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26.1 Introduction

Polarography is a method of analysis in which the solution to be analysed is electrolysed in such
a way that the graph of current against voltage shows what is in the solution and how much is present.
The method was developed in 1922 by the Czech chemist Jaroslav Heyrovsky, who won the Nobel Prize

for his discovery.

The basic idea is to pass the current between two electrodes, or.e large in area and other very small.
Normally both electrodes are of mercury. The large electrode is a pool of mercury at the bottom of the cell.
The small electrode is a drop of mercury coming out of a very fine capillary tube. Thus, if a steady
increasing voltage is applied to such a cell, it is possible to construct a reproducible current-voltage curve.
The electrolyte is an electroactive dilute solution of material to be analysed in a suitable medium containing
an excess of different electrolyte called base or supporting electrolyte. The purpose of the latter electrolyte
is to carry the bulk of the current and to raise the conductivity of the solution. From the current-voltage
curve, information about the nature and concentration of the material may be obtained. Thus polarography
is that method of instrumental analysis, which consists of the measurement of potential difference as
current flows in solution and the result obtained can thus be interpreted in terms of nature and
concentration of many substances. The value of current flowing thiough the cell at any applied voltage

1]

. is measured with the help of an instrument known as polarography (Because the curves obtained are

graphical representation of the polarisation of the dropping electrode) and the curves obtained with it are

known as polarograms.

Virtually every element, in one form or an
polarography can be used for the determination o
behaviour of any species is unique for a given set 0
for selective analysis.

other, is amenable to polarographic analysis. Also, the
f several organic functional groups. The polarographic
f experimental conditions. Therefore, it could be used

26.2 Apparatus

A simple cell and electrical circuit of a polarograph are shown
in Fig. 26.1. , CV =

In this apparatus, there is a dropping mercury electrode which i ="
consists of mercury reservoir from which mercury drops down as . M
small drops through a capillary. This acts as a cathode and is generally i_" E
known as indicator or micro electrode. The anode consists of mercury
pool at the bottom of the reservoir, which acts as a reference electrode,

and its area is larger, so that it is not polarised. X
Both cathode:and anode are connected across the aI-‘>Pf<"P“'ate

ends of a battery. The applied voltage can be changed by adjusting

the slidi : iometer*wire EF. P is the
iding contact along the potentl Fig. 26.1

potentiometer by which E.M.F. up t0 three volts may be readily




2.524

S

applied to the cell, G is a galvanometer which measures the current strength and S is a shunt for ad*:iil?
the sensitivity of the galvanometer. The reservoir is provided for blowing nitrogen gas through the g5 <
which removes dissolved oxygen from the sample. Although various micro-electrodes have been used

the dropping mercury electrode is found best for obtaining the current-voltage curves due to the fO]lOﬁ
advantages: o

e

5
K

(f) Its surface area is reproducible with any given capillary.

(i) - Mercury possesses the property of forming amalgams with many metals and therefore lowers
reduction potential.

ey ey

(i) The surface area can be calculated from the weight of the drops.
(iv) The diffusion current assumes steady value almost instantaneously and is reproducible.

(v) High overvoltage of hydrogen on mercury makes possible the depositions of ions which are difﬁ
to be reduced.

The disadvantages of dropping mercury electrode are as follows:
(@) The area of the microelectrode is constantly changing as the size of the drop changes.
(®) Mercury may be easily oxidized and thus limits the feasible range of he electrode.

(c) The capillary may be easily plugged, the care must be taken to avoid touching the tip of the capﬂl’
with any foreign material.

i
ol

Working. Consider a polarographic cell, containing a solution of cadmium chloride, to which;
external E.]MF. is applied. The positively charged ions present in the solution will be attracted to.
dropping mercury electrode by an electrical force, and by a diffusive force resultin
gradient formed at the surface of the electrode. Thus, the total current flowing

g from the concentr'g"
through the cell may be regarded as the sum of electrical and diffusive forces.

A

(]

When the applied voltage is increased and the current is recorded, a = S
graph will be obtained which is shown in Fig. 26.2. € &

It can be seen from the Fig. 26.2 that from A to B, a small current flows. _g :‘::’
This is known as residual current and is carried by the supporting electrolyte E §
and impurities present in the sample. At point B, the potential of the electrode € E
becomes equal to the decomposition potential of the Cd2* ion. The current & §
then increases along the curve BC. At point C current no longer increases LA:—-—’?"
linearly with applied voltage but reaches a steady limiting value at point D. Applied Potential (Vol
After this no increase in current is observed at higher cathode potentials. PR ) ¥
Thus, the current corresponding to the curve CD is known as limiting current. Fig.262 8
The difference between the residual current and the limiting current is called :
diffusion current and is generally denoted by i i :

The polarograph apparatus described above is a manual polarograph.

