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bstract

An optical sensor has been designed for the determination of zinc by spectrophotometry. The sensing membrane is made by immobilizing Zincon
s an ion pair with methyltrioctylammonium ion on triacetylcellulose membrane. In the present of Zn2+ ions in ammonia/ammonium chloride buffer
t pH 9 the color of the membrane changes from purple to blue. The calibration curve was linear in the range of 0.76–30.60 �M of Zn2+ ion with
limit of detection 0.16 �M (10.5 ng ml−1). The response time of the optode was about 10–12 min, depending on the concentration of Zn2+. The
ensor can readily be regenerated with hydrochloric acid solution. This optode is stable and could be stored under water for three weeks without
eagent leaching. The relative standard deviation for seven replicate measurements of 7.65 and 15.30 �M Zn2+ was 3.09 and 2.82%, respectively.
he sensor was successfully applied to the determination of zinc in powdered milk and hair samples.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Zinc is an essential element in nutrition of animals and
uman. It works with the enzymes that make genetic mate-
ial, manufacture heme, digest food, metabolize carbohydrate,
rotein and fat, liberate vitamin A from storage in the liver
nd dispose of damaging free radicals. The zinc deficiency was
arked by dwarfism or severe growth retardation, as well as, can

esult in metabolic changes such as impaired immune response,
bnormal taste and abnormal dark adaptation. The foods with
igh in protein are abundant source of zinc, such as shellfish,
eals and liver also milk which is a good source for infants.
Zinc is a relatively nontoxic element; however, it can be toxic

f consumed in large enough quantities. A high zinc intake is
nown to produce copper-deficiency anemia by inducing the
ntestinal cells to synthesize large amounts of a protein that
aptures copper in a non-absorbable form [1]. Determination

f zinc in excretive organ of the human body such as hair can
eflect the cumulative status of this essential element in the body
hich evaluated nutrient status [2]. Therefore, there is an ongo-
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ng need for a fast, simple, sensitive and economical method for
he determination of zinc.

Over the past two decades the development and applications
f optical chemical sensors (optodes) have grown rapidly which
pplied for determination of various analytes, including cations
3,4], anions [5,6], neutral [7,8] and gaseous [9,10] species.

Optical sensors required simple instrumentation and are suit-
ble for multi-sensor array fabrication. In comparison with ion
elective electrodes they do not require internal and external
eference devices, long preconditioning time is not a prereq-
isite for use, and are not subjected to electrical noise [11].

number of these optical sensors were prepared by immobi-
izing of lipophilic ligands as key component in a membrane
12,13]. The color complexing reactions between immobilized
igands and metal ions can determine its selectivity and, hence,
ts applicability in a given sample.

The immobilization of sensing reagents onto membranes is
n important step in the development of optodes. The reagents
re normally adsorbed onto, entrapped into or bounded to the
upporting matrices by covalent bonds. Immobilization through

dsorption can be done easily, but the reagents tend to leach from
he supporting matrices. Different strategies have been pursued
o slow down the process of leaching. Increasing the distribu-
ion coefficient of the components is so far the most successful
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echnique. For this reason, some highly lipophilic ligands were
repared and were indeed found to exhibit higher membrane life-
imes in optical membrane. Covalent immobilization is a method
here the reagents are bound to insoluble carriers by covalent
onds. In this case, the reagents are bound tightly to the matrices,
ut have less freedom and the preparation procedure is complex
14].

Various polymeric membranes have been used as a sup-
orting matrix for preparation of optodes. The rapid response
esults from the porous structure of the polymeric support, which
inimizes barriers to mass transport between the analyte and

mmobilized indicator [15]. The hydrolyzed cellulose film is an
xample of these polymeric membranes which could be used for
he preparation of optical sensors [15–18].

