CHAPTER II

POLAROGRAPHY AND PAPER CHROMATOGRAPHY

2.1 Polarography

Polarography is an eleotrdchemical method in which the changes
of eurrents sre followed by increasing the applied voltage at a
vdropping meroury olBetrodd QDME)i Tré currontHQQItage curve is called
the polaregram (usually S shaped ) “and the electrolytic current of the
wave,which attains a constant value with increasing voltage, is called
s limiting current (ig) { gee figure 1 Yo |

In most instamceésythe value of the limiting current is limited
by the diffusion of the depolarizer. The diffusion current ( ia ) is
proportional to the concentration of the depolarizer.and the half-wave
potential ( Bi ) ‘is the important gualitative characteristic of the

substances The diffusion current follows the Ilkovic equations

b LI
: 23%
iy = 04627 nFCD m ¥ (1)
where n = the number of electrons trrnoferred in the roduction
or oxidation of the depolarizer
F = +the Faraday charge
C = +the concentration of the depolarizer in mole em™2
D = +the diffusion coefficient in cm? sec™
m = the rate of flow of mercury in g sec™1
t = the drop time in sec

iqg = the diffusion current in ampere
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Polarogram for Wum{‘II),The upper curve is for

Figure 1
o solution that is 1x10 "M with respect tocadmiwm(II)

and 1 M with respect to KCl. The lower curve is

for a solution that is 1 M KC1 only.



™"

and 0,627 is a numerical coefficient resulting from the combination
of geometrical factorsi The diffusion current is also proportional
to the square root of the height of the mercury colum (21),and
incrcascs about 143 for a one degrce rises in temperature (22).
Another type of the polarographic limiting current is kinetic
current (ﬁk). Tt is caused by an electroactive specids other than the
substance present in the bulk solutioni It is limited hy the rate of
a chemical reaction when the reducibie species is formed in a chemical
reaction in the neighborhood of the electrode and conscquently
undergoes reduction and oxidation at the dropping mercury clectrodes.
The rate of the ch;mical réaction is slow enough to be the determining

step of the electode processs Kinetic current is expressed as

o

= 1
2 7
i, = 0,51 nFCD m t7kf K (2)
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where k¢ is the rate constant and K is the equilibrium constant. This

equation is obeyed for fast reactiongiee. (ng)?% 0.05 s » Kinetic

current is proportional to the concentration of the depolarizer, it

is dependent with temperature and independent of the mercury pressure
€21).

The catalytic current is another type of the limiting current,
caused by the presence of a catalyst. The reduction of the depolarizer‘
is shifted to more positive potential or in the oxidation it is shifted
%o more negative value (23). Catelytic wavc is nonlinear dependencc cm

the eatalyst concentration and it increases with decreasing = . height

of the mercury column (21).
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The adsorption current <ia) is another type of limiting
currents, caused by the adsorbed depolarizer or adsorbed products
covered' the surface area of the drop. The height of the adsorption
current iz pH independent, but it depends on temperature and the
height of the mercury column {21). The adsorption current follows
the equation

§ i |
3

ia =_ 0,85 niZm™{

(3 )

where Z is the number of moles of the substance adsorbed on 1 cm2
of the surface of the electrode.
Other polarographic currents are migration current and
condenser current or charging current. Current owing to the
charging of the electrode to the respective potential is called
the charging or condenser current. It is observed even in a solution
of pure supporting electrolyte. The condensep current is directly
proportional to the height of the mercury column. In the presence
of the electroactive particles in the solution, if thexre is not a
sufficient excess of the suoporting electrolyte,these charged
particles migrate between the clectrodes in the eléctric field,
The current which flows by the effect of clectrostatic force is
the migration current. In polarographic study this migration
current is eliminated by adding excess of the supporting electrolyte.
Another important ohaiaoteristic of the polarographic wave
is the electrode reactions The reversible process is one of the

elewtrode processes in which the electron transferréd reaction
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proceeds at a rate fast enough to maintain the surface concentration
of the renctant =nd the product very close to the equilibrium value.
In irreversible process,the clectron trensferred reaction
does not proceed rapidly enough to maintein cquilibrium at the
electrode surface. The roversible elcctrode process can be symbolized

as
Ox +me-s gzt Zhed

The half wavc potential of /& reversiblc process is expressed in tae

standard free eneray,/ y0)y {23} term as

By, /e | WSE7Y 0 , ( 4)

<

An irreversible electrode process can be written as

0
where k, is the heterogeneous rate constant of the electrode process
at the standard potentiale
The half wave potential of an irreversible process depends

L*
on the activation free encrgy, :3¢ , (23).

W

£
" Bi ~ EC- (6 /£n ) 1og0.886 (*31/D ) { o)

Wji

where -{ is the eleectron transferred coefficient and 1t is the drop
time. Vhenever possibdle the polarographic wave of both oxidized and
reduced forms of a given system should be compared. For reversible

process,if the oxidized form is present alone in the solution,the
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cathodic half wave potential,at which the current is equal to one half

of the diffusion current,is given by (23)

' 3
E = EO-O,052]5 loglggj (6)
o n 7-
D: 2
R

1

The ratio Do%/ DR? is equal to the watio of the cathodic and cnodic.
difgusion current constants and can be evalunted experimentally.
When the formal potential of the couple is known under the conditions
of the experiment,the half wave potential can be calculated from the
equation 6. If the cathodic wave agrees with the calculated one and
the anodic wave has the same half wave potential,the couple must be
reversible. If the half wave potential of the either wave disagrees
with the calculated value,the couple is irreversible (22).

