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ABSTRACT

A simple and sensitive catalytic polarographic method for the
determination of Iron is developed based on the catalytic currents of Iron
(I1)-amine compl ex inthe presence of NH4CI — NH40OH medium at pH~7.8.
The Iron (I1) produces a catalytic hydrogen wave at -1.26 V vs SCE with
n-butyl aminein NH4ClI-NH40OH medium. The peak height is proportional
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to metal ion Concentration. The proposed method isfree from interference
to many metal ions except molybdenum and is sensitive up to 0.1 ppm. The
developed method is applied for the determination of Iron (1) in drinking
water samples, agricultural materials and pharmaceutical samples.
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INTRODUCTION

Cataytic hydrogen wavesdueto organicthio com-
poundswith xanthatein the presence of Fe(ll) at DME
have been reported™? from theselaboratories.

Catalytic hydrogen currents of metal ions with
amines have also been suggested™® but so far thereis
no referenceavailableonthis. Inour attemptson cata-
Iytic hydrogen currentsdueto their diagnostic criteria
and high sengitive nature, n-butyl aminehasbeentried
with Fe(I1).

n-butyl amine(nBA) givescomplexeswith Fe(I1)
andisfoundto givecataytic hydrogen currentsat DME
at the peak potential - 1.26 V vs SCE in NH4CI -
NH40H medium at pH 7.8 (Figure 1) . The quantita-
tive experimental conditions have been devel oped and
thedetallsareshownin TABLE 1.
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Figurel: Polarographic Curvesof Fe(ll)
a) 0.4MNHA4CI, pH~7.8. b a+0.2mM nBA
c)a+3.0ppmFe(ll) d)b+3.0ppmFe(ll)
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TABLE 1: Quantitativeexperimental conditionsfor Fe(I1)
determination through I ron (11)-n-butyl Aminecatalytic hy-
drogen waves

conditions Optimum values
pH 7.8
NH,CI, M 0.4
Amine, mM 0.2
Iron(11), ppm 0.1-10.0

EXPERIMENTAL

Reagents: All chemicasused areof analytical reagent
gradeonly. The solutionsare prepared in doubledis-
tilled water and diluted to required strength. 5%
NH40H and 1% HCI is used for pH adjustments.
Gelatinand Triton X-100 are prepared and diluted as
per requirement. N-Butyl amine (S.d. fine-chemicals
Ltd.) solutionisused.

Water samples are preconcentrated by evapora-
tion and standard addition method isused for analysis.
Dry ash method isused for agricultural products.
Apparatus: The equipment used isd.c polarograph
model CL-358 coupled with model LR-101 P strip
chart recorder supplied by Elico Private Limited
(Hyderabad, Indid). The pH measurements are made
by using pH meter; modd LI1-120 (Elico PrivateLim-
ited) with glass e ectrode of pH range 0-13. Thetem-
peratureis maintained at 25+ 0.2 °C and the flow of
mercury at 2.5 sper drop.

Preparation of Fe(I1) in Environmental & Phar-
maceutical Samples

Drinking water samples. Oneliter of the samples
collected from Kalyani Dam, Borewells of Tirupati
town, Chittoor district, Indiaare preconcentrated to
100ml.

Agriculturd materids 5gof piper betle(betleleaves)
and 5 g of Murrayakoenigii (Curry leaves) are col-
lected from Tirupati town, Chittoor Digtrict aredigested
by dry ash method and brought into solution (5 g piper
betleleaves/500 mL and 5 g curry leaves/50 mL double
didtilled water).

Pharmaceuticals: Feefol and Feonat capsulesfrom
E.S. Kayef Limited and Natco Fine Pharmaceuticals
Pvt. Ltd. containingironintheform of ferroussulphate
have been selected to estimate theiron content inthe
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composition asgiven by the manufacturers. The cap-
suleisdigested and brought into 1-liter solution.

RESULTSAND DISCUSSION

Effect of pH

The concentration of metal ion 3.0 ppm, ligand
0.2mM/Amineand ammoniumchloride0.4M arefixed
and the pH effect isstudied from 6.0to 10.0 adjusting
with hydrochloricacid or ammonium hydroxide A well-
definedwaveisobtaned a pH 7.8 withamine. Athhigher
pH va ues, thewave height isdiminished. ThepH where
the catalytic wavehe ght ismaximum and waveiswell
defined isselected asthe optimum pH (7.8) for dl other
studies. Withincreasein pH, the peak potential of the
catalytic wave shifted towards more negative poten-
tial supto the optimum pH and with further increasein
pH, theshift in peak potentid issmall.

Effect of Supporting Electrolyte

Thewaveheight of the cataytic hydrogen waveis
not only dependent on pH but also on the buffer ca-
pacity. Ammonium chloride concentrationisvaried be-
tween 0.1t0 0.6 M maintaining the metal ion concen-
tration at 3 .0 ppm, amine concentration at 0.2 mM
and adjusting the pH of the solution with ammonium
hydroxideto pH 7.8. Thewave height increased upto
0.4 M and decreased beyond this concentration. Hence,
0.4 M ammonium chlorideconcentrationisfixed asthe
andytica concentration of the supporting e ectrolytefor
all studies. The peak potential of the catalytic wave
shifted considerably towards negative potentialswith
increaseinammonium chloride concentration.

Effect of Reagent Concentration

ThePolarogramof iron (11) —amine complexes over
awiderangeof ligand concentrationfrom0.1t0 0.8
mM arerecorded maintaining the concentration of iron
(11), ammonium chloride and pH at their optimum val-
uesasmentioned above. Theresultsreved that the pesk
height ismaximum when amineconcentrationis0.2mM
and thisconcentrationisselected asthe optimumvalue
for al other studies. The amine concentration shiftsthe
peek potentid towardsmorenegativevaues. Thevaria
tion of thewave hei ght asafunction of amine concen-
trationisnot linear and tendsto alimiting vaue, which
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isacharacteristic property of catalyticwave.