There are other types of polarographs also which are known as ©
recording polarographs. These record current-voltage curves automatically. 3

More correctly they record current time curves. The applied voltage is
mcrea}sed at a steady controlled rate by means of a constant speed motor,
and sxmultageously the chart paper is moved at a steady rate. The recording
pen moves in acgordance with the current passing through the cell. Since
the pen is recording current against time, the graph which it traces moves
up and down as the drops form and fall. (Fig. 26.3)

The up and dov'vn movement that accompanies drop formation can be minimised by (')3" -
recorder with a long time and (i) placing a high capacity condenser across the terminals of the %2
26.3 Factors Affecting the Limiting Current

The factors which affect the current-voltage curve are as follows:

M

Time (Voltage)
Fig. 26.3
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() Residual current
(i) Migtation current
(iif) Diffusion current
(iv) Kinetic current

Let us discuss these one by one.

)] Res.ldua::rCurrent. "I"he current is not zero when no. reducible ions are present. As the mercury
drop gr.Of’VS-l 1011}51 012 supporting electrplyte gather around it. If the drop is negatively charged, these ions
are positively charged. Fons:der potassu}m chloride solution, the potassium ions in it will be attracted to
the drop. They are not reduced to potassium atoms (unless the negative potential is very high) but remain
close to the mercury surface forming the electrical double layer. The effect is like charging up a condenser.
When the drop falls off, a new drop forms and a new condenser is charged up. This causes 2 continuous
flow of electric cgr_rent which increases as the potential of the drop is increased. It is observed that the
“charging current” 1s zero at the point at which the surface tension is maximum. This happens at about
0.52 volt. more negative thap the saturated calomel electrode. In the case of electrolytes containing traces
of nnpunt'lcs_, a small faradlc current is also superimposed upon. the condenser current. It is a practice to
include this in the residual current. Thus we can write:

Residual current = Faradic current + Condenser current.

(if) Migration Current. The electroactive material reaches the surface of electrode by

(@) The first involv.es the migration of charged particles in the electrical field caused by the potential

difference existing between the electrode surface and the solution.

(b) The second involves the diffusion of particles.

The current required for the above two processes
proved that the migration current can be almost e!imina
solution in a concentration so large that its ions carry almost all the ¢
make the concept more clear. _
tion contains 0.1 M potassium chloride and 0.01 M cadmium ions. The current is

present. The fraction of total current carried by each ion depends

d with other ions and transport number. In present case about 90%

two pIOCCSSCSZ

is called migration current., Jaroslav Heyrovsky
ted if an indifferent electrolyte is added to the
urrent. The following example will

Suppose a solu
carried through the cell by all the ions

upon its relative concentration, compare
of the current will be transported to the cathode by the potassium ions. If the concentration of potassium

ons is increased to more than 99% of the total cations present, the relative currents carried by other cations
are reduced practically to zero. Thus all the current through the cell will be transported by the potassium

ions.
(iii) Diffusion Curren
I, in Fig. 26.4, is known as diffusion current.
This current is directly proportional to the concentration of the
substance being reduced or oxidised at the dropping mercury electrode.

t. The maximum current as shown as Il and

Current 5

The current is given by the llkovic equation: T
i, =607 nCDV2 m¥ /6 vy v,
! T i Voltage —
where, i, = the diffusion current 1n microamperes averaged over the oy
, g.26.4

lifetime of the drop,

n = number of electrons transferred per ion,

C = concentration in millimoles per litre,
D = diffusion coefficient of the reducible ion in cm? sec™!,

m = mass of mercury flowing per second in milligrams, and

t = drop time in seconds.
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“The observed diffusion current is directly prdp%
he basis of quantitative polarographic*;é
onsideration the curvature of the elég‘;f, :
overidge which is as follows: g

From the Ilkovic equation it follows that, :
the concentration of the electroactive material. This is t

The equation given by Ilkovic does not take into ¢
modified equation was, therefore, given by Lingane and L
i, = 607 nCD 1/24,12/341/6 (1+39D1/zm-|/3,1/6) :

