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ABSTRACT

On the basis of affinity of Fe(l1) ions toward functional groups of 2,6-
dihydroxy benzoic acid (2,6-DHB), achargetransfer complex (CT) isformed
between Fe(I11) ion and 2,6-DHB in acidic media. The stoichiometry and
stability constant of the complex was determined using both mole ratio
and Job’s methods. It was established a 1:1 complex was formed and the
stability constant obtained from both the method, moleratio: 2.55+0.14x10°
and Job: 2.70+0.12x10°is in agreement with together. This method was
used for spectrophotometric determination of Fe(l11) in aqueous media.
The dynamic range and detection limit (DL) were 1.2x10° to 3.6x10* M
and 1.5x10°M, respectively. The relative standard deviation (RSD) was
found to be 0.76% inthe replicate treatments (n=7) with 1.6x10* M Fe(l11).
The accuracy of the method was confirmed using a certified reference
material (CRM) and it was applied satisfactorily for determination of iron
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inamultivitamin-multimineral tablet and variouswater samples.
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INTRODUCTION

Owingtosimplicity, lesser expensiveinstrumenta:
tion and provideshigh versatility UV—Visible spectro-
photometric methods have been devel oped for the de-
termination of metd ions. It involvesusinganumber of
chromogenic reagentsfor thispurpose. Ferricionisthe
most stablestate of ironinthe solutions, hencethede-
termination of ironisgenerdly demonstrated on Fe(l11)
contents. In recent years, numerous chromogenic re-
agents, which capableto form high stable complexes
with Fe(l11) ion, have been widely used for the deter-
mination of iron contentsin numerouscomplicated ma-
trices¥. Among the variousreagentsthat wasused, it
was found the reagents that capable to form charge

transfer (CT) complexeswith Fe(l11), exhibit more sen-
gtivity for such determination, specidly intrestment with
thetraceamount of Fe(ll1) ions.

Apparently, presenceof Fe(lll) intheenvironmenta
samplesiscontributed to construction of high stable
complexeswith the natural products, such ashumic
compounds. Inorder to characterize the structure of
such complexes, anumber of studiesperformed onthe
complexesconstructed from Fe(l11) and smplehumic
models, bothin solutionand inthe solid statel™9. In
view of thiscong derations, 2,6-Dihydroxy benzoicacid
(2,6-DHBA) is one of the most interesting reagent
because of presencetwo hydroxyl groups adjacent to
thecarboxyl groupinitsmolecular structure. Itiseas-
ily solubleinwater, in spite of presence of two
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strongintramol ecul ar hydrogen bondsinitsstructure™
3, It wasfound fromtheNMR investigation that there
isafast (in NMR scale) degenerate equilibrium be-
tween thetwo tautomer structuresinvolvingthedouble
proton transfer. Thisphenomenon causestoform stable
complexesbetween 2,6-DHB and somemetd iong#
21 Among them, the CT complexesexhibit more sta-
bility and absoptivity. In thiswork, the CT complex of
Fe(111)-2,6-DHB was synthesized and characterized
by spectrophotometric methods. At thefollowing, it was
applied for spectrophotometric determination of trace
amount of Fe(l11) ionsin agueous solutions.

EXPERIMENTAL

| nstrumentation and material

A Shimadzu model 160A spectrophotometer was
used for the absorbance measurementswith one pair
of 10-mm quartz cell. A Corning model 125 pH meter
wasused for the pH adjustment. For plotting thecurves
and obtaining their equations, Grapher version 1.09
program was employed.

All solutionswere prepared using deionized and
doubledistilled water. An approximately 0.1 M solu-
tionsof 2,6-DHBA, obtained from Huka(Switzerland),
and Fe(NO,),, obtained from Merck (Germany), were
prepared and standardized against KOH Titrisol and
Titriplex® |11 solutions, respectively. Theworking sol u-
tionswere made by suitable dilution of these standard
solutions. Both thestandard and working solutionswere
stored in PTFE bottles. Thebuffer solutionrequired to
adjust thepH of the solutionswere prepared by mixing
1 M formic acid/sodium formate and acetic acid/so-
dium acetate (all the reagents obtained from Merck)
for thepH range of 2.5-3.5 and 3.5-5.5, respectively.
Theother reagentswere of anaytical grade, obtained
from Merck, and were used without further purifica-
tion.