Zincon is a sensitive reagent for spectrophotometric deter-
ination of metallic ions [19]. Several optical sensors have

een reported using this indicator by different immobiliza-
ion methods. Oehme et al. presented a Cu2+ optode based
n Zincon-tetraoctylammonium ion pair immobilized on a
embrane consisted of a polyester support, an active layer

omposed of hydrogel, and a hydroxylic plasticizer. Because
he layer irreversibly extracted copper from the solution, a
inetic approach has been applied for quantitation [20]. In
nother research Oehme et al. used Zincon as colorimetric
eagent for a comparative study on the effect of different
mmobilization methods and matrix materials on the perfor-

ance of an optical Cu2+-sensitive membrane [21]. Kovacs
nd Nagy constructed an opto-electrochemical sensor uti-
izing a planar conductive indium-tin-oxide glass support,
hich was coated by plasticized polyurethane matrix contain-

ng Zincon as ion pair with tetraoctylammonium ion [22].
ano-Raya et al. used Zincon in composition a disposable

ensor for the measurement of Cu2+ based on a change
n the fluoresence of porphyrazine 2,7,12,17-tetra-tert-butyl-
,10,15,20-tetraaza-21H,23H-porphine (TP). This sensor was
repared by spin-coating a polyester support with a PVC solu-
ion containing TP, a plasticizer, Zincon and the ion-pairing
enzetonium chloride [23]. The immobilization of Zincon on
on exchange resin was also reported. Liu et al. described a
ow injection analysis system with an anion-exchange resin
hich presorbed by Zincon. This chelating agent-loaded resin
as added into a flow through cell and has been applied

o the direct determination of zinc in the hair of children
24].

In this paper, we described an optode for sensitive and
elective determination of zinc. This optical chemical sensor is
repared by immobilizing Zincon-methytrioctylammonium ion
air as lipophilic sensing reagent on triacetylcellulose membrane
ccording to a simple method.

. Experimental

.1. Apparatus
A Jasco UV–vis spectrophotometer model 7850 was used for
ecording the spectra, and the absorbance measurements were
ade using a Perkin-Elmer UV–vis spectrophotometer model

h
d
a
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50S. The sensing membrane was placed in a disposable plastic
ell and all measurements were performed in a batch mode.

Measurement of pH was performed using a Metrohm 632
H-meter with a combined glass electrode.

.2. Reagents and solutions

All reagents used were of analytical grade and were pur-
hased from Merck and Sigma companies. Also double distilled
ater was used throughout.
A 1.2 × 10−2 M zinc stock solution was prepared by dissolv-

ng 0.785 g of Zn(NO3)2·6H2O in exactly 200 ml of water and
tandardizing with EDTA [25]. Standard solutions were pre-
ared by adequate dilution of the stock solution.

Buffer solution at pH 6 was prepared from acetic acid/sodium
cetate, pH 7 and 11 from borax and pH 8–10 from ammo-
ia/ammonium chloride [26].

.3. Preparation of optical sensor

The following procedure for the preparation of sensor was
erformed in order to immobilize Zincon on triacetylcellulose
embrane [17,27]. For this purpose, the transparent triacetyl-

ellulose membrane was produced from waste photographic
lm that had been previously treated with commercial sodium
ypochlorite in order to remove colored gelatinous layers. This
lean and dry membrane was placed in the solution contain-
ng 0.01 g Zincon, 0.01 g methyltrioctylammonium chloride and
ml ethylenediamine for 20–22 min at ambient temperature.
hen it was washed with water for removing the additional

eagents. The obtained membrane was stored under water when
ot in use.

.4. Analytical procedure

An aliquot of Zn2+ solution and 2 ml of ammonia/ammonium
hloride buffer at pH 9 were added to 25 ml volumetric flask
nd diluted to mark with water. A few ml of this solution was
ransferred to spectrophotometer cell which optical membrane
as mounted into it. The cell was shaked and after 12 min the

bsorbance was measured at 645 nm.

.5. Preparation of hair sample

Hair sample was washed with acetone and water to remove
he surface contamination. Then 1 g of clean hair sample was
ccurately weighed and dry-ashed in furnace at 450 ◦C. The
esidue was dissolved in nitric acid. The pH of the solution
as adjusted to about 5 with sodium hydroxide and the solution
iluted to 50 ml with water [2].

