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An Optical Sensing Film for Fe(lll)
Determination Based on 1; Hiethyl 2,2-
cyanine lodide Immabzed in Nafion Film
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Abstract—An optical chemical sensing
nafion film was developed for the determination Ff(lll). The
sensing film was homogeneous, transparent, andanexdily stable.
Decrease of the absorbance measured at 518 nmbsas/ed when
the sensing film was immersed in a solution of Fe(The optimum
response of the sensing film to Fe(lll) was obtdimea solution with
pH 4.0. Linear calibration curve over an Fe(lllncentration range
of 1-30 ppm with a limit of detection of 0.71 pprasvobtained.
Cd(ll) is the major interference. The sensing fimhibited good
stability for 2 months and high reproducibility. 8 proposed method
was applied for the determination of Fe(lll) in wasampleswith
satisfactory results.
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|. INTRODUCTION

film based on
immobilizing of 1,1- diethyl 2,2-cyanine (pseudocyanine iodide) in sensors

In recent years, there are many reports on opticamical
for the determination of Fe(lll) based on
immobilization of the synthesizdds(7-methoxybenzofuran-2-
ilketoxime in PVC and ethyl cellulose [5] 2,4-
dinitrospresocinol in XAD-7 [6], 2-(zhydroxy-phenyl)-
4(3H)-quinazolinone in PVC [7], pyoverdin in carited pore
glass [8], 4-(2-furylmethylene)-2-phenyl-5-oxazatom PVC
[9] and anthocyanin in grape skin in glass slid&.[1
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Fig. 1 Chemical structure of 1;Hiethyl 2,2—cy5nine iodide.

The search for new selective sensing reagentsefl Fhas

RON is one of the heavy metals found in environ@entied to a continuous development of the sensorsthia

samples. It is an essential element for the foonatf
hemoglobin of red blood cells and plays an impdrtafe in
the storage and transportation of oxygen to tissdesvever,

research, 1/diethyl 2,2-cyanine iodide (pseudocyanine
iodide, Fig.1.) was first investigated for its raeity to Fe(lll).
The chosen dye was immobilized in nafion film. The

damaging health effects can be observed when higleveloped optical chemical sensing film was evaidor its

concentration is intake. Early symptoms of iron rbva&d or
hemochromatosis include fatigue, tissue damageldobe and
irritability. Therefore, the concentration of iroshould be
monitored periodically. World health organizatiokVilO)
recommended the limit of Fe (lll) in drinking waterbe < 0.3
mg/L and concentration of 1-3 mg/L can be acceptad
people drinking anaerobic well water [1].

Iron can be determined by several techniques, fample
atomic absorption spectrometry (AAS) with a detactiimit

performance characteristics and was employed iareatysis
of a real water sample.

Il. EXPERIMENTAL

A. Reagents

All of the chemicals used were of analytical reaggnade.
Doubly distilled water was used throughout. Fe(Htjutions
were prepared from a standard Fe(lll) solution @O0

6.5 x 105_HQ/|- [2], flow injection spectrometry with & mg/L,BDH) with desired dilution. Buffer solutions ene
detection limit 0.30pg/L (3], and high performance liquid prepared from phosphoric acid (99.00%, Fluka), diism

chromatography with a detection limit 7.8 x°10g/L [4]. Al

of these methods gave low detection limits, but niethods
require relatively expensive instruments and deskibperator.
Optical chemical sensors have been developed as
alternative for the determination of heavy metdidany
advantages of the optical chemical sensors incliefs
expensive instrument, high sensitivity and seldgtivsmall
size and easy to use.
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hydrogen phosphate (99.00%, Qf¥3t and sodium

dihydrogen phosphate (99.00%, Qr¥yt

theB. Preparation of Sensing Films

Sensing films were prepared by dissolving pseuduoga
iodide (97.00%, Aldrich) in 2 mL of 5% nafion sdln
(Fluka) with 60 min sonication. The cocktail sotutiwas cast
to a size of 1.0 x 1.0 cm on a rectangular trarspeilm and
dried at room temperature for 24 h. The films weept in a
desiccator.

