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ABSTRACT

KEYWORDS

lon-pairing solvent

A simple and sensitive method based on direct solvent microextraction was
introduced for determination of iron in water samples. In this method iron
(1) reacts to 1,10-phenantroline and then extracted into organic solvent
following micelle formation with sodium dodecy! sulfonate (SDS). The pa-
rametersinfluencing the extraction processwere studied and optimum con-
ditionswere obtained as below: solvent type: 1-octanol, sample volume: 12
mL, 1-octanol volume, 100 uL; pH = 7; temperature: 30 °C; stirring rate of
solution: 1000 rpm; ion-pairing concentration 30 mg L %; time: 30 min; amount
of 1,10-phenantroline: 2.5 mg and without addition of salt. The calibration
graphwaslinear for ironin the range of 10-2000 ug L * and 3-10000 pg L for
spectrophotometric and high performance liquid chromatography (HPLC)
determination, respectively and limit of detection (LOD) based on 3S, was
3and 1 ug L-*by spectrophotometric and HPL C determination, respectively.
This technique is found to be simple, sensitive, reproducible inexpensive,
accurate and successfully applied for determination of ironinwater samples.
© 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Ironisessentid for awidespectrumof biologicfunc-
tions, including oxygen transport, mitochondria elec-
tron transfer, and DNA synthesis. Iron may also be
present in drinking-water asaresult of iron coagulants
(ferricchloride) used during raw water trestment tore-
move colloidal or suspended particlesor to eiminate
organic mattert. At the outlet of these units, maximum
tolerablelevd of thiscation hasbeen fixedto 200 ug L-
! by European Legidlation?. Nowadayswater can be

considered the most precious natural asset and atten-
tion hasbeen givento assureitsqudity for human con-
sumption, and also to obtain itsmitigation after indus-
trial uses® but it ispotentially toxicin excess concen-
trationsbecauseof itspro-oxidant activity. Theextremdy
low concentration of dissolvedironinwater isone of
theimportant aspectsthat characterisethe quality of
drinking and clinical water. Ironispresent in naturein
form of itsoxides, or incombinationwithslicon or sul-
fur. The solubleiron content of surfacewatersrarely
exceeds1 mg L, whileground waters often contain
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higher concentrations. Thesafety of drinkingwater isa
very important health issue. The United States and
World Health Organi zation have established well de-
fined standardsfor drinking water purity. For example,
U.S. Federd regulationslimit theamount of irontoless
than 0.3mg L inmunicipa drinkingwater, asiron con-
centrationsin excessof 0.3 mg L impart afoul taste
and cause staining. High concentrationsin surface
waters canindicatethe presenceof industria effluents
or runoff. Thus, it isnecessary that an accurate, fast
and a cheap method for the determination of ironin
water samplesshould be devel oped to improveitsde-
tectionlimit and selectivity of determination.

Severa methodsfor theanaysisof ironinwater
sampleshavebeenreported, induding volumetricandy-
si99, flame atomi ¢ absorption spectrometry!® high per-
formanceliquid chromatography!™ and spectrophotom-
etry®9, Ascompared with the other techniques, spec-
trophotometry not only isvery smple, rapid and less
expensvefor determination of dementsinavariety of
samples'? but al so, based on complexing reagent is
specificfor ferrousiron.

Traditiond samplepreparationisstill achalengefor
andytica chemigsbecausethestepsinvolved oftenem-
ploy largevolumesof hazardous organic solvents, are
timeconsumingand/or expensive. Currently, liquid-phase
microextraction (LPME), asaminimized-sol vent based
pretreatment method and a simple and cost-efficient
technique, has been developed. The solvent
microextraction techniqueeffectively overcomesthese
difficultiesby reducing the amount of organic solvent
and by allowing sample extraction/clean up and
preconcentration to be donein asingle step**12, Hy-
drophobic andytesareeasly extracted into organic sol-
ventsfrom agueoussamplesol utions, but polar andionic
(hydrophilic) anayteshavelow solubility inwater im-
miscible organic solventsand it is necessary to be hy-
drophobicfor extractioninto organic solvents. lon-pair
extractionisamethod for partitioning of ionic compounds
withtheaid of counter ionsof opposite charge between
water and awater immiscible organic solvent(319,

Thepurpose of thisstudy isto develop anew ex-
traction and preconcentration method for determina-
tion of low concentration of iron (11) in water samples
based onion-pairing liquid phase microextraction (IP-
LPME) followingiron-1,10-phenatroline-chel atefor-
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mation. Thistechniqueisfaster, moreinexpensive, sen-
Sitive, greener, and s mpler than conventional methods
and usessimpl e equipment.

