were conducted with operating treatment conditions that were consistent with
those described for both Pb/PbO2 and C/PbO2 electrodes. The current density of 150 mAcm-2,
pH 9 and 2.2 using Pb/PbO2 and C/PbO2 respectively, temperature of 10 0C, NaCl 2g L-1, initial
concentration of 50 mg L-1. The electrolysis time ranges from 0-180 min.
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The degradation of diquat pesticide in aqueous solution were characterized by a significantly
decrease in pesticide concentration with electrolysis time until about 60 minutes then it was
decrease gradually, but more when used the C/PbO2 electrode as shown in Figures (5.17 – 5.20).
This can be explained by the overall oxidizing agent in solution was generated in the first half
hour. However, the degradation of most diquat pesticide in all process was reached after 60
minutes. A disadvantage is indicated as difficult of achieving a total degradation because of the
low (OH•) concentration at the anode.
3.2.2.6. Effect of temperature
The experiments were used to test the effect of temperature on diquat degradation and COD
removal efficiency. As indicated from the results, the diquat degradation and COD removal
increase with decreasing temperature by using both Pb/PbO2 and C/PbO2 electrodes. This is
displayed in Figs. (5.21_5.24) which presents correlation between the concentration of the
remaining diquat and COD residual as a function of the solution temperature. The rate of the
diquat degradation and COD removal inecrease significantly with decreasing the solution
temperature down of 250C. And further decrease in the temperature below 100C did not bring
any effect. The electrolysis of 100C for both Pb/PbO2 and C/PbO2 electrodes were taken as
optimum for the removal of linuron and COD. Similar conditions were applied as in the
previous experiments.
It is well known that the rate of diffusion of ions increases with increasing temperature. In the
present work, it was found that the remaining concentrations have the smallest value at
moderate temperature for diquat as shown in Figs (5.21 – 5.24). From these figures, it is clear
that the increasing of remaining concentration and COD above 40oC may be attributed to
decomposition of adsorbed film on anodic side. Also, the electrode is unstable at high
temperature above 40oC.
The sodium hypochlorite production rate depends on temperature [202] .there was reduction in
the sodium hypochlorite production rate between 23 and 30 0C . Over this small temperature
range , the sodium hypochlorite production rate was lowered and sodium hypochlorite tends to
chemically decompose to sodium chlorate at 35 0C [203] . At low temperature , the losses of
chlorine gas decreases, so the sodium hypochlorite is increased.
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3.2.2.7. Effect of initial diquat dibromide concentration
The effect of diquat concentration on the rate of degradation and COD removal using Pb/PbO 2
and C/PbO2 electrodes was investigated. Figs. (5.25_5.28) show the effect of different initial
diquat concentrations on the rate of diquat degradation and corresponding COD removal. Total
removal of the diquat and COD can be achieved in the presence of initial diquat load up to 50
mg L-1. However, increasing the diquat concentration above this level resulted in a decrease in
the electrocatalytic rate of degradation. This evidence that the generation of the powerful
oxidizing agent Cl- ions on electrode surface was not increased in constant current density.The
removal efficiency of the diquat by using Pb/PbO2 and C/PbO2 electrode at 50 mg L-1 was the
optimum concentration for the initial load concentration of diquat. Theses experiments were
carried out under the operating conditions of current density is 150 mAcm-2, pH 9 and 2.2 using
Pb/PbO2 and C/PbO2 respectively, temperature 100C, NaCl 2g L-1. The time of electrolysis was
60 min using Pb/PbO2 and C/PbO2 electrodes.
The effect of initial diquat concentration were shown in Figures (5.25 – 5.28). As the initial
diquat concentration were increased, the degradation efficiencies were decreased.

The results of studying the possibility of using (Pb/PbO2 and C/PbO2) electrodes in the
treatment of diquat dibromide and COD removal were presented in Figs (5.1-5.28). These
include: Pb/PbO2 and C/PbO2 modified electrodes, which prepared in the present work. These
electrodes were used as anodes in the electrocatalytic oxidation process. The remaining
concentration (mg L-1) and COD removal (mgO2L-1) were determined. 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. From the results of this study, the optimum operating conditions for each
electrode to degradation diquat pesticide were determined. At these conditions, the electrodes
are more efficient at the optimum results for the removal of both diquat dibromide and COD.
The percentages of degradation for each electrode were represented in the Table 3.5.
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Table.3.5 Percentage of COD and concentration removal of diquate dibromide on Pb/PbO2 and
C/PbO2 electrodes.

