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CHAPTER T

GENCRAL INTRODUCTYON AND

THEORY OF ELECTRODE PROCESSES




GENCRAL INTRODUCTION

The polarographic method, first described by
Heyrovsky in 1322, consists in recording current vs voltage
curves using a dropping mercury electrode (d.m.a.). The
theor; of electrode reection has been a matter of concern to
chemists, since the time of Farsdsy. Not only is the atudy
of the subject & worthy endeavour in its own aignt but the
informetion obtained is of vitsl interest to chemistry in

other fields.

The scope of polsrography has been continuslly
widened in tne last three decades or so, during which
increasing number of veriations on theo classicsel polarographic
method have been developed. In some procedures which include
"conventional" or "d.c¢. polarography", tnec measurements sre
corried out while the polerizing potential remains essentially
constent. In ancther variation o: the method the meesurements
are carriec out while the polarizing potentizl varies conti-
nuously over the wide range under investigation, and the name
given to this procedure is voltoge sweep method. The
measurements carried out by superimposing amall alternating
voltages onto the direct polarizing potential snd the
resulting a.c. current deing measured is another suggested
procedure. This method is called "sa.c. polerography" which
is used 1n connection with the studies of electron transfer
repctions. An offshoot of a.c. polarogrsphy is called

"tenssmnetry' which is used to study the beshaviour of surface



active substances and produces capacitance changes st the

interface even in the absence of electron transfer.

In polsrographic studies d.m.e. occuples a unique
position, due to 1ts reproducible cheracter gnd esse of
operation. The theoretical bssis of the current-voltage

136,152

curves in d.c. polarosraphy and a.c. polarozraphy’ hss

been thoroughly worked out,

D.C. Polarography

'hen a well-stirred solution conteining a reducible
(or oxidizsble) substaence, is electrolyzed between two large
electrodes the current voltage curve hss the form given in
Fig. 1(2). Only s very small current flows when the potential
applied to the cell is less than the decomposition potential
of the solution 'Ed'. At higher potentials the current
limited only by the electrolytic resistance of the soluticn

is given by OChm's law

The concentretion of the reducible substance is the same at
the surface of tne cathode and the bulk of the solution and

no concentration polarization is encountered.

However, 1n &n unstirred solution with s small cathode,
the curve tokes the form as shown in Fig, 1(b). The concen-
tration of the reduclble substance at the electrode decreases
as the potential 1s raised until a stage is resched when the

concentration at tne surface is practicslly zero and there is
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no longer any incresse in tna cirrent vasiue which is now
controlled by the diffusion of the reducible substance
towsrds the ~“lectrode. The cathode is then said to be
concentration polarized snd the resulting curve 1(b) is

5-shaped and is called 'polarogram'.

The limiting current is composed of residusl current,
migration current, adsorption current, diffusion current,
catalytic current and kinetic current, Methods are available
by which eacn of these currents can either be messured or may
be eliminsgted 4f not of significsnce in @ particulsr situation.
Residusl current casn be measured from blank run and migration
current is eliminated in the practical work by the addition of
a reletively high concentration of supporting electrolyte,

The other remaining currents can be recognized by ooserving

the dependence of the current upon the varistion of the

experimental fsctors as given in the Table by Zumnn2°3.

The potential at which the current is hslf of the
diffusion current is known gs the hslf-wave potential (E0.9)°
while tne :O.E is characteristic of the reducible or oxidi;able
substance, the megnitude of diffusion current {i4) is propor-
tiona2l to its concentration. In thermodynamicelly reversible
systems EO.S is almost identical with E® in the familisr

Nernst equstion

L = E - ﬁ ln —(-E)-o.

where (Red) and (0x), ame the concentration of Reduced and

oxidized form respectively at the electrode.



The Heyrovsky-Ilkovic equation150-1:l.237’ he

modified form of Nernst equation, applicable to polnrograghic

technique 1s

T i
B R S

From the simple theoretical considerations besseg on
the linear diffusion of depolarizer towards the electrode an

equation has been derived by Tlkovic'2©

2/3 t‘1/6 Dt/z

i = 706 nc m“ (for instantaneous currents)
max.
-~ 1 -
1, = 607 nc m‘/3 t /6 01/‘ (for average currents)
“ave,

In deriving the Ilkovic equation, the curvature of the
electrode was neglected and only linear diffusion was consi-
dered. This led a few workers162'163'17b'182'186:255a273.27h
to tske into sccount the sphericel diffusion towards a growing
spherical electrode (mercury drop) snd the following equation

was suggested

/2 - ¢ /2 Af6
i = 607 n D'/% ¢ n¥/3 (16 (4 | aD 1;3& )
ave,

mn

where the numerical constant A 4is 39 according to Lingane-
Loveridgefvh and 17 sccording to M., von Stackelberg255. The
most sophisticeted treatment by Koutecky162'163 gives & = 34.7

and also provides the following equation,

1+ 34,

1/2 1/6
+ 100( 1/3

- 607 n DV/2 ¢ n?/3 (1/6 , D1/2 ¢1/6

1/3

i
dave.

-_—



s 5 4

where c¢ 1is the conccntration of the depolarizer in
millimole/litre in the body of the solution
D is diffusion coefficient (cm? sec’1)
m 1is mass of mercury in mg {lowing per second
t 1is drop time in seconds

n is the number of electrons involvad in the
electrode process.

L.C. Polarography

Alternsting current polsrography began in 193¢ with
‘uller, German, Droz and Petras"z who were the first to apply
& small sinusoidal alternating voltage under polarczrapnic
conditions with the aim to deveclop a more rapid method of
polarographic anslysis, Kivalo1h’ gave a new theoretical
pnslysis of the method of M8ller et al. whose theoretical
considerations were shown to be in error. Boeke and van
Suchtelen” modified the method of Muller et si. by usinz phsse
shift measurements but the method wes found to be laborious

and not suitable for routine analysis.

The work of Muller et sl, and of Boeke and van
Suchtelen was aimed solely at improving the polerographic
method for anslyticsl purposes. A real insight into the
actual processes occurring at the d.m.e. in the presence of
an glternating field wss first shown by Graham979'8°. He
measured the resistance and capacity of the cell with an
impedance bridge using an alternating voltage of 1 mV or less
at s fregquency of 1000 Hz, However, the difficulties in

belancing the bridge made the method impracticable for



routine work.

The first practicable instrument suitable for s,c.

20, 181

polarographic annlysis was described by ‘acAleavy1 in

Belgian and French patents of 1941 and 1942, 3reyer and

J in 1944, independently developed 8 simfler 1nstrumenté39

Gutmann
and started a systematic investigation of the new field which
they termed Ba.c. polarography. They substsntisted Grahame's
findings that only reversible resctions gave rise to pseudo-
capacity. However, an important development has been the

applicstion, particularly since 1353 by dreyer and his

10
coworkers

of a.¢. polorography to the study of organic
depolarizers, Almost invariably adsorption processes were
found to play & decisive role in the electro-chemicsl
reactions, ana thelr influence could be detected in the base
current changes, in the shape of a.c, wave, snd in the
dependence on concentration and temperature of the faradaic

alternating current as well as in phase shift associsted with

the process,

A.C. polarography can also be used with advantage in
the study of surfsce active but non-reducible substancesg, a
field of investigation known ass "tensammetry"., The first
detsiled study of the effect of surface active substances on
the capscity of mercury aquecus interface was made by Frumkin
end coworker573'206'207'232. They mostly worked with
stationsry mercury surface and used a sensitive impedance

bridge for measurement of the capacity, Their experiments

showed the exlistence of two maxims with 5 capacity-potential



curve of aqueous solution of sodium sulphate saturated with

158,210,011 eudied

octyl slcohol, QGreheme and coworkers
the phenomenon using a d.m,e, and an impedance bridge with a
speci sl arrangement for measuring the capacity and resistsnce

at a particulsr moment in the life of mercury drop. Hayrovsky132
investigated the phenomenon by using an oscillograph and
observing the current-voltage curves, which showed halts at
certain stages indicating large changes in capacity. Breyer

snd c°workers11’17 carried out extensive investigations

making use of @ simple technique of imposing & constant a.c.
ripple of low amplitude and d.c. voltage and measuring the

a.c., part of the current produced. Breyer and Hacoblan termed

it "Tensammetry". OJoss and coworkersh8‘56’56'3:

» however,
at the ssme time independently applied a slightly modified
procedure of a,c. polarography for tenssmretric measurements.

-108
Gupta and cc:mrcnr'ker-sng3

have successfully utilized this
technique with adventage in the study of surface active
substances at the d.m.e. in pulsating field. Loveland and

Zlving '’ =179

carried out studies by employing an ingenious
circuit for getting a straight picture on the oscillograph of

differential capscities at the various imposed d,c. potentisls.

The general results obtsined indlicste that at the
electro_capillery maximum (e.c.m.) the surface active substances
(s.a.s.) get strongly 2dsorbed and depress the differential
capacity. Ihe potentisl-difierentisl capacity curve, therefore
exhibits a minimum in the neighbourhood of e.c.m. At potential
sufficiently cathodic or snodic to the e.c.m., desorption of

the s.a.s. takes place due to the preferentisl adsorption of



the solvent molecules caused by the highly charged mercury
surface. This desorption appesrs to take place mostly in an
abrupt mesnner at a fairly well defined potentiasl leading to
the exhibition of a dynemic capacitance and pesk in the a,c.
current - d.c. voltage curves which are referred to as the

"desorption peask" or "tensammetric pesk".