EXPERIMENTAL

Reagentsand solutions

FeSO,.7H,0, sodium acetate, 1,10-phenantroline,
NaCl, methanol, ethanol, 1-octanol, undecanol,
dodecane sodium dodecyl sulfonate sodiumsdt (SDS),
ascorbic acid and hydrochloric acid were obtained from
Merck (Darmstadt, Germany). 20% (w/v) of sodium
acetate, 20% (w/v) of ascorbic acid and 0.1% (w/v) of
SDSwerepreparedindoubly distilled water and 0.25%
(w/v) of 1,10 phenantroline prepared in ethanol . Stock
standard solutions (1000 ppm) of Fe (Il) were pre-
paredindoubly distilled water. A freshworking sample
was prepared by spiking doubly ditilled water with Fe
(I1) a known concentrationsdaily.

Apparatus

Theanaytica chromatographic sysem cons sted of
anAgilent 1200 seriesvacuum degasser, an automatic
sampleinjector, aquaternary pump, avariablewave-
length detector (VWD), and aC18 with guard column,
Sum, 150 mm % 4.6 mm i.d. (Waters Corporation, Ire-
land) and controlled by acomputer running Chem Sta-
tion software (Agilent Technologies). Mobile phases
werefiltered through aMillipore 0.22-pm membrane
filter before use. Analytical chromatography was per-
formed with aflow rateof 1.0mL mintat 25+ 1 °C.
Thecolumnwasgtabilized at 25+ 1°C (room tempera-
ture) for 1 h beforechromatography. Andiquot (20 uL)
of the octanol solutionwasinjected into HPLC system
and e uted with the mobile phase cons sting of methanol
and the detection wavelength was 510 nm. A single
wave ength Unicam 5625 UV/V IS spectrometer (USA)
equippedwithal.5mL semi-micro 10.0mmpathlength
(LabwareKartel Co., Milan, Itdia) wasusedinall ex-
periments. A pH meter Metrohm carried out withaglass
caomel e ectrodewas employed for setting pH. A 100
uL Hamilton model 1701 syringe (Hamilton, Bonaduz,
Switzerland), withabeve needletip (length: 5.1.cm, ID:
0.013 cm, bevel 22°) was employed for extraction pro-
cedures. A cylindrica samplecel (80mmx 20 mmi.d.)
with ascrew cap was used and aheater/magnetic firrer
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(IKA-Ydloewline) and aPTFE coated stirring bar (15
mm x 3 mm o.d.) were used to stir the solutions and
controlled thetemperature of the samples.

Procedure

12 mL of the agueous solution of Fe(11) at known
concentration (500 ug L* except otherwi se stated) was
transferredintoal5mL via and 1 mL of ascorbicacid
was added. Known volumeof 1, 10-phenanthroline (1
mL, except otherwise stated) was added into sample
solution at appropriate pH (pH = 7, except otherwise
stated) at desired temperature (t = 30 °C, except oth-
erwisegated), then 0.3 mL of SDSwasaddedtoample
solution (except otherwisesated). Thedirrer wasturned
on (rpm = 600, except otherwise stated) and a few
microliter volumeof extracting solvent (100 ulL, except
otherwise stated) placed on the surface of solution us-
ingamicroliter syringeandthecap of thevid wasseded
and. After aprescribed extraction time (25 min, except
otherwise stated) extracting solvent wastransferred into
the conicd vid. For spectrophotometric determination,
methanol wasaddedintovia tofina volumeof 500 uL
(except otherwise stated) and absorption read at 510
nm and for HPL.C determination 20 uL of the octanol
wasinjected toinstrument (Figure 1).
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Figurel: Fe(phe)5'[CH,(CH,),,SO;],-LPME-HPLCchro-

matograms of aqueous sample: Blank (lower), and spiked
sampleat 500 ng LY(higher).
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RESULTSAND DISCUSSION

