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ABSTRACT

A new analytical method has been proposed for spectrophotometric deter-
mination of iron through measurement of permittance of the copper(l1)-
ethylenediaminetetraacetate, [Cu(l1)-EDTA]2 absorbing system. In this
method, Fe* solution buffered at pH 1.15 was treated with measured and
excess of ethylenediaminetetraacetic acid (EDTA) and the surplus EDTA
was used for generation of [Cu(l1)-EDTA]2system. Permittance of the ab-
sorbing system measured at 722nm was observed directly proportional to
the concentration of iron. At pH 1.15, the average value of the permittance
coefficient wasinvestigated as0.5168 lit.gcm for quantitative determina-
tion of ironin therange of 1.0mg to 10.0mg. The effects of some important
variables on the determination of iron based on proposed method were
studied. Efficacy of this method wasfurther tested for determination of iron
in Livogen-Z, Ferium-xt and Orofer-xT tablets. The average accuracy was
found good, which was evaluated by comparison of results obtained with
those claimed by the manufacturer. The metal cations such as aluminum,
barium, calcium, cadmium, |ead, magnesium, manganese, zinc, and copper
do not interfere in determination of iron.
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INTRODUCTION

Iron, themost abundant e ement intheearth’scrust
(5.6 % by mass), isimmensely important bothin human
civilizationandinliving systems!. Ironissowiddy dif-
fused innature, in both divalent and trivaent oxidation
statescombined asferrousand ferric compounds?. The
ferrousiron haslight green color whiletheferricironis
inyellow color, but ferriciron producesthe red-col-
ored complex with thiocynate solutionwhileferrousiron

yieldsno coloration. Iron playsanimportant rolein
biologica processes. Inliving systemsironisan essen-
tia congtituent of numeroushbiomolecules. Thebody of
ahealthy human adult containsabout 4to 5 g of iron,
65% of whichispresent in hemoglobin and musclehe-
mogl obin™4 that ismyoglobin® . Ferrousironisthe
central structural unit of hemoglobin and myoglobin,
performing thefunction of binding of molecular oxygen
through transferring an e ectron by salf oxidationtofer-
riciron®., For the deficiency of iron, theferrousiron
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(generdly intheform of ferrous ascorbate or ferrous
fumarate) being used for medica purposesand can be
taken internally without danger.

Thedisodium salt of ethyl enediaminetetraacetic
acid, EDTA hasfound considerable useasastandard
reagent for determination of numerous metal sby pho-
tometric titration. Sweeter and Bricker havereported
good photometrictitration of ferricironwith EDTA by
using salicylic acid asindicator for ferriciond®. The
information of stability/formation constant (log K) of
[Fe-EDTA]* and [Cu-EDTA]? chelatesand their ab-
sorption spectra are the parameters utilized by
Underwood for s multaneousdetermination of iron and
copper inasinglephotometric titration”. Although de-
tection of the exact end point by graphical meansis
tedious and time consuming route yet photometric ti-
tration methods are consistently used, sincethe pres-
ence of other substancesabsorbing at the samewave-
length doesnot necessarily causetheinterference, inas
much asonly the changein absorbanceissignificantf®.

ThelogK, value®' of EDTA complexesof iron
and copper are reported as 24.23 and 18.70 respec-
tively, thesevauesare sufficiently larger indicates both
chelates are have satisfactorily stability; however,
[Fe(111)-EDTA]* ismorestablethan [Cu(ll)-EDTA]*
. Thewidedifferencein thesestability constants per-
mitsfor iron to react with EDTA first in presence of
copper consequently, copper ionsfunctioningasanin-
dicator™ inirontitration aswell asalowsfor smulta-
neoud” determination of both metal sinasingle photo-
metrictitration. The same concept of differenceinlog
K, values of [Fe(l11)-EDTA]* and [Cu(ll)-EDTA]*
complex was exercised for spectrophotometric deter-
mination of iron through taking the advantage of cop-
per ion as an indicator for determination of surplus
EDTA.

