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INTRODUCTION

Chromium compounds that are inhaled have been
linked with lung cancer, skin allergy, asthma and renal
diseases while those ingested can cause kidney and liver
damage[1]. Trivalent chromium is an essential trace ele-
ment for humans. Together with insulin it removes glu-
cose from the blood, and it also plays a vital role in fat
metabolism, chromium deficits may exacerbate diabe-
tes symptoms and heart problems[2]. Chromium(III) is
an essential nutrient for maintaining normal physiologi-
cal function[3], where as chromium(VI) is toxic[4] and
carcionogenic for the human body[5-7]. Chromium may
exist in water supplies in both the hexavalent and triva-
lent state although the trivalent form rarely occurs in
potable water[8]. The most important application of
chromium in the metallurgic industry is its use as an al-
loying element in steels. In these materials, chromium
contributes to increase the hardness, tempering and
oxidation resistance[9].

There are many sensitive techniques for chromium
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ABSTRACT

A catalytic polarographic method for the determination of microgram quan-
tities of Cr(III) is developed based on the catalytic currents of chromium(III)
in the presence of antipyrine in potassium chloride medium. The procedure
is applied for the estimation of Cr(III) in agricultural samples. The method is
simple, sensitive and free from interference of many metal ions.
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determination, such as ICP-MS[10-14], ICP-AES[15-18],
HPLC[19-21], Stripping Voltammetry[22-26], AAS[27-31],
spectrophotometry[32-36]. Cr(III) reacts with many or-
ganic reagents at high temperature due to the inert na-
ture of [Cr(H

2
O)

6
]3+ complex. The time required varied

from 20 minutes to 2 hours depending on the nature of
reagents[37-39]. The need to monitor chromium in the en-
vironment has led to the application of increasingly com-
plex analytical techniques[40,41].

In continuation of our earlier work on develop-
ment of catalytic polarographic methods[42-44] using an-
tipyrine as complexing agent, a simple procedure is
developed for the determination of chromium at low
concentrations.

The polarographic studies on chromium(III) in the
presence of antipyrine in potassium chloride medium
revealed that in the presence of even microgram quan-
tities of Cr(III) catalytic currents with peak values at -
1.5 V Vs SCE, respectively are observed. At micro-
gram concentrations chromium(III) exhibits negligible
current in the absence of antipyrine.
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EXPERIMENTAL

Reagents

A 99% pure antipyrine obtained from Aldrich
Chemical Laboratory, USA is accurately weighed and
dissolved in double distilled water and is used as the
stock solution. Stock solutions of the Cr(III) {Cr

2

(SO
4
)

3 
K

2
SO

4 
.24H

2
O} are prepared from accurately

weighed potassium chromic sulphate AnalaR samples
by dissolving in distilled water and diluted to required
strength with double distilled water. The supporting
electrolyte, potassium chloride used in the present
study is of AnalaR grade. Triton X-100 is weighed
and is made upto 100ml in a standard flask and is
diluted as per requirement.

Equipment

Current-Voltage curves are obtained with a DC re-
cording polarograph (Model CL-25, Elico Pvt. Ltd.,
India) and a strip chart recorder (LR-101P). Atomic
absorption studies are made by using Perkin-Elmer
Model-2380 AAS. The capillary characteristics of the
DME used are t=4.0 sec and m=2.15 mg/sec in 0.1M
potassium chloride solution. All the experiments are per-
formed at 25±0.20C using freshly prepared solutions in
double distilled water. Deoxygenation is accomplished
by passing pure nitrogen for 15-20 minutes through the
test solutions.

Procedure

A measured amount of the supporting electrolyte,
ligand and maximum suppressor are added to the re-
quired aliquots of Cr(III) solution under study and the
solution is made upto 25ml with triple distilled water.
This is then transferred to the polarographic cell and
deoxygenated by passing nitrogen and polarographed.
A test run of the supporting electrolyte without the
electroactive species is also taken in order to record
residual current (Figure 1).