Characterization of Polarograms

In a current-voltage curve as we go from the foot to
tae plateau of the wave the rate of electron transfer process
increases and the reduction or oxidation process becomes more
and more complete., On the plateau of the wave the electron
transfer is so fast that electroactive substances are reduced
or oxidised as rapidly a8s they arrive or formed at the
electrode surface, It is convenient to clessify electrode

reactions into two extreme categories.

(1) Polarographically reversible processes: These are
so rapid that thermodynamic equilibrium is very nearly attained
at every instant during the life of a drop at sny potential.
For such reactions Nernst equation aptly describes the
variztions of the current with potential which reflects the

changing position of thne equilibrium,

(11) Polarographicslly irreversible processes: These
are so slow that they proceed only & fraction of the way
towards equilibrium during the life of each drop. For these
reactions it is the rate of the 2lectron tresnsfer process and

tahe manner in which this is influenced by the elsctrode



potential that governs tne relationship between current snd
potentisl. In addition to the irreverslibility caused by slow
electron transfer one encounters irreversibility consequent
to some otner rste-determining steps which casn be either
ordinary chemicsl reactions preceding the electrode reaction

or catslytic reaction.

Reversible waves follow the Heyrovsky-Ilkovic equation

and give a straight line plot of £ vs log T%:T with a slope
d

equal to -2.3 %%. If 't' (drop time) varies appreciably over

the range of potentials covered by the rising psrt of the wave,

a correction has to be spplied as suguested by Meites197

and
E vs [1og Eﬁ:; - 0.546 log t] plot is msde to test the

reversibility,

Another criterion, more rapid and convenient to apply,
invoiving the measurements of EB/& - E1/h from the polarograms
{potentisls corresponding to currents equal to % id and 1 i

A
respectively} was originally suggested by Tomes< ', For a

dl

reversible cathodic wave

0. 56&
Sgiu ~ By =~

The ZO 5 of a reversible wave is nearly independent
of drop timezbg, while that of sn irreversible cathodic wave
becomes more positive, as the drop time is increased3°-15°,

For a totally irreversible wave at 25°C,

2 %0.5  _ _0.02957

Alog ¢ x na




- 10 =

where the transfer coef icient (x) 1s defined as the coefficient
of trsnaformation of electricsl energy into energy of activation
or more usually described es the fraction of the aspplieid

potentisl effective in the forward resction. "n." 1s the number
of electrons involved in tne slow step. EO.S and 't' have usunl

significeance,

The theoretical considerstions of Lesitinen ang coworkers1'
indicate that for irreversible processes the current at the foot
of the wave is independent of the height of the mercury column

(h) and that the diffusion current (1d) varies linearly with

changes in Yh . . octeq

EO 5 is independent of tae concentration of the depola-
rizer or that of the supporting electrolyte in the case of

reversible waves, unlike those of irreversible woves.  oreover
d E, =«

—F = 1is usually smell for reversible systems, while, in cosse

of irreversible systems :0.5 usually has » positive temperature
coefficient and exceeds seversl millivolts per degree.

Of the various criteriz reviewed above [ vs log 11 I

=

plots and the values of EB/&' :1/L have been the most populsr

tests for reversibllity, wherees, for irreversibility the tests

of E vs log e and i vs fEcorrected are often used.

A.C. polarography is useful for reversible reductions,
greyer and Bauer8 have reviewed the kinetic trestment of the
relstionship between the current, the voltage, and the concen-
trations of the oxidized end reduced species at the electrode

surface. They as well as Gupta end coworkers have slso given

methods to distingulsh reduction snd tensammetric waves.



Generally, irreversible reductions yield only very small or
no a.c. polarographic waves’g. Smi th znd.HcCorGZSh have
pointed out that thecretically an a.c. polarogrsphic response
is expected for totally irreversible electrode processes,

regardless of the source of irreversibility (electron transfer

cherical reactions). Smith and coworkers! 0= 174

have extended
the rigor of a.c. polsrographic theory for coupled chemical
reactions. Their celculations are now based on an expanding
plane model for the d.m.e. McCord snd Smith have tested

193

experimentally the theory1gh of second harmonic s.c,

polarography for quasi-reversible systems. They have also

published'?%s 196

secona harmonic theory for coupled reactions and
an expanding plane model, They found that second harmonic
polarography possesses special advantages for studying chemical

reactions following electron transfer.,

Orgsnic Polarography

The polarographic studies of verious orgsnic substances
viz. sldehydes, halogenated compounds, ketones, nitro and
nitroso compounds, guincones of various types and unsaturated
acids, nave been carried out from early stages. The nature of
the reduction of organic compounds is made irreversible by the
fact thst in most cases the reduction occurs in more thsn one
step, one of which is slow. Due to lack of suitoble theoretical
formuletions it wa2s not possible, until recently, to analyse
snd interpret the data on irreversible systems. However, in
recent years satisfactory theoretical treatments have been

developed which have given an impetus to the polsrographic



study of organic compounds. Further, sophisticated instru-

ments have mrde the study interesting ancd informative.

In organic polarography thc control of pH is of
paramount importance because of tne participation of hydrogen
ions 4in the reduction proczss., Thus, it is desirable to work
with buffered solutions as in unbuffered solutions the pH m
the fmnediste vicinity of electrode surface changes conside-
raoly 8s s result of the consumption of hydrogen ions. This
results in drawn-out wave or even the appesrance of two waves,
The type and concentration of the buffer system 8lso affect
the shepe of the polarograms. Also, one has to guard against
the possibility of interaction between the substances under

examination and the components of the buffer aystemsé85.

Theory of Electrode Processes

A guantitative treastment of thne current-potentisl
curves was employed by Randles<** ang Seveci k<k4 for reversible
processes and by Delahay37'39 for irrcversible processes.
Resctions which can be followed from polarographic curves fall

into many categories,

The first anc th= foremost are the study of electrode
reactions. Chemical reaction occurring close to the elactrode
surface and csused by perturbation of the chemical equilibrium
of the system of the electrode reaction are snother group of
familiar studies. Further, homogeneous chemical reactions

occurring in the bulk of the solution which are not influenced



by the electrode reaction have formed basis of msny investi-
gations. The fourth process, whicn accompanies sll polaro-
graphic processes is diffusion. For polarography it is cnarac-
teristic that at least two of the mentioned processes proceed
at the same time. From the kinatic point of view polaro zraphy
is the oldest of the so-called coumpetition methods®> for

following rapid reactions.

The electrode reaction is a fundsmental polarographic
process. During this process one form of the redox couple 1is
consumed 2nd the other one generated so that st the eloctrode
the concentration distribution changes resulting in the

di sturbance of equilibria, which in turn induce further process.

It is assumed for the applicati .n of the Nernst
equation to the oxidastion-reduction reaction at the electrode
tnat electrochemical equilibrium is schieved st the electrode. .
In some cases this 1is not true and the equilibrium is attained
slowly. The interpretation of such electrode processes
involves kinetic consideretions. For a simple reaction repre-

sented by
Ox + n e = Red (1)

1f the electrode process is assumed to be of the first order,
the rate of reaction expressed in moles of the substance trans-
formed et tne electrode surface per unit time and per unit
area is
d N, d Eﬁ
T Tde T ode

=ken G - Ky p Oy (2)



where the C's are the concentrationsand the k's are the formal
rate constants for the forward and the backward processes, The
concept that a substance which undergoes s chemicsl transfor-
mation has to overcome an energy barrier is applicsble to sny
type of reaction, but for en electrochemical resction, the

ef fect of the electrical field has to be taken into account.
If E 1s the electrode potential referred to N.H.C., the
fraction oF of the potential favours the cathodic process
and (1 - ) E favours the anodic process. The parasmeter «

is the transfer coefficient of the electrode process.

Taking these 1into consideration the rate constants can

be expressed by

o - xnf

kpon = ¥p n O |- 7 “_\ (3)
= (1 - x) nF .

Kp,n = %o p O*P AT E_‘ (3a)

o
where (k,)'s are the values of rates constants for L = 2810 (N.K E.)

Knowing the rate of reaction, the current is obtained
by multiplying the rate by the ares of the electrode (A in cmz)
end by the charge involved in the reduction of one mole of the

substance. Thus the current is expressed by

™ H Q unl‘b 0 i 1 - nh,":
i = nFA ,;o Kf,h exp { -T-)} - Cq kb,h exp %i_ X E

or

. on O 1 o
i = nFA ks,h [L °xp'{‘§T }"CR exp {i _ﬁ%_nb (E - Ec{}




o
The value of Ec is generally not very different from

the standard potential 29, and %2 can often be identified

witn =° conmparing equations(#)and(ﬁ.
o x nF .
k = Kk exp | - _ : (6)
s,h f,h T TRT "¢
o (‘ -'Z)_ !'IF v~c°
ks,n = Xs,h S*P RT ¢ J (62)

From eqn. (5), the current is now a function of the difference

)
of potential (& - Ec) whereas in eqn. (4), 1t depends on E.
Therefore, ks n is truly chsracteristic of the electrode process

0 . .0
whareas the constants kf p 8na kb depend on the difference
’

'h
w0

between the potentials &7, and the zero of the scale of

potentials. It is, therefore, more advantageous to use ks h
: |

) o
rather than kf i send kb " in comparing the kinetic

characteristic; of the eléctrode processes,

The nature of the irreversible processes can be
explained quantitatively from the current-voltage curve., In
the case of irreversible waves, 2 rather drawn-out wave is
observed which is shifted to more cathodic potentials. This
has been attributed to the increase in the rate of the electro-
chemical reaction 23 the poctential is mede more and more
cathodic. The flow of current causes concentration polarization
and at the plateau of the wave the current is virtuslly
diffusion controlled. Ilkovic equation can, however, be
applicable. The difference betwesn the EO.S of the irreversible
wave and the standard potential g (virtually equal to E

0.5
of 8 reversible wave) is the polarographic overpotential n1/ﬂ'33



16 -

Nejn = (B o) = EY
iz 05 irrev.
Thus an electrochemical reaction occurring without any

measurable over-potential i{s said to be reversible.

