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Voltammetric Behavior of Lead(li) at N-p-ChIorophenylc-i‘ﬁhamohydroxamic Acid

Modified Carbon Paste Electrode

by Tesfaye Hailu Degefa
Advisor: Dr. B.S. Chandravanshi
Abstract

A sensitive and selective method for the determination of lead(I) with N-o-
chlorophenylcinnamohydroxamic acid modified carbon paste electrode has been
developed. The iead(ll) is accumulated on the electrode surface by the formation of the
complex in an open-circuit, and the resulting surface is characterized by medium
exchange, potential reduction, and differential pulse anodic stripping voltammetry. The
electrochemical response was evaluated with respect to carbon paste composition, pH
and concentration of accumulating and stripping solutions, preconcentration time,
lead(ll) concentration, and other variables. Two linear ranges were obtained in the
concentration ranges 1.00 x 10° - 2.40 x 10° M Pb(ll) with 2 min preconcentration time
and 2.00 x 10® - 1.00 x 10° M Pb(Il) with 6 min preconcentration time. The detection
limit was found to be 1.00 x 10° M with 6 min preconcentration time. For Six
preconcentration/medium exchange/voltammetric determination/renewal cycles, the
differential pulse voltammetric response was reproduced with 5.3% and 4.9% relative
standard deviations at 4.00 x 10° M and 8.00 x 104 M Pb(ll), respectively. Rapid and
convenient renewal allows the use of a single modified electrode surface in multiple
analytical determinations over several weeks. Many coexisting metal ions had little or
no effect on the determination of lead(ll). The developed method was applied to lead

determination in potable water.




1. Introduction

1.1, Occurrence, and Uses of Lead

Lead is one of the most widely distributed toxic and heavy metals in the environment.
It is found in earth's crust, air, waters, soils, plants, and animals. It is rarely found in its
elementary form. The most important ore of lead is the galena (PbS). Other ores of
commercial importance are the anglesite (PbSO,), cerossite (PbCQ3), pyromorphite
(PbCI2.3Ph,(PO,).), mimetesite (PhCI3 3Pb,(AsQ4),), crocite (or kallochrome, or red lead
ore) (PbCrO,), wulfenite (or molybdenium lead spar or yellow lead ore) (PbMo(Q4), and
stolizite (PbWO. These ores generally occur in nature in association with other metals,

notably silver and zinc [1,2].

Industrially, the most important lead compounds are the lead oxides and tetraethyllead.
Lead forms alloys with many metals and is generally employed in the form of alloys in
most applications [3]. In addition, a considerable variety of lead compounds, such as
silicates, and carbonates are used as heat and light stabilizers for polyvinyl chloride
plastics. Lead silicates are also used for the manufacture of glass and ceramic frits. Lead
azide and lead arsenates are used in large quantities as detonator for explosives and
insecticides for crop protection, respectively. Among the newer uses of lead
compounds, lead oxide is widely employed to improve the magnetic properties of
barium ferrite ceramic magnets, Also, a calcined mixture of lead zirconate and lead
titanate, known as PZT in trade, is finding increasing markets in piezoelectric

materials [4].

Lead compoCinds are highly toxic when eaten or inhaled. Approximately two third of
the total amount of lead assimilated by a healthy man is dietary in origin and the
remainder is inhaled [2]. Most of lead retained by the body accumulates in the bones

and the half life is estimated as 2-3 years. Since, the determination of the amount of lead

1
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in the bones of a living person is difficult, the level in the blood is felt to give a good
indication of the amount present in the body, The average concentration of lead in
human blood is about 0.25 ppm and acute lead poisoning is possible if the
concentration in the blood rises above 0.80 ppm [5]. The symptoms of lead poisoning
include loss of appetite, vomiting, dizziness, headaches, and brain damage. In acute

cases there is usually stupor, which progresses to coma and terminate in death [4].

If the danger is known in time, lead intoxication can be cured and recovery is usually
complete, leaving no disability. The most common clinical treatment involves the
intravenous injection of sodium calcium salt of ethylenediaminetetraacetic acid, which

results in an immediate ten to thirty fold increase in the urinary excretion of lead [1].

1.2. General Chemistry of Lead

Lead is located in group IVA of the periodic table and has electronic configuration [Xe]
4f145d’06s26p°. It is relatively resistant to attack by sulfuric and hydrochloric acid but
dissolves slowly in nitric acid. It forms many alloys, salts, oxides, and organometallic
compounds. The principal oxidation states of lead are + 2 and +4. Lead is present as
Pb(il) in all of its simple compound, where as Ph(IV) compounds are not common. In
acidic aqueous solution it is frequently present as the colorless aquo-lead(li) ion, in fairly

alkaline medium lead(li) forms the colorless plumbate ion [4,6].

Lead(ll) has co-ordination number 4 and yields stable planar complexes with ligands
containing nitrogen, oxygen or sulphur as donors atom, and it may owe some of its
physiological reactions to replacement of other metals in some enzymes. In masking
procedure lead is most often converted into relatively stable complexes with acetate,

tartrate, citrate or ethylenediaminetetraacetic acid (EDTA) [5,6].




1.3. Methods of Analysis

Lead can be detected by spot test, mostly with either benzidine or sodium rhodizonates
as coloring agents [7,8]. In basic medium, benzidine reacts with lead 'dioxide to form
a deep blue fleck, commonly known as "benzidine blue". While sodium rhodizonate
reacts With lead ion to produce colored precipitate of basic lead rhodizonates. In neutral
solution, violet PbfQOA.PbfOHA.A\O is formed, and from weakly acid solution the
scarlet red 2Ph(C606).Pb(OH),.H2( is fo!rmed.

There are also many insoluble salts of lead, leading to the time-honored methods for
determination of lead: precipitation-based reactions. However, none of these are clearly
the most satisfactory. Among the earliest known gravimetric precipitants for lead are

sulphate, chromate, phosphate, oxalate, and oxinate [7,9].

Volumetric lead estimation involving titration with molybdate, chromate, phosphoric
acid, ferrocyanide, fluoride, and iodide are all available, in addition to the most

commonly used complexometric titration with reagents such as EDTA [1,4].

Lead can also be determined colorimetrically by means of its reaction with dithizone.
In the usual procedure the dithizone is dissolved in either carbontetrachloride or
chloroform. This is then shaken with the aqueous phase containing lead. Thus lead is
extracted with the formation of a red colored complex which may be used for its
spectrophotometric determination at Amax 555 nm, which lies in a deep valley between

450 and 620 nm absorption of the free dithizone [7,9].

Different absorption lines of lead are available for its determination by atomic
absorption spectroscopy, AAS. Some of these are 217.0, 261.4, 283.3, and 405.8 nm.
However, several investigators have conformed that the 217.0 nm line is the most

sensitive [10].




Lead can be determined by atomic fluorescence which involves a similar process to
atomic emission except that the excitation is obtained by an absorption event. Atomic
fluorescence for lead is relatively a new method (since 1990) in which a lead atom in
a gas is excited with a XeCl eximer that uses a second harmonic generation to lase with
3 kW power at the lead absorption line of 283.3 nm, After excitation, the atom emits
at 405.8 nm. The intensity of the excitation beam leads to the high emission intensities

allowing a very low limit of detection [7].