The term in the bracket corresponds to the difference between linc?ar and §ph§ﬁcal djfﬁlsidnr
correction term is not large having values 2-6% of the total current. This equation is genera]ly-fu*gv

accurate work. -

(iv) Kinetic Current. The limited current may be affected by the rate of non-electrode reactig .
the kinetic current. The kinetic current will be proportional to the rate constant and to the volume’ :
interface and, therefore, is a direct function of size of the mercury drop but is independent of the ve i
of the flow of mercury from the capillary. This current results if the oxidised or reduced form, of electygz
species, is involved in a chemical equilibrium with other substances. It means that these are rate prog
therefore, the current resulting from those is called the kinetic current.

26.4 Cells

Many cell designs have been proposed and cells of many types are Y
sold commercially. A form of the cell that is convenient is shown in Fig. 26.5.

The left hand side of the cell contains saturated potassium chloride
solution and a pool of mercury into which a stainless steel wire dips to make
electrical contact. The horizontal tube that connects the two halves of the
cell is closed at the right hand end by a porous sintered glass disc which
is backed by a plug of agar gel 2-3 cm long. The capillary is mounted in a
rubber stopper, a small groove is cut in the side of the stopper to let the
nitrogen escape. The nitrogen inlet in provided with a stopcock (not shown
in the figure) so that the gas stream can be stopped while readings are being
taken.

Fig. 26.5

Fig. 26.6 | Fig. 26.7

Another simple form of the cell that needs no special glassware is shown in Fig. 26.6. &

_ The rubber stopper carries two tubes for nitrogen, one to bubble it through the solu'tion o
readings are taken, the other to pass nitrogen over the surface and protect the solution from air ¥ c
current-voltage readings are taken. There is no groove in the side of the stopper to let the €25 &3

Capillary tu.bes used in polarography are very fine, about 25 microns internal diameter. SPecialliy-
are used for making these capillary tubes. It comes in lengths of about 20 ¢m, and these are gene®

in two before use, with the freshly cut ends dipping into solution.
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The ent_i of the cap.illary should be k
:gﬁﬁ?i%g_a;&rsle; geﬁmﬁﬁzﬁn‘%sﬁfz‘h‘f experifnents are completed, the capillary is lifted out of the
a tube containing mercury as shown in;ig‘?/ztg.r’;.dmd With the help of a filter paper and then placed in
26.5 Form of Waves and Half Waye Potentials

We can leamn something of ‘
the . &
reduced. The reduction is ong process at the mercury drop, and get a clue as to what is being

e of many processes that are possi e. P ; + +1 o
i ble. Proc 240y v
polarographlc waves, and so do the reduction of many o P f . esses like [Cu™"+e—Cu] give

. pounds.
The half wave potential in polarography is a characteristic

property of the electroactive material, This potential is found on the Limiting Current
steeply rz.smg portion of the current-voltage curve and is one half Decomposition :
of the distance between the residual and limiting currenss, It is . [Po'ental
denoted by E,,. This is shown in Fig, 26.. ' 1 b

_ The importance of the half wave potential can be followed by : e
considering the reduction taking place at the dropping mercury 3 =
electrode which may be represented as follows: Residual X...

] Current
Oxidant + ne & Reductant : v
or for convenience, ox + ne & red Applied Voltage —
The reversible potential of the system as it exists at the Flg:28.8

electrode-solution interface of the drop will be recorded on the polarogram. This electrochemical equilibrium
may be represented by :

Eopos 00991, [ox], o
n [red],

where the subscripts represent concentration at the electrode solution interface.

Let us suppose that before the start of the current voltage clirve, the solution at the electrode
solution interface consists of oxidant only. As soon as the E.M.F. becomes larger enough to reduce it, the
concentration of the oxidant at the electrode surface begins to decrease. Some ions will move in from the
bulk of the soluticn by means of diffusion, as the concentration of the gradient builds up in the bulk of
the volume around the electrode. The average current, i, flowing through the cell, at any point of the wave,
is given by:

i = K[(ox) ~ (0x)]D,, 2 | @)
where K includes capillary characteristics, the n, m and ¢ are terms from the Ilkovic equation, (ox) is the
concentration, of the reducible ions in the bulk of the solution, and (ox), is the concentration of the oxidant
at the electrode-solution interface.