.6. Preparation of powdered milk sample
Two grams of the sample was treated with 1 g of sodium
ydroxide dissolved in a few ml of water and evaporated to
ryness in a platinum dish. The residue was placed in a furnace
t 500 ◦C for 20 min. Then it was removed, cooled and 15 ml of
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ater and 2 ml of concentrated nitric acid were added to dissolve
he residue [28]. The pH of the solution was adjusted to about
with sodium hydroxide and the solution diluted to 50 ml with
ater.

. Results and discussion

.1. Sensing reagent and spectral characteristics

Zincon is well known as sensitive spectrophotometric reagent
or zinc [19]. Preliminary experiments denoted that Zincon was
ot immobilized effectively on triacetylcellulose membrane.
e used methyltrioctylammonium chloride for the preparation

f a lipophilic ion pair with Zincon in order to help immo-
ilization of Zincon on membrane (Fig. 1). So addition of a
ittle amount of methyltrioctylammonium chloride to solution
f Zincon in ethylendiamine caused a change of membrane
olor to purple which indicated the adsorption of Zincon-
ethyltrioctylammonium ion pair on triacetylcellulose. The

olor of this membrane was changed to blue in the presence of
n2+ solution containing ammonia/ammonium chloride buffer
t pH 9.

The absorption spectra of Zincon in solution and immobilized
n membrane in the presence of Zn2+ at pH 9 was investigated.
he obtained results indicated that the maximum absorption
avelength of Zn-Zincon in membrane was 645 nm whereas for

his complex in solution was 623 nm. So, 645 nm was selected
or measuring the absorbance of optode in further studies.

.2. Study of variables on the optode response
In order to achieve the highest sensitivity in the determination
f zinc by purposed optode, the effect of various parameters on
esponse of the optical sensor was investigated.

Fig. 1. Structure of Zincon-methyltrioctylammonium ion pair.
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Fig. 2. Effect of pH on the optode response.

In preliminary experiments, the effect of variables on prepa-
ation of optode to provide a stable, sensitive and homogeneous
embrane was studied. It was found that the reactivity of immo-

ilized reagent could differ according to the solution that was
ormed. For this purpose, the influence of methyltrioctylammo-
ium chloride/Zincon ratio (w/w) in sensor characteristics was
nvestigated. The results denoted that the maximum response
as obtained at ratio 1. In low and high amounts of methyl-

rioctylammonium chloride the immobilization of Zincon did
ot performed well. Therefore, the best optode was prepared by
reating transparent triacetylcellulose membrane with a mixture
f 0.01 g of Zincon and methyltrioctylammonium chloride in
ml ethylenediamine for 20–22 min.

One of the effective variables on the sensor response is pH
f Zn2+ solution. For this means, the influence of pH over the
ange 6–11 on the response of optode was studied. The pH was
djusted by addition of appropriate buffer solutions. As it is
bvious from Fig. 2 the maximum response was obtained in the
resence of ammonia/ammonium chloride buffer at pH 9. The
resented results were similar to reported studies on formation
f Zn-Zincon complex in solution [2,29].

In another experiment the effect of electrolyte concentration
n the sensor response in the range 0.05–1 M of sodium nitrate
olution was investigated. The obtained results indicated that the
hange in ionic strength of Zn2+ solution had no effect on the
bsorbance of the purposed optode.

.3. Regeneration of the optode

A good sensor should fully regenerate at short time. For this
urpose, the effect of acetic acid/sodium acetate and formic
cid/sodium formate buffers in pH range of 3–4, hydrochloric
cid and EDTA were studied as regenerating reagent. The best
esult was obtained by hydrochloric acid. A solution of 0.01 M
ydrochloric acid provided a short membrane regeneration time
f lower than 1 min without any leaching the reagent. The mem-
rane could be regenerated about 20 times and used without any
oss of sensitivity.

