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Voltammetric Behavior of Cadmium(ll) at /V-p-Chlorophenylcinnamohydroxamic Acid

Modified Carbon Paste Electrode

by Kidane Fanta Gebremariam

Advisor: Dr. B.S. Chandravanshi

Abstract

A sensitive voltammetric method has been developed for the determination of

cadmium(ll) utilizing a carbon paste electrode modified with N-p-chlorophenyl-

cinnamohydroxamic acid. The analyte was accumulated at the modified electrode
surface (via complexation) under open circuit and precisely controlled convective

condition. It was then quantified electrochemically by differential pulse anodic
stripping voltammetry in a different non-deaerated electrolyte solution following

medium exchange. Detailed experiments were conducted to establish the optimal
carbon paste composition, pH and concentration of accumulation and stripping

solutions, preconcentration time, bulk cadmium(li) concentration, and instrumental
parameters. Two good linearities were obtained between the voltammetric current and

cadmium concentration employing different preconcentration times. One is acquired

in the concentration range 2.00 x 10'7 - 3.20 x 10’6 M Cd(ll) (r =0.999) and the other
from 4.00 x 10‘8 to 1.60 x 10'7 M Cd(ll) (r=0.999) with 1 min and 2 min

preconcentration time, respectively. The detection limit was found to be 9.80 x 10'9

M (1.1 ppb) Cd(ll) with 2 min preconcentration time. For a series of six determinations
of Cd(ll) at 1 x 10‘6 M and 8 x 1CT8 M levels relative standard deviations of 2.6% and
5.5%, respectively, were achieved. Electrochemical cleaning was used to regenerate

the surface rapidly and reproducibility; and this allows the use of a single modified
electrode surface in multiple analytical determinations over several weeks. Many

common metal ions had little or no effect on the determination of cadmium(ll). The
method was verified by the determination of trace cadmium(ll) in municipal and

mineral waters.
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1. INTRODUCTION

1.1. Occurrence and Uses of Cadmium

<
Cadmium is a relatively rare element (about 0.2 g per ton in the earth's crust) [1]. It

does not occur uncombined in nature and is nearly always found associated in small

amounts with zinc. It is present in zinc sulfide ores, and in lesser concentrations in zinc

carbonates and silicates, and in lead and copper sulfides. The rather uncommon true

cadmium mineral, greenockite, is not a commercial source of the metal. Almost all of

the cadmium produced is obtained as a by-product during various steps in the smelting

and refining of zinc ores (which usually contain 0.2-0.4% cadmium); thus, its out put

is directly linked to the out put of zinc [2-4],

A large amount of cadmium produced world wide is used in electroplating of steel,
iron, copper, brass, and other metals to protect them from corrosion. Cadmium is often

utilized in electrical parts because of its relatively low electrical conductivity and ease

of soldering to it. Sizable amounts are used in low-melting-point alloys and relatively

smaller uses are in brazing alloys, solders, and bearings. The low-melting point alloys

are utilized for many purposes like in fusible elements in automatic sprinklers, forming

and stretching dies, filler for thin-walled tubing that is being bent and, anchoring dies,
punches, and parts being machined. A small portion is used to produce various

pigments. CdS (cadmium yellow) and cadmium sulfoselenide (cadmium red) are

permanent useful pigments. They provide the best yellow and red colours seen in many

finishes including industrial enamels, and lacquers used for automobiles. Inorganic

cadmium compounds are used as stabilizers in plastics and in the production of

television picture tube phosphors. The metal is also used in the manufacture of

cadmium-nickel alkaline rechargeable batteries which are used in buses and diesel

v J
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locomotives. Because of its great neutron-absorbing capacity cadmium is often used in

control rods and shielding for nuclear reactors [3-5],

More recently, CdS is known to be an excellent heterojunction partner of p-type

cadmium telluride (CdTe) or p-type copper indium diselenide (CulnSe2). It is widely

used as a window material in high-efficiency thin-fiim solar cells based on CdTe or

CulnSe2 owing to its transparency and photoconductivity among other properties [6].
Cadmium sulfide and cadmium sulfoselenide compounds exhibit strong photovoltaic

response to visible light, and are becoming of interest in solar energy applications to

convert low energy light into electricity [7], Thus, in view of the changing worlds energy

situation, uses of cadmium are anticipated in applications such as solar energy cells and

energy storage systems.

