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ABSTRACT

A simple, rapid and a sensitive spectrophotometric method is devel oped
here for the determination of iron(I11) through iron(I11) mediated nucleo-
philic coupling reaction between catechol and p-nitroaniline, system 1 or
catechol and m-nitroaniline, system 2. The method is based on catechol
oxidation by iron(l11) followed by its nucleophilic coupling with m-nitro
aniline or p-nitro anilinein 0.1M hydrochloric acid medium forming adye
withA__ 540 nm obeying Beer’s law in the range, 0.8-20 ug ml** for both the
systems. The molar absorptivity valuesfor systemland system 2 were found
to be 9.379X 10?I mol-*cmand 8.8032X 10?1 mol-tcm? respectively with the
corresponding Sandell’s sensitivity values, 0.0595ug cm?and 0.0634 pg
cmr2. The composition of the dye product was determined and found to be
1:2 for both systems The systemswere used for the determination of ironin
water samples of certain lakes situated around Tumkur. The results
obtained by both the systems were reproducible and comparable with the
results of iron determined separately by phenanthroline method.
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INTRODUCTION

Iron is the fourth most abundant element in the
earth’s crust!™ with biological and environmental
significances?3. Ironisoftenfoundin natureinarea
sonably high concentration and may enter the hydro-
spherethrough theweathering of iron saltsand miner-
ds. Bothiron(ll) andiron(l11) ionsarecommonly found
dissolved inwater either in colloidal form or asinor-
ganic or organic complexes. Irrigation water withiron
levelsabove 0.3 ppm may lead toiron rust stainsand

discoloration on foliage plantsin overhead irrigation
applications. Considering theimportance of iron, nu-
merous methods such as spectrophotometry*!,
potentiometry'®, flamé” and e ectrothermal atomic ab-
sorption spectrometry®,  flow injection!,
photoacoustic™”, fluorometry™ anodic stripping
voltammetry!™, volumetry™, and high performancelig-
uid chromatography!*4 are devel oped for the determi-
nation of iron present in environmental samples. Owing
to the smplicity, spectrophotometric method involving
ammoniumthiocyanateor 1, 10-phenanthrolineisacom-
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monly used method for the determination of iron. How-
ever, thesemethodssuffer fromlow sensitivity or fail to
follow theBeer-Lambert’s law!™ or haveanarrow ana-
Iytical rangeof determination. Hencethemethod based
on catechol oxidation by iron(l11) followed by itsnu-
cleophilic couplingwith m-nitroanilineor p-nitroaniline
in0.1M hydrochloric acid medium formingadyewith
Ao 240 nmand itsgoplicationto determineiron present
inthewater samplescollected™ from certainlakesSitu-
ated around Tumkur.

EXPERIMENTAL

Apparatus

Elico Spectrophotometer, model SL-27
(Hyderabad, India), Acculab digital balancereadable
0.0001g were used.

Reagents

All chemica susedin theexperimentswere of ana-
Iytical reagent grade and thewater used was distilled
weter.

Sock solution, 200 ug mltiron(I11): Anaccurately
welghed amount, 0.8634g of ammonium iron(l11) sul-
phate was transferred to a 50ml beaker. It was dis-
solved by heating in about 20ml of water and 1.5ml of
concentrated hydrochloric acid. Theresulting yellow
solution wastransferred into a50ml volumetric flask
and diluted to the mark with water.

Catechol, 0.005M : An accurately weighed amount,
0.0551 g catechol wastransferred to abeaker. It was
dissolved inwater and transferred theresulting solution
into a100ml volumetric flask and diluted to the mark
withwater.

m-nitroaniline, 100pgml™: An accurately weighed
amount, 0.1g m-nitro anilinewastransferred to abea
ker. It wasdissolvedin acohol andtransferred there-
sulting solutioninto a100ml volumetric flask and di-
luted to the mark with water.

p-Nitroaniline, 100pgml™*: An accurately weighed
amount, 0.1g p-nitro anilinewastransferred to abea-
ker. It wasdissolvedin acohol andtransferred there-
sulting solutioninto a100ml volumetric flask and di-
luted to the mark with water.

Hydrochloricacid, 0.1M: It was prepared by asuit-
Hnalytical CHEMISTRY o

abledilution of concentrated hydrochloric acid (35%,
1.18g cm3) with water.