When the current attains the limiting value represented by the diffusion current plateau, i.e.. the
concentration of the oxidant at the electrodes solution interface is reduced to zero. Therefore, equation (2)

becomes

i, =K (ox) D2 3)
From equations (2) and (3), we get
iy =i
(o) = %p, 7 o
ax :

For those metals which form amalgams with the dropping electrode, the concentration of metal
amalgam is directly pmportional to the current on the current voltage curve, so

i= K[red]oD,.‘_,dl-’2 (%)
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Substituting equations (4) and (5) in (1), we get

g 1/2
: i, —i 0.0591 D
E = E°+ 0.0591 log d - d + log [ DredJ
n 1 n

ox

But by definition, the half wave potential is the point, where,

i=iy—i or i=%i,
The equation (6), therefore, becomes

1/2
. o 0.0591 D,
E}L—E+ » log_[D ,

at the polarographj‘cf”;i
tion system, &
26.6 Applications of Polarography j

The technique of polarography has been found to be a convenient technique for meésuﬁng?;

electrode potentials and for, studying electrode reactions. It has, therefore, large number of applicaﬁ&"
Some of these applications are discussed below.

() Applications to Inorganic Compounds. Po
anions in the presence of interfering ions.

It is observed that the successful polarographic anal

~ ox

where E,,is knovw}n as half wave potential. From the equation (7) it is clear th
wave potential is related to the standard reduction potential of oxidation-reduc

n states. It is found that the Polarographic Curves - 3
ed by the pH of the solution

Fig. 26.9
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The polarographic method can be
; used : : : ,
uncharged molecules in the solvent usef;)r the analysis of a few inorganic substances that exist as

The technique has also been uged
succ ) o= 8
applications t0.0%ea81 Com essfully in the determinations of large number of alloys.
slow and more complex than 31(::;: dsfi e reactions of organic compounds at a microelectrode are
polarographic data is more difficult Ot morganic compounds. The theoretical interpretation of the
has proved fruitful for the detenninat(;(r):vin impossible. Despitc the handicaps, organic pOlaroE ik hy
and for the quantitative analysis of mix?ur:tsmcmrc' for the quantitaive dentificaflon of compounds,
Reversible organic reducti ' ,
such as phen)grlen i dianfit:iggs‘:;? ﬁenerally confined to quinones and some other functional systems
applications to Orgénic comPOUn:']Cs h:/sel"ﬂblel qlémones in forming resonating systems. Most of the
- . e mnvolved irr i : . .
groups which are reducible are given in Table 26 leVCtSlble reductions. Some of organic functional
Klqzziilnslcnﬁi::‘:fr}?ﬁi); SOIubi_lity considerations demand the use of some solvent other than water.
Cellosolve o glacial ace%icvzgénﬁ amtl))unts of such miscible solvents as glycols, dioxane, alcohols,
: ave been employed. ithi

or tetraalkyl ammonium salts. ployed. Supported electrolytes are often lithium salts
In organic polarography, the Ilkovic equation aﬁp]ies to the diffusi
that are non-reversible.

on current for electrode reactions

Table 26.1 : Reducible organic functional groups

Compound

Group

Group Compound

Ketone
Aldehyde

—NO=N-

-CHO _ Nitro -NO,
>C=C< Hydroxylamine -NHOH
-ONO

>C=0 Azoxy

Alkene
Nitrite

Nitrite
Nitrate

-C=N
-ONO,

—N=N-

Azo
0-3 to 10-2M using pH of 2.3 and

(iii)

rried out in the range of 1

The estimation of sugars have been ca
supporting electrolyte hydrazine sulphate polarographically. A single well formed hydrazone wave

has been observed.
Organic electrode proc
represented as follows:

R + nH* + ne > RH, (1)

where R and RH, are the oxidised and reduced fo
evident that half-wave potentials for organic compounds are markedly pH dependent. Also, alteration

of pH often changes the reaction products. For example, when benzaldehyde is reduced in basic
solutions, a wave is obtained at about—1.4V, attributable to the formation of benzyl alcohol.

C(H;CHO + JH* + 2¢ & CH,CH,0H
ess than 2, a wave is obtained at about —1.0V-which is just half the size

If pH of the solution is 1 AIne
" this reaction, hydrobenzoin 1 produced.

of the foregoing one; 1
2CH,CHO + 2H*+2 & C6H5CHOHC6H5

At intermediate pH values, twWO waves are observed,

esses ordinarily involve hydrogen ions. The most common reaction may be

rms of the organic molecule. From Eq. (1), it is

indicating the occurrence of both reactions.