Success was also achieved in probing the Inner shell electrons both for qualitative and
quantitative information. When a photon of angstrom wavelength strikes an atom it
penetrates to the inner shell electrons. There the beam can be diffracted (X-ray
diffraction) or it can cause the ejection of a photoelectron whose energy is less than that
of the original photon by the binding energy of the shell. The absorption of the high
energy beam is measured as absorbance. The loss of the photoelectron leaves behind
a vacancy that can be filled by an electron from the outer shell with the release of an
X-ray photon giving rise to X-ray fluorescence. Lead has three major X-ray fluorescence

bands at 75(K), 10.5(L), and 2.3(M) keV. These bands are selective for lead [7].

Stripping voltammetry, which combines high analytical sensitivity with low cost for
equipment, can also be used for effective determination of lead at very low
concentration levels. Anodic stripping voltammetry at a hanging mercury drop electrode
[11,12], adsorptive cathodic stripping voltammetry on a mercury film glassy carbon
electrode, using catechol, 4-methylcatechol, 4-t-butylcatechol, and resorcinol as
complexing ligands [13] have been reported for the determination of lead(ll) in natural
water, food, urine, and blood. Recently chemically modified carbon paste electrodes
have been also reported to replace the toxic mercury electrodes in determination of

lead at very low concentration levels [14-18],
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1.4. Chemically Modified Carbon Paste Electrodes

Carbon paste electrode (CPE) has been widely applied in electroanalysis mainly as a
substitute for noble metals because, depending on the supporting electrolyte, it can be
used at both positive and negative potentials ranging from -1.4 to +1.3 V versus the
saturated calomel electrode (SCE). In addition, CPE possesses many advantages: it is
inexpensive, easy to prepare, easy to handle, easy to modify, and easily renewable

[19,20].

The modification of carbon paste electrode began in 1964 with the fundamental studies
ofKuwanaand co-workers [21,22] which was followed by different groups [23-25].
These work can be considered to be the first pioneering contribution t.o the forthcoming
development of chemically modified carbon paste electrodes (CMCPEs) in the 1970s
[20].

The actual breakthrough for widespread application of modified carbon paste electrode
was triggered by the work of Ravichanrdan and Baldwin in 1981, who proposed a

simple approach to the modification of carbon paste electrode [26].

Currently, CMCPEs represent a modern approach to electrode system [27]. They are
characterized by deliberately altered surface with material which reacts selectively and
reversibly with the target analyte [28]. Specific reactions at the modified surface
represent an efficient way for accumulation of the target analyte, from dilute solution,
onto the electrode surface prior to quantitation of the analyte by the usual voltammetric
measurements. The rich chemistry that can be used for preconcentration at these
molecularly tailored electrodes offers exciting prospects for trace analysis [29]. Hence,
CMCPEs have attracted considerable attention for their application in analytical

chemistry in recent years.




1.4.1. Reasons for Modification

The primary purpose behind modifying an electrode surface is to improve its analytical
performance either by increasing its sensitivity and selectivity or by protecting the
surface from unwanted reactions [19]. The accumulation step preceding the
measurement can be performed with or without the application of a potential (closed
or open-circuit condition, respectively) depending on the nature of the
preconcentration. Whereas the first case may involve an electrochemical reaction
(oxidation or reduction), the latter is based purely on physicochemical processes such
as ion exchange, complexation or formation of an insoluble salts. With the open-circuit
approach, it is possible to separate the species under consideration and eliminate
interferences from other components by proceeding to a medium exchange step after
the accumulation step. Thus, the preconcentrated substances are extracted from the test
solution, and parameters such as acidity and ionic strength can be optimized separately
for the analyte solution and the solution in which the electrode is polarized during the

measurement,

1.4.2. Methods of Modification

CMCPEs are exceedingly easy to fabricate and can be generated rapidly and
reproducibly in quantity. Some of the techniques used for the preparation of chemically

modified carbon paste electrodes include:

Direct mixing. This method is most commonly used for preparing CMCPEs. The unique
advantage of this approach is pronounced ease of modification, most simply done by
admixing of a reagent (modifier) to the paste [19]. The disadvantage, however, lies in

the difficulty in obtaining homogeneity, when using solid modifier as additives.




Solvent volatization. A special but very practical form of "direct mixing" is ad mixing the
modifier into the carbon powder with the aid of a solvent prior to adding the pasting
liquid [19,29). This is particularly suitable if the modifier adsorbs to the carbon, which
produce, after the evaporation of the solvent, rather homogeneously covered graphite

particles,

Dissolving the modifiers in the paste. This approach is applicable only if the modifier
possesses strongly lipophilic properties. Substances with tenside character are especially
well suited because they orientate their hydrophilic ends, which normally represent the
functional groups, to the aqueous buffer solution, thus promoting chemical reactivity
with the bulk molecules of interest. This kind of electrode can be further modified by
a dip-in treatment during which the effective agent is bound to the anchor molecule

already dissolved in the paste [19].

Electrode coating. The basal plane of the carbon electrode is cleaned and polished.
Then, the electrode coating modifier dissolved in a suitable solvent is transferred on the
exposed area of the electrode and allowed to dry [29,30]. While this method is simple,
it is difficult to control the amount of material that ends up on the electrode surface [29].

Hence, spin-coating is mostly used to yield uniform film thickness [30Q].

Covalent binding. Covalent binding of functional groups or fragments requires time-
consuming, delicate pretreatment (e.g. oxidation, amidization) that often are not justified
by the final results. Therefore, this kind of modification is not widely used with CPEs

[19,30].

in situ modification. It is a special type of modification in which the product of a
reaction with a modifier dissolved in the bulk solution adsorbs to the surface of the

electrode {19]. This method requires frequent injection of the modifier.




1.4.3. Requirements for a Modifier

In general, the modifiers used with direct addition should meet the following criteria.
First of all, they should be insoluble in the analyte solution, or they should at least
strongly adsorb to the paste components in order to avoid dissolution of the molecules
from the electrode surface during the measurement. The phenomenon of “bleeding”
causes modifier concentration gradients in the surroundings of the electrode surface as
well as variable amounts in the interface itself. This results in barely reproducible
currents. The other important requirement is that the modifier itself should not undergo
electrochemical transformations within the potential range of the voltammetric response
of the analyzed species. Otherwise, the high background current would reduce or even
impair the desired analytical properties of the electrode because the concentration of
the modifier'in the paste is rather high [19]. Of course the modifier's affinity and
specifity for the species to be extracted and the value of the formation constant
determine the quality of the analysis. The kinetics of the reaction should also be
moderately fast both to shorten the time of analysis and to avoid diffusion from the

surface into the paste where it is not accessible for the measurement.
1.5. Objectives of the Present Study

Voltammetric determination of lead(ll) using CPEs modified with benzoin oxime [14],
dibenzo-18-crown-6, and cryptand {15], moss [16], lichen [17], and 1-(2-pyridylazo)-2-
naphthol and Nafion [18] have been reported for determination of lead at trace levels.
Among these studies, some of the modified CPEs require additional steps for their
preparation [16-18]. While the moss modified CPE requires longer accumulation time
(15 min) [16], lichen modified CPE requires longer renewal time (5 min) and has high
detection limit (2 x 10° M) [17], dibenzo-18-crown-6, and cryptand modified CPEs [15]
have higher detection limits (1 x 10° and 0.5 x 10¢ M, respectively), and 1-(2-

pyridylazo)-2-naphthol and Nafion modified CPE requires longer accumulation time
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(8 min), suffers from leaching, and its regeneration requires recoating of the electrode
surface {18]. Furthermore, no systematic interference studies have been made on some
of these methods and have not been applied to the determination of lead in real samples
[17,18]. Hence, it is rational to look for another modifier that can be used to prepare a
new CMCPE for selective preconcentration and voltammetric determination of lead to

overcome the problems mentioned above.