RECOMMENDED PROCEDURE

A seriesof labeled 25 ml volumetric flaskswere
arranged. To each flask, aliquots of the solution con-
taining 0.8-20 pg ml *iron(l11) (correspondingto 0.1,
0.2,0.4,05,0.8,1.0,1.5,2.0, 2.5, ml of 100 pg ml*
iron(111)), 2ml of 0.005M catechol, 0.5ml of 0.1M hy-
drochloric acid and 2 ml of 0.00072M m-nitro aniline
or 2ml of 0.00072M p-nitro anilinewere added. Then
the solution of each flask wasdiluted to the mark with
water. Absorbance of each sol ution and the blank (with-
out Iron(l11)) were measured at 540 nm against water.

RESULTSAND DISCUSSION

Oxidative coupling reactionsarefrequently usedin
anaytical determinations”*® involving 3-methyl-2-
benzothiazolinonehydrazonewith N, N-dimethyl aniline
by hydrogen peroxide?¥, p—amino phenol and p-phe-
nylenediaming?”; N-phenyl-p-phenylene-diaminewith
N, N-dimethyl anilinein the presence of an oxidant(?,
p-anisiding?; 4-amino anti pyriné® with N,N-dimethyl
aniline asanucleophile and hydrogen peroxideasan
oxidant; theoxidation of N,N-diphenyl amineby hy-
drogen peroxide, inacidic medium yielding diquinone
diiming?! and coupling withanucleophile. Thelitera-
tureon oxidative coupling reactiong? 24 isthebasisfor
deve oping thismethod for thedetermination of iron(l11).
Iron(111) oxidises catechol to quinone??!, aquitere-
active speciesthat can beattracted by nucleophiles®,
m-nitro anilineor p-nitro aniline producing adye prod-
uct. Thus, under optimized experimenta conditionand
fixed concentrationsof nitroamineand catechol, thecolor
intensity of thedye product is proportional to the con-
centration of iron(l11).The stoichiometry between
iron(l11) and the mixture of catechol and nitro anilines
weredetermined and found to be 2: 1 respectively.

Optimization of reaction conditions

The composition of the dye productsand thevari-
ousexperimentd parametersaffecting the devel opment
and sability of thedye productsare carefully optimized.
Thestudied variablesincludeacids, different volumes
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of p-nitro aniline (or m-nitro aniline) and different vol-
umesof hydrochloric acid and color stability withtime.

Effectsof acids

A seriesof labeled 25ml volumetric flaskswerear-
ranged. To each flask, 0.1-3ml of iron(111) (200ug/ml),
2ml of 0.005M catechol, 0.5ml of 0.1M hydrochloric
acid/0.5ml of 0.1M sulphuric acid/0.5ml of 0.1M ace-
tic acid and 2ml of 100 png ml* P-nitro aniline were
added. Then the solution of each flask wasdiluted to
the mark with water. Absorbance of each solutionand
the blank were measured at 540nm against water. The
resultsobtained aretabulated in TABLE 1, indicating
almost the same absorbance values. However, 0.1M
hydrochloric acid was used throughout the experiment.
TABLE 1: Effect of acids, 0.5ml each of 0.1M hydrochloric

acid/ 0.1M sulphuric acid / 0.1M acetic acid on the
determination of iron(l11).

0.1M 0.1M
' r‘g%‘)‘ ) 0IMHCI H,SO,  CHsCOOH
Absorbance Absorbance Absorbance
0.1 0.0177 0.0227 0.0232
0.2 0.0301 0.0381 0.0329
0.4 0.0525 0.0521 0.0545
0.5 0.0650 0.0757 0.0788
0.8 0.1007 0.0969 0.0974
1.0 0.1250 0.1356 0.1349
15 0.1850 0.1952 0.1771
2.0 0.2425 0.2380 0.2218
25 0.3115 0.2823 0.2762