Inthismethod, thesamplesolution of Fe** buffered
with chloroacetic acid wastreated first with measured
and excessof EDTA reagent; after quantitative chela-
tion of Fe** as[Fe(I11)-EDTA]* thesurplusEDTA was
utilized for generation of [Cu(I1)-EDTA]? absorbing
system viaadding measured quantity of Cu?* solution.
The solutionwith greater concentration of Fe** left the
smaller amount of surplusEDTA (for generation of ab-
sorbing system) and viceaversa. Asaresult, thecolor
intensity of [Cu(l)-EDTA]? chelatewasobservedin-
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versely proportiond to the concentration of iron. Con-
sequently, permittance™ of the absorbing systemwas
found directly proportiond to the concentration of iron.
Thus, theabsorbance quenching™ action of ironandyte
on to the [Cu(ll)-EDTA]? absorbing system was
worked out in alternative manner for determination of
iron.

EXPERIMENTAL

Apparatus

(1) Shimadzu UV-Visible spectrophotometer (M odel
UV-1800) was used with the quartz cuvettes for
measurement of % transmittance. Thesoftware UV
Probeversion 2.33 was used for obtaining the ab-
sorption curves.

(2) Equip-tronics pH-meter with combined glassand
caomel electrode (Model EQ-610) was used to
check the pH of test solutions.

Reagentsand chemicals

All chemicalsused were ana ytical reagent grade and

were used without further purification.

(82.0L.0.0179M Fe** solution [viz. 1.0 mg ml- of
iron] was prepared by dissolving 17.270 g. of
FeNH,(SO,),.12H,0 inminimum quantity of conc.
HNQO,, followed by dilutionwith distilled water con-
taining sufficient HNO, to makethefind solutionin
0.5M HNO,. This solution of Fe** was standard-
ized against standard EDTA solution using
chloroacetate buffer and sdlicylicacid in acetoneas
anindicator.

(b)4.0L.0.05M EDTA solution was prepared by dis-
solving 74.448 g. of disodium dihydrogen
ethylenediaminetetraacetate  dihydrate,
Na,H,EDTA 2H,Oindistilled water.

(c)4.0L.0.05M Cu(NQ,), solution was prepared by
dissolving 48.320¢g. of Cu(NQ,),.3H,0indistilled
water. The solutions of EDTA and Cu(NQ,), are
termed here as absorbing system reagents.

(d)2.0L.1.0M CH,CICOOH solutionwas prepared
by dissolving 189.0 g. of monochloroaceticacid in
distilled water. The solution of chloroacetate was
used as buffer.

(e) 4.0 Liter 0.5M HNO, solution was prepared by di-
luting 128.0 ml of conc. HNO, with distilled water.

Au Tudian Yournal



ACAIJ, 10(3) 2011

S.R.Labhade and V.B.Gaikwad

143

(f) Theirontablets, Livogen-z (contains 50mg of &-
emental iron) manufactured by Merck IndiaLtd.,
Ferium-xt and Orofer-xT (both tablet contains
100mg of eementa iron) manufactured by Emcure
PharmaceuticalsLtd. were used for determination
of iron.

M ethod for deter mination of iron

Themethod proposed for determination of ironwas
tested primarily with thestandard solution of Fe**. The
test solutions (TS) of iron in the range of 0.001g to
0.010 g were prepared by adding 1.0ml, 2.0ml to
10.0ml diquotsof 1.0 mgml* Fe* solution sequentialy
into 50ml graduated flaskseach containing 5.0ml of 1.0
M CH,CICOOH asabuffer solution. Toequalizethe
protonionsconcentration, 9.0ml, 8.0ml to 0.0ml diquots
of 0.5M HNO, were aso added in descending order
into thesevolumetricflasksnumbered as2to 11. After
addition of 5.0ml of 0.05M EDTA solution reaction
mixturein theflask were shaken thoroughly for quanti-
tative chdation of Fe**with EDTA and 5.0ml of 0.05M
Cu(NQ,), solutionwas added for utilization of thesur-
plusEDTA and generation of [ Cu(I1)-EDTA]? absorb-
ing system. Thereaction mixtureswerefurther diluted
uptothemark with digtilled water. Excluding only Fe*
solution, the reagent blank (RB) sol ution*¥ was pre-
paredinflask No.1with 10.0ml 0.5M HNO,. Thetrue
blank (TB) or reference sol utioni*Y was also prepared

