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Abstract

A new efficient silver amalgam ion selective electrode has been prepared using silver wire & mercury.  The sensor is
used to determine binary, ternary & quaternary alloy like combination of  mixture of metal ions in the acidic & basic  medium using
ethylene diamine tetra acetic acid as a titrating agent. The error of estimation is found to low.  The proposed method is applied
to simultaneous determination of metal ions in lactogen milk powder & anesthetic antacid gel.
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1.Introduction

The introduction of new ion-selective membrane
electrodes  has played a fundamental  role in the development
of various sensory elements according to the charge and
size of the target ion in clinical and environmental assays1-8.
Potentiometric methods using ISEs for determining the metal
ion have been studied extensively due to their importance
in biological process9,10, easy handling, nondestructive
analysis and inexpensive sample preparation, applicability
to coloured sample and turbid solution. Metal alloys11 are
systems comprising two or several metals and those consisting
of metals and non-metals and possessing  metallic properties.
Alloy components may form solid solutions i.e, Solid phases
of variable composition and also chemical compounds.

An alloy typically consists of a base i.e, a metal

(major constituent) and admixtures.  Alloys are grouped into
i)    iron-based ferrous alloys
ii)   Lightaluminium-based & magnesium-based alloys and
iii)  Copper-based, tin  based  and  lead-based  non-ferrous
      alloys.

Taking into consideration of all the above facts
that a new simple  ionophore is  used as an electro active
material. In the present study  the electrode show good
selectivity and  reproducibility over  all the metalion and
the results are presented in this paper.

2. Experimental Method
2.1 Chemicals used:

Reagent grade Ethylene diamine tetra  acetic acid,
Zinc sulphate, Copper sulphate, Magnesium sulphate,
Cadmium sulphate, Manganese sulphate, Aluminium
sulphate, Nickel sulphate, Copper chloride solution, All
reagents were obtained from E. Merck and can be used
without further purification. Throughout double distilled
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ionized water was used for solution preparation.

2.2  Preparation of the silver amalgam electrode:
A  pure silver wire (7 cm length, 0,5 mm diameter)

was polished & cleaned and it was dipped in mercury. Stock
solutions were prepared by dissolving reagent grade
chemicals indouble distilled water.

2.3 Potential measurements:
         A digital Potentiometer (EQUIP-TRONICS EQ 602)
which is used to measure the e.m.f is connected to silver

Internal reference electrode Internal reference solution External electrode

(Silver amalgam electrode) (metal ion solution) (calomel electrode)

amalgam electrode and saturated calomel electrode using
KNO3-agar salt bridge.
         In the present study, the synthetic mixture of alloy
like combination of the metal ion solution is taken in the
beaker. The Ethylene diamine tetra acetic acid (EDTA)
solution is taken in the burette. In the beaker solution
necessary buffer solution pH

5 or pH
10  is added & the

titration is continued. For each addition, the e.m.f is
determined by using silver amalgam electrode. The
representation of electrochemical cell for the EMF
measurement is as follows.

3. Results and Discussion
In Copper & Nickel ion mixtures Copper is

estimated in the acidic pH5 and after the first jump in the

e.m.f  pH is raised to 10 and the titration is continued.When
the second jump in the e.m.f corresponds to Ni2+ ion. The
error in the estimation is found to be low. (Table-1)

Table 1. Composition of Binary Alloys
S.No        Alloy  % Composition

1 Invar Steel Ni 36  + Fe 64
2 Monel Ni 70 + Cu 30
3 Coinage Ni 25+  Cu 75
4 Magnalium Mg 10+ Al 90
5 Aluminium Bronze Cu 90 + Al 10

% Composition Observed In Binary Alloys(Table-2):

Alloy PH
5 PH

1 0       % Composition Observed
M(2) M(1)

Invar Steel Fe2+ Ni2+ 35.8 64.1
Monel Cu2+ Ni2+ 69.9 30.0
Coinage Cu2+ Ni2+ 25.1 74.8
Magnalium Al3+ Mg2+ 9.9 90.0
Aluminium Bronze Cu2+/Al3+ 90.1 9.7

This data reveals that when two metal ions are
determined at different pH level, when there is a large
difference in the stability constants of M-EDTA, then the
accuracy of estimation is found to be greater than, when the
difference in the stability constants of M-EDTA is small.
       In the estimation of Cu2+ & Al3+ the M-EDTA stability
constants are not quite closer. (log k 18.8&16.3) and hence

error is small.
            The potentiometric complexometry of ternary
mixture of ions is more interesting. The sequence of e.m.f
jumps for the different metal ions in a mixture is presented
in Table-2. From the data it is evident that the % errors of
estimation are tolerable & the standard deviations are very
low.
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       Table 2. % observed error of the ternary mixture of metal ions
S.No Sequence Of Metal Ions PH

5 PH
1 0

1 Cu2+     Cd2+    Zn2+ Cu2+    Cd2+ Zn2+

(18.8)a  (16.6) (16.7) (0.5)a   0.5 0.0
2 Cu2+      Ni2+  Zn2 Cu2+ Ni 2+  Zn2+

(18.8)   (18.6)  (16.7) 0.5 0.0     0.0
3 Cu2+     Ni2+   Fe2+  Cu2+      Fe2+ Ni2+

(18.8)   (18.6)  (14.3) 0.5         0.0 0.0
4 Cu2+      Ni2+     Fe3+ Cu2+      Fe2+ Ni2+

(18.8)  (18.6)    (25,1) 0.5         0.5 0.0
5 Cu2+    Cd2+     Zn2+ Cu2+      Cd 2+ Ni2+

(0.03)  (7.5)      (7.5) 1.5          0.0 0.0

a-log K M-EDTA
Even the 0.5% error raises due to the limitation in

the addition of Ethylene diamine tetraacetic acid in 0.1 ml
quantities in the vicinity of end point. Further it is reveals
that the % of error is comparatively high for Cu2+ in (S.NO-
5) When the amount of Copper to be estimated is very low
in comparison to other metal ions present in the mixture.

Industrial Applications for this Method:
1. When the Lactogen milk powder manufactured

by Nestle India Ltd contains the metal ions such as
Magnesium, Copper, Zinc & Manganese. The proposed
method is applied to simultaneous determination of metal
ions using silver amalgam electrode & titration with EDTA
using suitable buffers. The error of  estimation is negligible.

S.NO METAL  IONS PH
5 PH

1 0

1. Mg2+    Cu2+     Zn2+       Mn2+ Cu2+ Mg2+     Zn2+      Mn2+

(10.4)   (12.2)   (8.6)      (4.3) 0.08 0.02      0.01       0.0

2. Anesthetic antacid gel:

Mucainegel, manufactured by Wyeth contains the metal ions such as Aluminium & Magnesium.

S.No Metal Ions PH
5 PH

1 0

1 Al3+          Mg2+ Al3+ Mg2+

(4.5)     (9.7) (0.2) (0.15)

Conclusion

The Sequential estimation of  metal  ions are
simple and can be applied to any number of metal ions in a
mixture, provided their M-EDTA stability constants are
different.

Since the sequential determination is done by
potentiometry, use of different metal ion indicators  is
avoided.

The error involved in the estimation is  less than
2% & in many cases no error is obtained when metal ion
concentrations are not widely different. The results are very
encouraging & the %errors are very minimum and the
experiment is very simply to carry out.
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