N-p-Chlorophenylcinnamohydroxamic acid (CPCHA) (Fig. 1) has a number of desirable
properties as potential analytical reagent for the determination of metal ions:

(i) it contains an acid group with a replaceable hydrogen atom and a basic
coordinating group in such a position so as to form a five membered ring on
reaction with metal ions,

(i) it is simple to synthesize in laboratories, and

(iii) it is stable towards heat, light and air.

As a result of these properties, this reagent has been used for extraction and

spectrophotometric determination of V(V) [31], Ce(tV)[32], and Nb(V)[33].

CI@N-OH
|
@CH:CH—C:O

Figure 1. Structure of N-p-chlorophenylcinnamohydroxamic acid (CPCHA).

This potentially active reagent could also be used for the modification of CPE because

of the following attractive properties:




(i) it is insoluble in aqueous solution, hence aviod leaching from the electrode,
and
(ii) it does not undergo electrochemical transformations within the potential

range of the voltammetric response of most metal ions.

nspite of all these desirable characteristics, CPCHA has been only tested for
voltammetric determination of Co(ll) at CMCPE [34]. Except this trial, no attempt has
been made to exploit the potential of CPCHA for modification of CPE, and no report
appeared in the literature on the use of this reagent for voltammetric determination of
lead at CPCHA modified carbon paste electrode, in particular. Hence, it is reasonable

to use CPCHA for modification of CPE for voltammetric determination of lead.

Therefore, the objectives of the present study are:

() to study the voltammetric behavior of tead(ll) at carbon paste electrode

modified with CPCHA,

(ii) to establish the optimal experimental parameters for the determination of
lead at the electrode (i.e. to study the basic electroanalytical parameters of
the modified electrode, such as effect of paste composition, pH and
concentration of accumulation solution and supporting electrolyte,

accumulation and deposition time, linear range, detection limit, etc.),

(iii) to carry out interference study on diverse ions (to study the selectivity of

the electrode}, and

(iv) to study the analytical application of the modified electrode for the

determination of {ead(ll) in diverse samples.

10




2, Theoretical Background

Electrochemical transformation at chemically modified carbon paste electrodes as used
in [14-18] and in this thesis diverges from the conventional electrocherﬁical technique.
The most essential difference is that one deliberately alteres the surface with material
which reacts selectively (with out the application of potential) and reversibly with target
analyte. Then the modified surface, therefore, will display the electrochemical behavior
of the immobilized analyte. The electrochemical transformation, which follows the
immobilization of the analyte, does not require the presence of the oxidized or reduced
forms of the immobilized analyte in the solution contacting the modifier surface. Only
inert supporting electrolyte are in the solution. Hence, the redox process doesn't
involve semi-infinite diffusional mass transport, at least within a certain time frame,
since these species (i.e., the oxidized and reduced forms of the analyte} are confined to
the electrode surface, Having the above facts in mind the foregoing theoretical

discussions aye used in this thesis from analytical view point.
2.1, Cyclic Voltammetry

Cyclic voltammetry (CV) is the most effective electroanalytical technique available for
acquiring information about electroactive species. The effectiveness of cyclic
voltammetry results from its ability for rapidly observing redox behavior over the entire
potential range available [27-29,35]. This technique is useful in the elucidation of

mechanism particularly in respect of the identification of intermediates [28].

Cyclic voltammetry consists of scanning linearly the potential of a stationary electrode
(in unstirred solution), using a triangular potential wave form. Depending on the
information sought, single or multiple cycles can be used. During the potential sweep,
the triangular potential excitation signal causes the potential of the working electrode

to sweep between two designated values, called the switching potentials. The resulting

11




voltammogram is analogous to a conventional spectrum in that it coveys information as

a function of an energy scan is termed as a cyclic voltammogram.

A redox couple in which both species rapidly exchange electrons with the working
electrode is termed as chemically reversible couple. The boundary condition at the
electrode surface for the reversible cyclic voltammetric reduction of oxidized species

is given by the Nernst equation:
E = E°-(RT/nF} In (ap/ap) (1)

where E = £, ;.- vt, in which v is the scan rate in volts/seconds and t is the elapsed time
in seconds, a, and ag are activities of the oxidized and reduced species, respectively,

and n is the number of electrons transferred.

The important parameters of a cyclic voltammogram are the magnitudes of the anodic
peak current (1), cathodic peak current (I}, anodic peak potential (E,,), and cathodic

peak potential (E,;) [35].

At 25 °C, the peak current for a reversible couple is given by the Randle-Sevick

equation:
l, = (2.69 x 10%) n*? ACD"v'? (2)

where |, = peak current (A}, n = electron stoichiometry, A = electrode area (cm?),
D = diffusion coefficient {cm¥s), C = concentration (mol/cm?®), and v = scan rate (V/s).
Accordingly, the peak current is directly proportional to the concentration and
increases with square root of scan rate. The relation of 1, to concentration is particularly
important in a;na!ytical applications and in studies of electrode mechanisms. The values

of I, and 1, are similar in magnitude for a simple reversible electron transfer reaction.

12




That is,

lpa/ Tpe 1 . (3)

However, the ratio of the peak current can be significantly influenced by the chemical

reactions coupled to the electrode process.
The separation between the peak potentials is given by:
AE = E,,- E, 4
=(0,059/n V

Thus, the peak separation can be used to determine the number of electrons transferred,
and as a criterion for a Nernstian behavior, Slow electron transfer at the electrode
surface, electrochemical irreversibility, is characterized by separation of peak potentials

that is greater than 0.059/n V,
2.2, Differential Pulse Voltammetry

Differential pulse voltammetry is an extremely useful technique for measuring trace
levels of organic and inorganic species [27,28]. This technique is based on the effects
of superimposing a series of equal wave impulses on a linear potential ramp. The
current is sampled in two intervals, the first immediately prior to the application of the
potential pulse and the second during but towards the end of the pulse life, when the
charging current has decayed. The two current values represent the currents at two
potential values separated by the puise amplitude. The final current signa!l displayed

is in fact the difference of these two current values.

13




This technique in fact produces not a wave but a peak with the highest current signal
at roughly the half wave potential of the classical dc polarography. Since the output
signal increases with the steepness or slope of the conventional current potential curve,
this curve approximates to a derivative or differential of the classical polarographic
current potential curve. The technique also allows the maximum differentiation of the
faradaic or analytical signal from the background signal and an increased

sensitivity [36].

The resulting differential pulse voltammogram consists of peak current plotted versus
the applied potential. The peak potential, E, can be used to identify the species

involved, as it occurs near the polarographic half-wave potential, E,,.

E = E, - AE/2 )

p

where AE is the puise amplitude.