.4. Response characteristics
The absorbance response of the optode versus time in
he selected experimental conditions for 7.65 and 15.30 �M
f Zn2+ solutions is shown in Fig. 3. As can be seen, the
roposed sensor was reached about 95% of the steady state
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Table 2
Determination of zinc in real sample

Sample Zinc found (�g g−1) Relative error (%)

Proposed method AAS method
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ig. 3. Absorbance as a function of time when the concentration of Zn2+ was
a) 7.65 and (b) 15.30 �M.

esponse at 10–12 min, depending on the concentration of
n2+ ions.

The calibration graph based on absorbance of the optode
ersus Zn2+ ion concentration was linear in the range of
.76–30.60 �M with equation A = 0.0182C + 0.1297 and corre-
ation coefficient (r) of 0.9996, where C is concentration of Zn2+

n �M and A is absorbance of optode at 645 nm.
The limit of detection based on three times the standard devi-

tion of blank was 0.16 �M (10.5 ng ml−1).
The precision using a single membrane was tested by per-

orming seven replicate measurements for 7.65 and 15.30 �M
f Zn2+ solutions. The relative standard deviation (R.S.D.) for
hese determinations was 3.09 and 2.82%, respectively. Between

embranes reproducibility was evaluated by carrying out the
ame procedure on four membranes, the R.S.D. for the mea-
urement of 15.30 �M Zn2+ was 3.50%.

In addition repeat measurements showed that the changes
n the absorbance, after keeping the membrane in water for 3
eeks, were less than 4%. This result denoted that the optode is
ery stable, so it could be stored for more than a week without
osing its characteristics.

.5. Selectivity

The selectivity of the optode was studied for 7.65 �M of Zn2+

olution in the presence of different amount of foreign ions using

he proposed method. The tolerance limit was set as the amount
f foreign ion causing ±5% error in determination zinc. The
esults are summarized in Table 1. The interference of Cu2+,
i2+ and Mn2+ on the determination of Zn2+ was eliminated up

able 1
ffect of interfering ions on determination of 7.65 �M Zn2+

oreign ions Tolerance limit (M)

l3+, Ca2+, CO3
2−, SO4

2−, Na+, PO4
3−, NO2

−,
CN−, SCN−, Cr3+, K+, Mg2+, I−, Cl−, Br−,
BrO3

−, IO3
−

1000

d2+ 300
b2+, Fe3+ 200
u2+, Ni2+, Mn2+ 20a

a Masked as discussed in Section 3.5.

R

R

air 163.9 162.4 0.9
owdered milk 32.2 32.0 0.6

o 20 times using 0.1 M glycine for Cu2+, 8 × 10−4 M cyanide
on for Ni2+ and 6 × 10−3 M oxalate ion for Mn2+. The Fe3+

nd Pb2+ ions precipitated under optimum conditions and were
eparated by centrifuge.

.6. Analytical application

The presented optical sensor has been applied to the determi-
ation of zinc in hair and powdered milk samples under optimum
onditions. For evaluating the accuracy of the method, a com-
arison between results obtained by proposed method and AAS
as performed. As can be seen in Table 2, the results obtained

or both methods have good agreements.

. Conclusion

The basis of the work reported here is the development of an
ptical sensor for selective and sensitive determination of zinc
ased on immobilization of Zincon-methyltrioctylammonium
on pair on triacetylcellulose. The purposed optode can be used
or the determination of zinc in the range of 0.76–30.60 �M with
detection limit of 0.16 �M (10.5 ng ml−1). In comparison with
ther methods [20–23] the sensing membrane preparation is sim-
le, fast, uses low cost materials and the sensing layer is laid on
oth sides of triacetylcellulose membrane. In addition the pre-
ented optode is more selective and sensitive than other reported
inc optical sensors [30,31]. The proposed method could be
idely applied to the determination of zinc in real sample with
ifferent compositions.
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