TABLE 1: Effect of concentration of reagentson per mittance
and per mittance coefficient; resultsobtained in quantitative
deter mination of iron at 50ml dilution with different volume
of absor bing system’sreagents

—— Fyll Peper

inthesimilar way using 14.0ml of 1.0mgml*Fe* solu-
tion. Theadded 5.0ml of 0.05M EDTA wascompleted
utilized for chelation of theiron present in thisflask,
therefore, [Cu(l1)-EDTA]? absorbing system was not
generated in TB solution, so act asareference. The
visibleabsorption spectrum of [Cu(I1)-EDTA]? absorb-
ing system (viz. RB solution) wasobtained against the
TB solution, and awavel ength 722nmwas salected for
measurement. The%T of RB aswell aseach TSwas
measured a 722nm against TB asareference. The%T
of the RB was used for obtai ning the clearance™ value
of test solutions. The graph of logarithm of clearance
viz. permittance®¥ against the concentration of Fe**was
used for determination of iron. An anal ogous method
was employed for quantitation of ironin Livogen-z,
Ferium-xt and Orofer-xt tabl ets.

RESULT AND DISCUSSION

Thehexadentateche ating reagent, ethylenediamine-
tetraacetic acid givesremarkably stable chelateswith
Fe* and Cu?* in one-to-one stoichiometry*3. Reilley
and Schmidi*¥ showed the minimum pH needed for
satisfactorily chelation of variouscationswithEDTA.
The strongly acidic pH (in the range of 1-2) can be
accepted by thetrivaent metd cationfor complexation
with EDTA. Therefore, thequantitativechd ation of Fe*

TABLE 2: Effect of final dilution of test solutions; results
obtained in quantitativedeter mination of iron in ther ange of
1.0mgto 10.0mg using 5.0ml of 0.05M EDTA and 5.0ml of
0.05M Cu(NO,), reagentsat different dilutions

Iron 5.0ml 6.0ml 7.0ml 8.0ml lron 25ml dilution 50ml dilution 100ml dilution

O P i P codt. P codt. P cedt. @ P ome codt. PT o Codf. P Const. Cod.
0.000 0.0000 0.0000 0.0000 0.0000 000000000 - 00000 - 00000 — -

0001 00103 05153 0.0102 05114 00102 05117 00103 05136  0.0010.0206 20.62 05155 0.0103 10.31 05153 0.0052 517 0.5172
0002 00204 05108 0.0205 05121 0.0206 0.5148 0.0204 0.509  0.0020.0413 20.65 05163 0.0205 10.25 05124 0.0103 514 0.5142
0003 0.0307 05125 0.0310 0.5160 0.0307 05118 00309 05143  0.0030.0619 20.64 05160 0.0309 10.31 05154 00155 516 0.5163
0004 0.0415 05183 0.0409 0.5116 0.0414 05177 0.0409 05117  0.0040.0826 20.65 05161 0.0415 10.37 05183 0.0207 517 05171
0005 0.0515 05152 0.0518 0.5179 0.0515 05146 0.0517 05171  0.0050.1030 20.59 05148 0.0513 10.26 05129 0.0258 516 0.5163
0006 0.0614 05117 0.0614 0.5119 0.0617 05145 0.0624 0.5202  0.0060.1237 20.61 05152 0.0615 10.25 05127 0.0309 515 0.5148
0007 0.0722 05154 0.0727 05191 0.0724 05172 0.0722 05158  0.0070.1445 20.64 05160 0.0722 10.31 05154 0.0362 518 0.5178
0008 0.0836 05225 0.0833 0.5206 0.0835 05220 0.0836 05222  0.0080.1653 20.67 0.5166 0.0831 10.39 05196 0.0415 519 0.5192
0009 0.0939 05216 0.0941 0.5225 0.0941 05227 00939 05217  0.0090.1863 20.70 05175 0.0941 10.46 05230 0.0466 518 0.5180
0010 0.1048 05241 0.1048 0.5239 0.1045 05227 0.1044 05222  0.0100.2081 20.81 05202 0.1048 10.48 05241 0.0520 520 0.5202