Iron (11) and 1,10-phenanthrolineform acomplex
where three phenanthroline molecul es surround the
iron(l1) ionforming aorange-colored complex. Toform
acomplex, theironmust befirst reduced toitsferrous
state. Thisisdone by reacting theiron with hydroxy-
lamine hydrochloride or ascorbic acid, Fe?* sothat it
can bind to the phenanthroline. Sincetheiron presentin
thewater predominantly existsasFe*, itisnecessary
tofirst reduce Fe** to Fe**. Thisisaccomplished by the
addition of thereducing agent (ascorbic acid). Theso-
dium acetate buffer actsto maintainthe pH. SDSreact
toiron-1,10-phenatroline-chelateto form neutral this
complex (as below), otherwiseiron can’t extract to
organic solvent:

Fe(phe)" +nCH,(CH,),;SO; <> Fe(phe)s*
[CH 3(CH 2)11804-1]n

(Fe(phe)3*[CH;(CH,)1,S071,) 4 <> (Fe(phe)s’
[CH3(CH )1, SOL])

@

)

org

Selection of organic solvent

The selection of an appropriate extraction solvent
isof great importancefor theoptimization of theLPME
process. Theextraction solvent must to have some prop-
erties: low volatility and low water solubility, to extract
anayteswell. Because of positivechargeof iron-1,10-
phenatroline chel ate, the primary experiment show that
immisciblepolar solvent and non polar solvent can not
extract Fe(phe),>*. Thus sodium dodecyl sulfonate
(SDS) asanion pairing agent and micellemediumwas
added to neutralize Fe(phe) >*. Based onthese consid-
erdions, threeorganic solventswereinvestigated at Smi-
lar condition: 1-octanol, 1-undecanol and n-dodecane.
Theresults show than dodecane can not extract com-
plex and 1-octanol hasmore extracting efficiency than
1-undecanol (1-undecanol extraction efficiency isabout
65% of 1-octanol). 1-octanol was found to provide
higher extraction efficiency. Thismay beattributed to
greater polarity of 1-octanol than theothers, whichleads
tothehigher solubility of theion-pair complex and hence
higher extraction efficiency. Thus 1-octanol wassdected
asextracting solvent.

Effect of pH effect and ionic strength
Theeffect of pH wasinvestigated intherange of 2-
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8. Fe?* is quantitatively complexed by 1,10-
phenanthrolinein the pH rangefrom 3to 8. For pH>8,
the Fe** was oxidized to Fe* and precipitate; and for
pH<5, H* was competed with Fe?* for thebasic 1,10
phenanthroline. Either way, you won’t get complete
complexation. Also pH affectsion pair formation be-
tween 1, 10-phenanthroline-iron chelateand SDS. As
you can see, extraction efficiency increasesuptopH =
7.0 and thendightly decreases (Figure 2).

pH
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Figure?2: Effect of pH of samplesolution and theamount of
NaCl on extraction efficiency of iron. Conditions: Sample
volume: 12 mL (0.5 mg L), the amount of 1,10-
phenantroline: 1.0 mL (0.25% w/v), concentration of SDS:
1.0mL (0.1% wi/v); girringrate: 600 rpm; solution temper a-
ture: 30°C; pH =7 (for effect of NaCl); solvent volume: 100
uL; extraction time: 25 min; without addition of NaCl (for
effect of pH).

lonic strength can affect complex formation between
ironand 1,10 phenantrolineand complex withion-pair-
ing agent. Thus extraction of iron to organic solvent
dependsonionic strength of solution. For this purpose
NaCl was added to sampl e solution in therange of O-
3.5moal L*andiron wasextracted to 1-octanol accord-
ingto generd procedure. Theresult show therecovery
of extraction decreased as sodium chloride concentra-
tionincreased (Figure 2). It can attributeto decrease
ionpair formationwithincreasingionic strength.
Organic solvent volumeand amount of ion-pair-
ing agent