Effect of different volumesof p-nitroanilineand
m-nitroaniline

Theeffect of variousvolumes (0.5- 4.0 ml) of 100
ug mi p-nitro aniline (or m-nitro aniline) on absor-
bance va uesfor the determination of iron(l11) wasin-
vestigated asfollows. The experiment was performed
using the optimized variablesestablished intheearlier
experiments. A seriesof labeled 25 ml volumetric flasks
werearranged. Toeachflask, 2 ml of 0.005M catachal,
0.5ml of 0.1M hydrochloricacid, 2 ml of 100 ugmi -
of iron(I11) but variousvolumes (0.5-4.0 ml) of 100 ug
ml-! p-nitro anilinewere added. The solution of each
flask wasthen diluted to the mark with water. Absor-
bance of each solution and the blank were measured
againgt water at 540 nm. Theresultsobtained are show-
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Ing increasing absorbance with the volumeof p-nitro
anilineupto 2.0 ml, afterwardsthe absorbance values
arefound to be decreasing with thevolume of p-nitro
aniline. Therefore, 2 ml of 100 ug ml-'p- nitro aniline
per 25 ml was selected as an optimized volumefor the
congtruction of thecdibration graph for the determina
tionof iron(l11).

Effect of different volumesof 0.1M hydrochloric
acid

Thisexperiment was carried out Smilar to the pre-
vious one but with various volumes of 0.1M hydro-
chloricacid. The absorbance valueswerefound to be
constant after the addition of 0.5ml. Therefore 0.5ml of
0.1M hydrochloric acid was sel ected asan optimized
volume,

Calibration Graph (system 1)
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Graph 1: Calibration graph for iron(l11) withthesystem 1,
catachol + p — nitro aniline.

Calibration Graph (system?2)
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Graph 2: Calibration graph for iron(l11) withthesystem 2,
catachol + m— nitro aniline.

Effect of foreignions
For understanding the reaction sel ectivity, inter-
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TABLE 2: Theanalytical parameter sfor thedeter mination
ofiron(I11).

TABLE 3: Interferenceof foreign ionsin thedeter mination

of 4ugmi-ofiron(ll)

Parameters System 1 System 2 lon added Tolerance limit(ug ml™)
Wave length (nm) 540 540 Cu*? 320.00
Linear range (pg ml™) 0.8-20 0.8-20 Ni*2 640.00
.. +2

Mol ar f\bso_rlptlwty 0.379X10°  8.803 X10° Cd 640.00
(I mol™ cm .). ' Mg*? 640.00
Sandel sensitivity per 0.0607 0.0634 Zn* 363.84
0.001A (pg cm™) .

Regression equation (y) Y =0.029x Y =0.0263x K » 480.00
Slope (b) 0.0151 0.0155 SO, 496.00
Intercept (a) 0.00446 0.001386 cr 640.00
Correlation coefficient(R) 0.9979 0.998 NOs 384.00

ference of common ions which often accompany
iron(l11) wereinvestigated in the determination of 4
ug mi~! of iron(111) under optimum conditionsasgiven
inthe recommended procedure. Theresults obtained
aresummarizedin TABLE 3. It wasfound that pres-
ence of common interferingionswithiron(ll) asin-
dicated in TABLE 3 will not interferein the determi-
nation of iron. The maximum concentration of each
ion that does not cause more than 4% error in the
determination of 4 ug ml-"' of iron(I11) isalso shown
against therespectiveionin TABLE 3. Theresults
obtained would account for good selectivity of the
developed methodsfor the determination of iron as

0.15 4
0.1+
0.05
0 T T T T 1

0 2 4 6 8 10

Volume of Iron(lll)

iron(l1l).
OH
3+
GO
OH
O,N NH, *
System 1: For 10 ml-X axis 1 unit =1ml
For 5ml- X axis2 unit =1 ml
0.45
0.4 -
0.35 | 2
o 034
(8]
G 0.25 - e 10ml
=
o 0.2 = 5ml
2
<

Figurel: Compostion of Iron(l11) and mixture(System 1)

These ions concentrations wer e examined between 640 and 320
png mi-.