The slope of an irreversible wave diflers from the
thermodynamic value calculated from the equation for a reversible
wave; the log TﬁTT vs E plot is often linear, but the number
of electrons obtained from its slope is smaller than the actual
number of electrons consumed in the electrode process (as found
from the wave heizht provided that the limiting current is
diffusion controlled). A slow electrode process i.e. the slow
estsblishment of an equilibrium between the oxidized snd
reduced forms at the electrode surface, is recarded as the
cause of irreversibility. The electrode process then refers
only to the electron exchange between the depolsrizer and the
electrode and not to the mass transfer towards the electrode,
If this is to be included, the term over-all electrode process
or depolarization process 1s used. A slow exchange process
results when the transition of the decolarizer into a form
capsble of exchange of electrons witn the electrode is slow and

requires a certain energy of activation'°>,

\ QO
The values of txna and k can be determined from

{
the weve’’. The significance of Bg 5+ the dependence of this

51

1
on the drop time etc. have been derived from the theory.

Delshay has deduced a general criterion for polarographic

reversibility36.



L i

The genersl eguation for the polarogrsphic wave
corresponding to the reductic:. of the oxidized form of the

redox system i: given by the expression

10 -1
i

ni (=29

T
(R

113 /0
* % /t exp

xni(:-59)
a,h Rl

= pr

(7)

[t
If ks.h is sufficiently high so that ks,h 7 >> 1, the
second term on the rizsht hand side in equation (7) cen be

neglected and the Heyrovsky-Ilkovic equation is obtained.

A number of methods are svailsble for the theoretical
analysis of irreversible polarographic waves. Amonz the first
to develop the theory of irreversible waves were Zyring end

63 and Tanaka and Tamamuah1268. Later several workers

coworkers
independently gave more rigorous treatment336v145s‘°4. For

totslly irreveraible systems tne treatment of Meiman?'o8
o4

D918h8Y39’40. Koutecky1 and Randles?3> are aveilable. The
mathematical trestments for quasi-reversible systems are given
by Matsud31°7’1°°, Gelling71, Koryta1°1 and by SBthYBnerayanazho

who modified the method of Randles and Strombergzaz.

It has so far been assumed that thz overall electrode
reaction occurs in a single step as represented by equation (1),
but this is not necessarily true, One may have a rate-
determining step involving n_  electrons, followed by one or
more much faster steps in which sdditionsl electrons are
consumed;

Ox =+ n, © —> I (rate determining)

I+ (n- n,}Jé—> Red (fast)
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The oversll reaction is still Ox + ne —> Hea, and its

rate 15 still controlled by the rate at which Ox isg

reduced, but the total current ootsiied on reducing an ion or
molecule of Cx depends on tne nunber 'n' of electrons
involved in the overall reaction ratner than on the number n,
involved in the rate-determining step. The equetion (3) takes

the form

m.na F

0
kf,h = kf.h exp [- — E. (10)

The value of o in many csses is not fer from 0.5. Both

adsorption and double layer structure'98

, however, may have
apprecisble effects and a few values of o below C.1 or above
0.9 hsave been reported. The value of n_  must obviously be
integral, and in most csses it is probably 1. Thouga it 1s
generally bclieved that only s single elactron can be trans-
ferred at 3 time during tne course of an electrode reaction,

a value of n_ exceeding 1 would not necessarily mean that
two or more electrons are actuslly added simultaneously, but
mersly that the successive steps are too nesrly simultaneous
to be distingulshed on tne time scale implicit in a polaro-~

graphic measurement199.

Equation (10) can be written as

xn F
R ;| o
2.303 RT (11)

o
log kf,h = log kf .

A plot of log kr,h vs E ylelds a straight line with s slope
of -0.4343 (x n, F/RT)., o n, can thus be determined for

various values of E. This is done by tsking the value of 1)



corregsponding to the ratio of 4/i.. The dimensionless

persmeter A is defined by tne equation

W = Kk 1/ J"/;

£pt { 92)
]

A 1s a complicated function of i/id.“L By 2 measuroement of
the aversge currents during the drop-life anid obtainiig kf,h
by & graphicsl integration methodB’, Delahay and 3Strassner3©,4!
utilized the sbove method to calculate the kinetic psrsmeters,
'outecky165 hos tzbulated the value of A (reproduced oy
Heyrcvsky and Kute in their b00k13h) for different values of
i/i4 and thus calculated the value of kf,h‘ From a knowledge
or‘ A at various potentials, kf,h can be calculstsesd from
equation 12. o n,  can be celculated from the slope of tne
plot log kf,h vs B, Finally, log ko

£,h
utilizing equation (1), by direct simgle calculation or as an

can be found out by

intercept ol the above mentisned plot,

3y replacing » Dby K1/2 at B ¢ &n equation has

s 8

been deriveth which iz given below.

0
k
, ac RE f,h 2
1:0.5 = x na ¥ ln . D17—2 + 2& n—HF 1n t (16)
2 a
1/2
It can be observed from equation 16 that K. 5 depends on

o
the quantities t, D, kr

and «x n_,
N a

Delshay =and Berzinshz considering the case of semi-
infinite linear diffusion developed treatwents in the case of
an irreversible reaction involving more than one rate-

determining step. Koutecky's proceduresfor analyzing

irreversible reduction were spplied by Suzuki snd Elving265



to evaluate tie kinetic parsmeters of tne {first nitrom-thane
wave assumine thst the irreversible reaction involved contsins
only onr rete-datermining step. They examined certain
limitations in the use of the Koutecky method. Based on
Delshay's theoretical considerations, they have shown that,

in genersl, when a3 rate determining ster involves two
consecutive irreversible resctions, « n, and k; n for each
reaction cannot be calculated from the plot of loé kr.n
against E which becomes a bent line,

G- 3 o 5 R v o= T BT
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GXPERIMENTAL TZCHNIJUE

D.C. Polsrographic Technique

A menual d.c. polarogresph assembled in the laboratory

consisted of the following parts,

1. Vernier potentiometer 4, (Cambridse Instrument Co. Ltd. ,
Englend) to measure the potentials developed across standsrd

resistance (D).

2. Toshniwal polarogrsph (Type No. CLO2A, Sr, No. 083) for
applying potentials to the dropping mercury electrode,

d-mu B. (:‘1)0
3. Lesd sccumulator (C).
L, Weston standard cadmium ccll (F).

5. Spot Galvanometer of long period (G) (Cambridge Instruments
Co. Ltd,, England).

6. Saturated cololmel electrode, SCE. (H).

7. Folarographic cell (I},

The electrical circuit is given in Figure 1.1. The
potentiometer B connected to & L4-volt lead saccumulator 'C?
geve potential 'V' of the desired magnitude. 'B' was initially
calibrated with standard cell F, The potentisls applied by 3
could be read with an accuracy of 0.01 mV with the help of the

potentiometer A. Cathodic potentials were spplied to d.m.e. (M)



FIG. 21

POLAROGRAPHIC CIRCUIT (Dicds
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which consisted of 2 fine glass cepillery (Sargent and Co.,
U.S.A,) connected through a polyethylene tubing to s reservoir

o{ mercury which could be adjusted to any height.

The potentiometer A was also calibrated with the
standard c¢~ll F and was employed for measuring potential (T5)
across the resistance 'D' in series with thce d.m.e. The
current 1 passing through the system at g particular spplied
potential V, 13 then calculated from the Ohm's law i.e.

i = /R, Thus the current is calculated for different sprlied
potentials 'V' and th2 current-potentisl curve recorded. To
ensure the corractness of the applied potentisl and current,
the calibration of the potentiometers was checked with standard

cell from time to time during the experiment.

The procedure employed for the determination of 'm'

and 't' wes the seme as recommended by Meites snd others<CC,

The importance of the purity of mercury in polsrozraphic
work need hardly be emphasised. Slight contaminrtion of the
marcury leads to erratic behaviour or choking up of the
capillary. Mercury was purified by trestment with 20% V/V
nitric acid followed by repeated washings with distilled water,
drying, passing through a pin-holed filter paper and finally

distillirg under reduced pressure.

The potentisls applied to the d.m.e. were measured
directly against saturated calomel electrode(SC@. SCE was
prepered in the conventionsl manner and was connected to the

polarographic test solution by means of =n agar-KCl sslt
brige or agar-KN03 salt bridge.
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The polarographic cell made of pyrex had a2 capscity of
sbout 100 ml and was fitted with a 1lid having 3 holes for the
insertion of the capillary, the sslt bridze and s tube for passing
N, gas. Nitrogen gas, less than 0,54 in oxygen content, was
further purified by successively pss:-ing it through bottles
conteining slkeline pyrogallol and distilled water before passing
it through the test solution. An atmosphere of N2 was meintained
in the cell during the recording of the current-voltage curves.
Temperatures were maintsined with an accuracy of *0.1°C using
a Townson and Mercer thermostatic unit. Beckman pH meter model

H2 was used for pH measurements.