Theinfluenceof extracting solvent wasinvestigated
intherangeof 20-300 pL . It wasfound that the absor-

bance decreaseswith drop volumein therange of 20-
300 uL (Figure 3). However, fraction of total anayte
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transferred to the organic phase or extraction efficiency
increased with increasing volumeof 1-octanol (Figure
3), and becausefor spectrophotometric determination,
methanol wasadded into vial to final volume of 500
uL, we selected 100 uL of 1-octanol for further ex-
periments. lon-pair reagent concentration playsanim-
portant roleinion-pair extraction becauseit affectsthe
distribution of counter ions, thereforeinfluencing the
extraction efficiency. Different concentrations (0-83 mg
L) of SDS as counter ion in the solution under the
optimum condition described abovewereinvestigated.
Theresultsshow that by increasing the concentration
of SDStheabsorbanceincreasesupto 33 mgL*and
after that approximately level off (Figure3). Itistobe
noted that absorbanceincreaselinearly respect to SDS
concentration up to 33 mg L* and we can a so deter-
mine SDS concentration in agueous samples at opti-
mum conditions.
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Figure3: Effect of or ganic solvent volumeand amount of ion-
pairing agent Conditions. Samplevolume: 12mL (0.5mgL %),
theamount of 1,10-phenantroline: 1.0 mL (0.25% w/v), con-
centration of SDS: 1.0 mL (0.1% w/Vv) (for effect of 1-octanol
volume); girringrate: 600 r pm; solution temper atur e:30°C;
pH =7; solvent volume: 100 uL (for effect of SDS); extraction
time: 25min; without addition of NaCl.

Effect of stirring rate and sample solution tem-
perature

Agitation of solution wasused tofacilitatethemass
transfer processand thusimproving theextraction effi-
ciency. Thestirring rate was optimized for extraction
process. Figure4 illustratesthe effectsof stirring rate
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on theenrichment factor that increased with increasing
of thestirring rate up to 1000 rpm.
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Figure4 : Effect of stirring rate and sample solution tem-
perature. Conditions. Samplevolume: 12mL (0.5mgL %), the
amount of 1,10-phenantroline: 1.0 mL (0.25% wi/v), concen-
tration of SDS: 0.4 mL (0.1% wi/v); stirring rate: 600 rpm
(for effect of temperatur e); solution temper ature: 30°C (for
effect of stirring rate); pH = 7 ; solvent volume: 100 pL;
extraction time: 25 min; without addition of NaCl.

Heating of the sample solution may affect ion-pair
formation and themasstransfer of theanalytesfromthe
sampleinto thesolvent. But, ion- pair formationisthe
rate determining step and with increasing temperature
ion-pair formation decreased and the efficiency of the
extraction decreased, or increasing thetemperature will
improvethe dynamics, sotheion-pair formation rate
will acceerate. Onthe other hand, the solubility of or-
ganic solvent inthe samplesolutionwill alsoincrease
(Figured).

Effect of ligand volumeand extraction time

Threemoleculesof 1, 10-phenanthroline, chelate
each atom of ferrousiron to form an orange-red com-
plex. Thusit isto need investigate amount of 1, 10-
phenanthrolinefor extraction efficiency. According to
Loshatle-law it is necessary to use excess reagent in a
equilibriumreaction. Figure 5 showstheabsorbance of
iron versusamount of 1, 10-phenanthroline. Asyou can
see, the Fe(phe),** absorbanceincreaseswithincreas-
ing 1, 10-phenanthrolineup to 1000 uL (0.25 w/v) and
thenitwasleve of (maximum absorbancewasobtained

approximately in mole ratio of 100:1 1, for 10-
phenanthrolinetoiron).