Determination of Dissolved Oxygen. The determination of dissolved oxygen in aqueous solution or
od out successfully with the help of polarography. In this method,

in organic solvents can be carri L succes !
the dissolved oxygen is not swept out with nitrogen gas, a$ with other samples. Instead the oxygen
d the dissolved oxygen determined.

waves are measured an
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(v)

v)

(vi)

reversible electrode processes and involv

12
[« 8-
E
3
8
3
4=
] i | | 1 1 '
+02 0 -0.4 -0.8 -1.2 -1.6

-2.0
Applied potential against :
sat. calomel electrode (volts)

Fig. 26.10 : Polarogram for the reduction of oxygen in an air-saturated
0.1 M KCI solution. The lower curve is for 0.1 M KClI alone.
Dissolved oxygen produces two reaction waves (Fig. 26.10) corresponding to
O, + 2H" + 2¢ & H,0,
and O, +4H" + 4e 2 2H,0
It is the first of these two reactions which is used in oxygen meter.
In the sensing probe for the ox

range, which passes through the membrane.
The method suffers no interference fr

om combined oxygen in the sample. For example in_thej
of aqueous solution, the oxygen combined in the H,0 molecule does not take part in a reaction.
is a distinct advantage over other methods of analysis of oxygen. :

However, the halogens and sulphur dioxide inte
primarily for the study of water as in timnolog
Studies of the Complexes.
complexes if the simple met

rfere in this measurement. Oxygen meters are|
¥, ecology, pollution control, and oceanogtaph;

Polarography i
al ion and co

he same oxidation statc
e the same number of electrons. :

The determination of plant contents is in general Pf_e"eded—g
s of the contents of essential oils can be carried out in ',“ostta‘
by dissolving the oil in ethanol and diluting with a suitable aqueous buffer solution. In this ‘;’-:::
total content of the mixture is obtained. Thus, a separation prior to polarographic ana)'i
necessary if the contents of individual components are to be determined. - ,
Applications to Pharmaceuticals, Medicines like epinephrine and norepinephrine are oX! ot
periodate to iodoadrenochrome and iodonoradrenochrome respectively. The oxidation P
quantitatively within a few minutes and wel] developed waves
In this way epinephrine has been

determined in injection solutions containing 2 to 208

Det'ermihation of Plant Contents.
extraction, A polarographic analysi

are obtained in acetate buff
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Some of the local anaesthetists are directly reduced at the dropping mercury electrode. Among these

are basic ketones propipocaine and dyclonine showing waves at negative potentials, the wave height being
proportional to the concentration.

Indirect polarographic determinations have been studied for frequently used analgesics and antipyretics
phenacetin and phenazone involving nitration. Polarograms can be recorded in the nitration solution
immediately after diluting with a buffer solution.

Tetracyclines including half synthetic derivatives may also be determined polarographically, but the
steps are not very predictable and the experimental conditions must remain constant. The use of A.C.
polarography according to Breyer has proved advantageous in the analysis of tetracyclines, because of
the increased sensitivity and better resolution of pgaks as compared with D.C, polarography. With A.C.
polarography it is possible to analyse oxytetracycline and chlorotetracycline together.

Sulphonamides can be determined in solutions of tetraalkylammonium salts, due to the hydrogen
- reduction step of the acid proton of the nitrogen. Moreover polarographic behaviour of the vitamins has

also been studied in detail.



27.1 Introduction

Polarography can be used as the basis of amperometric titration meth:)rcilc :i(:rr:ngablfh wnh ‘
potentiometric, the conductometric, and the photometric methods. In amperomet 11h d'lfl';’x 1€ Vol
. applied across the indicator electrode and the reference _electrode is kept clcl)x}stan an . e dl 1smn Clnr
(which is equal to limiting current-residual current) passing through the cell 1s measured and plotted age

the volume of the reagent added. o

From polarographic technique, it is known that current Iis independent of applied volt_age impresgg
upon dropping mercury electrode or any other electrode. Now if we take an excess of supporting electroly;
the factors affecting the limiting current is the rate of diffusion of electroactive .mate.na'l from the bu
the solution to the electrode surface. This is because the migration current is eliminated under g
conditions. Thus, diffusion current is proportional to the concentration of electro active-material in
solution. If by any method, some of the elctro-active material is removed by interaction with any reager
the diffusion current will naturally decrease. This forms the fundamental basis of amperometric titration
derived from ampere, the unit of current. As the diffusion current is because of polarisation at a iy
electrode, the technique is also known as polarometric or polarographic titration. 4

The amperometric method is considered to be more accurate than the polarographic method
it is less dependent upon the characteristics of the capillary and the supporting electrolyte.