Spectrophotometricdetermination of Fe(l11) ions

Toasolution containingupto 0.5mg of Fe(lll)
ions, 0.5mL of 0.05M 2,6-DHB solution was added
anditspH wasadjusted to 3.00+0.05 usngformicacid/
sodium formate sol utions. The solution wasdiluted to
themark usnga25-mL volumetricflask. It wasshaken
for afew minutesand finaly theabsorbancewas mea-
sured at 560 nm agai nst areagent blank prepared by
thesamemanner.

—= Fyll Paper
RESULTSAND DISCUSSION

Char acterization of the complex for mation

Theproposed methodinvolvesformationasoluble
bluish CT complex. Asshowninfigure 1, the product
exhibitsamaximum absorptioninthevisibleregionon
560nm against the reagent blank, whereasboththere-
actants show negligibleabsorption at thiswavelength
interval, solitarily. Consequently, the absorbanceisdi-
rectly related to the complex congtruction, whichismade
greater by increasi ng both the concentration and pH of
thesolution. Obvioudy, thereisarisk of precipitatethe
Fe(111) content as hydroxide, when the pH is so in-
creased. Asitisshowninfigure1, thisphenomenon
causes to decrease the absorbance at the pHs more
than 3. Hence, the future examinationswere carried
out at the buffering pH of 3+0.05 asthe optimum pH
for such determinations.

Theeffect of 2,6-DHB concentration onthe com-
plex formation was examined in the range of 0 -6x
10*M using the solutionsin which the concentrations
of Fe(I1l) werefixed on 1.2x10*M. Asshowninfigure
2, the absorbance measurements established that the
requested ligand concentration to compl ete the com-
plex formation should beat | east threetimes of Fe(111)
concentration. Furthermore, it should be cons dered that
the reaction between Fe(l11) and 2,6-DHB tends to
completemoreragpidly at the presence of excessamount
of theligand.

Inorder to investigate the effect of non aqueous
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Figure1: Effect of pH on complex formation at the condi-
tionsinwhich the concentration of Fe(l11) and 2,6-DHB
wereequal to 1.5x10“M, and the absor bance measur e-
mentswerecarried out at 560 nm asthe maximum wave-
length
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medium onformation of thecomplex, aseriesof mixed
methanol-water sol utions containing 20%, 40% and
60% methanol were prepared in which the concentra-
tions of Fe(lll) and 2,6-DHB were fixed on 1.2x
10*M and 3.6x10“M, respectively. It wasfound that
the absorbance valuesfrom 0.203 respectsto agueous
solution wereincreased up to 0.245 for 60% metha-
nol. With regardsto thisobservation, occurrence of the
charge transfer phenomenon, which is enhanced by
decreasing the pol arity of the solvent, was confirmed.

Deter mination of thecomplex formation by mole
ratiomethod

In order to ca culateformation constant of thecom-
plex by using the moleratio method®!, the solutions
that wereprepared to investigate the effect of 2,6-DHB
concentration on the complex formation wasused for
thispurpose. Asitisshowninfigure 2, thebreak point
arising fromthe extrapol ated tangent linesof the curve
confirmsthat 2,6-DHB/Fe(l11) ratiointhe CT complex
is1:1. By cons dering to theequation curvefitted to the
spectrophotometric data, theabsorbancevalueat 1:1
ratioinwhichtheCT complex isinequilibriumwiththe
metal/ligand constituents, isdirectly rel ated to thecom-
plex concentration. By using the molar absorptivity of
the complex that was obtained fromthelinear cdibra-
tion curve, the complex concentration iscal culated and
consequently, themeta andligand concentrationswere
determined by subtracting fromtheinitial ligand quan-
tity (1.2x10*M). In thismanner, the formation con-
stant was found to be 2.55+0.14x10°.