Type of electrode

Removal percent of diquat at 30 min

Removal percent of COD

Pb/PbO2

99.96

100

C/PbO2

99.84

100

From Figs (5.1 – 5.28) and table 3.5, it was found that the C/PbO2 electrode are the same
effecient Pb/PbO2 modified electrodes in the degradation of diquat dibromide

3.2.2.8 potentiometric determination of diquat dibromide
Adiquat sample were treated under various conditions as given in the experimental section to
test the effect of these condition and relevant parameter on diquat the sample that were
degraded electrochemically were analyzed by two method: the first is comparison of the
spectrometrical absorbance of each solution in the (UV reagion) with those of acalibration curve
made of standard diquat solution and the other is by potentiometric determination of diquat
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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Fig. 5.1 :Effect of pH value on diquat dibromide removal using
PbO2/Pb electrode.
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Fig.5.2 :Effect of pH value on COD removal of diquat dibromide
using PbO2/Pb electrode.
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Fig. 5.3 :Effect of pH value on diquat dibromide removal
using PbO2/C electrode.
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Fig.5.4 :Effect of pH value on COD removal of diquat dibromide
using PbO2/C electrode.
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Fig. 5.5 :Effect of Sodium chloride concentration on diquat dibromide
removal using PbO2/Pb electrode.
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Fig.5.6: Effect of Sodium chloride concentration on the COD
removal of diquat dibromide using PbO2/Pb electrode.

- 52 -

18

Remaning concentration (mgL-1)

80
CD (mAcm-2)
Initial conc.(ppm)
Time (min)
Temp.(oC)
pH

70
60

:150
:50
:60
:20
: 2.2

UV

50
40
30
20
10
0
0

2

4

6

8

10

12

14

16

18

Sodium chloride (gl-1)

Fig.5.7 :Effect of Sodium chloride concentration on diquat dibromide
removal using PbO2/C electrode.
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Fig.5.8 : Effect of Sodium chloride concentration on the COD
removal of diquat dibromide using PbO2/C electrode.
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Fig.5.9: Effect of cuurent density on diquat dibromide
removal using PbO2/Pb electrode.
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Fig.5.10 : Effect of current density on COD removal of diquat
dibromide using PbO2/Pb electrode.
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Fig.5.11 : Effect of cuurent density on diquat dibromide removal using
PbO2/C electrode.
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Fig.5.12 : Effect of current density on COD removal of diquat
dibromide using PbO2/C electrode.
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Fig.5.13 : Effect of conductive electrolyte type on diquat dibromide
removal using PbO2/Pb electrode
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Fig.5.14 : Effect of conductive electrolyte type on the COD
removal of diquat dibromideusing PbO2/Pb electrode.
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Fig.5.15 : Effect of conductive electrolyte type on diquat dibromide
removal using PbO2/C electrode
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Fig.5.16 : Effect of conductive electrolyte type on the COD removal
of diquat dibromide using PbO2/C electrode.
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Fig.5.17 : Effect of time electrolysis on diquat dibromide removal
using PbO2/Pb electrode.
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Fig.5.18 : Effect of time of electrolysis on the COD removal of
diquat dibromide using PbO2/Pb electrode.
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Fig.5.19 :Effect of time electrolysis on diquat dibromide using PbO 2/C
electrode.
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Fig.5.20 : Effect of time of electrolysis on the COD removal of
diquat dibromide using PbO2/C electrode.
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Fig.5.21 :Effect of temperature on diquat dibromide removal
using PbO2/Pb electrode.
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Fig.5.22 : Effect of temperature on the COD removal of Diquat
dibromide using PbO2/Pb electrode.
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Fig.5.23 :Effect of temperature on diquat dibromide removal
using PbO2/C electrode.
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Fig.5.24 : Effect of temperature on the COD removal of diquat
dibromide using PbO2/C electrode.
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Fig.5.25 : Effect of the initial concentration of diquat dibromide on
its removal using PbO2/Pb electrode.
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Fig.5.26 : Effect of the initial concentration of diquat
dibromide on the COD removal using PbO2/Pb electrode.
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Fig.5.27 : Effect of the initial concentration of diquat dibromide on
its removal using PbO2/C electrode.
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Fig.5.28 : Effect of the initial concentration of diquat dibromide
on the COD removal using PbO2/C electrode.
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300

CONCLUSIONS
The present work offers one type of ion-selective electrode, chemically
modified carbon paste, for determination of diquat dibromide. The electrode
depends mainly on the incorporation of the ion-associates of diquat dibromide
with phosphotungstate .
The electrodes hase attractable characteristics :


Wide usable concentration range 9.010-7 to 1.010-3 M .