Amperometric and conductometric titrations are similar in the respect that the data for each 4f

collected well away from the equivalence point. Therefore, the reactions that
be employed.

becaus

are relatively incomplete|

Calomel

: Dropping Electrode
27:2 Apparatus Used for Amperometric Titrations ‘ B scticda' PPng j

The equipment used in the case of amperometirc titrations is
simple. Although it may be same as used for polarography, several
simplifications are possible, The titrations may be performed either
with the dropping mercury electrode or with rotating platinum electrode.
For dropping mercury electrode, the usual polarographic equipment is
used with cells modified to allow the addition of titrating reagent
(Fig. 27.1). ,

. Calomel electrode is used as a reference electrode. The galvanometer measures the current and‘i
series of rhgostgt may be used for changing the sensitivity of the galvanometer. In order to carry 0“‘55
amperometric titrations, the voltage applied to the indicator electrode and the reference electrode is K
constant. The sensitive gal L

2 vanometer indicates the value of diffusion current ddition of 8
‘titrant. It is to be noted that after each a 4

Itis generally the potential of a reference electrode will lie in the permissible 2%
so that it is necessary only to short-circuit ‘

lectrode of relativ

e

the indicator electrode through a suitable current measurt

in Table 27.1. ely large area. Some of suitable reference electrodes are 8“"

o
.

=



Amperometric Titrations

Table 27.1 : Electrode potentials § .
— D volts of reference electrodes as
Temperature 0.1M a function of temperature in °C
Calom Satur,
10 0.336;.1 Cuom Aé}gfc‘
15 0.3360 0.2528 0.2314
20 0.3358 0.2508 0.2286
25 03356 0.2476 0.2256
30, 03353 2444 0.2223
40 0.3345 a.2417 0.2190
50 03315 g 02131
0.2308 0.2045

s

Instead of dropping mercu

. ry electrode, a rotating plati
micro-electrode can be used. The latter possesses thcg fgl?nvx:l'lm
advantages OVEr the dropping mercury electrode : it ¥

() Itis simple to construct.
(i) It increases the workable range on the positive voltage side iCu Wire

upto 0.9V. Thus it can be used at positi A,
positive poterti
the mercury electrode may not be used. P alsiwhereas

<6 mm Glass Tubing

Flange Inward to
Prevent Hg from
being Thrownout

4
)

iy The technique i iti :
(iif) T ique 1 m(Lre sensitive because the rotation of the § g Reservolr
electro e increases the value of diffusion current as much as §
20 time the value in polarography. w| | ofeees
§ The rotating plat'mum. micro-electrode was introduced by H.A. Hole in Stem for
Laitinen and L.M. Kolthoff in 1941. Tt consists of glass tube of about Making Electrical
Contact with Hg Reservalr

15-20 cm ip length and 6 mm in diameter. A short length of platinum
wire extends 5-10 mm from the wall of the glass tube (Fig. 27.2). The
electrode is mounted in the shaft of a motor and rotated at a constant |

speed of about 60C rotations per minute. .

- 5-10mm

A simple rotatory platinum electrode ‘arrangement used in Platinum wire
amperometric titrations is shown in Fig. 27.3. Direction of Rotation
In amperometric titrations removal of oxygen is necessary, if
the electrolysis is carried out at an E.M.F. at which oxygen would -
have a diffusion current. Removal of oxygen is done by bubbling
Fig. 27.2

re the commencement of the titration and for

purified nitrogen befo
on of the titrant.

about 1 minute after each additi

273 Technique of Amperometric Titrations e ter
The technique of amperometric titrations may -
be illustrated by considering the titration of 2
reducible ion, like Pb?". Lead ions being reducible at
the cathode, give 2 diffusion current whereas fhe
sulphate ion being non-reducible shows no diffusion
current. The concentration of the reducible pp**

jons is steadily decreased as the SQ,2 ions removes
some of the clectro-active Pb?" ions- A polarogram
of a solution containing lead ions 18 represented by

curve A in Fig. 27.4.