Extractiontimeisoneof themost important factors
Inmost of extraction procedures. The dependence of
extraction efficiency upon extractiontimewas studied
withinarangeof 0-50 min in the constant experimental
conditions. Figure 5 showstheabsorbanceof iron ver-
susextractiontime. Theresultsshowed anincrease of
the Fe(phe),*" absorbance up to 25 minand leveling
off at higher extractiontime. Therefore30minwasused
astheoptimum extractiontime.
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Figure5: Effect of extractiontimeand ligand volume. Condi-
tions: Samplevolume: 12mL (0.5mgL %), theamount of 1,10-
phenantroline: 1.0 mL (0.25% w/v) (for effect of extraction
time); concentration of SDS: 0.4 mL (0.1% wi/v); stirring
rate: 600 rpm solution temper ature: 30°C; pH = 7; solvent
volume: 100 pL ; extraction time: 25 min (for effect of ligand
volume); without addition of NaCl.

Effect of interferences

Theeffect of variousions on the determination of
ironwasinvestigated. A given specieswas considered
tointerfereif it resulted in a+ 20% variation of the
signd. Theresultsobtained arepresented in TABLE 1.
Ascan beseentheeffect of variousionsarenegligible
andiron can bedetermined quantitatively inred samples
without interferencefrommatrix of thesamples.
Analytical figure of merits and real sample
analysis

Analytical characteristicsof theoptimized method
for iron, including linear range (5 point) coefficient of
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regression (r?), limit of detection, repeatability and en-
hancement factor are 10-2000 ug L%, 0.9946, 3ugL-
1, 7% and 60 for spectrophotometric detection and 3-
10000 ugL*,0.9996, 3ugL?, 4% and 240 for HPLC
detection, respectively. Thedetection limit wascal cu-
lated asthreetimesthe standard deviation of the ab-
sorbancefor fiveextractionsof theblank, usingthelig-
uid phasemicroextraction procedure. Theenhancement
factor (EF) was obtained from the doperatio of cali-
bration graph after and before extraction (TABLE 2).
Finaly method used for determination of ironinwater
samplessuccessfully (TABLE 3).

TABLE 1: Effect of foreignionson deter mination of iron at
optimum conditions.

Foreignions Maximum toleranceratio % Recovery

Li* 100 100 (+ 3)
Na' 100 100 (+2)
K* 100 100 (+ 4)
Bat* 100 101 (+ 6)
ca 100 95 (+ 3)
Mg®* 100 97 (+ 6)
St 100 99 (+ 4)
Co* 100 100 (+ 3)
cr®* 10 96 (+ 5)
cu** 4 95 (+ 3)
B 100 100 (+ 4)
Fe** 100 93 (+2)
Mo 100 100 (+ 5)
Cd** 100 100 (+ 3)
Mn®* 10 97 (+ 4)

TABLE 2 : Figure of merits for determination of iron
with ion-pairing liquid phase microextraction at optimum
condition.

Instrument  Equation DLR® 2 LOD  Enhancement
d (ugL-1) (wgl™)  factor
. Abs.=0.4492C
Uv-Vis + 0.0059 10-2000 0.9946 3 100
Area=1642.9C
HPLC +138.7 3-10000 0.9996 1 220

3DLR: Dynamic linear range.

TABLE 3: Determination of iron in variouswater samplesat
optimum conditions.

Amount of Fe (ug L™)

Sample type Amount Amount Extraction
added  found (+%RSD)°
Tap water (Tehran) 101 -
Tap water (Tehran) 100 198 97 (+4)
Tap water (Tehran) 500 605 101(+3)

—— Fyll Peper
CONCLUSION

This method israpid, precise, sensitive, no ex-
pensive, environmentd friendly and usessmpleequip-
ment whichisfound inmost analytical |aboratoriesfor
determination of Fe** in water samples. After the
Fe(phe) " was made hydrophobic and neutral by add-
ing sodium lauryl sulfate, can extract to octanol. The
SDSreagent provided excellent extraction efficiency
for Fe(phe) > through LPME. Thismethod alsoisa
rigorous quantitative speciation of ferrousand ferric
inwater and wastewater.
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