Averagevalue: 0.51674 0.51669 0.51697 0.51684

Average: 20.656 0.51641 10.3380.51691 5.171 0.51712
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with EDTA can be attainable at pH 1-1.5. Wagreich
and Harrow™ also showed that, EDTA hasenormous
nucleophilic capability to chelatethe cupricion over a
broad pH range and the stability of [Cu(ll)-EDTA]*
chelateisnot much affected by thepH of solution. Even
at acidic pH thereaction of Cu?* with EDTA results
with generation of intensely blue colored [Cu(ll)-
EDTA]? chelate; which was employed asthe absorb-
ing system at 745nm for spectrophotometric determi-
nation of copper'®. Theearlier study!*™ of quantitative
determination of bismuth was carried out at pH 1.0-
1.25viageneratingthe[Cu(ll)-EDTA]? absorbing sys-
tem and the same absorbing systemwas expl oited here
for spectrophotometric determination of iron.

Deter mination of surplusEDTA

Theformation constant (log K ) value®* of [Fe(l11)-
EDTA]*and [Cu(I1)-EDTA]? chelates are reported
24.23 and 18.70 respectively, whichindi catesthat both
chelateshave enough stability but iron chelateismuch
more stablethan copper chelate. Thesufficient differ-
ence (about 5.53) intheselog K, val ues permitsto uti-
lized surplusEDTA inthetest solutionfor generation of
[Cu(I)-EDTA]? absorbing system, without disturbing
thestability of iron chelate. Furthermore, copper che-
late exhibitsmaximum absorptioninthevisbleregion
where other speciesinthetest solution exhibitsnil ab-
sorption.

Effect of [H*] on thelinearity

Thestability of [Cu(l)-EDTA]? @bsorbing system
isnot much affected by small changein pH of the solu-
tion*4, But variable concentration of protonin test so-
lutions affectstheionization of EDTA that reflectsan
adverse effect on the analytical performance of the
method. Because variablealiquots (1.0ml to 10.0ml)
of the standard solution of iron (having concentration
1.0mg ml*prepared in 0.5M HNO,) used for prepa-
ration test solutions, those carry thedifferent concen-
tration of proton. Consequently, the solution of 0.5M
HNO, was added in descending order (from 9.0ml to
0.0ml) for compensation of effect of theH* ionsonthe
ionization of EDTA.. The proposed method involvesthe
measurement of permittance of test solution (TS) in
comparisonwith permittance of thereagent blank (RB)
solution, so excluding only thesample, thecomposition

Hnalytical CHEMISTRY o

of both solutionswas kept essentialy identical. More-
over, addition of buffer species ensures quantitative
chelation of both metalsthrough nullification of theef-
fect of protonsreleased from EDTA during complex-
ationreections.

Selection of thewavelength for measur ement

In the proposed method, the quantitative determi-
nation of iron was carried through measurement of
permittance™ of [Cu(ll)-EDTA]? absorbing system.
Theoptical density of absorbing systemindicatesthe
concentration of surplusEDTA intest solution. There-
fore, for attending the greater sensitivity, it was neces-
sary to carry out measurement at the wavelength to
which absorbing system shows absorption maxima
(Amax). For this purpose, thevisible absorption curve
of [Cu(I)-EDTA]? chelate (viz. RB solution) was ob-
tained against the TB solution asareference, bothwere
prepared as described in the method. The spectrum
study showed that, [Cu(ll)-EDTA]? chelate in
chloroacetic acid and nitric acid medium exhibitsab-
sorption maximaat 722nm. Therefore, measurement
of %T was carried out at 722nm to which all other
Speciesaretransparent, except thefree Cu?* ionshave
littleabsorbancy at thiswave ength. Therefore, equiva
lent amount of it also added in TB or reference solution
for compensating the background absorbance of un-
used Cu?*ions. Though the concentration of unused/
freeCu?* ionswasnot identica inall test solutions, but
that does not much affect the analytical linearity of
permittanceversusconcentration of iron. Only Cu?* ions
havedight absorbancy a 722nm, therefore, other blank
solution (copper blank) was a so prepared ssimply by
dilutingwith distilled water (to 50.0ml) the experimen-
tal volumeof cupricnitrate, nitric acid and chloroacetic
acid solutions. The absorption spectrum of the RB so-
lution when obtained against copper blank, then also
absorbing system proved its absorption maxima at
722nm. Theresultsobtained against true blank do not
differ significantly from those obtained against copper
blank. So, al themeasurementswere carried out using
free copper ions solution asablank or reference.