The peak shaped response of differential pulse voltammograms results also in improved

resolution between two species with similar redox potentials [27].
2.3. Stripping Voltammetry

Stripping voltammetry is an extremely sensitive electrochemical technique for measuring
trace level of analyte [27,37]. This technique involves two discrete steps:
preconcentration step, and a stripping step. In the preconcentartion step, the target
analyte is accumulated, from very dilute solution, onto the working electrode. It is this

step which allows the great sensitivity of stripping voltammetry.

In the stripping step, the potential is scanned at a certain rate in a specific direction. At

a characieristic potential the accumulated species is oxidized or reduced giving peak

14




current, Ip, propottional to the concentration of that analyte on the electrode surface,

which in turn reflects the concentration of the analyte in the sample solution.
2.3.1. Anodic Stripping Voltammetry

Anodic stripping voltammetry (ASV) is the most common version of stripping analysis.
It involves the reduction of the metal ion or its complex to the metal, as the
preconcentration (reduction) step; preconcentration is followed by a positive-going
potential scan to cause reoxidation of the species. Thus the metals are stripped out of
the electrode {in an order that is a function of each metal standard potential), and give

rise to anodic peak current that are measured.

2.3.2. Cathodic Stripping Voltammetry

Cathodic stripping voltammetry (CSV) is the "mirror image" of ASV. It involves anodic
deposition of the analyte on the electrode; it is subsequently stripped off during a
negative-going potential scan. The resulting reduction peak current provides the desired

quantitative information.

CSV is best suited for the determination of inorganic anions (e.g. halides, cyanides) or
organic sulfur compounds (e.g. pencillins, thiols) that form insoluble saits with the

electrode material.

2.3.3. Adsorptive Stripping Voltammetry

Adsorptive stripping voltammetry (AdSV) has been demonstrated to be a very sensitive
method for numerous trace metals, the quantitation of which by conventional
(electrolytic) stripping procedures is complicated or not feasible [29,38]. This strategy

involves the formation of an appropriate metal chelate, followed by its controlled
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interfacial accumulations onto the working electrode; then the adsorbed metal chelate
is reduced by the application of a negative-going potential scan. The resulting adsorptive
stripping reflects the corresponding adsorption isotherm, as the surface concentration

of the analyte is proportional to its bulk concentration.

Short adsorption times (1-5 min) result in a very effective interfacial accumulations,
allowing ultrasensitive measurements (down to 107 -10"" M for some metals [27]).
However, to attain such high sensitivity, it is essential to optimize operational variables

(e.g. pH or accumulation potential) favoring strong adsorption,

All procedures of AdSV relay on judicious choice of the chelating agent. Usually the
ligands used in AdSV are surface-active compound. Some of the ligands are
electrochemically inactive, while other are electrochemically active. In the latter case,
it is necessary that the redox potentials of the ligand and the complex differ
substantially; these ligands are additionally very useful for the determination of elements

which can not be easily reduced or oxidized electrochemically [38,39].

Besides trace metals, many surface-active organic compounds of biological,
pharmaceutical, and environmental significance can be interfacial accumulated and

measured at ultratrace levels [40-43].
2.4, Choice of Operating Parameters in Differential Pulse Stripping Voltammetry
2.4.1. Electrode Type

The performance of the voltammetric procedure is strongly influenced by the working
electrode used. The working electrode should provide a favorable signal to noise
characteristics, as well as a reproducible response. Its selection is dictated primarily by

two factors: the type of the reaction which will be used for preconcentration [37], and
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useable potential range [44]. The cost, availability, and stability of the electrode must

also be considered.
2.4.2. Supporting Electrolyte

Several factors must be considered when choosing the composition of the supporting
electrolyte [37,44,45]. The solution must contain a sufficient concentration of
conducting species in order that a large ohmic drop is prevented, migration currents are
suppressed, and constancy of activity and diffusion coefficients is maintained. From this
point of view, solutions of mineral acids, hydroxides, salts, etc. are most suitable. Buffer
systems (such as acetate, phosphate or citrate) are used when pH control is essential.
The components of the supporting electrolyte must be available in sufficiently pure
form, or the impurities must at least be removable. All care must be taken that the
electrolyte chosen is truly inert in the potential range of the experiment, not reacting
with the electrode or the products of the electrode reaction (except when desired), The
electrolyte composition must be chosen so that as high sensitivity and selectivity of the

determination as possible are achieved.
2.4.3. To Stir or Not to Stir the Solution ?

Stirring the so'lution during the accumulation step increases the rate at which the analyte
reaches the electrode to be accumulated. However, the stirring must be uniform, gentle,
and at controlled rate. The position of the electrode within the cell and hence in the
solution must be reproducible, An alternative to stirring the solution is to rotate the
electrode. In unstirred solution the analyte reaches the electrode for accumulation by
diffusion. This is much slower than transport in a stirred solution but it is also very

reproducible [36].
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2.4.4. Preconcentration Time

The sensitivity of stripping determination can be increased by prolonging the
preconcentartion time. The dependence of the signal response on the preconcentration
time with a fixed composition of the analyte usually displays some linearity for short
periods. Increasing the accumulation time causes deviation from linearity due to
saturation of the binding sites and equilibrium effects of the modifier on the electrode
[19]. The same relationship is found between the voltammetric signal and the
concentration of the analyte for a constant accumulation time. Hence, if d.irect
proportionality between the final signal and the accumulation time is to be maintained,

the accumulation time must not be long.
2.4.5. Deposition Time

A further decision is how long to continue the deposition step. Eventhough the
sensitivity of stripping determination can also be enhanced by carrying on the
deposition process until all of the analyte would be deposited on the electrode, it is best
to aviod long deposition times. Because this often leads to various complications
resulting in a loss of proportionality between final signal and the concentration of the
analyte. One problem can be reactions of the deposit or changes in its nature over a

relatively prolonged time [36].
2.4.6. Deposition Potential

The final decision is the choice of the constant potential used in the deposition step.
Usually a potential is chosen a few hundred millivolts larger than the half wave
potential of the analyte. The potential chosen allows a degree of selectivity. In the
analysis of a solution containing a number of metal ions, each’ metal ion will have its

own individual deposition potential. Thus only one metal or a group of metals can be
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deposited, avoiding the deposition of other metals which might interfere with the
stripping step. When the deposition potential is higher, it is likely that more types of

metal ions will be deposited which increases the interferences [36,37].

2.4.7. Scan Rate

The scan rate must be chosen very carefully. Fast scan rate increases the height of the
peak and broadness, hence results in poor resofution. On the other hand, the slowest
scan rate gives the best results. In general, the selection of scan rate usually requires a

trade-off among sensitivity, resolution, and speed [27].