If the voltage is kept constant
diffusion current plateau, the limiting curren

Sensitivity
Shunt

Calomel Cell

t any value of Fig.27.3
t value
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will be represented by i, corresponding to Cy, the initial concentration of lead ions. At this stag ; lhe, 5

exhibits no diffusion current at the applied E.M.F.

o
T

-
i

ﬂ-
1.

Cathodic Current

o

Residual Current

| I U B B . I

-

[ D I B | o
o -04 -08 -12 -16 -20
Ec VS SCE

Fig. 27.4

&
The curve A in Fig. 27.4 represents the current i, of the solution -of lead ions before the adg;
- of any sulphate ions. The curve labelled B represents the current i, after the addition of some sulphy
ions to the lead ions. Similarly the curves C and D represent the currents i, and i; which correspong|
‘urther additions of sulphate ions. Finally 7, is the point at which the lead ions have completely react
At this stage the only current flowing is a residual current and its value is characteristic of the supporty
electrolyte. r

The following inferences can be drawn from Fig. 27.4.

(D The decrease in current with decrease in the concentration forms the
basis of amperometric titrations. :

(i) The voltage on the plateau of voltage curve illustrates the voltage
region which may be applied in the case of titration of lead ions with
sulphate ions amperometrically. The range —0.8 volt is selected out
of the range —0.6 to —1.2 volt for this titration.

- . . . Vol. of
Now if we plot the diffusion current against the volume of the titrant, o OFT":? SA W
the type of curve which we with get is shown in Fig. 27.5. it :

The intersection of he extrapolated portions gives the end point. When the titrated ion is
reducible and titrant is reducible, the amperometric curve will be of the type shown in Fig. 27.6.

:
X

Diffusion Current

T
3 o
5 ]
'S
o 3 :
2 i 8
3 i E i o :
E 24 Slizslot § Residual Current \
. “ va *¢/ End Point B
Vol. of Titrant Added - Vol. of Titrant Added it
- Fig. 27.6 Fig. 27.7 T e
In this case, the titration curve is a horizontal line, which starts to rise after the end point. AIIO ,
example of this type of titration is of lead ions with dichromate ions at 0.0 volt. E
When both the t%trated ion and titrant ion are reducible at the cathode, the current will drOPf-t?;'-__ f
end point and there will be increase again to give a V shape titration curve as shown in Fig. 277 i
This type of curve is obtained when lead ions are titrated with dichromate ions and the fitrai%

periormed at a voltage of —0.8 volt. The current decreases as the lead ions are removed from the 501

A
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| and then-increases as the lead ions
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of the increase in co :
ncentratio ;
n of dichromate jons. A similar type of curve was also obtained
o obtained,

because
lybdenum was titrated agai
against lead nitrate at a constant voltage of -0.8 V, by Aylward

when mo

I
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0
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End Point

Volume of Titanous Solution Added

Fig. 27.8

jon reduction systen,

ometric method. In an oxidat
btained is of the type

ed out by amper
the titration curve 0

Redox titrations can also be carri
ts give diffusion current,

where both oxidising and reducing agen

shown in Fig. 27.8.
es linearly with

jons, the diffusion current decreas
d point. At this

¢ jons titrated against titranous
o value at the en

In the case of ferri
the addition of titrant (T#** ions) to the ferric ions until it attains the zer
tely reacted. When more titrant is added after the end point, 2 diffusion current
slope caused by the difference in diffusion

point ferric ions have comple
dation of titranous ions

caused by the oxi
coefficients is usually evident as the lines cross the
gives the end point. |

Certain titrations involving peutralization and complex ion formation have also been successfully
carried out by amperometric method. Neuberger has modified the ampc.rometirc_method for the study of
precipitation reactions. He has used reagents like dimethylglyoxime, salicyaldoxime €tc. for suchrtype 0

is set up. A change in
ection of the two lines

zero axis. The point of inters

at a less negative potential,

de and chloride
silver ions. Micro—

studies. |
- Laitiner Jennings and Parks have titrated iodide, bromi :
i e titrati indi jon i f silver from aquo-
these titrations the indicator reaction 15 the deposition 0 : '
zfglitiia?soluﬁons of cadmium against T.A. have been studied amperometncally by Nickelley and
Cooke in 1956. :
27.4 Dead stop and Point Method
Or )
itrati i i trode _ _
s P Indlftafﬂl’ B erometric titration. This method 15 apphcable only
This technique is amo ;
when the oxidarion-reductiqn system

point. In this metho
titration cell. Then a sm
electrodes.

