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ABSTRACT

A catalytic polarographic method for the determination of microgram quan-
titiesof Cr(l11) isdevel oped based on the catal ytic currents of chromium(l11)
inthe presence of antipyrinein potassium chloride medium. The procedure
isapplied for the estimation of Cr(l11) in agricultural samples. The method is
simple, sensitive and free from interference of many metal ions.
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INTRODUCTION

Chromium compoundsthat areinhaled have been
linked with lung cancer, skin alergy, asthmaand rena
diseaseswhilethoseingested can causekidney and liver
damage®. Trivalent chromiumisan essential traceele-
ment for humans. Together withinsulinit removesglu-
cosefromtheblood, andit also playsavitd roleinfat
metabolism, chromium deficitsmay exacerbate diabe-
tes symptomsand heart problemd3. Chromium(lll) is
an essentid nutrient for maintaining norma physiologi-
cal function®, where aschromium(V1) istoxic and
carcionogenic for the human body!>. Chromium may
exist inwater suppliesin boththehexavdent and triva
lent state although thetrivaent formrarely occursin
potable water®. The most important application of
chromiuminthemetalurgicindustry isitsuseasan d-
loying element in stedls. Inthesemateria's, chromium
contributesto increase the hardness, tempering and
oxidationresistance.

Therearemany sengitivetechniquesfor chromium
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determination, such as|CP-M S |CP-AES*> 8,
HPLCE2U Sripping Voltammetry2228, AAS2731)
spectrophotometry®238, Cr(l11) reactswith many or-
ganic reagentsat high temperaturedueto theinert na
tureof [Cr(H,0),]* complex. Thetimerequired varied
from 20 minutesto 2 hours depending onthe nature of
reagents® . Theneed to monitor chromiumintheen-
vironment hasled tothegpplication of increesingly com-
plex analytica techniques“4,

In continuation of our earlier work on devel op-
ment of catal ytic polarographic methods*>*4 usngan-
tipyrine ascomplexing agent, asimple procedureis
devel oped for the determination of chromium at low
concentrations.

The polarographic studieson chromium(l1l) inthe
presence of antipyrinein potassium chloride medium
reved ed that in the presence of even microgram quan-
titiesof Cr(I11) catal ytic currentswith peak values at -
1.5V Vs SCE, respectively are observed. At micro-
gram concentrationschromium(l11) exhibitsnegligible
current in theabsence of antipyrine.
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EXPERIMENTAL

Reagents

A 99% pure antipyrine obtained from Aldrich
Chemicd Laboratory, USA isaccuratel y weighed and
dissolved in doubledistilled water and isused asthe
stock solution. Stock solutions of the Cr(l11) {Cr,
(S0,),K,S0O,.24H.0} are prepared from accurately
welghed potassium chromic sulphateAnalak samples
by dissolvingindistilled water and diluted to required
strength with doubledistilled water. The supporting
electrolyte, potassium chloride used in the present
study isof AnalaR grade. Triton X-100 isweighed
and is made upto 100ml in astandard flask and is
diluted as per requirement.

Equipment

Current-Voltage curvesareobtainedwithaDC re-
cording polarograph (Model CL-25, Elico Pvt. Ltd.,
India) and astrip chart recorder (LR-101P). Atomic
absorption studies are made by using Perkin-Elmer
Model-2380AAS. Thecapillary characteristics of the
DME used aret=4.0 secand m=2.15mg/secin 0.1M
potassum chloridesolution. All theexperimentsare per-
formed at 25+0.2°C using freshly prepared solutionsin
doubledidtilled water. Deoxygenation isaccomplished
by passing purenitrogen for 15-20 minutesthrough the
test solutions.

Procedure

A measured amount of the supporting electrolyte,
ligand and maximum suppressor are added tothere-
quired aiquotsof Cr(l11) solution under study and the
solutionismade upto 25ml withtripledistilled water.
Thisisthen transferred to the polarographic cell and
deoxygenated by passing nitrogen and pol arographed.
A test run of the supporting electrolyte without the
electroactive speciesisaso taken in order to record
residual current (Figure 1).