Thecataytic behavior of iron-aminecomplex isfur-
ther supported by the effect of mercury height onthe
peak current and temperature coefficient values. The
catalytic current decreased with increasein mercury
pressureandic/vhisfound to decrease. Thewage height
increased up to 30°. Thevalue of temperature coeffi-
cientislessindicating that thecurrentiscatalyticin na-
ture.

Gelatin and Triton X-100 suppressed the peak by
10 to 25% upto 0.005 and 0.002% respectively and
remained almost constant over and above these con-
centrations. Theshiftin peak potentia isalso small to-
wards negative potentia sthrough the concentration ef-
fect studied.

Effect of iron (11) on peak current

Inorder to obtain concentration range over which
the catalytic waveis proportiona to themetal ion, Fe
(1) ischanged from 0.1 t0 10.0 ppminthequantitative
experimental conditions and the solutions are
polarographed. Thepeak current increased proportion-
allywithiron(I1) over concentrationrange0.1t0 10.0
ppm. Thelowest detection limitis0.1ppm.

Interferencestudies: Zn (11) interfereswith Fe (11)
and ismasked by adding 2 ml of 2% sodium tartrate
solution whereasMo (V1) increasesthe height of the
catalytic wave of Fe (I1) shifting the peak potential to-
wardsmore negative va ue and making the determina-
tion of Fe(Il) impossible.

Anionssuch asoxaateand carbonateinterferewith
Fe (I1) by suppressing the catalytic wave by 40%
whereasEDTA interferes severely by suppressing the
catalyticwavetotdly.

Effect of Indifferent cations

The effect of neutral saltson theiron (I1)-amine
systemisstudied using lithium, sodium, potassum and
cacium chlorides, kegping NH4CI in thesolution con-
stant at 0.4 M and corresponding pH value. Thewave
hei ght decreases continuoudy withincreasein the con-
centration of NaCl and KCI. Thedecreaseinheightis
morewith LiCl andismuch morewith CaCl2. Thepesk
potentia isshifted towardslessnegative potentid swith
increasein el ectrolyte concentration.

Electrocapillary curves

Thepresenceof aminein NHA4CI solution decreases
thedrop time of the DME to an appreciable extent on
the positive side of the e ectrocapillary maximum and
thedectrocapillary maximum isshifted toamore nega-
tivevaue. Iron (I1)-Amine complex further suppresses
the positive branch of the e ectrocapillary curveindi-
cating surface phenomenonin thereaction process. This
requiresfurther confirmation by cyclicvoltammetry and
thework isin progress.

Applicationsof thecatalytic method

Themethod adopted for the analysisof iron con-
tent inwater samplesand leafy vegetablesis standard
addition method. Theresultsobtained by catalytic hy-
drogen currents are further supported by atomic ab-
sorption spectrophotometric method givenin TABLE
2,3and 4.

Theresultsindicatethat thedrinking water samples
containlow levelsof iron (11) withinthetolerancelimits
(TABLE 2). Theleafy vegetablesgrownin the nearby
villagesof Tirupati town show thatironispresentinthe
samples, but withinthelimitsof sandard valuesreported
(TABLE 3). Drugsd so confirm themanufacturer’s val-
ues(TABLE4).

TABLE 2: Determination of Iron (1) in water samples

NH4CI, M : 0.4 Amine, mM : 0.2 PH:78
Fe(ll)in
Sample* Fe(Il). ppm the sapgpl)e, ppm
added Total  Catalytic AAS
found** method method
Kalyani Damwater 0.5 0.617 2.34 2.62
0.5 0.628 2.57
Bore well water 0.5 0.832 6.64 6.80
0.5 0.843 6.85

*5ml of concentrated sample is used.
** Average of five individual measurements

TABLE 3 : Determination of Iron (I1) in agricultural
materials

NH4CI,M : 0.4 Amine,mM : 0.2 PH: 7.8
Fe(ll)in
Sample* Fe(ll). ppm the sample, ppm
Total Catalytic AAS
added ¢oind**  method method
Piper betle 0.5 1.475 97.50 98.30
0.5 1.480 98.00
Murraya koenigii 0.5 1.323 8.23
0.5 1.328 8.28 8.32

*1ml of solution is used.
** Average of five individual measurements
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TABLE 4: Determination of Iron (1) in drugs

NHA4CI,M : 0.4 Amine,mM : 0.2 PH:7.8
Fe(Il)in
: Ironin the sample " ,(g)
Sample capsule (g) Catalytic AAS
method  method
Feefol Ferroussulphate  0.1492  0.1495
(E.S.Kayef 0.15 0.1491
Ltd., India)
Feonot (Nath Ferrous sulphate
Fine 0.15 0.1419  0.1500
Pharmaceuticals 0.1485
Pvt., India)

*1ml of solution is used.
** Average of five individual measurements

CONCLUSIONS

Thepolarographicreduction of iron (11) in aqueous
solution inthe presence of amineexhibitsacatalytic
wave beforethe meta -aguacomplex wave. Thelinear
dependence of the current on the pH and ligand con-
centration up to certain valuesiscatayticinnature. The
decrease of cata ytic peak current with increasein mer-
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cury column height a so suggeststhat thewaveiski-
neticaly controlled. Thedectrocapillary curvesfurther
support that an adsorption of iron-amine complexes
occur on themercury surface. The presenceof anin-
different e ectrolytediminishesthe pesk height and this
effect further confirms the catalytic behavior. The
method issengtivewiththedetection limit upto 0.1ppm.
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