Determinstion of the diffusion coefficient snd the
number of electrons involved in the reduction process

The knowledge of the number of el:=ctrons involved in
the reduction process is of grest importance especially for
gaining an insight into the mecheanism of the electrode process.
The conventional methods for the determination of the value of
n from the slope of log i/id-i vs E plot or from EB/L - E1/h
values are spplicable only to reversible systems. It is the

limitation of Heyrovsky-Ilkovic equation that it cannot be

applied to irreversible reduction processes.

To determine 'n' from Ilkovic eéquation it is necessary
to f£ind the value of diffusion coefficient of the species under
investigation. For this the lcBein Dawson cell'®?, shown 1n |
Fig. 2.2, wos used. This was a symmetrical double cell, Both
the lower and upper coupertments were fitted with pyrex stop-

cocks so that either compartment could be filled or emptied
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without disturbing tne contents of other compsrtment. The
di sphragm in between was made of pyrex sintered gless of medium

223 (G4, 10 to 15 y4). The volumes of the ugper and

porosity
lower compartments were 166 ml each. To mininise any bulk
flow through the disphrsgm the supporting electrolyte concen-
tration in coupartments A and B was kept identical., The
diffusion coeff{icient wes calculated usins the equation given

by King and Cathcart1h8.

V, V G
A "B . 0
‘%Dt‘ » '\'A . ‘v'B in ¥ (17)
Lro - (1 + ‘,‘_} L
'3

where @ is the cell constent, t is the time of diffusion in
seconds, VA and VB are the volumes of the upper and lower
compartments, Co is tne initial concentrstions and C the

concentration in the lower compartment after diffusion.

The cell constant of McBain Dewson cell '¢' was found
as follows. The lowser compartment of the cell was filled with
the blank (buffer) solution and the upper compartment with the
same buffer having €y, millimole/litre, of nitrobenzens. The
cell was kept in a2 vertical position in a constant temperature
air thermostat. The smount of nitrobenzene (C, rillimole/1itre)
diffused into the lower compartment in time 't' was determined
by finding the value of diffusion current, 14 from the polero-
graphic current voltage curve recorded for the solution of the
lower compartment. From this value of 1d the corresponding
concentration of nitrobenzene was found from its celibrsastion
curve (i, vs concentration), Also the value of D can be known

from the Ilkovic equation as the number of electrons involved



{n the reduction process is known (4e, 1st step). Thus the

value of € obtained was 2.63.

By using tne value of g, and from the amount of the
depolsrizer (read from its calibration curve) diffused in s
certain time the velue of D can be obtained and thercby 'n' can
be calculated by incorporating the value of YD in the Ilkovic

equation.

A.C. Polarographic Technique

The tecnnique of a.c, polarography aims at investigating
electrode processes by the use of as small an alternating poten-
tial {(usually sinusoidal) as is feasible superposed on the stesdy
polerizing potential; the alternating current produced under
these conditions is measured and recorded as s function of the
applied steady potential, with the resulting graph termed
nplternating current polarozrams”., The main cheracteristic of
an slternating current polsrogram is the feature of observing,
when 8 reversible redox process or adsorption - desorption
process is being studied, a maximum alternating current at
steady d.C. potentials. The potential at which the alternating
current is maximum is termed 'peak potential’, Ep or sumtit
potential, ©_. The circuit, therefore, consists of a conven-
tional circuit for d.c. polarographic work together with a
source of alternating voltage and a device for measuring the
alternsting current in the circuit. Many methods are availsble
to achieve this end. The bridge method of sreheme®! 1s precise

but is very cumbersome. The a,c. polaropraphic technique
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developed by Breyer aond 3ut.tm'=mn:c and modified by Doss snd

Kalysnssundasram’  as well as Doss and Gupt.as1

is suown to be
very convenient for such investigations. The only further
modificetion introduced was that the series resistance was
maede as small as pessible. This was achieved by introducing
suitable resistance in the a.c. ripple circuit snd minimising

the resistance across which the a.c. ripple is obtzined,

This technique essentially consists in applying to the
d.m,e. an a,c. ripple of low smplitude over the d.c. potentials
and measuring the s.c. component of the resulting pulssting
current by measurinz the a.c. voltage drop across a resistor
put in series with the d.m.e. This is done by feading the
voltage to an amplifier (3ruel and Kjser, vacuum tube volt-
meter, type 2407, Copenhagen, lezst count 0,2 mV and maximum
amplification 60 db), and epplying the amplified snd rectified
current into & gslvanometer, The voltage drop resistor
consists of a resistance box, the magnitude of the resistence
necessary for producing & particuler voltage drop being
messured for cslculating the current passing., This has rendered

the measuring system independent of the frequency of the ripple58



PROPQSED VWORK ANUD RZSULTS

Proposed work by the candidate

The importance of polsrography asmong other electro-
chemicel methods of analysis has been widely recognised. The
possibilities that polarography offered for understanding the
basic principles of both electrochamical processes and
electro-analytical methods attracted the interest of numerous
workers to the field, and resulted in what is sometimes
called the renaisssnce of electrochemistry., During the last
two decades or so, oxidation or reduction of a large number
of orgsnic compounds have been studied. The technique finds
utility in detecting end estimating a large number of organic
funetional azroups, in the study of the kinetics of the resction
toking place in the bulk of the solution, in the corrslation
between the structure anc reactivity, in the study of complexes
and in estimation of metal ions (emperometricslly) by various

reagents,

Although considerable work has been done on d.e¢, and
a.c. polerographic studies on orgsnic compounds end estimation
of metsl lons amperometrically by titrsting with suitsble
reagents, there ere many aspects which need systemotic investi-
gations. This thesis, therefore, embodies the results
obtained in the following investigetions on which very little

or no data sre available in the literature.
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/.7 Reduction mechsnism of some organic nitro-compounds
at the d.m.e. and the effect of various physicsl

factors on their kinetic parsmeters,

The following nitro-compounds were tsken up with a
view to gain information on the mechenism of their reduction
at the d.m.e. and to evaluate the kinetic parameters
(-log k° and ang), under the influence of varicus physicsal
factors. The utility of computer in calculatin- the value

of kinetic parameters has been examined.

1. 97-nitro-S-hydroxyguinoline-5-sulfonic acid, and
2. Subatituted nitropyridines

{a}) 2-hydroxy-5-nitropyridine

(b) 3-hydroxy-Z2-nitropyridine

{¢) 2-Amino-S-nitropyridine

(d) 6-Methyl-2-nitro-3-pyridinol.

/B_J Studies on the estimation of metsl ions by smperometry
and determinstion of composition snd stability constants

of complexes,

Meny metal ions are known to form soluble or insoluble
complexes with orgenic compounds or inorgeasnic ions. It is
sought to investigate their stoichiometry and to detsrmine
the stability constant in the cese of soluble complexes.
Further, the work on ths estimation of some metal ions using
organic precipitants is to be done using conventional snd
s, c. polarographic techniques from the point of view of their

snalytical epplications, The following systems have been



investigated.

{1) Indirect polarographic determination of 2Zr(IV) as

7-nitro-8-hydroxyquineline-5-sulfonate,

(14) Estimation of thorium (IV) end zirconium (IV) with
m-nitrobenzolic acid by indirect polsrographic method

a.c. and d.c. smperometric methods.

(111) Estimstion of Baz', Ag® and T1' as chromates by a.c.
amperometry.

(iv) Determination of stability constant of the complexes

Ja

between Fs and 7-nitro-hydroxyquinoline-S-sulfonic

acid by a.c. polarography and spectrophotometry.

(v) Determinstion of the stability constant of the complex
formed between Cd'' and the following nitropyridines
by a.c. polarcgraphy.

(2) 2-hydroxy-5nitropyridine
(b) 3-hydroxy-Z-nitropyridine
(c) 2-amino-5-nitropyridine

(d) 6-methyl-2-nitro-ji-pyridinel,

/C_J a.C. polarogrophic studies on reaction kinetics in

solution.

The use of d.c¢. polzrography in the Study of reaction
kinetics is well-known. The applicabllity of a.c. polarography
in tne investigetion of the reaction kinetics is to be
evalusted, To study the kinetics of the neutraslizstion of some

pseudo scids by 8.c. polsrography o the following compounds

were selected.



(a) Nitromethane
{b) Nitroethane
(c) 1-nitropropsne
(d) 2-nitropropane

(e) @-nitropropionic acid

/[ D7 Tensammetric studies on the interaction between

surface sctive substances.

Surface sctive complexes are sometimes formed betwean
oreanic compounds. It is proposed to study the complex formed
between phenol and organic bases such as pyridine, o- and
m-toluidines and aniline by tensam:etry and to confirm the

results by conductometric and spectrophotometric studies.

It is expected that these studies will throw more
light on the elucidation of electrode processes at the d.m.e,
and assess the applicabllity of a,c. polsarogrsphic technique
in particuler. The role of computer for the calculation of

the kinetic parsmeters has also been emphssised.