RESULTSAND DISCUSSION

A detailed experimental procedure onthe polaro-
graphic behaviour of Cr(ll1) in the presence of
complexing agent, anti pyrinein potassum chloride me-
diumismentioned bel ow.
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Figurel: Current voltagecurvesof () KC1(0.1M) + antipy-
rine(0.1M); (b) KC1(0.1M) +chromium(l11) (5.71 ppm); and
(0 KC1(0.1M) +chromium(l11) (5.71 ppm) +antipyrine(0.1M)

Effect of potassium chlorideconcentration

K eeping the concentrations of Cr(l11) (5.71 ppm)
and (0.1M) constant, the concentration of thereagent,
potassium chlorideisvaried from 0.05t0 0.2M. The
resultsreved that the peak ismaximum only whenthe
antipyrine concentrationis0.1M.

Effect of height of themercury column

Thevariaionintheheight of themercury columnhas
no effect on both the nature and height of the Current-
Voltagecurvesindicatingthecata ytic natureof thewaves.

Effect of triton X-100

Triton X-100 ranging from 0.001 to 0.004% has
been added for both sol utions containing anaytica con-
centrations of metal ions, antipyrine and potassium
chlorideand theeffect isstudied. It isfound that this
surface active agent does not change the nature of the
catayticwave.

Effect of temperature

Thecurrent voltage curvesfor thesystemscontain-
ing (5.71 ppm) Cr(I11), 0.1M potassium chlorideand
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0.1M antipyrineisrecorded at varioustemperatures
and theincreasein the height of thewavewithrisein
temperatureisnoticed. Thecataytic currentisfoundto
increasewith temperature and the temperature coeffi-
cient cd culated isabove 3% which showsthecataytic
nature of thewaves.

Effect of chromium ion concentration

Theeffect of increased concentration of metal ion
in the range of 1.0to 6.0 ppm, on the catalytic peak
currentisstudiesat thefixed concentrationsof there-
agent antipyrine (0.1M) and potassium chloride (0.1M).

The shape and the peak potentia s of the current-
voltage curvesremained same, but the peak height in-
creased withincreasein concentration of chromiumion.
A linear plot obtained betweenthepesk heightin A and
theamount of Cr(l11) in ppm reved stheuseful ness of the
method for thedetermination of microgram quantitiesof
themetd ion by the present method from 1.0t0 6.0 ppm.

Effect of foreign ions on the polarographic
behaviour of chromium (I11)-Antipyrinesystem

Theeffect of variousmetal ionsthat areknown to
beassociated with chromium(l11) inoresand dloyslike
cobalt(I1), copper(ll), manganese(ll), iron(ll) and
nickel(I1) on the polarographic characteristics of
chromium(l11) ismaintained at 5.71 ppm, antipyrine
0.1M and potassium chlorideat 0.1M. Masking agents
likefluoride, oxdate, citrateand tartrate have beentried.
Fluoride masks chromium a so along with Co(ll) and
thereforeit could not be used in the present studies.
The other anionsarefound to be of no helpinmasking
themetal ionslike manganese, nickel andironwhich
interferewiththewaveof chromium(l11)-antipyrinesys-
tem. Copper(ll) does not interfere because of itsre-
ductionat much positive potentials.

Theresultsaboveindicatethat chromium(l11) may
be determined inthe samples of oresand aloysinthe
absence of manganese(ll), nickel(l1), iron(ll) and
cobalt(1l).

Applications

The catal ytic pol arographic method isextended for
theanalysisof traceamounts of chromiuminagricul-
turd materids.

Agricultural materials
5g of piper betle (Betleleaves), Ocimum sanctum
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leaves, Oryzasativa(Unpolished Rice) are collected
and digested by dry ash method .

Aliquots of the above sample solutionsaretaken
and quantitative experimenta conditionsaremaintained
and the solutions are polarographed. Standard addi-
tion method isused for agricultural materials. There-
sultsobtai ned by thismethod arefurther supported by
AASmethod (TABLE 1).

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(l11), ppm  Cr(l11) in the sample, ppm

Sample*  ppm Total Catalytic AAS
added found method method
1 0.5 1.786 1286.00
0.5 1.790 1290.00 1290.00
2 1.0 1.63 0.89
1.0 1.67 0.91 0.89
3 1.0 1.056 0.14
1.0 1.052 0.13 0.145

*1.0 (1 & 2) ml of the sampleis used.
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