2.4.8. Pulse Amplitude

The theoretical refation ship between the peak current, Ip, and pulse amplitude, AE, has

been derived by Parry and Osteryoung [46,47]. For small pulse amplitude:

(N*FPAC)D/st)'AE
Ip =  —-cecvvmcrmmanmeenem oo ©)

Consequently, it is clear that maximum sensitivity is obtained for larger values of pulse
amplitude. In practice, however, it is also obvious that increasing the pulse amplitude
increases the width of the peak (decreases the resolution), which is undesirable [47]. For
example, two close laying peaks will not be resolved unless the pulse amplitude is
significantly smaller than the separation in the two potentials [36]. Thus the choice of
pulse amplitude must be a compromise between a high value for increased sensitivity

and a lower amplitude for increased resolution .
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2.4.9. Peak Height or of Area Under the Peak for Calibration and Measurement 2

Since differential pulse Voltammetry is a differential or derivative technique it is the area
under the peak which is proportional to the current recorded and hence to the
concentration. The measurement of their height is much more convenient and generally
yields results with sufficient precision, However, the relationship between peak height
and area is only constant as long as the shape of the peak does not alter. But irreversible
process produce lower broader peaks than reversible process, therefore, any change in
thermodynamic reversibility will alter the relative peak height. On the other hand, when
two peaks partially overlap it is very difficult to separate the area under one from that
under the other. The two peak heights may be well defined, and provided the tail of the
other peak would effectively be zero at this potential, then the peak héights can be used

with much greater precision than the areas under the peaks [36,37].
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3. Experimental

3.1. Reagents and Chemicals

Spectral carbon powder (RWB, Ringsdorff-Werke GmbH, Bonn-Bad Godesberg,
Germany), paraffin oil (Uvasol, Merck), anhydrous sodium acetate (BDH, AnalaR), acetic
acid (BDH), sodium hydroxide (Bio-Lab), ethylenediaminetetraacetic acid disodium salt
(BDH, AnalaR), and lead nitrate (BDH, AnalaR) were used as received. Sodium acetate
solutions of various concentrations were prepared in water. The pH of the solutions
were adjusted to the desired values by adding acetic acid or T M sodium hydroxide.
Stock solution of T mM lead(ll) was prepared in water. Distilled water was used

throughout,

CPCHA was prepared by the condensation of N-p-chlorophenylhydroxylamine with
cinnamoyl chloride at low temperature in diethylether medium made alkaline with an

agueous suspension of sodium bicarbonate [48].
3.2, Apparatus

Cyclic voltammetry and differential pulse anodic stripping voltammetry were performed
with a BAS CV-50W Voltammetric Analyzer. The recording of voltammograms and
processing of data were done with an IBM Personal Computer 130 100DX4. A one
compartment PTFE electrochemical cell (30 mL) with three electrodes (platinum disk
counter electrode, Ag/AgCl reference electrode (BAS MF-2020), and CPCHA modified
carbon paste electrode as working electrode) served as the measurement cell. Three
different cells (30 mL) were used for the preconcentation, renewal (cleaning), and
rinsing step. An oyster pH meter (EXTECH) was used for the measurement of pH. A
magnetic stirrer (Philip Harris) with a Teflon-coating stirring bar was used in the

preconcentration, renewal, and rinsing steps. A stop clock (Harris Digitimer) was
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employed for time measurement. Figure 2 shows the experimental set up schematically.

Three v Personal
Electrode Voltammetric
Analyzer Computer
Cell nalyz
Figure 2. Experimental set up for the study of voltammetric behavior of lead(ll) at

CPCHA modified carbon paste electrode.

3.3. Electrode Preparation

Unmodified carban paste was prepared by adding 0.36 miL paraffin oil to 1 g carbon
powder. Modified carbon pastes were prepared by substituting corresponding amounts
of the carbon powder (5%, 7.5%, 10%, 12.5%, 15%, and 20% weight-to-weight ratio)
by CPCHA and then adding the paraffin oil and thoroughly hand-mixing in a mortar and
pestle. A portion of the paste was packed into the tip of electrode assembly made from
1-mL plastic syringe (B/BRAUN) of 3 mm outer diameter and smoothed off. Electrical
contact was made with a copper wire through the syringe as shown Figure 3. Whenever
regeneration of the electrode was required, a thin layer of the surface was removed with
a spatula and replaced by a fresh paste. The fresh electrode was conditioned by dipping
the electrode in 10 uM Pb(ll)} solution and recording the differential pulse anodic

striping voltammograms three times. The pretreated electrode gave reproducible results,

A 25 % benzoin oxime-modified CPE [14] was also prepared using the above
procedure. The fresh electrode was preconditioned at 1.0 V by exposure to a stirred
sodium acetate buffer (pH 2.9) solution for 1 minute. The electrode was used for the
determination of Pb(ll) in potable water by differential pulse anodic striping voltammetry

as a reference method.
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cell, rinsed thoroughly with water and placed in a quiescent blank 25 mL of 0.3 M
sodium acetate buffer solution (pH 6) at -1.2 V for 1 min. The differential pulse anodic
stripping voltammogram was recorded (with 30 mV/s scan rate, 100 mV pulse
amplitude, and 0.2 s pulse period). The scan was terminated at 0 V. After each cycle,
the electrode was cleaned by dipping in a stirred 10 mM ethylenediaminetetraacetic
acid disodium salt, EDTA, solution (pH 9) for >10° M Pb(ll) and 1 mM EDTA solution
(pH 9) for <10° M Pb(ll) for 1 min, Then the electrode was washed by dipping it in a
stirred 25 mbL of water for 1 min. The electrode was then ready for the ensuring
preconcentration step. All measurements were carried out at room temperature

(22 + 2 °C) using nondearated solutions.

The same cycle was also used for determination of Ph(ll) in potable water using benzoin
oxime-modified CPE with preconcentration solution 25 mL of 0.1 M NH;-NH,Cl buffer
(pH 8.5), preconcentration time 10 min, supporting electrolyte 25 mL of 0.1 M sodium
acetate buffer (pH 2.9) solution, and reduction potential at -1.0 V for 45 s. The
differential pulse anodic stripping voltammogram was recorded (with 20 mV/s scan rate,
50 mV pulse amplitude, and 0.5 s pulse period). The electrode was cleaned
electrochemically at 1.0 V for 60 s in 0.1 M sodium acetate buffer (pH 2.9) solution

while stirring.
3.5. Preparation of Sample Solution

A 0.1 M sodium acetate, pH 9, was prepared in 500 ml. potable water. A 25 mL aliquot
was transferred into the cell for preconcentration and subsequent voltammetric
measurement, This was then followed by spiking known amounts of Pb(ll) solution into
fresh aliquots of the sodium acetate solution in potable water. The sample was also
analysed by differential pulse anodic stripping voltammetry using a benzoin oxime-

modified CPE [14].

24




4, Results and Discussion
4.1, Voltammetric Behavior of Lead(ll} at CPCHA Modified Carbon Paste Electrode

Cyclic voltammograms (CVs) were obtained at freshly prepared unmodified and CPCHA
modified carbon paste electrodes in 0.3 M sodium acetate buffer of pH 6. The CV of
unmodified CPE with Pb(ll) preconcentration from 0.1 M sodium acetate solution (pH
9) on the electrode surface at open-circuit condition did not show any wave, indicating
that Pb(ll) is not accumulated on surface of unmodified CPE. Figure 4 shows the CVs of
CPCHA modified carbon paste electrode with and without Pb(ll) preconcentration from
0.1 M sodium acetate solution (pH 9) on the electrode surface at open-circuit condition,
The CV of the CPCHA modified electrode without Ph(ll) preconcentration (curve 1) did
not show an.y wave in the potential range used, -1400 to 0 mV (however, when the
potential was extended up to 700 mV, the modified electrode showed characteristic
anodic and cathodic waves for the ligand N-p-chlorophenylcinnamohydroxamic acid
which is similar to that of its analogue N-phenylcinnamohydroxamic acid [39]). The
principal changes resulting from the Pb(ll) preconcentration (curve 2) was the
appearance of anodic and cathodic peaks at -518 mV and -802 mV, respectively. The
CVs were run starting from -1400 to 0 mV and back with 100 mV/s scan rate. During
the initial potential scan (positive direction) the accumulated Ph(ll) (as CPCHA complex)
on the electrode surface was reduced to Pb(o) and susequently oxidized back to Pb(ii)
showing the anodic peak at -518 mV. The cathodic peak observed at -802 mV during
the return scan (negative direction), clearly corresponds to the reduction of Pb(ll) to
Pb(0). This observation is in accordance with the results of CVs of other CMCPEs based
on open circuit Pb(ll) accumulation [14,16]. The CV of CPCHA modified carbon paste
electrode was also obtained by scanning the potential from 0 to -1400 mV and back
with 100 mV/s scan rate (Fig. 5). However no significant changes were observed in

changing the direction of the potential scan.