R SULTS

["t_] Reduction mechanism of some orgenic nitro-compounds
at the d.m.e. and the effect of various physical

factors on their kinetic parameters,

The work deals with the studies on the reduction of
(1) 7-nitro-E-hydroxyquinoline-S%.sulfonic acid and
{2) Substituted nitropyridines
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() 2-hydroxy-5-nitropyridine

(b) 3-hydroxy-Z2-nitropyridine

(c) 2-smino-S5-nitropyridine

(d) 6-methylezZe-nitro-3-pyridinol.

The following are the wain results obteined as a

result of such investigstions:

{1) Polerography of &-hydroxyquinoline, &-hydroxy-
quinoline-5-sulfonic scid and 7-nitro-8-hydroxyquinoline->5-
aulfonic acid has been carrlied out in squeous bufiers
(pH 2.0 to 1Z.C) of constant icnic strength (0,54 1) at
25 ¢+ 0.1°C. The observations with B-hydroxyaquinoline and
g-hydroxyquinoline-5-sulfonic acid were similer to those
reported in the literatéﬁgfs The behaviour of the parent
molecvle of the 7-nitro derivatlive resembled thset of &-hydroxy-
quinoline-5-sulfonic acid. The nitro group geve 2 single step
upto pH £.5, above which it split into two. The nuuber of
electrons inveolved in the reduction of the nitro group over
the whole pH range, using McBain and Dawson cell and applying
King-Cstincart equation, was found to be six. A pre-weve,
of adsorption characterlstics, preceded the nitro zroup wave
over tae whole pH range. The kinetic parameters uxna and
-log k°) in the case of single step for the nitro group
reduction have been calculated by Koutecky's method and the

reduction mechanism has been proposed.

The effect of tne neture of cations, anions and the
ionic strength of the supporting electrolyte revealed that the

height of tho step due to the reduction of the nitro group did
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not slter much and -log k® increased in the order
K* > Na* > Li' in solutions of monovslent cations,
<+

agz* > Cs&* > Mg in solutions of bivalent cations and

* > Na' in solutions of mono-, bi- and tri-valent

Le’*-> Ca”
cations respectively. The increase in -log k% 1in solutions
of mono-, di- and tril-valent cstions were small compsred to
the values in sclutions of indifferent electrolytes having
cations of the ssme vslence but increasing atomic weight.

In the csse of anions it was seen thst -log k® decressed in
the order Cl- < Br” < I” and this has been attributed to
the increased esdsorbsbilities as we go from Cl~ to I™.

-log k° elso decressed with incressing ionic strength of the

supporting electrolyte,

The effect of th? drop time, concentration of the
depolarizer, pH, concentration of ethznol and temperature on

the kinetic parameters have also been studied.

The values of xn, and -log k® were slmost inde-

pendent of drop time, whereas, EO.S shifted to more cathodic
velues with incresse in height of the mercury column, The
value of xn, and -log k® were not appreciably affected

by the concentration of the depolarizer. With increase in
temperature the reduction became less irreversible and E

0.5
shifted slightly to more positive velues, The values of ™n

decreased and -log k° Incressed as the concentration of )
ethanol was increased in solution, The effect of verious
alcohols (in 5% concentratiins) on -log k° were also studied.
The vslues of -log k® increased with increase in chain

length of slcohol. The values of -log k®° decreased on
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going from normal butyl elcohol tu tertiary butyl alcohol.
In solutions contsining satursted slcohols the values of
-log k® were found to be more than in solutions conteining
unsatursted alcohols. Further the values of -logz k°
increased in the medis (54 in various slcohols) in the order
propyl alcohol > isopropyl alcohol > propylene glycol >
glycerol. As the pH was increased from t to 6.5,the values
of on, decressed. The -log k° increesed and Zg.5 Showed a

cathodic shift with increase in pH. These effccts have been

discuased.

(2) Substituted nitropyridines. The following compounds

were selected for the study.

8. Z-hydroxy-5-nitropyridine (A4)

b. 3-hydroxy-Z2-nitropyridine (HNP)

c. 2-amino-S-nitropyridine (ANP)

d. 6-methyl-2-nitro~3.pyridinol (VMNP)

Polerographic studies were carried out in aqueous

buffers (pH 1.6 to 1200) Bt a constant ionic Stl"ength (00514- M)
end temperature{30 * 0.1°C),

(A), (HNP) and (}NP) have hydroxyl group in o- or
p-position to the nitro group and ANP haes & p-aming group.
A 6e wave was expected due to their ability to form quinonoid
structures. They exhibited two waves, However, the second
one being ill-defined I  most c¢sses. The first wave was
analyzed and was founu to be diffusion controlled irreversible
reduction. McBain and Dawson cell was used to find the

di ffusion coefficient, Using this volue of diffusion
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coafficient tae number of electrons involved was found to

be 6.

To colculate the kinetic psrameters on_ sand -log k©
by Koutecky's method, the alope of the plot of -E and -loy k
was found (by least squsre fit) using I34 1130 computer. The
slopes of the plots ol loi ngrT ve - were also celculated
using the computer. For s set of data the slopes of the above
mentioned plots could be celculated in eizht seconds. Generslly,
the value of xn did nov show any regularity and -1log k°

showed an incresse with incresse in pH.

2-hydroxy-5-nitropyridine had the most csthodic Eﬁ.5
smongst the four compounds studied. Further, the value of

on_ was found to bes the lesst in the case of (A). It wss

seen that p-amino group in AKP influenced the recduction of the
nitro group more than p-OH group in (A). In the cases of

HNP snd MNP the T, . and 1, were almost sams except in strongly
alkaline media. The velue of .log k® showed that in the case
of MNP the reduction beceme more irreversible compared to HNP,
presumably due to the presence of methyl group. HNP and MNP
did not exhibitiggximum whereas (4) (pH 5.0, 4.0 and 7.0) and
ANP (pH 6.0, 7.0, 9.0) showed a meximum which was suppressed

by Triton X-100.

A.C. polsrogrephic studies for concentrations used in
d.c. polarographic studies did not yleld eny peak corresponding
to the reductic: of the nitro group except in csses where a
maximum in d.c. polarographic wave was present. A.C. pest s

could be observed in those cases in which » hump was aeen in
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d.c., pol.rographic wave which has been attributed to the
desorpti-n at the d.m,e, However, at hizher concentrations
of the compound 8 smsll peak sppesred correspondin: to the

nitro group reductici.

/" 3_7 3tudies on the estim:tion of metel ions by smperometry
an. determinstion of ceouposition and stsbility constants

of complexes,

This work dsals with the study of soluble and insolube
complexes formed between some metal ions snd organic or
inorgsnic ligands. The stoichiometry snd stability constant
o. soluble complexes have been found. Further, certain metal
jons have been estimated by the use of precipitants. In some
cases thne comparison of d.c. amperometric, a.c. amperomaetric
snd indirect d.c. polsrographic methods have been made. The

following are the main results.

(1) Indirect polarographic determinstion of 2r(IV) as

7-nitro-8-hydroxyguinoline-s-sulfonste.

7-nitro-8-hydroxyquinoline-S%-sulfonic acid (NOS3A)
hes been used both as a precipitant and polarographic active
substance in en indirect d,c. polarographic method for the
estimation of Zr(IV) at pd 1.5, Dirsct d.c. amperometric
titration was not found suitable., As Ar{IV) and NOSA do not
give good a.c. waves, a.c. amperometry could not bz used, The
composition of the precipitate waes foundi to be Zr(NOSAL. The
effect of various ions were studied. U0;2, tri-valent Al, Pr,

°m, La, Lu, Yb, r, Gd, Nd and tetravslent Th did not interfere
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when present in concentrations about 20 times that of Zr(IvV}),.
Interference was caused by di-vilent ions such as Ba, Ca, Sr,
l'n, Cd, Zn, Co, Ni and Cu when present in concentrastions
greater than about one-fifth that of Zr(IV)}. The serror in

L

most €a8323 was . 2.

(11) CEstimstion of thorium (IV) and zirconium (IV) with
m-nitrobenzoic acld by indirect polarogrsphic, a.c,

snd d.c. amperometric methods,

Th{IV) and Zr{IV) have besn estimated usin~? m-nitro-
benzoic acid (NBA) both as a precipitant and as polarographic
reducible substance by s.c¢. aunperometry. D.C, smperometric
and indirect polsrographic methods have also been carried out
for compsrison of results. In a,c., amperometric method best
results were obtained a2t pH 3.4 for Th(IV) and at pH 3.0 for
Zr(Iv). Reverse titrations wer2 slso performed by a.c.
smperometry. Error in most csses was < 2%. The composition
of the precipitate was found to be Th(m--NO2 C6Ha COO)& and
(m- NO, CgH, CO0) Zr O(CH).