In the rcduction or oxidation of an organic substance,
hydrogen ion is usually involved in the electrode reaction, (23).
The general reaction is represented =s

+
O+ mH + e st (.7 )

If the reaction is reversible at the DMi, the potential of the

electrode can be expressed by

By = By - 2.303 BT log i= (id)a (8)
! nF o (d4) - %

s

)

where i = +the current at any point on the wave Q/»A)
id%= the anodic diffusion current (/(A)

ig,= the cothodic diffusion current ( /4A)
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The half wave potential is given by

1
=

(o}
B, = B - 2,303 BL log Do - 2.303 BT mpE (9)
< nF  Dgt nF

where m is the rumber of protons consurcd in the reactions

When only the oxidized form is present in the solution,ida . O

and the equation 8 is simplificd to 0845 1 9
< &
Ea = BEx =2,40% BT log -i (10)
] : e -
7 o ig-i

To proof the system is weversible and that it follows one
of the above equations (equation 8,10 ) the diffusion current (id)
is measured. Then the current (i),in thc rising part sf the
polarographic wave ig measured at several potentialyE. The value of
log i/ ig—4 is computed for each point and plotied against the
corresponded E, For reversible process,the graph is linear with a
slopc of = 2,303 RT/ nF which is = 0.059/ n 7V at 25"C and - 0,060/ n
V at 30°C (23), where n is an integer.

Another critorion of the reversibility end irreversibility
is the measurement of Ei and E§ from polarogramy the value of

[ @
E3z = Eq should cqual - 56.4/ nmv at 25 C and ~-j57/;nz mV at 30 C
%% |
for reversible process (22).
For irreversible process the relation of potential and
diffusion current is expressecd as (22)

By o = Ep- 00591 log i (1)
::'jl.:n ld - 1
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From cquotion 9, a plot of the half wave potential versus pH gives a
straight linc with a slope of /i B, / /£ pH which equals 0,05915 m
(volt/ pH) at 25”}0 and - 0,060 m (volt/ pH) at 30 C. The protloln
consumed between oxidized and rgduoed forms can be computed from the

slope when n is known (23),

242 Paper Chromatography

Chromatography is @ process in which the flow of a mobile
phase promotes theeepearation of substonces by differential migration
in the porous medium (24). Paper Chromatography is a special field
of liquid-liquid chromatopraphy in which the stationary liquid is
an adsorbed film of substrnce on & paper and a mobile phase is allowed
to flow over the spot to camse the scparation. 4 spot of the sanmple
is placed nenr the edge of the paper strip and the strip is immersed
in the solvent chosen as the mobile phase. The solvent percolates
through the fibers of the poper by capillary action, and moves the
components of the mixture to diffcrent cxtents in the dircetion of
flows Whon the solvent front has moved to a suitable distance, the -
paper is removed from the apparatus, the position of the solvent front
is marked, and the shcet is allowed to dry. If the substances are
colored they are visible as spotse The distance of the spot from the
base linc is measurcd (sce Figure 2 ) and tho-ﬂf'wnluo is determined.
Identification of an individual zone or spot can be performed by
comparison between itsllp valuc to the B walue of the standard

substance subjccted to the same chromatographic treatment. The term
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Figure 2 Paper chromatogran of two-component mixture

(A and B)., Rp of A = a/s, Re of B = b/s.
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Re value can be expressed as

/

Re = digtance moved by solute zone
digtance moved by solvent front

The R velues are reproducible as long ns all conditions which ~ffect
them ~re held constant. The conditions include the solvent used,the
peper used,the method of development,vapor equilibrium with the solvent
and the temperature (25,26). For the semple with impurities,the
chromatogren will show the separated spots of the sample and the
impurities which have the ‘difference Rp values or will show a tailing
spote However,the chromrbogram ofg pure component gives a well-defined

spot which the Rf volug is eonstant for such solvent system.

2.3 Standard nddition method

In quantitative annlysis of a sample by polarography,the method
of standard =ddition is capable of accuracy. The method is based on the
ineresse in wave height which results when a known amount of the
substance being determined is added to the sample (27)s If V is the

volune of the unknown solution, C

b its concentration and i1 its wave

height and if i2 is the wave height sccurcd after the addition of v cm§
of o standard solution whose concentration is Cgqe The equation is

nodified as

u

and i2=k(VCu+vCS/(V~hv)
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according by k 1,(V + v)/(VCy + vCg)

whence 8 i_,'/k = i_’vCS/:‘in + (12 - i)V (12)

e

The accuracy of this methed depcnds en the precision in which the two
volumos of the solution and the corresponding diffusion currents arec
measurcd _(28). Another method is o graphic representation of the
standard addition method(29). Thé graph is plotted between the
diffusion current and the known concentration of the standard added
in the unknown sample. The point which is extrapolated to X-axis is
the concentration of the wnknown sample (See Figure 3) e

In the present investigation, purity of Quinoline Yellow,
Tartrazine and Brillant Blue FCT are eyemined by paper ohromat ogrgphié
and visible speetrosgcopie techniguess Then,polarographic behaviors of
these dyes arc studied in many clectrolytes at various pHE, The
reversibility of every system at the DME. is tested by cequation 10
and by the diffexence betwecn E3/4 and E1/4. The ﬁumber of electrons
transferred in a system is computed from the slope of the plot ef
Ede versus log i/idii. ?he proton consumed in the process is determined
/by cquation 9 + The sensgitivity for every dyc is also determined,
In additionyqualitative and quantitative analyscs of dyes in some
beverages are determined by paper chromatographic, spectrophotometric

and polarographic techniquess
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Concentration of the dye added to the unknown samplc

Tigure 3 Graphic representation of the standard addition method
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