25




The anodic peak current observed was substantially larger and sharper than the
corresponding cathodic peak. Hence, it was systematically studied by differential pulse
anodic stripping voltammetry for analytical determination of lead(ll). The mechanism
involved in the study of Pb(ll) at the CPCHA modified carbon pasfe electrode by
differential pulse anodic stripping voltammetry is attributed to the following steps

(where HL represents CPCHA):

1. Preconcentration step (open-circuit cell, 0.1 M NaAc, pH 9.0):
Ph?** +  2HL - PbL, +  2H*
solution CPE surface CPE surface  solution

2. Reduction step (closed-circuit cell, 0.3 M NaAc, pH 6, -1.2 V):

POIL, + 2H* + 2 -~ PR +  2HL

CPE surface solution CPE surface

3. Stripping step (closed-circuit cell, 0.3 M NaAc, pH 6, positive scan: -1.2 V fo

0 V)
Pb® - Ph*+ +  2e
CPE surface solution

and

Pb** + 2HL - PbL, + 2H*

CPE surface CPE surface solution
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Figure 4.
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Cyclic voltammograms of CPCHA modified carbon paste electrode (1)

without lead(ll) preconcentration and (2) with fead(1l) preconcentration.
Lead(ll) concentration: 4.0 x 10° M; preconcentration pH 9 0.1 M
sodium acetate); preconcentration time: 2 min; supporting electrolyte:
0.3 M sodium acetate buffer of pH 6; from -1400 to 0 mV and back at

scan rate: 100 mV/s.
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Figure 5. Cyclic voltammograms of CPCHA modified CPE with lead(l)
preconcentration (1) from -1400 to 0 mV and back at scan rate: 100 mV/s

(2) from 0 to -1400 mV and back at scan rate: 100 mV/s; other conditions

are as in Figure 4.
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4.2, Renewal of Electrode

During the stripping step as indicated above the complex is re-formed on the modified
surface, Hence, in order to use a single surface repetitive and get reprbducibie results,
regeneration ‘of the reactive functional groups on the surface was very important after
each electrochemical measurement. Acetic acid (1 M) and sodium acetate buffer (0.3
M, pH 3) were effective in cleaning the electrode surface without memory effect.
However, there was a gradual decrease in the electrode response which was probably
due to protonation of CPCHA at the surface of the electrode. Best cleaning efficiency
and reproducibility were obtained with ethylenediaminetetraacetic acid disodium salt,
EDTA, solutions (pH 9) without any memory effect, This is due to the formation of stable
water soluble EDTA-fead(il} complex [49,50] that easily removes any Pb{ll) complexed
with CPCHA on the electrode surface. However for £ 10°M Pb(ll) there was a gradual
decrease in the electrode response which was probably caused by adsorption of EDTA
molecules on the surface of the electrode. Consequently when the electrode was dipped
into the lead(l) solution for preconcentration, a water soluble Pb(I)-EDTA complex was
formed at the electrode surface. This was overcome by using T mM EDTA solutions (pH
9) for <10° M Pb(ll) and 10 mM EDTA solutions {(pH 9) for 210 M Pb(ll). Whenever
physical damage (such as cracking or scratching) of the electrode surface occurred or
when an interfering species was accumulated (that can not be removed by cleaning
solution), a thin layer of the electrode surface was removed with spatula and replaced
by fresh paste. Under normal conditions, a single electrode surface can be used for
multiples of analytical determinations over several weeks. The mechanism of renewing
the modified surface after each electrochemical measurement by EDTA is attributed to

the following reaction:

PbL, + H,Y? -~ PbY* +  2HL

CPE surface  solution solution CPE surface
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4.3, Effect of Carbon Paste Composition

The accumulation of Pb(ll) at the CPCHA modified CPE was based on the complex
formation reaction between the metal ion, Pb(If} and the modifier, CPCHA. Therefore
the concentration of CPCHA in the carbon paste had significant influence on the
voltammetric response of the modified electrode. Six different electrodes prepared from
5%, 7.5%, 10%, 12.5%, 15%, and 20% weight-to-weight ratio CPCHA contained
carbon pastes were examined for their voltammetric signals under identical conditions
(Table 1). The maximum peak current was obtained for 15% CPCHA in the paste.
Higher concentrations (> 15%) showed a decrease in the peak current. This is
presumably due to the reduction of conductive area {carbon particles) at the electrode
surface [16,34] . Hence an electrode containing 15% CPCHA was employed for all

subsequent experiments.

Table 1. Effect of modifier composition in CPE (preconcentration solution : 0.1 M
sodium acetate buffer of pH 9; preconcentration time: 2 min; supporting
electrolyte: 0.3 M sodium acetate buffer of pH 6; reduction potential: -1.2 V;

reduction time: 1 min; scan rate: 30 mV/s; pulse amplitude: 100 mV; and pulse

period: 0.2 s)
% CPCHA in the paste Ip (UA)
8 uM Pb(ll) 16 uM Ph(Il)

5 3.229 5.633
7.5 4,604 6.668
10 6.944 8.669
12.5 9.315 14.34
15 9.912 16.04
20 6.587 10.16
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4.4, Effect of pH of Preconcentration Solution and Supporting Electrolyte

The complex formation reaction of lead(Il) with CPCHA modified electrode (as shown
in the above mechanism) is affected by factors that influence the up take of lead(ll) from
the solution on the electrode surface. Hence, different preconcentration media with
different pH were studied in order to obtain conditions that favor the up take of lead(ll)

by the CPCHA modified electrode from the preconcentration solution.

Ammonium chloride buffer (0.1 M, pH 9} and sodium acetate buffer (0.1 M, pH 9) were
evaluated as a media for the accumulation. In view of the results obtained, sodium
acetate buffer was found to be more effective in favoring the accumulation of lead(ll) on
the electrode surface, and thus employed as a preconcentration solution throughout the
study. The effect of pH of the preconcentration solution (0.1 M sodium acetate) on the
accumulation of lead(ll) was studied in the pH range 5-10. The Pb(ll) peak current as a
function of pH is shown in Figure 6. It was found that the peak current increased sharply
with increasing pH up to 9 and then remained constant. This is due to the increasing
complex formation of lead(ll) with CPCHA at the electrode surface with increasing pH
and the completion of complex formation at higher pH (> 9). One would expect the
precipitation of Pb(ll) as Pb(OH), at such higher pH. However, this was not observed
in this investigation due to the fact that the Pb(ll) solution was spiked into the
preconcentrafion cell just before dipping the electrode in the cell and subsequent stable
complex formation of Pb(ll) with CPCHA at the electrode surface. It should also be
noted that the acetate ions form weak complexes with Ph(l}) [49,50] that prevent the

precipitation of Pb(OH),.