Soichiometry of thedye product of thesystem 1
and system 2

Theexperiment wascarried out using aseriesof so-
lutionsof 0.001M iron(l11) and themixture (equa vol-
umesof 0.002M catechol and 0.002M p-nitro aniline/
m-nitro aniline) indifferent proportionstotaingto ether
10ml or 5ml per 25ml. Theresultsobtained areshown
intheTABLES4, 5,6 and 7. Toeach flask 0.5ml HCI
was added and diluted the solutionsto 25 ml and the
absorbance was measured. Theresultsare accounting
for 1:2 stoichiometry between the, 1:1 catechol and
nitroanilinemixtureandiron(l1l), Figures1and 2.
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Figure2: Compostion of Iron(l11) and mixtur e(System 2)
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TABLE 4: For 10 ml (System 1)

—— Fuyl] Paper
TABLES: For 5ml (System 1)

Volume of Volume of

Volume of Volume of

Iron(l11) (ml) mixture(ml) Absorbance Iron(l11) (ml) mixture(ml) Absorbance
9.0 1.0 0.1681 45 0.5 0.0969
85 15 0.3012 4.25 0.75 0.1362
8.0 20 0.3344 40 1.0 0.1518
7.0 30 0.3819 35 15 0.1804
6.0 40 0.3439 3.0 20 0.1675
50 50 0.2967 25 25 0.1361
4.0 6.0 0.2351 20 3.0 0.1068
3.0 7.0 0.1765 15 35 0.0773
20 8.0 0.1192 10 40 0.0458
10 9.0 0.0610 0.5 4.5 0.0141

TABLE 6: For 10 ml (System 2) TABLE 7: For 5ml (System 2)

ron '(ﬁ’l'}")e(?ﬁn o gltldrrne((erﬁfl) Absorbance | r\ér?l(:J|T)e(crf1|) N g![lljjl;ne?r?]];) Absorbance
9.0 1.0 0.1586 4.5 0.5 0.0726
85 15 0.2478 4.25 0.75 0.1069
8.0 20 0.2798 40 10 0.1308
7.0 3.0 0.3233 35 15 0.1612
6.0 4.0 0.308 3.0 20 0.1481
5.0 5.0 0.262 25 25 0.1255
40 6.0 0.2048 20 3.0 0.1079
3.0 7.0 0.1656 15 35 0.0846
20 8.0 0.1221 10 40 0.0605
10 9.0 0.0794 0.5 45 0.0443

ANALYTICALAPPLICATIONS

Pre-treatment of water samples

a) For the proposed method: Thewater samples
collected were pretreated with concentrated
hydrochloric acid and diluted with deionized water.
Iron(11) presentinthe sampleisoxidized toiron(l1)
by adding very dilute solution of KMnO, . To each
sample, afixed amount of 5Smg/L iron(l11) solution
was added to bring the value to the range of
determination.

b) For phenanthroline method??: Themethod in-
volved reduction of iron(l11) present in the sampleto
iron(11) with hydroxylaminehydrogensul phatefollowed
by itscomplexation with 1,10-phenanthrolineinasolu-
tion buffered at low pH.

To confirm the applicability of the developed
method, thetotal iron present in thewater samples of

different [akesstuated around Tumkur weredetermined
under optimized experimental conditions. Theresults
obtained inthe reference method and new method are
showninTABLES.

TABLE 8: Resultsof Iron(l11) present in water samples
obtained from new method and r efer encemethod.

Volume of Concentration of total Iron (mg/L)

Source Iron 111 added 110-
(mg/L) Proposed Methods® Phenar’nhroline
Lake Water 5 System1 System 2 method
Kallambella 5 9.100 9.000 4.000
Bugudanahalli 5 5.038 5.036 0.040
Maidala 5 5.050 5.054 0.050
Honnudike 5 13.000 13.020 8.100
Kunigal 5 5.040 5.038 0.040
Kadaba 5 7.100 7.140 2.300
Hebbur 5 6.400 6.038 1.370
*Mean Value (n=5)
CONCLUSIONS

Themethod for determiningiron(l1l) either with
> Hnalytical CHEMISTRY
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system 1 or 2israpid and sensitivewith awide deter-
mination rangewithout requiring stringent reaction con-
ditions and a so with reasonable colour stability. The
methodsare successfully employed for the determina
tioniron(l11) in the water samples of seven selected
lakesthat are situated around Tumkur . Theiron(ppm)
content of thewater samplesof thelakesarefoundto
be in the decreasing order: Honnudike(8.00),
Kallambella(4.10), Hebbur(1.40),Kadaba(0.21),
Maidala0.05),Kunigal (0.04)~Bugudanahalli(0.04).
Theiron contents of thelake water samplesare aso
determined by iron(l1)- 1,10-Phenanthroline method.
Thevalues obtained are agreeing with those obtained
by the new method. Therefore, the developed method
could be used for the determination of total iron present
inwater samples.
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