Analytical performanceof themethod

Thetest solutionsof iron prepared asmentionedin
method confirmsthat, at the measured and excess con-
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centration of EDTA, the optical density of [Cu(ll)-
EDTA]? system wasdirectly proportional to the con-
centration of surplusEDTA and inversely proportional
to the concentration of iron. Because, theextent of che-
lation reaction that occurred between Fe* and excess
of EDTA isgoverned by only the concentration of Fe**.
Therefore, the concentration of surplusEDTA | eft after
complexation of Fe** wasinversdy proportiona tothe
concentration of iron and hence permittance™ of test
solutionswasobserved directly proportiond tothecon-
centration of iron. After measurement of %T at 722nm
of [Cu(Il)-EDTA]? absorbing system (each TSand RB)
aganst TB asareference, theclearance of test solution
was calculated® and the logarithm of clearance
(permittance) of the absorbing system was determined
by using following eq. (1). It was observed that,
permittanceof thetest solutionislinear function of con-
centration of iron and was dependent only on the con-
centration of iron. Therefore, thelinearity of permittance
agangt the concentration of iron wasused for construc-
tion of calibration curve. With 1.0cm opticd path of the
absorbing system the proportionality constant deter-
mined for determination of iron.

Permittanceand per mittance coefficient

The permittance™ (Pr) of thetest solutionwascd-
culated by using following eg. (1)

o %Trs
Pr = Iogo— 1)
RB

In this equation, %T_.and %T _, designates the
percent transmittance of thetest solution and reagent
blank solution respectively, measured against thesame
reference solution. There ationship between permittance
(Pr) of test solution and concentration (c) of quencher
andyte™ init wasreported in earlier study™ and was
used herefor determination of proportionality constant/
permittance coefficient (&) of 1.0cm path length (b)
absorbing system. Eq. (2).

P
a= b—(r: (concentration of quencher analyteingL™®) (2)

Inthisexperiment, the quantitative determination of
ironintherangeof 1.0mgto 10.0mg wascarried out at
722nm by using different volumes (5.0ml, 6.0ml, 7.0ml
and 8.0ml) of the absorbing system’s reagents. The
copper blank solution used as areference for these
measurements. Permittance va ueof thetest solutions

—= Fyll] Peper

was observed directly proportional to the concentra-
tionof iron (TABLE 1) and even if the concentration of
reagentswasaltered, the permittanceisconstant for a
fixed concentration of iron. Similarly to earlier the
study™ inthisexperiment it isobserved that, at afixed
wavelength, permittanceis dependent only on concen-
tration of theana yte and isindependent on the concen-
tration of absorbing system’sreagents. At 722nm, the
permittance coefficient at every different concentration
of Fe** aswell asthevolumeof reagentsisalso nearly
constant.

Thevauesof permittance (TABLE 1) arelittlebit
more at higher concentration of iron because, theyel -
low color intengity of ferric-EDTA chd atefadestheblue
color intensity copper-EDTA chelate (havelow con-
centration at higher concentration of iron) through gen-
erating the green color to test solution. Thiseffect also
increases value of the permittance coefficient corre-
sponding more, so the average val ue of permittance
coefficient was cons dered for determination of andyte.
Inthesedeterminations (TABLE 1) theaveragevaue
of permittance coefficient wasfound equal to 0.5168
lit.g*em* and which wasfor determination concentra-
tion of the stock solution of iron (1.0 mg ml) from
which thetest solutionswere prepared.