(1ii) Estimation of 39", Ag' and T1% as chromates by 8,c,

amperometry.

h.C. smperometric method has been employed to estimate
fa**, Ag* and T1* by titrating with chroh at pH 6.8, In the

+e
case of Ba

best results were obtsined in 104 methanol,

20, ethanol or 55 acetone by the addition of excess chromste

and back titrating with standsrd BaCl. solution. T1* could
'

be titrated in 10% methanol at -0Q.47 V vs S5.C.%. or in Q%



ethanol at -1.32 V vs S.C.E. For Ag 20» ethanolic medium
wes found most efflicient., Urror in most cases wes withnin
1.,5% in a.c. amperometry. U.C. amperometric¢ methods have
also been used for compsrison of results. It wes also seen
that in a.c¢., smperometric titrstion of 3a'', 0.1 M KCl or
Coz2 M KC1 as suprporting electrolyte ylelded best results,
In supporting electrolytes containing KI, XCNS, CaClz,
Mg012 A1013 erroneous results were observed. KNOB, NaCl,
NaNOB, NaClGh and LiCl as supportinz electrolytes also gave

fairly good results for 3a*",

(1v) Determination of the stebility constant of the complex
between P‘e3+ snd 7-nitro-E-hydroxygquoline-s5-sulfonic

acid (NCSA) by s.c. polerography and spectrophotometry,

A.C, polarogrsphy has besn advantsgeously used to
study the complex formation., D,C, polarography could not be
used bacause of the fact that nitro group of the ligand gave
a reduction wave prior to the Fe'*' wave snd this interferesd
in determining the shifts in half wave potential of Fe''*.
The fact that the peak potential of Fe*'‘* shifted to more

cathodic values as the concentration of NOSA was increassed

showed complex formation. Using Kolthoff and Ligsne method
the coordinatio: number was found to be 3 and the dissociation
constant was determined to be 0,513 x 10‘13 at pi 2.5 and

ionic strength 1,0, Further, the diszociation constant value

found by a.c. polarogrsaphy agre:d with that foung by spectro-
photometric method (0.45 x 10~ 12),
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(v} Determination of the dissocintion constant of the

complex formed between Cd'* and some nitropyridines.

Kolthoff and Lingane's method was used to determine
the dissociation constants of th- complexes formed by the
following compounds with Cd** at pH 2.0, temperature 25°C

and ionic strength 1.0 !,

(a) 2-hydroxy-%-nitropyridine (A).

(b) 3-hydroxy-Z2-nitropyridine (HNP).
(c) z-smino-5-nitropyridine (ANP).

(d) 6-methyl-2-nitro-3-pyridainol (MNP).

The general formuls of the cocmplex wes found to be
[cd (L),]"" where L denotes tne ligand. The dissocistion
constsnts for the systems Cd-(A), Cd-HNF, Cd-ANP snd Cd-MNP
were found to be 0.4169 » 1077, 1.318x10"°, 0.8185 x 10~ >
snd 1.146 x 1072 respectively,

[CJ A.C. polarogrephic studies on reaction kinetics

in solution.

To study the tautomeric converslon of certain nitre
compounds into their aci-forms, tae following compounds wers
taken to investigate the applicability of a.c. polarogrsphy

in the study of reaction kinetics.

(1) Nitromethane
(41) Nitroethane
(1i1) 1-nitropropane
{iv) 2-nitropropane

(v) B-nitropropionic acid
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/.C. polarozrams were taken for all compounds (in the
entire pH range 1,0 to 12.0) after keeping them for 12 hours
for the attainment of equilibrium between the normal nitro
compounc and its aci-form. The currents increased witn
increase in pH upto about neutral pH sfter which it started
decressing. The peak potential {Ep) also shifted to more
cathodlic potentials. 1In alkaline pH the ~p beceme almost
constant and the moagnitude of current decreased and finelly
in strongly alka2line medis no pesk was observed. The
decrease in the megnitude of the peak is due to the formstion
of tne sci-form which is not reducible at the d,.m.e. This
fact has been used to study the concentration of the nitro
compound st verious intervals of time snd it was found thst
the kinetics wss of first order. In the pH region (8.5 to
10.0) and at two different temperatures the kinetics of the
transformation have been studied and the thermodynamic
parameters are derived for the activated complex. The results
agree feirly well with the literature values. However,
1-chlorec-1-nitropropane did not give good peaks snd hence

a.c. polerogrzphic technique could not bs used in this case,

/37 Tenssmmetric studles on the intersction between

surfasce active substances.

A.C. polsrography has been successfully used tc study
the tensamuetric complex formed between pnenol and organic
bsses such es pyridine, O-tOIQpine, m-tol@@ina and aniline.
Conductometric stucieés have slso been used to confirm the

composition of the complexes. Infrared Spectroscopy has been
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used to establish, qualitatively, the existence of hydrogen
bonded interaction between phenol and the organic bases, The
composition of the complex was found to be 111 in the cese
of phenol with pyridine or eniline »nd 3:1 in the caese of

phenol with o-tolqpine or m—tol@@ine.
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CHAPTER III

REDUCTION MECHANISM OF SOME ORGANIC
NITRO COMPOUNDS AT THE d.m.e. AND
THE BFFECT OF VARIOUS PHYSICAL
FACTORS ON THEIR KINETIC PARAMETZRS
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IRTRODUCTION

The study of orzanic compounds has been made possible
by satisfactory theoraticel treastments of irreversible systems.
b

Shikata studied nitrobenzene at various pH values and subse-

quently with the help of his collaborastors he studied the

<9

nitrophenolszhs, dinitrobenzenes, dinitro-phenols and

nitroanilineszso. Laster, Winkel and Prosk22°1 8lso investigeted
ni trobenzene. Due to srbitrary reduction potentials, rether
than EO.S quoted by earlier workers, Astle, Elving, Holleck,
Pesrson and Psege individually investigated additional nitro-
compounds in addition to repeating the earlier work. The

subs tances jnvestigeted included mono-, di- and tri-nitro-
benzeneshh'6h'153’160’215’217'250, nitrotoluenes, nitro-
phen0132’218, nitroresorcinols*'219, p-nitroaniline, mono-

nitro cresolsB, nitroanisoles, nitrobenzoic acids and the

methyl nitrobenzoates.

The studies with nitrobenzene showed two steps below
pH 4. The first one (he) corresponding to the hydrexylamine
and the second (2e) to the amine. The second step, however,
disappeared beyond pH 4. The addition of alcohols resulted
in the cathodic shift of the steps and s better defined
second step. The nitrotolusnes, nitroanisoles and methyl
nitrobenzostes differed from nitrobenzene in the pH value at

which the second wave disappeared.

Di-nitrobenzenes and di-nitrotoluenes yielded a 1Ze

step in acidic media snd s 10e (or less) step in alkaline
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media. Witn tri-nitrobenzene ana tri-nitrotoluene a step
corresponding to greater than 1ze reduction in acidic and a
128 reduction in basic media was observed, It was deduced
that mono-, di- and tri-nitrobenzenes and nitrotoluenes
were reduced to the corresponding hydroxylamine in neutral
and alkaline media whereas in acidic media the reduction
proceeded in 8 stepwise fashion through the corresponding
hydroxylsmine to the amine, 3etwe2n pH 3 to 6 s mixture of
the hydroxylsmine and amine was formed, EO.S values varied
linearly with pH but the slope changed at about pH 4 where

the reduction process also changed.

The studies on p-dinitrobenzene wers carried out by
Holleck and Exner125 and Holleck and Herman126. They
observed multistage curves caused by two concurrent processes.
In acid solution one of the nitro group underwent a Le
reduction to hydroxylsmine and the second nitro group under-
sent a 6@ reduction to form amine. However, in alkaline
solution a stable tautoreric quinconoidal intermediate state

was formed vis @ 2e reduction process which was then reduced

(8e). The second reaction was inhibited over 8 wide pH range.

Holleck and Kastening1?7 have suggested the following
mechgnism of the polerographic reduction of aromatic nitro-
compounds in slkaline solution and weakly acidic solutions
where the rate determining step is the seeond electron

tranafer process,
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ie - -
(R-NO.) ——= (H-NO_) ——> (R-NO,)
< ads,™ Rev, “ ads, ¢ soln,

|
l13
(H-NO}E) £8BL Product.,

(R denotes - C6HS)

The rate of the electrode reaction is affected by the
suobstituents in the benzene ring, the corposition of the solution
and the nature of the electrode surfsce especislly in the

presence of surface active substances,

The o-, m- and p-nitrophenols resembled nitrobenzene in
acidic solutions in giving two steps. The o- and p-isomers,
however, ditfered from nitrobenzene in that a 6e step appesred
with an incresse in pH. o- and p-aniline alsc showed similer
behaviour at higher pH values. In the tsse of Z-nitroresor-
cinol & 6e weve sppeared over a wide pH range (pi 2 to 12).
With p-benzoquinone mono-oxime (p-nitrosophenol)59, it was
seen that in the first place the quinonimine wes formed in a
two-electron step, Because the oxidstion-reduction potential
of the Ze reduction of the quinonimine is more rositive than
that of the reduction of the quinone mono-oxime, one single Lo
step, corresponding to the reduction of the gquinone mono-oxime
to p-aminophenol, was observed. An analoguous explanation has
been proposed for tne reduction of p-nitrophenol and p-ni tro-

aniline257:

NO2 NHOM NH NHy
. 4e,4n" k. 28 2wt
—_— —_—— —_——
—H20 x
O



w kB =

Becsuse the potential for the r duction of quinonimine is

more positive then thet for the nitro group, one %e wave is
observed, whereas, for other nitrobenzenes only a L8 reduction
occurs in the first step, The situation in this particular
case is complicated because the dehydration of p-(hydroxysmino)
phenol cccurs at a finite rate, and hence, the increasse of
current sbove that required for the 4e reduction possesses a
kinetic characterzsq. Finglly, the 4e reduction of the nitro
group in thco first step (the impossibility of detecting two
separate Ze waves and the absence of the corresponding nitroso
compound as intermediate) 1s explsined by the fact that the
EO.E of nitroso compounds are more positive thsn tnose of tha
corresponding nitro derivatives, Every nitroso group formed
i{s immediately transformed further into the hydroxylamine,
Thus in the case of o- or p-nitrophenols and snilines such
phenylhydroxylemines are formed which can be converted into
the raspidly reduced quinonoid form. The quinonoid compounds
underge repld slectrode processes (described as reveraible)zph.
An exceptional feature of quinonoid systems is that the net
result of what is usually s 2e oxidation-reductisn process is
a simultaneous change in two reactive groups in the molecule.
This change 1s accompanied by a prenounced change in the

aromaticity - from the oxidized form, resembling, an o, @8-

unaaturated ketone in its behaviour, to the aromatic reduced

formzah.