The effect of sodium acetate concentration was also studied in the range 0.1- 0.5 M at
constant pH. The maximum peak current was observed for 0.1 M solution. It was found
that increasing the concentration of sodium acetate decreased the peak current. This is

due the fact that acetate ions form weak complexes with Pb(ll) [49,50] and hence
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increasing the concentration of acetate ions decreases the accumulation of Pb(ll) as

CPCHA complex at the electrode surface.

40 -

32 -

Peak current (LA)

Figure 6. Effect of preconcentration solution pH on the differential pulse anodic
stripping voltammetric peak current. Each bar represents mean+3
standard deviation. Lead(ll) concentration: 4.0 x 10° M; reduction
potential: -1.2 V; reduction time: 1 min; scan rate: 30 mV/s; pulse
amplitude: 100 mV; pulse period: 0.2 s. Other conditions are as in

Figure 4.

The effect of the composition of the supporting electrolyte on voltammetric
measurement of lead(l) was also studied. Solutions of sodium acetate, sodium

perchlorate, and potassium nitrate (each 0.3 M) were examined as supporting electrolyte
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for the voltammetric measurements. In view of the results obtained, sodium acetate
buffer was chosen as supporting electrolyte in the measurement cell, in order to obtain

the highest analytical signal.

The effect of pH of the supporting electrolyte (0.3 M sodium acetate) was also studied
by varying the pH in the range 3-8. Maximum peak current was obtained at pH 6. The
reduction step of Pb(ll) at the CME surface involves hydrogen ions (as shown in the
above mechanism), consequently the reduction reaction is hindered as the pH is
increased. On the other hand, at lower pH the lead{(l)-CPCHA complex starts to
dissociate as a result the accumulated Pb(ll) ions leach from the surface of the electrode.
As a consequence, in both cases a drastic decrease in the differential pulse anodic
stripping peak current was observed. The effect of concentration of the supporting
electrolyte on the voltammetric signal of Pb(ll) was also studied by varying the
concentration of sodium acetate in the range 0.05-0.5 M. Maximum and reproducible
peak current was obtained at 0.3 M sodium acetate buffer solution in the measurement '

cell.

It is evident from the above discussion that the preconcentration and the
electrochemical measurement steps require sodium acetate solutions of different
concentrations and different pH. Hence, it was necessary to carry out the
preconcentration and the electrochemical measurement separately. Furthermore, the
exchange of medium between accumulation and measurement offers some advantages:
components of the analyte solution, which are electroactive but do not have an affinity
for the electrode modifier, CPCHA, will not interfere with voltammetric determination
of the analyte, additionally optimum parameters for both media, analyte, and
measurement solutions, can be optimized independently leading to improved sensitivity
[19]. Therefore, 0.1 M sodium acetate of pH 9 and 0.3 M sodium acetate of pH 6 were

used for an open-circuit preconcentration and voltammetric measurements, respectively.
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4.5, Effect of Preconcentration Time

The final parameter of major importance is the length of time allowed for the
accumulation of lead({l) from the preconcentration solution at the electrode surface. The
dependence of the differential pulse anodic stripping voltammetric peak current on the
preconcentration time for two different Pb(ll) concentrations is shown in Figure 7. The
peak current increases with increasing preconcentration time, indicating an
enhancement of Pb(ll} up take at the electrode surface. Normally, the increase in the
response continues until a maximum signal level, presumably corresponding to either
a saturation or an equilibrium surface coverage, is attained. The results obtained
indicated attainment of steady-state accumulation levels of Pb(ll) at the electrode surface
requiring exposure times of 6 min for 8 uM Pb(ll) (curve 1) and 4 min for 16 uM Pb(l1)
(curve 2). In general, it was found that the peak current depends on the
preconcentration time for a short period. However, with longer period of

preconcentration time graduat change in the peak current was observed.

This observation is in accordance with the results of other stripping methods based on
open-circuit accumulation [14-18]. Thus, in order to obtain linear relationship between
Pb(ll) concentration and peak current a relatively shorter and longer preconcentration
times must be employed for higher and lower concentrations of Pb(Il), respectively, in
order to avoid saturation. Hence, 2 min and 6 min preconcentration times were
employed for > 10° M Pb(Il) and < 10 ® M Pb(ll), respectively, in all subsequent

experiments.
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Figure 7. Effect of preconcentration time on the differential pulse anodic stripping

voltammetric peak current. Each bar represents mean+3 standard
deviation. Lead(ll) concentration: (1) 8.0 x 10 M; (2) 1.6 x 10® M; other

conditions are as in Figure 6.

4.6. Effect of Reduction Potential and Reduction Time

The effect of the reduction potential on the anodic peak current of lead(Il) was studied
by varying the initial potential from -0.7 to -1.3 V. The anodic peak began to appear
only at an applied potential of -0.9 V. When the potential was increased to -1.2 V, the

highest peak current was obtained. Further increasing the reduction potential from -1.2
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to -1.3 V led to a steady-state current (Fig. 8). Hence -1.2 V was employed as a

reduction potential in all subsequent experiments.
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Figure 8. Effect of reduction potential on the differential pulse anodic stripping

voltammetric peak current, Lead(l) concentration: 8.0 x 10 M; other

conditions are as in Figure 6.

The effect of the reduction time on the anodic peak current of lead(ll) was also
examined, The peak current was found to increase linearly with increasing reduction
time up to 60 s and then remained constant (Fig. 9). Therefore 1 min reduction time was

used for all subsequent measurements.
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Figure 9. Effect of reduction time on the differential pulse anodic stripping

voltammetric peak current, Each bar represents mean+3 standard
deviation. Lead(ll) concentration: 8.0 x 10® M; other conditions are as

in Figure 6.

4.7, Effect of Instrumental Parameters

The scan rate was varied from 5 to 75 mV/s. The peak current increased and become
broader on increasing the scan rate. A scan rate of 30 mV/s was used for the further
studies. A similar pattern of the peak current was obtained with increasing the pulse
amplitude from 25 to 125 mV. A pulse amplitude of 100 mV was chosen for further
work. Variation of the pulse period from 100 to 200 ms increased the peak current and
from 200 to 400 ms pulse period the peak current remained constant. Hence a pulse
period of 200 ms was used, The scan rate, pulse amplitude, and pulse period were
selected on the consideration of both the peak-height and half-peak width [27]. The

results are given in Tables 2-4,
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Table 2. Fffect of scan rate (other conditions ar as in Table 1)

Scan rate (mV/s) Ip (-uA) for 8 uM Pb(ll)
5 1,005
10 1.464
20 2.327
30 2.949
50 3.289
75 3.679

Table 3. Effect of pulse amplitude (other conditions ar as in Table 1)

Pulse amplitude {mV)

Ip (-1A) for 8 uM Pb(ll)

25

1.402

50 2.275
75 3.439
100 5.096
125 5.948

Table 4. Effect of pulse period (other conditions ar as in Table 1)

Pulse period (ms)

Ip (uA) for 8 uM Pbh(lI)

100

2.039

200 4.318
300 4,452
400 - 4.565
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4.8. Optimal Experimental Conditions

The effects of several experimental parameters have been studied to obtain optimum
conditions for the differential pulse anodic stripping voltammetric (DPASY)
determination of lead(ll) at CPCHA modified CPE. The results are summarized in

Table 5.