 Slopes always very close to the theoretical value (27-32) .
 Very short response time (‹10 seconds).
 The pH ranges from (4.5 – 9.5) .
 High selectivity towards many inorganic cations, organic cations,
sugars, and amino acids.
 Applicable for real samples and biological samples.
The electrochemical treatment of simulated water containing diquat
dibromide has been investigated in different conductive electrolytes and under
several operating conditions using Pb/PbO 2 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 best results were achieved at pH 9.0 using Pb/PbO2 electrode
while by using C/PbO2 the maximum removal were in the pH 2.2.
• The rate of degradation of diquat dibromide and COD removal
decreased significantly with rasing solution temperature to 40 oC
• The optimum conditions of the treatment process using Pb/PbO 2
electrode are : current density of 150 mAcm-2, pH ≈ 9 , temperature of
10 oC , initial diquat dibromide concentration 50 mg/L and time of
- 64 -

electrolysis 60 min and 300 min for degradation rate of diquat
dibromide, COD removal respectively .
 The optimum conditions of the treatment process using C/PbO 2
electrode are: current density of 150 mAcm-2, pH ≈ 2.2, temperature of
10 oC , initial diquat dibromide concentration 50 mg/L and time of
electrolysis 60 min and 210 min for degradation of diquat dibromide
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 PbO 2 film that doped
on the electrode.
• Most of the pesticide was electrochemically degraded within one hour.
• The designed electrodes were used to follow degradation tests of diquat
dibromide and the results were coincident with those obtained by UV
spectra.
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الملخص العربي
رصف السسبلخ رؾضٕس قطت اوزقبئٓ مه وُع عغٕىخ الكسثُن لزقدٔس دأجسَمبٔد دأكُٔذ فيٓ اليٕىيبد
الطجٕيٕخ َكرلك فٓ السُائل الجُٕلُعٕخ مضيل الجيُ ٔ .يزميد رؾضيٕس ٌيري ااقطيبة عديّ دميبط المجيبد
اأُوٓ فٓ المبدح المدٕىيخ المىبسيجخ َخدطٍيب فيٓ مسيؾُل الكسثيُن .المجيبدتد اأُوٕيخ المسيز دمخ ٌيٓ
عجبزح عه رغميبد أُٔوٕخ وبرغخ عه ارؾبد كبرُٕن المجٕد مي اوٕيُن ؽميل الفُسفُرىغسيزك .أَضيؾذ
الىزييبئظ أن اوزقبئٕيييخ القطيييت عبلٕيييخ فيييٓ َعيييُد عيييدد كجٕيييس ميييه الكبرُٕويييبد اليضييئُخ َ ٕيييس اليضييئُخ
َالسكسٔبد.
رم دزاسخ اليدٔد مه اليُامل الزٓ قد ٔكيُن لٍيب ريثصٕس عديّ فبعدٕيخ ٌيري ااقطيبة مضيل دزعيخ الؾيسازح َ
شمه اتسزغبثخ َالزكسازٔخ َالسقم الٍٕدزَعٕىٓ .رم رقدٔس ٌرا المجٕد الصزاعٓ فٓ المؾبلٕل المبئٕخ الىقٕخ
َعٕىبد الجُ ثبسز دام طسٔقخ اإلضبفبد القٕبسٕخ َالميبٔسح الغٍدٔخ َالمىؾىّ اليٕبزْ.
رم عساء عمدٕخ ااكسيدح الؾفصٔيخ الكٍسثٕيخ لمؾبلٕيل دأجسَمبٔيد دأكُٔيذ ثبسيز دام ااقطيبة المؾيُزح
أوُد (َ )C/PbO2 + Pb/PbO2دزاسخ اليُامل الم زدفخ الزٓ رؤصس عدّ عمدٕخ ااكسدح َ شالخ الميُاد
الفيبلييخ مييه مؾبلٕدٍييب َالزييٓ ر ييمل  :طجٕيييخ اتلكزسَلٕييذ المُ ييلَ ,كضبفييخ الزٕييبز ,الييسقم الٍٕييدزَعٕىٓ
لدمؾدُ  ,الصمه ,دزعيخ الؾيسازح ,رسكٕيص اإللكزسَلٕيذ المُ يل َرسكٕيص الميبدح الفيبليخ .ريم رمضٕيل ٌيري
الىزييبئظ ثكمٕييخ المييبدح الفيبلييخ المزجقٕييخ ( )mgL-1ثيييد عمدٕييخ الميبلغييخ عييه طسٔييي عٍييبش الطٕييف فييُل
الجىفسغٓ َ UV-Visكرلك كمٕخ ااكسغٕه الكٕمٕبئٓ المسزٍدك .COD
اسز دمذ ااقطبة المؾضسح سبثقب لزيٕٕه الزساكٕص المزجقٕخ ثيد عمدٕخ ااكسيدح ميه مؾبلٕيل دأجسَمبٔيد
دأكُٔذ َقد أعطذ وزبئظ عٕدح.
َرزضمه السسبلخ صالس فصُ
الفصل ااَ :
َٔزضيمه مقدمييخ عييه ااسييي الىوسٔييخ َ ال ييُان اليبميخ لفوييُاع الم زدفييخ مييه ااقطييبة اتوزقبئٕييخ ,
خب خ عغٕىخ الكسثُن الميدلخ .