Nitropyrimidines contalning hydroxyl sroup at posi tions
suitable for a single be step through the formation of quinonoid

form were 5-nitrobsrbituric ac1d137. 5-nitro uracil'-S _—
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and 5-nitro orotic acid139 whicn were studied by Jain and

Kapoor over a wide pH renge,

The reduction of 4-nitrocatechol® showed an interesting
behaviour in that the reduction of the intermediate nitroso-~
compound occurred at a more cethodic potential than the
reduction of the nitro form. The wave for the hydroxylamine
was well defined only upto pH 2.0 after which it becsame more
drawn-out with decreased wave height and finally disappeared
at pd 6.3. This behaviour indicated that the cation corres-
ponding to the aryl hydroxylamine was the reducible form and

that the unionized hydroxylamine was ususlly not polaro-

graphically active.

The behaviour of 24 and 2:6 dinitrophenols resembled
the dinitrobenzenes but picric acid exhibited a 17 reduction
wave probably corresponding to 3!5-diemino-4-hydroxyl
phenylhydrezine which rearranges in acid to give a benzidine173.
Styghnic acid also behaved like picric acid in giving a 17e
steph- The respective amine is formed in the case of 2-nitro,
2:4 dinitro- and 2:6 dinitroresorcinol at sll pH values. The
nitrobenzoic acids yleld two reduction waves both in acid and
in alkaline solution. Their EO.S did not change with concen-
tration but varied linearly with pH over a limited pH range215.
Kemula and Chodowska1h7 investigated nitrofurszone in agueous-
alcoholic mixture. Gorokhovski and Ponomarova75 studied the
reduction of o- and p-nitrobenzoic acid, P-nitrosalicylic acid,

5-nitroanthranilic acid and 5-nitroaniline over 2 pH range 2

to 10. They showed that at s low pH value the reduction of
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the nitro group was facilitated by tn- carboxyl group in the
pars position whereas at higher pH the reduction of the nitro
group was retarded possibly owing to the negstive charce of

the jonized carboxyl group.

Runner et 31.236 found that the o-iaomer of N-nitro-
phenyl-N'—phenylacetamide was reduced more readily than the
m- or p-isomer, indicating the formation of intrsmoleculsar
hydrogen bonding,. The presence of inrtramolecular hydrogen

bonding was estsblished in the case of x-nitroso-@-naphthol

by Ramaish and Tewarizqo.

7 .
Goward ana coworkers 6 caerried out tne studies on

5_n1tro-S-phenylcyclohexane and its derivatives,

159, 253,260

The studies on Z-nitrofuran showed a Le

process which decreased to a 1e process with the increase in
ghe concentration of alcohol in the agueous-alcohol mixtures.
This wes explained to be due to the retardation of the rate
of protonation of the nitro~-group and the formation of its
anion radical. They sugrested that the reduction of the

ni tro-group occurred vis a protonized R-NOIH+ to 2-hydroxy-
lemine furan and to 2-aminofuran via the 2-hydroxylammonium
220

cation. Maurice and Pearson investigated the polarographic

reduction of nitro derivative of thiophene and pyrrole,

PALY
Novikov and Pozdeva carried out the polarographic behaviour
of 4-nitro derivatives of N-oxides of pyridine, picolines,

lutidines, guinolines and quinsldines,
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Reduction date as s function of pH were reported for
nitrobenzene135, h-nitroisooxazolezﬁj, h—nitroanilinezzs,

1-phenyl-2-nitroethsnol, 1-(p-bromophenyl)-2-nitroethanol,

176,171

and 1-phenyl-Z2-nitroethanol methylate y, different forms

of th- nitro group in solution’® 146 and for Zzemethoxy-i-

229

nitroaniline. The polerographic behaviour of z-ethyl-4-

227 n-phenylnitramine and n~butylnitram1ne168,

69

nitroeniline,

N-nitramines derived from secondary amines ”, o- and

p-nitrophen0129 and for ﬁ-phenylnitroethane12b was described,

Penttinen and Lindbergzzz reported polerographic data
on nitro-derivatives of gusicol, o-vanillin and o-vanillic
acid. Adama1 described electrochemical and Z,.P.R. spectroscopic
mesaurements of several p-nitro-triphenylamine compounds.
Palyiz16 observed s 4e step for the reduction of 3-nitro-i-

chlorobenzene sulfonic acid.

Nitroperaffins yleld & single step, in strongly acidic
solutions, which has been attributed to the formation of the
slkyl hydroxylamine. In weeakly acidic medis, a second step
that has been attributed to the alkylamine appearszzs.

Le . 28, cH¢
CH3N02 Iﬁ';} Crlz{\IHOH —:ﬁ-z—o—)— E}Hjl'iﬂ-l2

Stewart and Bonner256

observed one 4e step in well
puffered solutions at all pH vslues. The reduction probably
proceeded in acidic and basic solutions according to the

following equations
+ ——
R"NOE + LH” + Le —> RNHOH 4+ H.0 (acidic solution)

R-NO, + 3H.0 + ke —> RNHOH + LOH™ (bssic solution)
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209

‘idller et sl. studied the pseudo acid properties of

nitroparaffins whereas those of phenyl-nitromethsne snd nitro-

cyclohexane w2re examined by Jannakoudakis'“°'1“1, Elving6o*61

has discussed the reduction of hydroxy nitrobutsnes and their

ethers and esters.

Polarographic data for m-nitrophenolzv, aliphatic

1°h, nitrourea<<”

nitroalcohol derivatives several N'-substi-

AY =

52

tuted-c-methyl-4 (and -5)-nitroimidszoles » @nd 1-substituteg
2,4-dinitrobenzenes in HZSOL-EtOH-HEO solution32°7 were
reported. Seversl aliphatic tertisry nitro compounds were
studied in alkaline media<*!,

The effect of proton donors on p-dinitrobenzene
reducti:n128 and the ability of pyridine and diethylamine to
catalyze the proton transition between acids and nitro or
carbonyl compounds were discussed'®3, 2-nitroacetsaldehyde
oxime was studied cathodically as well as anodicallyhv, while
o-substituted p-nitroacetophenone oximes were examined in

order to gein insight into ortho effectsé.

An anamolous dip was observed in the Folarographic wave
for nitro derivatives of imidazole at pH 6 %o 10.2?3 In
another study the steepness of the reduction wave for
1-(p-bromophenyl)2-nitroethyl aslcohol and other aromstic nitro
alcohols was suzgeated tc be messure of the extent of
adsorption'qz. The verious important experimental varisbles
were emphasized in a study ia which p-dinitrobenzene served

as the model compound‘zg.
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A detelled electrochemical study including a.c. and
d.c. polarography of nitrobenzene reduction was slso reported26“.
Effect of structure and pH on the reduction of 2-substituted-
f-nitrofuran derivatives in water-ethsnol was described261.
Reduction and oxidstion studies of several nitro psraffins and
their sodium end potassium salts, respectively, were discussed
in detailzos. Polsrographic data for 24 nitro compounds were
determined in 63:27:10 ethanol-pyridine-water and used in
studies on the pyrochlorophyll-sensitized photo-reduction of
nitro compoundazhz-

A.C, polerographic studies on organic compounds gained
momentum after the work of Breyer and coworkers1}'zo. Suzuki266
investigated nitro compounds with oscillographic polarogrsphy.
Nitrophenols were found to be reduced reversibly in alksline
pH rather than acidic pH values. Nitromethane was irreversibly
reduced as were o~ and p-nitrophenols in scidic solutions.
Suzukiz66 was able to snow that, while the oversll reduction of
ni trobenzene were irreversible, the intermediate redox reaction
involving nitrosobenzene and N-phenylhydroxylemines was a
reversible step in the process. Breyer and Bauer17 found that
nitrobenzene either gave two different wsves or a single wave
with incressed wave height where s moximum wes present in d.c.
polarographic studies., Kastening and Holleck1h5'1h6 studied
the effect of surfactants on the reduction of nitro compounds
such as p-nitroaniline, p-nitrochlorobenzene and p-nitrobenzoic
acid. The literature on a.c. polarography has been reviewed

through 1955 by 3reyer et al, <!
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&5 extensively studied orgenic compounds

Gupta and Sharma“
by a.c. polarography. The effect of pH and buffer, supporting
electrolyte, medium, temperature and frequency of a.c, ripple
and series resistance, on the magnitude and pesk potentisl of
some organic compounds were investigated by them, Guptz snd
Chatterjee30 carried out studies on mixture of reducible organic
compounds. They estimated p-nitrophenol quentitatively from
its mixture witn nitrobenzene as well as with o-nitrophenol or
m-ni trophenol and vice versa within specified concentration
ranges. The studies on mixtures of orgesnic reducible species
and surface active substances (s.a.s.) were also carried out.