An elecu'omctric ti ]
two different vessels an linked throué

formed by oxidation O
involves a reversib
until either the oxidized ©




2.538

?gant. After the. end point only one electrode remains depolarized as if the
rant does not involve a reversible system. Thus the current becomes zero
g; ;Igry close to zero at the end point and this shoots up as shown in Fig.

The method was introduced

by C.W. Foulk and A.T. Bawden in 1926, °
under the name “dead sp

Diflusion Current

' ot end point”. The reverse of this type of end point : End Poimt

1s called “kick off”” and resembles a reversed L-shaped amperometric curve. o
Amperometric methods with two electrodes have not been fully exploited Vol. of Titrant Aq

and there are few oxidation-reduction systems to which this end-point Flg.27.10

tt;chnique could be applied with advantage. Most of these titrations involve iodine. However,

titrations with reagents such as bromine, +3 titanium and +4 cerium have been reported. An impomni

1s in the titration of water with Karl Fischer reagent. €,

The principal advantage of the two electrodes is its simplicity.

27.5 Advantages of Amperometric Titrations

The apparatus used is simple and the. characteristics of electrodes are less important.

The method is relative, therefore, fewer disturbing factors are prevalent.
(i17) The accuracy is higher than in polaro

depends on the ability of the student. 4
(v)

The temperature need not be known provided it remains constant throughout the experiment |

(v) The range and the sensitivity of the technique are more than conductometric or potentio
titrations. In reality, the amperometric methods are best for the determination of traces of elems

with good precision. The concentrations ranging from 0.1 to 0.0001 M and even in certain casg
0.000,001 M can be measured accurately. :

graphy and the error in the determination of the endy

(vi) It is not necessary to have capillary characteristics of the dropping electrode.
(vit) It is not necessary to maintain constant current throughout the titration.

Y
(viii) It is immaterial whether the reaction which occurs during the titration is reversible or irreversi

(ix) The depolarising substances which cannot be determined very accurately by polarography, caﬂ;
successfully determined by amperometric titrations. For such substances, a suitable titrant is seled
which gives a diffusion current. Moreover some other systems which do not possess meas
equilibrium potentiais can be estimated amperometrically. An interesting example is that magnes

which does not give the diffusion current curve, can be determined by using 8-hydroxyqui
which gives a reduction curve.

4
.‘.’;
iy
i

(x) These titrations can be carried out rapidly because the end point is found graphically.
(xi) The presence of foreign salts does not interfere, instead these act as supporting electrolytes.‘.;h;lj'
(xif) Dilute solutions can be titrated with high degree of accuracy.

(xiii) The 'method is one of the few methods which are generally applicable to precipitation ﬁmﬁ0§§

27.6 Disadvantages of Amperometric Titrations § J
Inspite of large number of advantages as discussed earlier, the amperometirc titrations possess.

following disadvantages :

(?) Inaccurate results are sometimes obtained because of coprecipitation. g

(if) The foreign substances which do not interfere in the amperometric titration should not be Pt

) . e curm
in larger concentrations than the substance to be titrated. In their presence, the relative
becomes smaller.

e

y el
- . ui
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27.7 Applications of Amperometrijc Titrations
Th

The, gmg;eromettr.lc and point has beep mostly confined to titrations in which a slightly soluble
precnpxtvate is the reaction product, Some selected applications are listed in Table 27.2.

3 Table 27.2 : Some Precipitation Titrations Employing the Amperometric End Point
Electrode Reagent Substance Determined
Dropping K,Cro, Pb?*, Bal*
mercury Pb(NO,), $0,r, MoO,>, F-, CIr
8-hydroxyquinoline Mg, Zn?, Cu2
Cupfferron Cu?*, Felt
Dimethylglyoxiie NiZ
K Fe(CN), Zn2t

Rotating platinum AgNO, Cl, Br, I, CN-

Amperometric electrodes are finding important

‘ \ applications as microdetectors in liquid chromatography
for following the elution of electroactive substanc

es.
Twin silver microelgctrodes have been employed for end-point detection in which silver ion is a
precipitant. For example, in the titration of silver ion with a standard solution of chloride ion, currents
proportional to the metal ion concentration would result from the reactions :

Cathode, Ag'+e— Ag

Anode Ag — Ag"+ e

‘With the effective removal of silver ion by the analytical reaction, cathodic polarisation would occur
and the current would approach zero at the end point.



