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Voltammetric Behavior of Lead(li) at N-p-Chlorophenylcinhamohydroxamic 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(ll) with N-p-
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 10-6 - 2.40 x 10'5 M Pb(ll) with 2 min preconcentration time

and 2.00 x 10-8 - 1.00 x 10’6 M Pb(ll) with 6 min preconcentration time. The detection

limit was found to be 1.00 x 10 s 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*6 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.
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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 (PbC03 ), pyromorphite

(PbCI2.3Pb3(PO,,)2),mimetesite (PbCI3.3Pb3(As04)2), crocite (or kallochrome, or red lead

ore) (PbCrO^),wulfenite (or molybdenium lead spar or yellow lead ore) (PbMo04), 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,06s26p2. 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 Pb(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],

2
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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 PbfQO^.PbfOH^.^O is formed, and from weakly acid solution the
scarlet red 2Pb(C606).Pb(0H)2.H20 is formed.

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].

3



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],

4
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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 to 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.

5



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. Metho.ds 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.

6






















































