M agnitudeof per mittanceand per mittance coef-
ficient

The concentration/volume of reagents does not af-
fect thepermittance aswell aspermittance coefficient
(TABLE 1) but dilution (of thetest solutions) factor
shows pronounced effect on permittance. Thisstudy
was carried out through quantitative determination of
ironintherange of 1.0mgto 10.0mg (with the 5.0ml
volume of thereagents) at the 25ml, 50ml and 100ml
final dilution of test solutions. Theresult of these assay
(TABLE 2), dlucidatesthat, the val ue proportional ity
constant [cal culated with eq. (2)] was observed de-
creasing withincreasein final dilution volume of test
solutions. Thisisbecause, the number of absorbing spe-
ciesper unit path length in the solution decreaseswith
dilution. For result reported in TABLE 2, theaverage
proportiondity constantsare 20.656 at 25.0ml, 10.338
at 50ml and5.171at 100ml find dilution. Fromthisitis
clear that, when dilution volume of test solutionsis
doubled, the proportionality constant was decrease

————  Analytical CHEMISTRY
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TABLE 3: Resultsobtained at 722 nm in the quantitative
determination of ironin Livogen-Z, Ferium-xt and Or ofer -xT
tablets, per mittance coefficient valuesar ecompared for de-
termination concentration of sample

TABLE 4: Effect of cationson deter mination of iron, results
obtained in thedetermination of iron from 1.0mgto 10.0mg,
thevalue per mittance coefficient wasdeter mined at 722nmin
absenceand in presenceof different concentration of cations

Volume of Observed C?P(():ﬁ of
0.05M EDTA  Iron sample permittance solution Error
and 0.05M analyzed coefficient found in %
PP B |
Cu(NO3), (lit.g7em™) (mg mi™)
1.0mg mi™ Fe* 0.51674 1.0000 0.00
2 Livogen-Z 0.51673 0.9999 0.01
5.0 ml each
1 Ferium-xt 0.51697 1.0005 0.05
1 Orofer-xT 0.51666 0.9998 0.02
1.0mg ml™ Fe** 0.51669 1.0000 0.00
2 Livogen-Z 0.51691 1.0004 0.04
6.0 ml each
1 Ferium-xt 0.51673 1.0001 0.01
1 Orofer-xT 0.51696 1.0005 0.05
1.0mg mi™ Fe* 0.51697 1.0000 0.00
2 Livogen-Z 0.51697 1.0000 0.00
7.0 ml each
1 Ferium-xt 0.51683 0.9999 0.01
1 Orofer-xT 0.51678 0.9996 0.04

nearly equa tohdf but at oneliter dilutionispermittance
coefficient (measuredin lit.g.*cm™) was observed un-
changed.

Thesecond important factor which affectsthemag-
nitudeof permittance and permittance coefficientisthe
wavel ength sel ected for measurement. Thewave ength
determinestheextent of absorption and hencetheread-
ingsof %T; consequently, executethemarked effect on
theva uesof thesetwo parameters. The[ Cu(Il)-EDTA]?*
absorbing systemin chloroacetic acid and nitric acid
medium was showed the Amax at 722nm. Along with
Amax wavelength, when sametest solutionsweremea:
sured at other wavel engthsthat generatesthe different
vauesfor permittance and permittance coefficient. That
means the magnitude of permittance and also
permittance coefficient (&) isabsolutely administrated
by thewave ength selected for andlysis. Themagnitude
of both of these parameterswas observed maximum at
system’simax wavelength. Therefore, for achievingthe
greater sengtivity for themethod, measurementswere
carried out at the absorption maxima(722nm) of the
absorbing system.