1.2. Effect of Cadmium on Human Health and Its Sources of Pollution

The influence of metal toxicity on human affairs has a long and eventful history dating

back at least 5000 years to the initial development of metal working. In more recent

years, industrial effluents have been responsible for several episodes of chronic and

acute poisonings of humans. Rapid industrial development has led to increased

generation of waste materials that, if improperly dealt with, can threaten both public

health and environment.

Cadmium is one of the most toxic heavy metals of prime environmental and health

concern that has received widespread attention in recent years [4]. This is evidenced by

its incorporation in the initial priority UK Red List [9j and other lists of "Priority Metals

or Pollutants" established from the stand point of potential hazard to human health, like

the U.S. Environmental Protection Agency (EPA) List of Priority Pollutants [10], and the
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Black List of the European Economic Community [11]. These pollutants are not only

highly toxic but also persistent and capable of bioaccumulation. Part of the concern was

based on the manifestation of a disease called 'itai-itai' disease (translated literally as

'ouch-ouch' disease, from the cries of pain made by those suffering from it) in japan in

1950s, for which the causative factor was high concentration of cadmium in locally

grown rice. The symptoms of the disease include a yellow discolouration of the teeth,

loss of the sense of smell, a reduction in red blood cell numbers, lumbar and leg pains,
softening of the skeletal bones, and in severe cases skeletal deformation. Death is

attributed to kidney failure [2,12,10].

Cadmium has never been demonstrated to be an integral part of natural product nor has

shown any certain indication of being an essential trace element in biological processes

[12-14}. It adversely affects several important enzymes; and can cause painful bone

disease and kidney damage [15]. Cadmium concentrations were also correlated most

closely and most frequently with the cancer death rate [16]. Although chronic poisoning

traced back to cadmium in environment has been recorded [17,18], no effective chelates

have yet been found for the treatment of chronic cadmium intoxication [12,17,18].

On chronic administration to man, cadmium accumulates in the liver and kidney. And,

thus, the body burden of cadmium increases with age, as its half-life in the body is

about 20-30 years. Normal dietary intakes are in the range of 0.21-0.42 mg per week

which are close to the WHO recommended maximum (0.4-0.5 mg per week). The

closeness between actual cadmium intakes and the suggested maxima is also one of the

reasons for the considerable current interest over cadmium levels in soil, water and

food. The average cadmium level in the general population is already between one-third

and one-half of the toxic level. Smokers are especially at risk because of the cadmium

content in tobacco [12,19,20].
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Cadmium is considered by many to be the most dangerous heavy metal pollutant

because it is widespread and poorly controlled. It reaches the general population

through water and food supplies and to a lesser extent by air. Airborne emissions from

zinc smelters are major sources of cadmium contamination in air, water, soil, and all
<

crops including tobacco. Cadmium pollution can also originate from incineration of
I

plastics and cadmium pigments, fossil fuels, electroplating, and metallurgical processes.
Recently, use of phosphate fertilizer (which has an average concentration of about 7fjg

of cadmium per gram) and sewage sludge with a high concentration of cadmium as

fertilizer has a high concern [2,3,13].

1.3. Methods of Analysis

Cadmium can be detected and identified by spot test, with either 4-nitronaphthalene-

diazoamino-azo-benzene ('Cadion 2B') or bis(p-nitrophenyl) carbazide as colouring

agents. The procedure in the former case involves adding a drop of the test solution

onto a strip of filter paper to which an alcoholic solution of the reagent is applied. This

is followed by making it acidic with acetic acid and then adding a drop of 10% KOH

solution. A bright pink spot surrounded by a blue ring indicates the presence of

cadmium. Bis(p-nitrophenyl) carbazide, on the other hand, forms a brown-coloured

product with cadmium hydroxide,which turns greenish-blue with formaldehyde [22,23].