Deter mination of thecomplex formation by Job’s
method

In order to confirm the determination of the com-
plex formation constant obtained from themoleratio
method, the cal cul ation was repeated by using the Job’s
method?®, Subsequently, aseries of 25-mL solutions
(n=21) were prepared in which the Fe(l11) and 2,6-
DHB contentswerejust inversaly varied over the con-
centration range of 0 to 4.0x10*M so that the total
molefractionswerefixedto 1. ThepH of the solutions
was adjusted to 3.00+0.05 by addition of adequate
quantitiesof formic acid/sodium formatesolutions. The
solutionswere then transferred to 25-ml volumetric
flasksand diluted to the mark. After shakingthemfor a
few minutes, the absorbance val ueswere measured at
560nm againg thebuffering blank containingformicacid/
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Figure2: Themoleratioplot that wasfitted asequation of
A=0.000201141C"*-0.00423842C* +0.0349676C3-
0.141571 C?+0.283276C+0: 0.00874717, (r?: 0.999635).
Theextrapolated Equations: A =0.215002C +0.012333; A
=7.28825x10°8C + 0.236. The experimental conditions
wereasfollows Fe(l11)=1.2x10*M, pH=3,A,_=560nm, and
concentration of 2,6-DHB wasincreased up t0 6.0x10*M
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Figure3: Thecontinuousvariation plot that wasfitted as
equation of A=-167.609C°%+ 867.991C?-1848.76C"+
2081.33C°-1321.74C5+ 468.375C*-87.9294C3+ 7.97288C?
+0.381383C +0.0074236, (r2=0.999588). Theextrapolated
equations: A = -0.677055C + 0.692218; A = 0.702807C +
0.00233091. The experimental conditionsweresimilar to
themoleratiomethod except Fe(111) and 2,6-DHB contents
werejugt inversdy varied over theconcentration rangeof O
t0 4.0x10*M

sodium formate solutions. Figure 3representsvariation
of absorbance (A) vs. molefraction of 2,6-DHB re-
agent. Asit isshown, the maximum absorbance was
obtained within therange of 0.45-0.50, which denotes
that Fe(111)/2,6-DHB ratiointhe CT complex is1:1.
According tothediscussion presentintheliteraturé?”,
alittledeviation observed between theexperimentd and
theoretica vauesispredictable, whichisattributed to
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Il the dissoci ation phenomenon of 2,6-DHB. Curve 1
infigure 3, represents extrapol ation of thelinear sec-
tionsof curve 2. By intersecting the extrapol ated lines
equations, the coordination of the break point wasob-
tained asA =0.354 and X =0.50. Thisbreak point lo-
catessituationin which dissociation of thecomplex is
negligible. Thenormal maximum absorbancewith co-
ordination of A,=0.309+0.001 and X, =0.50, wascon-
sidered asthe maximum point of curve 2. Essentialy,
theA, andA,, should be obtained at anequa molefrac-
tion vaueof 2,6-DHB. Hence, themolefraction re-
spectedto A, wasinserted in equation of curve 2 and
the resulted absorbance was considered asA , value.
The complex formation constant, K., wasthen cal cu-
lated fromthefollowing equation:

O ALIA

Cu(-Ay/A) @)
where C,, istheinitial analytical concentration of Fe(I11) at the
maximum points of A, and A,.. In this manner, the K, was ob-
tained as 2.70+0.12x10°. No significance difference was ob-

served using the F and t tests at 95% confidence level be-
tween the two values obtained from both the above tech-

niques.
Analytical figuresof merit

Under the optimum conditions, alinear calibration
curvewas constructed with equation of A=1966.7C
+0.0053, (r>=0.9987), for the determination of Fe(l11)
over the concentration range of 1.2x10°t0 3.6x10*
M (0.28-20ug mL). The RSD obtained intherepli-
catetreatments(n=7) with 1.6x10“M Fe(l1l) wasfound
to be 0.76%. Intreatment with the blank solutions, the
DL wasobtained as1.5x10°M.

Effect of foreignions

f

Theeffectsof severa foreignionswerestudied by
introducing each oneto 25-mL diquotsof thesolutions
containing Fe(I1) with the concentration of 5.0x10°M.
Eachionwasconsdered asinterfering agent, whenthe
absorbancevad ueexhibited adeviation morethan +£5%.
It was found that 200-fold excess of the akalineand
dkdineearthmetd ionsaschlorideor nitratecompounds
did not interferein the determination of Fe(l11) content.
Asshownin TABLE 1, someof theother meta ions
weretolerated at moderately high foreignion/Fe(l11)
ratios.

Application
In order to test accuracy of the method, alabora-
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TABLE 1: Toleranceratio of theforeignionson thedeter mi-
nation of 5x10°M of Fe(l11) in 25ml of theaqueousphase

Moleratio of interferingion

lons

to Ag(l)
Zn(11), Co(I), La(I1I), Cd(IT),
100 Cu(ll), Ca(ll), Hg(ll), As(lll),
Pb(11), Ce(111), Ni(11)
50 Ag(D), Ce(II)
10 Mn(ID), Al(IID), Cr(IID), V(IID),

TABLE 2: Analytical valuesfor NIES certified reference
material no. 9 “Sar agasso”
Major and minor
constituents

Content
(Wt.%)

