[C] AMPEROMETRIC TITRATIONS

[1] Principle of Amperometric Titrations

The accuracy of polarographic estimations is of the order of 1%. A better accuracy of the orde,
of 0.1% can be achieved by devising a titration, in which the voltage (polarising voltage) applieq
across the indicator electrode and reference electrode is kept constant and the diffusion current (-
limiting current-residual current) passing through the cell is measured and plotted against the
volume of reagent added, because diffusion current is proportional to the concentration of the
electroactive material in the solution. The end point is the point of intersection of two lines giving
the change of current before and after the equivalence point. Such titrations are known as
amperometric, polarographic or polarometric titrations. The term amperometric is derived
from ampere, the unit of current. As the diffusion current is a consequence of polarisation at 2
microelectrode, the techhique is known as polarometry. '

(W] Description of the Apparatus S : :
The equipment for conducting amperometric titrations is simple. Although it may be the same
as for polarography, yet several simplifications are possible.

A number of suitable reference electrodes that can be used}l are saturated, calomel electrode,

and Ag/AgCl electrode etc. _ -
No thermostat is necessary because the temperature of the solution will seldom vary
appreciably during the short time, 10 minutes or less necessary to conduct the titration.

The indicator electrode may be a dropping mercury electrode (d.m.e.) or a Pt rotating
microelectrode. But the latter is advantageous as (i) it.is simple to construct, (ii) it extends the
workable range on the positive voltage side upto 0.9 v and (ii) the rotation of the electrode makes
the diffusion layer thinner, thereby increasing the value of d.c. as much as 20 times the value in
polarography, hence the technique becomes more sensitive.

Platinum rotating micro-electrode consists of a short length of platinum wire, protruding Sto
10 m.m. from the wall of a piece of glass tubing. The latter is bent at right angles at a short distance
from the end of the stem so at to sweep an area of the solution with the wire. The electrode is
mounted in the shaft of a motor and rotated at a constant speed of 600 r.p.m.

Removal of O, is done as in conventional polarography by bubbling Hy or puriffiled No before

the commencement of titration, and for 1 minute after each addition of the titrant. The voltage
applied between the indicator electrode and the reference electrode is kept constant and a sensitive
galvanometer or micro-ammeter is made to indicate the value of d.e. after each increment of the
titrant has been added.

[N) Calculations
The values of d.c. are plotted against c.c. of the titrant added. The technique can be

: . . . . ’ . . [ !
by taking the titration of a reducible substance, lead ion, with a non-reducible reagent SO1 100
{\ polarogram of a solution containing lead ions is represented by a curve ‘A'in fig. (9). If the ,'_?u_a.ge
is held at any value of d.c. plateau, the limiting current will be represented by io where the init!

concentration of lead ions is Cp. The titrant exhibits no d.c. at the applied E.M.F. Increments ¢
the currert

he Ol’lly

de:scribed

titrant remove some of the electro-active Phe* lons. As their concentration decreases,

decreases with it to i1, i2, i3 and finally i, where the Pb** ions have completely reacted and t
current flowing is a residual characteristic of the supporting electrolyte.
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: [fs.ucoess“’e values of d.c. ar?.plotte_d against volume of titrant added, the result is a straight
jie which levels off at the end point. The intersection of the extrapolated branches of the titration
: the end point. Usually four points may be enough for an estimation, points
nding to 0, 50, 150, 200 percent equivalent of titrant. When the titrated ion is reducible
and the titrant is nonfreduclble,, i:e., only the titrated ion gives d.c., as in the case of Pb?* jons with
sulphate, the form of the curve will be as shown in fig. (10). When the titrated ion is not reducible,

bt the titrant is reducible, (i.e., it gives d.c), as in the case of SOF ions witt P12 fons, the
mperometric curve will be of the shape as shown in fig. (1. 2 (7
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When both the titrated.i"o‘h and tit.rant.are reducible; i, givé d.c. at the applied voltage
to give a V-shaped amperometric

12. Alyward (1955) titrated Mo against Pb(NO3)2 at a constant
b gave cathodic d.c., and obtained curve of the type as

gre obtained in. the titration of Pb2* ion with

titration curve as shown in fig.

down in figure (12). Similar curves
(0% or Pb2*with Br. .~ F i Rt AN
In a redox system, where both the oxidant and the reductant give d.c., the former by reduction

at the cathode and the-latter by oxidation at the anode, the shape of the curve will be given by
ﬁ‘glrres (13). and (14). Taking the example of 'Fe3f‘i0n with Ti (ous) ion, the current decreases
linearly with the addition of Ti (ous) ion to the ferric until it attains the zero value at the end point.
o?PaSSing the end point, a new
;‘Hb’e a change in the slope of the ¢ au f ]
eal cases, the extrapolated portions of the two curves will meet at zero value of current.

‘d.c.-is caused by the oxidation of the Ti (ous) 1on. Generally, there

urves caused by the difference in the diffusion coefficients. In
' Dilution
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variations no longer vemain linear with the inerements of the tteant, 1 the titeant fn 10 fuld

stronger than the titrated solution, the influence of' dilution will be negligible, Howevar, 4
corvection may be applied by multiplying the curront value with L4 ‘L " whore V = original volume,
U= small increase in volume after titration.

The technique of amperometrie titration waa further developod by Nouborger (1939)
extended it to precipitation reactions using organic rengents like oxine salioyldioxime. A mix

I, Br™ and CI™ have also been titrated with Ag' ions, Mieromolar nolutionn of'¢
against EDTA amperometrically undor controllod pLL, for whic
used. A mixture of Bi, Pb, Co, Fe and Mu have
conditions using EDTA.

, who
ture of
Jd have been Gitrated

h o wpocinl type of titeation cell is
been titeated amperomotrically undor controllod pi

of solution consequent on addition of the titrant affoeta the current value and the lmiting eurven
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