C.Measurement Procedures

Absorbance measurement was made using CHEM4-Vis-
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fiber spectrometer (USB 4000, Ocean optics). Meament of stable after that. It took ~1 min for the signal reach the
pH was carried out with a digital pH meter (DELTAR® plateau for the solution with 10 ppm Fe(lll). Thesponse
Mettler Toledo). An atomic absorption spectrometetime of the sensing film to Fe(lll) was controllbg diffusion
(AAnalyst 100, Perkin - EImer) was used for deteration of process and the rate of complex formation. Theegfitre time
Fe(lll) in water samples. For measurement with isgnfiims, ~ for absorbance measurement was chosen to be 1 min.

a sensing film was immersed in a cuvette contaig@imgL of a

sample solution with continuous stirring. 0074 10ppm
D.Water Sample Preparation 0.06 __ _zgzg:
Water samples were collected from a reservoir apedo 8 0.051 _ S
water supply located in Suranaree University of ifedogy ~ §o004|  ..-=---"7 " e TTeseTY
(SUT), Nakhon Ratchasima, Thailand. The water $&snp 2 03| ,r'
were filtered and stored in polypropylene contasresr4.0 °C. B 0021/
For the measurement with the sensing film, the mséenples 1
were filtered and pH of the sample solutions wasisidd to OOLA i T ettt e
4.0 with a buffer solution. The determination of(IRg in 0 :
water samples with the atomic absorption spectremefs 0 ! 2 Time (m?n) ¢ °
done according to a reference method [11]. Fig. 3 Time profile of the response of the sensiing with various
Fe (Ill) concentrations
097 o B. Effect of pH
081 sensing fin Effect of the pH on the response of the sensing fib
0.7 1 A MR Fe(ll1) - Sensing film Fe(lll) was investigated over a pH range of 2 —shg a
® 0.6 solution containing 20 ppm of Fe(lll) in phosphdiaffer.
€05 Maximum response was obtained at pH 4.0 as showigird.
i 041 At pH > 4.0, response signals decreased becaudd)+e(
§ 0'3 precipitates could be formed by a hydrolysis reactf Fe(lll)
7 in an aqueous solution with higher pH. Lower reggosignals
0.2 1 were also obtained at pH < 4.0 due to the protonadf the
0.1+ sensing reagent. Thus, a pH of 4.0 was used furdustudy.
0 ;

C.Calibration
A linear calibration, AA = 0.0043Geqy + 0.007 with 7 =
0.9990was obtained with an Fe(lll) concentration rangé ef

Fig. 2 Absorption spectmaf the sensing film in buffer and in 20 ppm 30 ppm. _Detection limit, _based on a co_nc_entration
Fe(lll) solution. Phosphate buffer pH 4.0 was useé blank corresponding to the three times standard deviatibrihe

blank signal, was found to be 0.71 ppm.
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I1l.  RESULTS AND DISCUSSION 0,09

A. Response of the Sensing Filmto Fe(l11) 2'23

Nafion was used as a supporting matrix for pseuaoicge © 0.06
iodide due to its sulfonate groups can electrasiliyi interact g 005
with the positive charge of the dye. Several proeerof 8004

nafion including hydrophobicity, resistance to mestvents, < 003
oxidants and bases and permeability for many cstiare 0.02
beneficial for sensor applications. Absorptioncipee of the 0.01
sensing film and the sensing film in Fe(lll) sotutiare shown 0 ‘ ‘ i ‘ ‘ ‘ ‘
in Fig.2. Maximum absorption of the dye was at Hib8 and 1 2 3 4 5 6 7 8

pH

the absorbance was decreased when the sensingwfisn ) ]
Fig. 4 Effect of pH on the response of the seningto Fe(lll)

exposed to Fe(lll). The decrease in the absorbangeal
linearly correlates to the concentration of Fe(lll)

Fig. 3 shows kinetically response of the sensirlg fi
submerged in solutions with different Fe(lll) contrations.

