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Abstract//
A new liquid selective electrode for Zinc ions based on Di-benzo-18-crown-6
as membrane carrier with plasteicezer (DOPP) was prepared. The sensor exhibits a

nernstian response for Zn®* rangel.7x102 —3.1x10*  with nernstian slope

27.00—mV
decade

of a bout(30 s) and can be used for at least (60 days) without any divergence. The
proposed membrane sensor revealed good selectivity for Zn>* over variety of other
metal ions and could be used in pH range of (3-7).1t was successfully used for direct
determination of Zn* in solution.

,and detection limit of(3.9x10*)activity unit. .It has a response time

Introduction

The use of ion selective electrodes has gained importance because of theire
selectivities on specific ions.

After numerous attempts to design amembrane electrode based on various
crystalline materials,Pungor and hallos —succeeded in preparing the first workeable
ion-selective electrode ). Then the fields of ion selective electrodes of membrane
biochemistry and of electrochemistry are progressing rapidly®.

Silver salts of spare solubility are used mostly for their preparation. It was
found that solid state electrodes prepared from silver halogenides were sensitive to
halogenide however these electrodes could also be used for the determination of some
cat ions such as mercury G4 in directly.

It was found that the electrodes made from two sulfide salts such as Ag,S-PbS.
And Ag,S-CdS were sensitive to lead and cadmium ions respectively ©.

The correlation found between the crystalline structure of the sensing material
and the potentiometric response made possible the controlled preparation of several
precipitate based electrodes such as cadmium, lead and copper selective electrodes.

©8) Also there is lithium-selective electrodes based on a new series of neutral
carriers 9 We have reported zinc-selective electrodes based on a new series of
neutral carriers which exhibit satisfactory selectivity to zinc which the mineral is
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present in every part of the body and has a wide range of functions. It helps with the
healing of wounds and is a vital component of many enzyme reactions“®.Zinc is vital
for the healthy working of many of the body's systems. It is particularly important for
healthy skin and is essential for a healthy immune system and resistance to infection.

Our body contain a bout (2-3)g of zinc and so a regular supply in diet is
required.

While the neutral carriers as in Fig (1) which one of these was used in this
work ,named the crown ethers are among the first synthetic complexing agents
introduced to bind strongly and selectively to alkali metal ions **** they have been
used as suitable neutral carriers for the selective transport of alkali metal cat ions
throw liquid membrane*>*9,

i ()
e _

dibenzo-18-crown-6 dibenzo- 14-crown-4

Fig (1) Some types from Crown ethers compounds.

2- Experimental

2-1 Apparatus and reagents

**Apparatus:-

pH meter Knick-Digital pH, EmV-meter, Shaker,Wrist Action,Burell
Corporation.Model 75,PA.,U.S.A., Magnatic stirrer Gallinkamp-England, Calomel
Reference Electrode, Gallinkamp(USA)., Sensitive balance, W.Germany, sartoris, pH
Electrode, Orion Research (USA)., Silver-Silver chloride Electrode.

**Reagents:-

Most reagents used were of analytical reagent grade (Merck):

Dibenzo-18-crown-6 (DB18C6),

Tetrahydrofuran (THF), others were used of analytical reagent grade
(Aldrich):Znic chloride (ZnCly), Di-n-octyl phenyl phosphonate (DOPP) . Poly (vinyl
chloride) (PVC) from (Fluka), others were used of analytical reagent grade(Britsh
Drug Housees) Hydrochloric acid, Sodium chloride.

2-2 Proceder//

Stock solution of (0.1M) of the cat ions were prepared, other standard solution
were prepared by subsequent dilution of the stock solution.

A- Preparation of complex:
The picrate salt of Zn** was prepared by stirring mixture of aqueous solution
containing the metal oxide and picric acid at 75°C.The excess picric acid was
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removed by extraction several times with benzene. The solid salts were obtained by
evaporating the aqueous solution 7).

ZnCl,, + 2HPic . ——>Zn(Pic), +2HCl ... (2-1)

Then the solution of the metal picrate was mixed with the solution of the
crown ether at 60°C for 15 minutes. the complex obtained by cooling the mixture to
0°C 819 The equation of this reaction as below:- ¢%

PicML,,; + A—=—PicMA+ L, ...
which is : L=ligand A= crown ether

B- Preparation of membrane:

In a 50 ml beaker with a diameter of 4.2 cm ,100-200 mg PVC
dissolved in 5 ml THF (tetrahydrofuran),200-300 mg of complex dissolved in 5 ml
THF, and 0.2-0.3 ml of DOPP (Di-n-octyle phenyl phosphonate) are mixed and
stirred®"). This beaker resting on a glass plate .and a pad of filter paper with a heavy
weight on a top of the glass ring was placed .

The solvent is then allowed to evaporate at room temperature for (24)
hours®?. The membrane formed as a film in the bottom is taken out carefully using a
teflon forceps as in Fig (1).