There are many insoluble salts of cadmium giving rise to the earliest known methods

for determination of cadmium based on precipitation reactions. It can be determined

gravimetrically by the sulphate method, which involves separation as CdS and

quantitation by weighing as CdS04 following evaporation to dryness with excess

sulfuric acid and ignition. Various other gravimetric methods are also applicable, such

as precipitation as cadmium ammonium phosphate (CdNH4P04.H20) and weighing,

• «
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either as such after drying in air or after ignition to pyrophosphate (Cd2P207), or

precipitation and weighing as the salt of 8-hydroxyquinoline, Cd(C9H6ON)2, after

cadmium has been isolated from nearly all other metallic elements [24,25].

Various titrimetric methods have been proposed, such as precipitation titration with
ferrocyanide, bromometric titration after precipitation with anthranilic acid or with 8-
hydroxyquinoline, complexometric titration with EDTA using Eriochrome Black T (EBT)

as indicator [7,26], and iodometry of CdS with back titration of the iodide with

thiosulphate [27]. Like most of the gravimetric methods, none of these are specific for

cadmium and nearly all other metal ions interfere.

Cadmium selective electrode most useful as indicator electrode in the potentiometric

titration of cadmium with such titrants like EDTA can be used for its quantitation

[28,29].

Cadmium can also be determined colorimetrically. Dithizone provides the best means

of separation and determination. This method involves extraction of cadmium-dithizone

chelate from strongly basic tartarate medium containing cyanide ion to prevent

extraction of other potentially interfering ions. Extraction methods for the separation of

cadmium with thiocyanate and mercaptobenzothiazole were also reported. Though it

is inferior to the dithizone method in sensitivity and specificity, moderately small

amount of cadmium can be determined by formation of a colloidal suspension of CdS

[30,31].

Since the commercial equipment became available in about 1960, the use of atomic

absorption spectroscopy (AAS) in routine analysis has become widespread replacing

many of traditional wet methods for estimation of metals in solution. Cadmium is one

5



of the most sensitive of all metals to be determined in various samples by this method.
It is usually determined employing the sensitive absorption line at 228.8 nm with

air/acetylene flame system [32-34].

<
More recently,separation and determinations of cadmium usinghigh performance liquid

K

chromatography (HPLC) via initial formation, off-line or on-line, of suitable chelate
(mostly dithizone and EDTA) were done. However, these HPLC based methods are not

among the most common or validated methods of cadmium determination [35].

By all odds, electroanalyticai techniques are far superior to classical methods, both for
separations and determinations of cadmium. When obtained by controlled potential

electrolysis, the deposited cadmium from faintly alkaline cyanide solution can be

weighed to provide an accurate electrogravimetric determination. If the amount of

cadmium is too small for accurate weighing, the deposit can be dissolved from the

cathode (either chemically or electrolytically), and the determination completed
polarographicaily. The later constitutes electrochemical stripping analysis that is most

useful for determination of low concentrations. Cadmium is very amendable to

polarographic determination with the dropping mercury electrode [24,36].

Voltammetric techniques like stripping voltammetry are very suitable for decentralized
analysis and quantitation of trace metals due to their speed, high analytical sensitivity,
low detection limit, relatively compact and low-cost instrumentation with low
maintenance costs, the possibility of employing inexpensive electrodes and, minimum

(or none) sample pretreatment required prior to analysis. These attracting features have
resulted in rapid development and wide spread application of the strippingvoltammetry.
Mercury-based electrodes, in their many forms, have been traditionally employed for
achieving high sensitivity and reproducibility since the inception of polarography by

6
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