رسدٕظ الضُء عدّ اسز دام ااقطبة اأُوٕخ المؾضسح فٓ الزؾدٕالد الجٕئٕخ َالدَائٕخ.
وجرح م زصسح عه عمدٕخ ااكسدح الؾفصٔخ الكٍسثٕخ (ريسٔفٍب -ممٕصارٍب -طسقٍب) َذلك ثبسز دام أقطبة
كالسٕكٕخ مؾُزح.
َكرلك رغطٕخ مسعيٕخ شبمدخ لدطسل الم زدفخ المسز دمخ فٓ رقيدٔس دأجسَمبٔيد دأكُٔيذ ٌَ ,يٓ ر يمل
الطسل الكسَمبرُعسافٕخَ ,الطسل الطٕفٕخ َاليدٔد مه الطيسل ااخيسِ الزيٓ رجيٕه فٍٕيب عيدم َعيُد أْ
ثؾش ٔ مل عدّ دأجسَمبٔد دأكُٔذ ثبسز دام ااقطبة اأُوٕخ اتوزقبئٕخ.
الفصل الضبوٓ:
ٔصييف ٌييرا الفصييل الغييصء الزغسٔجييٓ َالييرْ ٔ ييمل مصييدز المييُاد الكٕمٕبئٕييخ َدزعييخ وقبَرٍييب َطييسل
رؾضٕس المُاد َالك ُف َالمؾبلٕيل َ الطيسل اليدمٕيخ المطجقيخَٔ .ؾزيُْ عديّ َ يف كبميل لزؾضيٕس
ٌييري ااقطييبة َالسسييم الميٕييبزْ لٍييبَ ,دزاسييخ رييثصٕس الغمييي -الييسقم الٍٕييدزَعٕىٓ -دزعييبد الؾييسازح-
ََعيُد ميُاد مزداخديخ عديّ خييُان ااقطيبة كميب َريم َ يف الطييسل الزؾدٕدٕيخ المسيز دمخ فيٓ رقييدٔس
المُاد الدَائٕيخ الميىٕيخ فيٓ مؾبلٕدٍيب الىقٕيخ َأٔضيب فيٓ مسزؾضيسارٍب الصيٕدتوٕخ َفيٓ عٕىيبد الجيُ َ
الؾدٕت.
َدزاسخ اليُامل الم زدفخ الزٓ رؤصس عدّ عمدٕخ ااكسدح َ شالخ المُاد الفيبلخ مه مؾبلٕدٍب َالزٓ ر مل:
طجٕيييخ اتلكزسَلٕييذ المُ ييلَ ,كضبفييخ الزٕييبز ,الييسقم الٍٕييدزَعٕىٓ لدمؾدييُ  ,الييصمه ,دزعييخ الؾييسازح,
رسكٕص اتلكزسَلٕذ المُ ل َرسكٕص المبدح الفيبلخ.