. This film membrane is cemented to the flat end of a PVC tube (1 cm
diameter) with an a adhesive of PVC dissolved in THF. One day after ,the excess
membrane is cut and the tube is filled with (0.1 M) ZnCl, .Ag/AgCl electrode is
immersed as the inner reference. The electrode is immersed in to a (0.2 M) ZnCl; in
order to condition the electrode®® as in Fig (2).

Disk
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membrane
.
‘C:'v%}'\Disk cut from
master \VC tube
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Fig (1) Cutting and mounting a PVC membrane
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Reference electrode
Silver Silver chloride

PVC tube

The membrane of PVC which
sensitive for ZA* ions

Fig (2) Assembly of the PVC matrix membrane ion-selective electrode .

Then the electrochemical cell used for measurements is at follows:-

AgClI lon (0.01)M PVC Test Kel HgCl
on (0.
Ag : Solution Sat’d I Hg

lon-Selective Electrode SCE

(3) The result and discusstion

(3-1) Determination of calibration curve

All potentiometric measurements were made at room temperatures.Calibration
curve for this electrode was obtained by transferring 25 ml of the ZnCl , standard
solution (10-10°)M to 50 ml beakers. Immerse the Zinc electrode in conjunction
with the reference electrode in the solution.
A calibrtation curve was then prepared by plot on seven cycle semi log paper ,the

;ié:tgvity coefficient (f) of Zn ions was calculated from Deby Hukel equation ( 1-1 )@+
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o A
—log f=z [1+1.5\/; 0.2,u:| ............ 3

where = istheionic strenth of the solution (x =0.5X>.CZ?)
A =istheconstant = 0.5091 for water at 25°C.

the emf responses for the DOPP based membranes using DB18C6 ether, was linear at
Zn?* activity ranged from 1.7x107% —3.1x10™* ,as shown in fig (4 ).while the

,and the detection limit of

Nernstain slope of the calibration line was 27.00

decade
this electrode was 3.9x10™* activity unit.
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Fig (4)_Calibration curve of Zinc selective electrode based on_ DB18C6 and_DOPP
as solvent mediator.

(3-2) The effect of internal filling solution:-

The concentration of the internal filling solution (IFS) of this electrode was
also investigated . Therefore; the concentrations were varied between ( 10 -10° )M
ZnCl, and the electrode response was measured through out the entire linear range
.The best response was obtained at (IFS) concentration of 10 M for this electrode.

(3-3) Effect of pH

Effect of pH on the potential readings at various ZnCl, solutions are prepared
and the pH is adjusted to certain values by the addition of HCI or NaOH using a pH
meter . For each ZnCl, concentration measured potentials at each pH values are
plotted against pH .
The potential readings remained un changed within the pH range about (3.5-7.7) at
various concentrations of ZnCl,.
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There is a slight effect at higher and lower pH values. At pH>7.7 the potential
was changed slightly presumably because of hydroxide ion interfered. The effect
being very pronounced for low concentration of ZnCl, (10°)M. Interference was also
observed at low pH ,therefore; the working pH range for the electrode changed
from(3.5-7.5).As in fig (5 ).

Electrod potential/ mV
2R
o N~
1o ol

P4
Lk/’/

Fig (5) The effect of pH of the electrode.

(3-4) The response time of the electrodes

The response time of the electrode is measured for different ZnCl,
concentrations. When the ZnCl, concentration was increased from 10 to 107 it was
about 2 min. When it changed from 10 to 10 it was 3 min ,for a change from 107
to 10™ it was 4 min 30 sec. The larger the change in concentration the larger is the
response time, e.g. for a change from 10°-107 it is 5 min. also the response time of
the electrode depend on two important factors, the stirring rate and temperature and
the response time will be shorter, when these factors are increased.

(3-5) Effect of membrane composition and thickness

When membrane mixtures in different weight quantities were used in the
same size beakers the thickness of membranes were also different.. Therefore; the
membrane was composition( 0.1) g sensor, (0.5) g solvent mediator, ( 0.2) g PVC
soluble in THF has the lowest slope and high thickness, while the membrane which
composition was ( 0.04) g sensor,(0.36) g solvent mediator,( 0.17) g PVC soluble in
THF has the highest slope and low thickness! ? which is the better than other one.

It was found that the electrode with total mass of (0.5) g has the highest slope,
the membrane thickness affects the response time of the electrode and thin
membranes have shorter response times. It is not possible to obtain very thin
membranes with every kind of matrix material( 26 ).

(3-6) The life time of the electrode

The membrane surface loses its sensitivity because of the effect of ruining effect,
such as mechanical rubbing®?® and the life time of the electrode decreses due to the
shorter viscousity for the plastic substance and this cause in the decreses of ion
exchange site abone the surface of membrane . The membrane surface are cleaned by
washing with distilled water or by waiting in (10%) M ZnCl; solutions for about (24
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h).The life time of the electrode is found to be about (2 months) when it is immersed
into a (10%) M ZnCl, solution for a bout (30 min ) after each measurement. The
sensitivity of the electrode decreases after ( 2 month ).
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