Table 5. Optimum experimental conditions for the determination of Pb(ll) by DPASY

Parameters studied - Optimum value obtained
Composition of modifier in CPE 15%
pH of preconcentration solution 9

Concentration of preconcentation solution 0.TM

Preconcentration time 2 min for 210 M Pb(l) and

6 min for <10° M Pb(ll)

pH of supporting electrolyte 6
Concentration of supporting electrolyte 0.3 M
Reduction potential 1.2V
Reduction time 1 min
Scan rate 30 mV/s
Pulse amplitude 100 mV
Pulse period 200 ms

4.9. Calibration Curve, Detection Limit, and Precision

The differential pulse anodic stripping voltammograms at different concentrations of
Pb(ll) are shown in Figure 10 and 11, The peak potential was found to shift towards
more ﬁositive with increasing concentration of Pb(I). The peak current increased with

increasing Pb(l) concentration and two linear ranges were obtained. The response was
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Differential puise anodic stripping voltammograms of lead(t!) accumulated
at CPCHA modified carbon paste electrode. Lead(ll) concentration:
(M 0.0 M; (2) 20x 10*M; (3) 5.0 108 M; (4) 1.0 x 107 M; (5) 2.0 x 107
M; (6) 4.0 x 10 7 M; (7} 6.0 X 107 M; (8) 8.0 x 107 M; (9) 1.0 x 10° M;

preconcentration time: 6 min; other conditions are as in Figure 6.
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4.10. Effect of Other lons

Chemically modified CPEs not only have significant analytical potential to enhance
sensitivity but also provide an avenue for improved selectivity which is determined by
the chemical reactivity of the modifier with the analyte. Hence, the use of selective or
specific modifier helps to overcome interferences from coexisting ions. But those metal
ions which compete for complexation with the modifier and binding sites on the
modified electrode surface would interfere significantly in the determination of the
analyte. Anions which form stable complexation with the metal ion to be determined

can also interfere.

The effect of other ions were studied by adding known quantities of the desired ion to
solution containing 10 #M of lead(ll} and recording the differential pulse anodic
stripping voltammogram according to the procedure described above. The influence of
other ions, present in the analyte solution on the current response of Pb(ll) is shown in
Table 6 (concentrations shown are the highest assayed). As can be seen from Table 6,
several ions such as K, Li*, NH,*, Mg?*, Ca’*, Sr**, Ba?*,Tl*, Mn**, F, SO, I, ClO,,
SCN,, CI, and Ag* (up to 100-fold molar excess); Co?* and C,0,% (up to 20-fold molar
excess); Cd** and CO,* (10-fold molar excess); Cr** (5-fold molar excess); Hg?*, Bi **,
Sn**, Zn**, and Fe’* (2-fold molar excess); Al3* and Au®* (equi-molar) have only
negligible effect on the determination of Pb(Il). However, equi-molar amount of Cu?*
and Ni** interfere significantly by decreasing the Pb(ll) signal, because they form
complexes with CPCHA and prevent the complex formation and accumulation of Pb(ll)

at the electrode surface.

The influence of weakly interfering ions can easily be eliminated by applying the
standard addition method for the evaluation of the concentration of Pb(ll}. This has been
examined by determining Pb(ll) in four different synthetic matrices composed of weakly

interfering ions. These matrices are of similar compositions to that of water samples [5]
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Table 6. (Continued)

Interfering ion Concentration (M) Change in current (%)
CO.> 1x 10* -3.0
Crt 5x 107 -6.4
Hg?* 2x10° ~7.9
Bi*+ 2x10° -5.0
Sn?* 2x 107 +6.6
Zn** 2x10° -8.6
*Feit 2x10° -4.0
*APRY 1x10° -4.2
Au*? 1x10° -4.6
Nit 1x 107 -20.4
Cu?* 1x 103 -36.2

* |n the presence of 0.01 M NaF.

Table 7. Determination of lead(ll) in synthetic matrices

Matrix Composition Pb(ll) found*

A 1x10°MPbA + 1x 10 M Mg(l) + 1x10% | (0.99+0.04) x 10° M
M Cafll) + 1x 10% M Srll) + 1 x 10 M Ba(ll)
+ 1x10° MK() + 1x 107 M Li(D)

B 1x 10 MPh{ll} + 2x 10° M Zn{ll) + (1.02+0.07) x 10° M
5x 10*MMnll + 4 x 107 M Cr(ill) +
1 x 107 M Ca(ll)

C 1x 10° M Ph(Il) + 9.2 x 10 M Cd(ll) + (0.98+0.05) x 10° M
8.7 x 108 M Sn(il) + 1.9 x 10 M Bi(Hl)

D 1x10°MPb() + 1 x10°MSn(lh) + (0.99+0.04) x 10° M
1.6 x 10 M Bi(li)

*Mean+ 95% confidence limits of triplicate analysis.
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4.11. Analytical Application

In order to evaluate the performance of CPCHA modified carbon paste electrode in
practical analytical work, quantitation of lead in potable water was attembted. The water
sample showed a distinct peak of lead(ll). Hence, the concentration of lead in the water
sample was determined by standard addition method. Known concentrations
(2.00x 10° 4.00 x 10°, 6.00 x 10, and 8.00 x 10 M) of Pb(ll) solution were added
to the water sample. The differential pulse anodic stripping voltammograms were
recorded after each addition. The voltammograms are shown in Figure 12, Three
determinations were made on each addition. The plot of peak current against lead
concentration was linear {r = 0.998). The concentration of lead in the water was found
to be (2.604+0.05) x 107 M. This is in a good agreement with the value from the
reference method (differential pulse anodic stripping voitammetry with benzoin oxime
modified carbon paste electrode [14]), which gave (2.51+0.07) x 107 M lead in the

water sample.
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Figure 12.
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Differential pulse anodic stripping voltammograms for the determination
of lead in potable water by standard addition method. (1) 0.1 M sodium
acetate buffer (pH 9); (2) 0.1 M sodium acetate buffer (pH 9) prepared
in potable water; and after the addition of: (3) 2.0 x 10°M: (4) 4.0 x

10 M; (5) 6.0 x 10® M; and (6) 8.0x 10 4 M Pb(ll) to 0.1 M sodium

acetate buffer (pH 9) prepared in potable water; other conditions are as

in Figure 6.
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5. Conclusion

A new chemically modified carbon paste electrode has been developed using N-p-
chlorophenylcinnamohydroxamic acid for the determination of lead(ll) at trace levels
by differential pulse anodic stripping voltammetry, The electrode offers attractive
properties compared to the pervious studies [15-18] such as simplicity of electrode
preparation, high stability, and the use of nondearated solution. Also there is no
leaching of the electrode because of the low solubility of CPCHA in aqueous sotution
and hence a single electrode surface can be used for multiple analytical determinations
over several weeks. The method presented here has wider linear range and a lower
detection limit than some of the reported methods [15,17] and is not interfered so
strongly by other metals, which are normally associated with lead in a"oys and complex
materials. The linear range, detection limit, and selectivity of the proposed method are
comparable to other stripping voltammetric methods for the determination of lead(ll)

using chemically modified carbon paste electrodes [14,16,18].
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