Calcium 1.34+£0.05
Sodium  1.70+0.08
Potassum 6.10+0.20
Strontium 0.100+0.003
Magnesium 0.65+0.03

Trace costituents

Content

(nd/9)

Lead 1.35+0.05
Vanadium 1.0+0.1
Silver 0.31+0.02
Cadmium 0.15+0.02

Zinc  156+1.2
Cobalt
Copper  4.910.2 0.12+0.01

TABLE 3: Comparison of theresult obtained from thiswork
with that of FAASfor thedetermination of Fe(I11) in various
environmental samples. Theresultsarereported astheaver -
agevaluesfrom five sample measur ementswith therelated
gandard deviations

Element Content Element

(ny/9)
Iron 187+6

Arsenic 11519
Rubidium 24+2
Manganese21.2+1.0

Element

Spiked Found (ug) \Ijatlfjﬂe t test

Samples = ) " This R Crit/
work FAA rit./Exp. Exp.
Multi.-multi. 174+1.7 187+2.3 6.39/1.83 2.31/2.02
tablet® 56  232+1.5 240+2.6 6.393.00 2.31/2.12
56 58.3+0.6 57.2+0.4 6.392.25 2.31/0.5

Tap water 56 59.7+0.8 58.4+0.4 6.39/4.00 2.31/0.6
Well water 21.3t0.4 22.8+0.6 6.39/2.25 2.31/0.5
Wastewater 28 50.3+0.5 50.8+0.7 6.39/1.96 2.31/0.6

a: A multivitamin-multimineral tablet formula: VA, 5000U; VD,
400 U; VE, 30U; VB1, 1.5 mg; VB2, 1.5mg; VB6, 2mg; VC, 60mg;
VB12, 6ug; VK1, 25 pg; biotin, 30ug; folic acid, 400ug; niacina-
mide, 20 mg; pantothenic acid, 10mg; Ca, 162 mg; P, 125mg; K,
40mg; CI, 36.3 mg; Fe, 18mg; Cu, 2mg; Zn, 15mg; Mn, 25.5mg; |,
150ug; Mo, 25ug; Se, 25ug; Ni, 5ug; Si, 10ug; Sn, 10ug; V, 10ug.

tory synthetic wastewater was prepared by following
the general considerations on preparation of awater
certified referencematerial (CRM)2, Themajor and
minor constituents of the prepared sample, whichwere
adjusted according to the details of no. 9 “Sargasso”
CRM sample, aredetailledin TABLE 2. Therecovery
of Fe(l11) was 95.4%, which confirmed accuracy of
themethod. After that, the proposed method was ap-
plied to the determination of ironinamultivitamin-
multiminerd tablet and water samplesincdudingtap, well
andindustria waste obtained from achemica industry.
Themultivitamin-multiminerd tablet wasdissolvedin
25-mL of 1 M nitric acid and after heating the solution
for 10 min, it was diluted to the mark in a1000-mL
volumetricflask. Aliquotsof 10-mL of thissolutionwas
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applied to the determination process. Intreatment with
thewater sample, they wereinitialy filtered through a
membranefilter with poresize of 0.45um. To confirm
the accuracy of theresult obtained by thismethod, the
measurements were al so repeated by awell-known
method, such asFAA S, Theresultsfor thedetermi-
nation and recovery of Fe(l11) contents are shown in
TABLE 3. Asitisshown, theresultsobtained from both
the methodswere agreed with together accordingto F
andttests Theseresultsare denoted with the gpplicabil-
ity of thismethod for properly determinationof Fe(l11) in
variouswater samplesand smilar samplesolutions.

CONCLUSION

A new typeof complex asaCT complex of Fe(l11)-
2,6-DHPwasdeveloped for determination of ironwith
spectrophotometric method. The Fe(l11)-2,6-DHP
complex benefitsfromamoderately highformation con-
stant in acidic media. The proposed method provides
an appropriatesdectivity and sengtivity for easy deter-
mindionof Fe (ITT) ions. Oneoftheadvantagesof this
methodisdirectly measuring of Fe(lll) invariousaque-
ousmedia, such aspharmaceutical samples. A number
of metal ions, which may befound either inwater or
pharmaceutical samples, did not interferein the deter-
mination. TheRSD and DL of the proposed method
were respectively 0.76% and 1.5x10°M, which are
lessthan therespected va uesfor iron determination by
traditional direct spectrophotometric method, suchas
Fe(11)-1,10-phenanthroline. Furthermore, the method
benefitsform awidespread dynamic rangein compari-
son with theabove method and FAAS.
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