RESULTS AND DISCUSSION

A detailed experimental procedure on the polaro-
graphic behaviour of Cr(III) in the presence of
complexing agent, antipyrine in potassium chloride me-
dium is mentioned below.

Effect of potassium chloride concentration

Keeping the concentrations of Cr(III) (5.71 ppm)
and (0.1M) constant, the concentration of the reagent,
potassium chloride is varied from 0.05 to 0.2M. The
results reveal that the peak is maximum only when the
antipyrine concentration is 0.1M.

Effect of height of the mercury column

The variation in the height of the mercury column has
no effect on both the nature and height of the Current-
Voltage curves indicating the catalytic nature of the waves.

Effect of triton X-100

Triton X-100 ranging from 0.001 to 0.004% has
been added for both solutions containing analytical con-
centrations of metal ions, antipyrine and potassium
chloride and the effect is studied. It is found that this
surface active agent does not change the nature of the
catalytic wave.

Effect of temperature

The current voltage curves for the systems contain-
ing (5.71 ppm) Cr(III), 0.1M potassium chloride and

Figure 1 : Current voltage curves of (a) KC1 (0.1M) + antipy-
rine (0.1M); (b) KC1 (0.1M) + chromium(III) (5.71 ppm); and
(c) KC1 (0.1M) + chromium(III) (5.71 ppm) + antipyrine (0.1M)
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0.1M antipyrine is recorded at various temperatures
and the increase in the height of the wave with rise in
temperature is noticed. The catalytic current is found to
increase with temperature and the temperature coeffi-
cient calculated is above 3% which shows the catalytic
nature of the waves.

Effect of chromium ion concentration

The effect of increased concentration of metal ion
in the range of 1.0 to 6.0 ppm, on the catalytic peak
current is studies at the fixed concentrations of the re-
agent antipyrine (0.1M) and potassium chloride (0.1M).

The shape and the peak potentials of the current-
voltage curves remained same, but the peak height in-
creased with increase in concentration of chromium ion.
A linear plot obtained between the peak height in µA and

the amount of Cr(III) in ppm reveals the usefulness of the
method for the determination of microgram quantities of
the metal ion by the present method from 1.0 to 6.0 ppm.

Effect of foreign ions on the polarographic
behaviour of chromium (III)-Antipyrine system

The effect of various metal ions that are known to
be associated with chromium(III) in ores and alloys like
cobalt(II), copper(II), manganese(II), iron(II) and
nickel(II) on the polarographic characteristics of
chromium(III) is maintained at 5.71 ppm, antipyrine
0.1M and potassium chloride at 0.1M. Masking agents
like fluoride, oxalate, citrate and tartrate have been tried.
Fluoride masks chromium also along with Co(II) and
therefore it could not be used in the present studies.
The other anions are found to be of no help in masking
the metal ions like manganese, nickel and iron which
interfere with the wave of chromium(III)-antipyrine sys-
tem. Copper(II) does not interfere because of its re-
duction at much positive potentials.

The results above indicate that chromium(III) may
be determined in the samples of ores and alloys in the
absence of manganese(II), nickel(II), iron(II) and
cobalt(II).

Applications

The catalytic polarographic method is extended for
the analysis of trace amounts of chromium in agricul-
tural materials.

Agricultural materials

5g of piper betle (Betle leaves), Ocimum sanctum
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TABLE 1 : Determination of chromium in agricultural
samples

Agricultural materials

1) Piper betle (Betel leaves)
2) Ocimum sanctum leaves
3) Oryza sativa (Unpolished Rice)

Antipyrine = 0.1M Potassium chloride = 0.1M

Cr(III), ppm Cr(III) in the sample, ppm 
Sample* ppm 

added 
Total 
found 

Catalytic 
method 

AAS 
method 
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 1.0 1.67 0.91 0.89 
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