An absorbance difference AA, was calculated by
subtraction of the absorbance of the sensing filnFe(lll)
solution from the absorbance of the sensing filra buffer.

The absorbance approached a plateau in less than for
20 and 30 ppm Fe(lll) solutions and the signalsewetatively

D.Regeneration and Lifetime Studies

Solutions of HCI and ethylenediaminetetraacetic daci
(EDTA) were tested for their ability to regenerétte sensing
film. It was found that 0.1 M HCI could strip Fdjlbut of the
sensing film within 30 s. The sensing film couldfeeised for
more than 30 times and the calculated R.S.D. wa#)2 based
on the responses of the sensing film to 20 ppmilFe@lution.
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The sensing film exhibited good stability over twmnths

The sensing film has many advantages including lsimp

with the calculated R.S.D. of 3.12% based on tiseetewith preparation, short response time, high reprodutibénd

20 ppm Fe(lll) solution.

stability and regenerable capability. The proposeethod

provided satisfied results on the analysis of thal water

TABLE |
INTERFERENCESTUDY AT 1: 1 MOLAR RATIO OF FOREIGNION:Fe(lil) samples.
lon % Errof TABLE Il
DETERMINATION OF Fe(lll) IN THE WATER SAMPLE'
Sample Fe(lll)  Proposed method AAS method
cu(ll), Fe(ll) +0.13 added Fe(lin) Recovery Fe(lln) Recovery
(ppm)  found (%) found (%)
(ppngj (ppm;
: SUT water 0 ND - ND -
Nidlh , K +0.06 reservoir 5.00 4.98 99.5 5.51 108.3
10.00 10.07 100.8 10.76 108.3
Tap water 0 ND - ND -
Co(ll) +0.10 5.00 5.26 102.4 5.27 101.8
10.00 10.06 99.2 10.57 103.9
15.00 15.55 102.7 15.71 103.6
Mg(ll) +0.03 The reported values are means of three replicatsmmements.
PND: not detected
Mn(ir) +0.48 ACKNOWLEDGMENT
cr(i +0.51 The authors are thankful for Science Achievement
Scholarship of Thailand (SAST) and Suranaree Usityeof
cd(in +5.34 Technology for the financial support of this work.
Ca(ll), Na(ll) +0.12 REFERENCES
zn(ll) +4.80 [1] WHO. Iron in drinking-water. Background document for preparation

Error = (Aeeqn, ion— AAren)/AAseqy, WhereAAeeq, ion is the absorbance difference of [21
the sensing film in a solution of Fe(lll) mixed tvithe foreign ion andAeeq is the
absorbance difference of the sensing film in atgwi of Fe(Ill) only.

E. Effect of Foreign lons 3

The effect of interference ions on the determimatif Bl
Fe(lll) was investigated at the optimum conditiam Fe(lll)
by measuring the absorbance difference at 518 nrthef [4]
sensing film in a solution of Fe(lll) or in a sahn of Fe(lll)
mixed with foreign ion at the molar ratio of 1: Ee(lll)
concentration and the foreign ions concentratiore\Be58 x  [5]
10* M. The results are summarized in Table I. The iororati
that exhibits an error of less than #5% is congdens
tolerated for the analysis. Cd(ll) interfered sfgrintly and (g
removal of this ion should be concerned before ahalysis
with the sensing film. -

F.Water Sample Analysis

To evaluate the applicability of the sensing filasalysis of
real samples was performed with water samplesateliefrom [g]
a water reservoir and tap water located at SUT.r€kelts are
summarized in Table Il.

The results obtained from the proposed method dgned!
with those obtained from the AAS method

IV. CONCLUSION [10]

We have presented the simple method for Fe(lll)
determination using the developed optical chemgsaising [11]
film based on immobilization of pseudocyanine ifiorafilm.
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