Determination of ironiniron tablets

The proposed method was applied for determina-
tion of ironin Livogen-z, Ferium-xt and Orofer-xT tab-
lets. The sample (two tablets of Livogen-z, onetabl et

Cation Amount Observed Cog;hct:)i]‘c;;on Error
added as added per mittance -
interference  (mg)  coefficient (lit.gcm™) found —in%
9 9 (mgml™)
Standard 0.00 0.51690 1.0000 0.00
10.0 0.51696 1.0002 0.02
20.0 0.51695 1.0001 0.01
Aluminum
30.0 0.51690 1.0000 0.00
40.0 0.51697 0.9994 0.06
10.0 0.51679 0.9998 0.02
) 20.0 0.51705 1.0003 0.03
Barium
30.0 0.51684 0.9999 0.01
40.0 0.51683 0.9998 0.02
10.0 0.51683 0.9998 0.02
) 20.0 0.51696 1.0002 0.02
Calcium
30.0 0.51663 0.9995 0.05
40.0 0.51700 1.0002 0.02
10.0 0.51676 0.9997 0.03
20.0 0.51704 1.0003 0.03
Cadmium
30.0 0.51683 0.9998 0.02
40.0 0.51688 0.9999 0.01
10.0 0.51689 0.9999 0.01
20.0 0.51695 1.0001 0.01
Lead
30.0 0.51677 0.9997 0.03
40.0 0.51704 1.0003 0.03
10.0 0.51676 0.9997 0.03
. 20.0 0.51704 1.0003 0.03
Magnesium
30.0 0.51683 0.9998 0.02
40.0 0.51688 0.9999 0.01
10.0 0.51696 1.0002 0.02
20.0 0.51695 1.0001 0.01
Manganese
30.0 0.51690 1.0000 0.00
40.0 0.51677 0.9997 0.03
10.0 0.51683 0.9998 0.02
- 20.0 0.51680 0.9998 0.02
inc
30.0 0.51690 1.0001 0.01
40.0 0.51687 0.9999 0.01

of Ferium-xt, or onetablet of Orofer-xT) was heated
with 15ml of conc. HCI followed by addition of 5ml of
conc. HNO,. The organic matter was destroyed by
treatment with 5-6ml of 70% perchloricacid. (WARN-
ING: Bailing perchloric acid can result in serious ex-
plosions). Thesolutionwasd owly heatedinfuming hood
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for about 20-25 minutes; at this stage maximum of the
acid fumeswereceased. With the addition of 10ml of
digtilled water, the sampl e sol ution wasagain boiled for
10 minutes. The solution was cooled and diluted nearly
to 90ml with distilled water. With drop wi se addition of
conc. HNO,, the pH of sampl e solution was adjusted
equal to pH (=0.48) of standard solution containing
1.0mg ml-*iron. The sample solution wasfiltered after
dilution to 100ml and the amount of iron was deter-
mined by the recommended method. Theresultsof this
determination arerepresentedin TABLE 3.

Theirontabletscontainferrousiron generdly inthe
form of ferrous ascorbate or ferrousfumarate. When
thetabletswere digested with these acids, theferrous
iron getsoxidized toferriciron. The concentration of
ironinthe sample solutions of tablet (two tabl ets of
Livogen-z, one tablet of Ferium-xt, or one tabl et of
Orofer-xT) at 100ml dilutionis1.0mg ml-. Therefore,
1.0ml to 10.0ml of samplediquotsweretested for de-
termination of ironintherangeof 1.0mgt010.0mgand
thevalueof the permittance coefficient thusobtained
was used for determination of concentration of ironin
stock solution of iron tablets. That is, the accuracy of
method was studied with permittance coefficient; val-
uesobtainedinthe sampleanalysisare compared with
those obtained intheanaysisof standard F€** solution
of same strength and same pH.