الفصل الضبلش :
ٔ زص ٌرا الفصل ثبسزقساء الىزبئظ َاتسزىزبعبد المجىٕخ عدٍٕب ؽٕش رم رؾضٕس َدزاسخ قطت مه وُع
عغٕىخ الكسثُن الميدلخ.
فبعدٕخ َاسز دام ٌرا القطت وُق ذ فٓ الىقبط الزبلٕخ:

 -1مدِ الزسكٕصاد الزٓ ريم رقيدٔسٌب ثٍيري ااقطيبة كبويذ ٔ 1.0 x10-7-1.0x10-3زضيؼ مىٍيب أرسيبع
مدِ الزقدٔس لٍري ااقطبة.
 -2رييم عمييل دزاسييخ رفصييٕدٕخ ثغييسل الُ ييُ لييّ الوييسَف المضبلٕييخ َذلييك لدؾصييُ عدييّ أفضييل
اسزغبثخ لٍرا القطت.
 -3لُؽع أن اتسزغبثخ الغٍدٔخ لفقطبة ت رزثصس ثبلسقم الٍٕدزَعٕىٓ فٓ المدِ .9.5 – 4.5
 -4أظٍسد دزاسخ ريثصٕس دزعيخ الؾيسازح عديّ اتسيزغبثخ الغٍدٔيخ لفقطيبة أوٍيب رزمٕيص ثضجيبد ؽيسازْ
كجٕس فٓ المدِ  60-20دزعخ مئُٔخ
َ -5عد أن شمه اتسزغبثخ الغٍدٔخ لفقطبة ٔزساَػ ثٕه 8 - 5صبوٕخ فقظ.
 -6أَضؾذ الىزبئظ أن اوزقبئٕخ القطت لدمجٕد رؾيذ الدزاسيخ كبويذ عبلٕيخ عيدا فيٓ َعيُد عيدد كجٕيس ميه
الكبرُٕوبد اليضُٔخ َ ٕس اليضُٔخ َالسكسٔبد.
 -8كييبن رقييدٔس المجٕييد الزييٓ رؾييذ الدزاسييخ ثبسييز دام ااقطييبة المؾضييسح فييٓ عٕىييبد م زدفييخ ثطسٔقييخ
اإلضيييبفبد القٕبسيييٕخ َالمييييبٔسح الغٍدٔيييخ َاسيييز دام المىؾىيييّ اليٕيييبزْ عديييّ دزعيييخ عبلٕيييخ ميييه الدقيييخ
َالؾسبسٕخ.
 -9أصجذ قطت  Pb/PbO2كفبءرً فٓ عمدٕخ الزكسٕس َذلك لقُح رؾمدً ,قدخ ركدفخ الكٕمبَٔبد المسز دمخ
فٓ رؾضٕسي َكرلك فزسح و بط القطت.
 -10أصجذ قطت  C/PbO2كفبءرً فٓ عمدٕخ الزكسٕس َذلك لقُح رؾمدً ,قدخ ركدفخ الكٕمبَٔبد المسز دمخ
فٓ رؾضٕسي َكرلك فزسح و بط القطت.
-11أمكه الزُ ل لّ أوست ظسَف الميبلغخ َعىدٌب ٔمكه الؾصُ عدّ أعدّ كفبءح ليمدٕخ ااكسيدح
لددَاء ثبسز دام قطت  ٌَٓ Pb/PbO2كبارٓ  :كضبفخ الزٕبز  150مددٓ أمجٕس/سم, -2

, pH = 9

دزعيخ الؾيسازح  10دزعيخ مئُٔيخ  ,اليصمه  60دقٕقيخ فيٓ َعيُد كدُزٔيد الصيُدُٔم ثزسكٕيص , 2gL-1
لمؾدُ دأجسَمبٔد دأكُٔذ رسكٕصي . 50 mgL-1

 -12أمكييه الزُ ييل لييّ أوسييت ظييسَف الميبلغييخ َعىييدٌب ٔمكييه الؾصييُ عدييّ أعدييّ كفييبءح ليمدٕييخ
ااكسيييدح لديييدَاء ثبسيييز دام قطيييت ٌَ C/PbO2يييٓ كيييبارٓ  :كضبفيييخ الزٕيييبز  150مدديييٓ أمجٕيييس/سيييم, -2
 , pH =2.2دزعخ الؾسازح  10دزعخ مئُٔخ  ,الصمه  60دقٕقخ فٓ َعُد كدُزٔيد الصيُدُٔم ثزسكٕيص
 , 2gL-1لمؾدُ رسكٕصي . 50 mgL-1
 -13كمٕخ المبدح الفيبلخ المزجقٕخ ( )mgL-1ثيد عمدٕخ الميبلغخ عه طسٔي عٍبش الطٕف فيُل الجىفسيغٓ
 UV-Visرطبثي قٕبسبد ااقطبة المؾضسح مه عغٕىخ الكسثُن الميدلخ.
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