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Abstract

A new optical sensor for mercury(ll) ions is developed based on immobilization of 4-(2-pyridylazo)-resorcinol (PAR) on a triacetylcel-
lulose membrane. Chemical binding of Hidons in solution with a PAR immobilized on the triacetylcellulose surface could be monitored
spectrophotometrically at 525 nm. The optode shows excellent response over a wide concentration range pM-+RRED with a limit
of detection of 1.5uM Hg(ll). The influence of factors responsible for the improved sensitivity of the sensor were studied and identified. The
response time of the optode was 20 min for a stable solution, and was 15 min for a stirrer solution. The influence of potential interfering ions
on the determination of & 105 M Hg(ll) was studied. The sensor was applied for determination of Hg(ll) in water samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction fabrication, low cost, good selectivity and sensitivity. Most
optical sensor for determination of heavy metal ions are based
The determination of trace amounts of heavy metal ions on either conventional indicator dyes, neural ionophores or
are of interest in several fields including environmental anal- on biological recognition componens]. From the above
ysis, process control, biology and medicine. Environmen- compounds, organic indicator dyes and the immobilization
tal contamination of Hg(ll), a widely known toxic heavy technique play important roles in the development and de-
metal can result in death or severe damage to the ithin  sign of the optode. The immobilization of the organic dye by
Over recent decades, considerable progress has been madsemical bonding is the best, because its prevent leaching of
in analytical methodology for mercury detection, including indicator, long life time of the sensor and the response time.
voltammetry, mass spectrometry, atomic absorption or emis-Many of the reported optical sensors for mercury determi-
sion spectrometry and chromatography. Although the meth- nation is based on incorporating of the dye (ionophor) and
ods are sensitive and accurate, most require a tedious samplplasticized in polyvinyl chloridd8—13] A common weak-
pre-treatment, sophisticated performance and/or expensiveness of all these membranes is the leakage of the reagent into
equipment. Two types of polymeric support have been usedaqueous solution in contact with them. A few works on the
for determination of ions. One of them is based on the non- development of optode for mercury ions sensing have been
transparence polymers such as cellulose papers, and silicaeported recently, based on immobilization of dithizone on
[2-5] and the other is based on the transparence support suclthe optical membrane such as XAD-7 and using reflectance
as glass, PVC, and/or triacetylcelluldée-10]. spectroscopyl4—-16] or triacetylcellulose with absorbance
Recent decades have seen an increase in the developmemieasurement.
of optical chemical sensors for heavy metals, because of easy A 4-(2-pyridylazo)-resorcinol (PAR) is areagent, has been
known as a selective solvent extraction for heavy metal ions
* Corresponding author. Tel.: +98 311 3912351; fax: +98 311 3912350, and the complexation reactions can be monitored easily by its
E-mail address: ensafi@cc.iut.ac.ir (A.A. Ensafi). sensitive color change. In this paper, we discuss fabrication of

0925-4005/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.snb.2005.02.027



A.A. Ensafi, M. Fouladgar / Sensors and Actuators B 113 (2006) 88-93 89

a new optode for determination of mercury(ll) in which PAR
immobilization on triacetylcellulose membrane. The method
has longer linear dynamic range relative to the other existence /"
reported papeil4—-16]

2. Experimental . : ' 7 .

2.1. Reagents

All of the chemicals used were of analytical reagent grade
(Merck). Doubly distilled water was used throughout.

Hg(ll) stock solution (0.010 M) was prepared by dissolv-
ing of 0.3426 g Hg(N@)2-H20 in water and 0.5ml of 1M
HNOg3 and diluted to 100 ml in a standard flask. Sample so-
lutions were prepared by appropriate dilution. |

PAR solutions, 0.020 g/100 ml, were prepared daily by _ ,.-/'
dissolving 0.020 g of the reagent in a 100 ml standard flask é%
by 1:1 water—ethanol solution.

hv L

2.2. Apparatus

A Spectronic 20 (Genesys) UV-vis spectrophotometer — /’
was used to measure the absorbance of fix wavelength.
UV-vis spectra were measured with a Jasco, Model V-570,
double beam spectrophotometer.

A homemade cell holder was used with a special frame
with a size of 8.5 mnx 35 mm, as shown ifig. L

f’

Fig. 1. Schematic diagram of the homemade cell.

2.3. Membrane preparative complex in the solution anéig. 4 shows the absorbance
spectra for Hg(I)-PAR complex as immobilized in triacetyl-
The triacetyl cellulose film was hydrolyzed in order to cellulose membrane. These figures show that the formation of
de-esterify the acetyl groups and to increase the porosity ofthe complex on the surface of membrane causes to appear as
the membrane by treating the membrane into 0.20 M KOH a new peak at 525 nm, whereas for the soluble form appears
solution for 24 h and then, the film was washed with distilled at515nm. The absorption spectra of the complex as immobi-
water and immersed in 0.6% (w/v) thiourea and 0.5% (w/v) lized in triacetylcellulose membrane are red shifted in com-
polyvinyl alcohol solution. It was found that further activation ~ parison to those of their soluble form. This can suggest that
processe$17,18] were not necessary. The membrane was the structural conformation of the immobilized indicators is
immediately treated with a 0.02 g/100 ml PAR at°8Dfor more planar than that of its soluble analodi®@]. According
4 h. Then the membrane was washed with distilled water until to the structure of PAR, and the fact that only reagents with
there was no absorption at the wavelength of the ligand duringamino groups could be linked chemically with triacetylcellu-

rising. Then the film was dried. lose[20], we used thiourea plus polyvinyl alcohol as a bridge
between PAR and triacetylcellulose film. Possible scheme for
2.4. Recommended procedure the reaction of PAR with activated cellulose acetate film is

shown inFig. 5.
The membrane was immersed into mercury(ll) solution
in acetate buffer (pH 5.0) for 20 min. Then the membrane OH
was washed with water and dried. The absorbance of the
membrane was measured spectrophotometrically at 525 nm.

HO N
3. Results and discussion N
PAR, 4-(2-pyridylazo)-resorcinoHg. 2), is a photomet- \ /

ric reagent for mercury(ll) ions at a suitable gHg. 3shows
the absorbance spectra of the reagent and the Hg(Il)-PAR Fig. 2. Structure of PAR.
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