Interferencesin thedeter mination of iron

Thetypeof interference can be predicted formthe
formation congtant’® 1% of the EDTA cheates of themeta
cations. Therefore, theinterfering cationscan beclassi-
fied into two groups. Thefirst group is composed of
those cationswhose EDTA chelatesinacidic medium
aresufficiently stablecomparativetoiron chelate. The
EDTA chedate of Bi* isnearly stableas Fe** chel ate,
accordingly Bi** istheseriousinterfering cationin de-
termination of iron. The second typeof interferingions
includesthose cationswhich do not competewithiron
but with copper for the EDTA. Thesearethe cations
which formsmore stable chel ate than copper chelate.
At such strongly acidic pH 1.15, no any divalent metal
forms more stable chelate than copper chelate. The
cationswhose EDTA chd ateislessstable than copper
chelae, particularly thea uminum, barium, calcium, cad-
mium, |ead, magnesium, manganese, zinc and aswell
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the copper does not interferesin iron determination.
Theinterference study of copper wasnot carried out in
thisexperiment because that was added in excessfor
generation of absorbing system. Theinterference study
was carried out by adding 10mg, 20mg, 30mg or 40mg
of thesemetal cationsseparately into thetest solutions
containing 1.0mgto 10.0mg of iron. Theinterfering cat-
ion of same concentration wasa so added in true blank
solution but not inthereagent blank solution. Theresult
of theinterferencestudy isreportedin TABLE4, inthe
form of permittance coefficient. The values of
permittance coefficient in absence (only with standard
1.0mgml* Fe*) andin presence (with standard 1.0mg
ml-! Fe** plusthe added cation) of interference are ob-
served nearly same. At pH 1.15, all of these metd cat-
ionsup to40mg do not interfereinthedetermination of
iron. Whentheadded metal cationsinterfereinthede-
termination which increasesthe %T reading of test so-
lutions, consequently that raisestheva uesof permittance
aswell permittance coefficient. The concentration of
added cation when reachesin excess, that increases
the optical density of thetest solutionswith respect to
regent blank solution. Hence, the %T readingswere
observed decreased and that decreases the val ues of
permittance and permittance coefficient. Intheprevi-
ous literature!®” the inferences study was also com-
pleted.

CONCLUSIONS

Themethod described herefor determinationiron
isbased on the measurement of concentration of sur-
plus EDTA through generating the[ Cu-EDTA] 2 ab-
sorbing system. The absorbing system wasfound ex-
cellent (for determination of iron) becauseof itsforma:
tion and stability at strongly acidic pH 1.15towhich
quantitatively chelation of trivalent Fe** was attained.
AtthispH, many divalent metd cations(TABLES5) do
complexed by EDTA, this makes the process selec-
tive. Thesufficient differenceinthestability constant of
[Fe-EDTA]* cheateand [Cu-EDTA]? chdate, thesta
bility of iron-EDTA chelateis not aff ected because of
the addition of relativelarger amount of Cu?*ions. For
thesamereason that, copper ionsdoesnot interferesin
the determination iron. The linearity between
permittance and the concentration of iron was main-
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tained even at low concentration (1.0mg) of iron. The
lower concentration of iron (lessthan 1.0 mg) isnot
determinedinthisexperiment, but itispossiblethrough
increasing the sensitivity™ of themethod by decreas-
ing the volume/concentration of reagents; since
permittanceand permittance coefficient arenot preside
over the concentration of reagents. The proposed
method is very simple, easy to execute and which
proved to be a better method as compared to other
methodsinvolvethe step of preconcentration of anayte.
The sengitive of themethod practiced herewasfound
up to 1.0mg of iron, when determined with 5.0ml of
0.05M EDTA and 5.0ml of 0.1M Cu(NQ,), and pro-
ducesthereproducibleresultswith good accuracy. The
method asofound excellent over thephotometrictitra:
tion of ironwith EDTA since, thegraphica method of
determination of exact end point istediousand time
consuming process. Whenthe proportiondity constant
at specificdilution (or permittance coefficient) isdeter-
mined for standard solutions of known concentration,
in thismethod the concentration analyte can be deter-
mined directly with eqg. (1) reportedin earlier study!*.
The proposed method a so neglectsastep of standard-
ization of reagents, Snceit involvesthe measurement of
permittance of TSwith respect to RB. Excluding only
theanalyte, the composition of thereagent blank must
beidenticd inevery respect totest solutions. Thisisthe
only care haveto betaken for thegood linearity. The
resultsreportedinthe TABLE 4 showed that themethod
isexcellent for thedetermination of ironinirontablets.
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