They observed that the magnitude of the reduction pesk was not
influenced upto a certsin concentrstion of s.a.s. after which

the magnitude of the peak progressively decreased. Guptaand
Chatterjee also studied the effect of concentration on the peak
potentials of some organic nitro compounds. They found that

ni trobenzene, o- and m-nitrobenzoic sacids and p-nitrophenol

peaks did not shift with concentration in slkaline pH values
whereas the peak potentials of o- and m-nitrophenols, di- ang
tri-nitrophenols, o- 8nd m-nitrotoluenes and m- and p-nitrosniline:

progressively shifted t more cathodic values with incresse in

their concentration. The studies on nitrobenzene was also

cerried out.

A.C. polarographic data were collected for o-, m- andg
p-hglo-substituted nitrobenzenesbs. The effect of pH and

inhibitors were considered in d.c¢. end sine wave polarographic

study of o-, m- and p-nitrophenols~'132,
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(1) POLARQGRAPHY OF 7-NIT.0-8-HYDEOXYDUINOLINE-S5-SULFONIC
ACID (NQSA)

As no polsrogreaphic¢ studies have becn reportrd on NOSA
it was chosen to study its reduction at the d.m.e. at vorious
oH and slso to investigete the effect of various physical
factors on the kinetic parsmeters (xn, and -log k°) of the

reduction of the nitro group.

ZXPERIMENTAL

Recrystallized oxine (Ward Blenkinsep Co., London) was
used for experiments snd preparation of its derivatives.
Oxine-5-sulfonic acid (0SA) and 7-nitro-oxine-5-sulfonic acid
(NUS,) were prepered and purified as described by Welcherzco.
Stock solutions{C.01 #) of oxine, 0OSA and NOSA wer: prepsred %
in 504 ethanol for preliminery studies (25°C). However, for
subsequent studies with NOSA (35°C) the stock solution wss
prepared in double distllled water. All other chemicals were
of analytical resgent grade, HCL/KC1, Nagnpoh/citric acid,
Boric acid/NaCH and NaCH buffers wers used. The ionic strength
was maintained at 0.54 I by KC1l, No maximum suppressor was i
needed except for oxine at neutral pH when gelatinuto.ohb) was i
used, The capillary used for dim.c. hed m = 2.931 mg/s, |
t = 3.05 s in 0.54 " KCl (open circuit) at h = 40.0 cm
(uncorrected for bacx pressure) in d,c. polarography and
ma= 4L.564 mg/s and t = 1,8 s in 0.1 ¥ KC1 {open circuit) in
a.c, polarography.
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RESULTS_AND DISCUSSION

In order to identify the wave due to the nitro Iroup
and due t- the lack of date on oxine and OSA in the s=me
buffer system and ionic atrengtn, preliminsry studies on

oxine, OSA end NOSA were csrried out under identicsl condi-

tions at 25°C.

Currenc-voltage curves at vasrious pH vslues

Oxine: The current-voltsge curves are shown in
Fiz. 3.1. Oxine gave & single poorly defined wave A in
strongly acidic solutions. Betwe:n pH 4 and 7 sn ill-defined
wave B, probably due to adsorption, preceded the wave A,
Another wave C at pH greater than 7 showed signs of following
the wave A but hydrogen discharge interfered with the obser-
vations. At pH 7 the wave A was surmounted by e pronounced
meximum which dissppeared at higher pH values (pH > 8.5).
Gelatin (0.04%) suppressed the maximum at pH 7 and shifted the
waves A and C to more cethodic potentials. The wave C
percisted upto pH 10.0 and then merged into the decomposition
curve of the supporting electrolyte at pH 12 whereby only one
well-defined wave remained. These observstions are similar
to those reported by Stock??8 uho attributed these waves to
the formaticn of dihydro- and tetrs-hydro oxine, The slight
variations in the EO.S values observed by us may be due to the

different nature of the bufier system used,

Uxine-5-sulfonic acid (0U3A): In ascidic 8ide OSA gave a

well-defined single step whose helght decreased with incresse
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in PH. At pH 7 it gave a two step raduction and was free from
meximum whereas with oxine a sharp maximum was observed. at
pH £.5 a third step appeared which agsin disap eared at pH 10.
However, at pH 11 only the first step remained. No wave
appeared at pi 12, The current-voltage curves are shown in
Fig. 3.2. These observations, except st pH 8.5, sre similer
to those reported on 05A by Philips and Fernandoz‘1 who
characterised the reduction wave(s) to be due to the formation
of dihydiro- and tetrahydro 0SA. Probably Philips and

Fernando missed the third wave at pH 8.9 as they did not
record current-voltage curves beyond -1.8& volts whereas in

our case the EC.S of the third wave was found to oe -1.8%4
volts. The fact that the sL.: of the first wave (Eé,5) at

5
pH 8.5 is very close to (5;.5) 8t pH 7 and the E; . of the
second wave (35.5) at pH 8.5 is more positive than (E;.S) at
pH 7 shows that the reduction mechanism at pH 6.5 is di fferent
from that at pH 7. The disappearance of the third weve at
pi > 8.5 may be due to further cathodic shift of its E .5
which appears very closeithe discharge of the cestions of the
supporting electrolyte. The non-redicibility of OSA at pH 12
may be due to the double negative charce which prevents the

acquisition of further electrons.

7-nitro-oxine-3-suifonic ecid (NOSA): The current-

voltage curves are shown in Fig, 3.3. With NOSA the current-
voltsge curves due to the oxine-5-sulfonic scid molecule were
similar to those of OSA except that tne waves appeared at more
negetive potentials. The nitro group gave a single step upto

pi 8.5. At piH > 10 the nitro group split into two but tne
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total wave height remained tne seme. This split occurred at
the upper part of the step at pH 10, at the middle part of the

step st pH 11 and at the foot of the step st pH 12,

In order to 8neslyse the nature of the r=duction of the
nitro zroup the tests of i,/c , i,/Yh and negative shifts of
EO.5 with concentration were performed at pid 4.0, 5.5, 7.0,

8,5, 10.0 snd 11.0. Teble 3.1 gives the effect of concentration
and Teble 3.2 gives the effect of height of the mercury column
st pH 8.5. Similarly i4/¢ (Table 3.3) and 14/h and id//E

(Table 3.4) at pH 10.0 have been recorded. Table 3.5 gives the
1,/c velues and Table 3.6 gives the i,/h end 1,//h at pH 11.0.

These tests were also made for the second step resulting from

tae splitting up of the main reduction weve of the nitro group.

Further log 1;—1 ve - E plots were masde at pH 1.0 to 8.5 as
shown in Fig. 3.11. All these tests showed that the nitro
JToup underwvent diffusion~-controlled irreversible reduction .
The erfect of concentration on wave height is t-

upto pH 8.5.
shown in Figs. 3.5 (pH 8.5), 3.6 (pHd 10.0), 3.7 (pH 11.0) and
3.8 (pH 12.0). Fig. 3.9 shows thne effect of height of the
mercury column on the wave at pH 8.5. Over the whole range of
pl a small weve preceded the nitro group wave, A,C. polarograms
shown in Fig. 3.4 glve two peaks, though smell in magnitude,
which correspond to the small d.c. pre-wave and the reduction
wave. The first pesk, corresponding to the d.c., pre-wave,
decreased in height with temperature. This shows thet it
possesses adsorption characteristics““, The second pesk though

smsll in megnitude incressed with temperature., This pesk was

broad and hence the pesk potentisl could not be mezsured
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sccurately. Qualitatively, however, 1t was seen thst it
anifted to more cothodic potentials with pH and the magnitude
of this shift corresponded to the msgnitude of the shift in

E The splitting of the wave st hizh pH may also be due

0. 5.
to adsorption phenomena and in these cases only one a.c. peak

wes observed which may be ascribed to the composite nature of
the peak. Similer splitting of the d.c. polarographic wave

has slso been reportedz‘“ in the study of heterocyclic nitro

acids end heterocyclic aldoximes.

The diffusion coefficient of NOSA (5.42 x 1070 cm® s~
at 35°C) was found by using McBain and Dawson cell and spplying
King-Cathcart equation'“é. Using this value of U in the Ilkovic
equation the number of electrons involved in the nitro group

reduction was celculated to be 5,33 = 6.

b was used to calculate the values

Koutecky's method15
of kinetic perameters from the data for the polarographic waves
at pH 1.0 to 8.5, These results are given in Table 3,7,

-log k vs -E plots yielded straight lines (Fig, 3.10) thus
showing that there 1is only one process which determines the
rote of the reduction of the nitro group. Values of xn_
showed a regulsr decrease from pH 1.0 to 8,5 &nd -log k° showed
an incresse in the region. E, ; and -log k® showed an incresse
with pH. The electrode processea thus become more irreversible
with incresse of pH because of the increased difficulty of the
availability of the H" which are involved in the reduction

processes. 1he probable r§duction mechanism (below pH .5

— 1S
when a single 6e reduction,taking place may be as follows:
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Cations such monovelent Li, Ns and K, divelent Mg, Ca
and Ba, trivslent Ls were taken to study the effect of the
neture of supportins electrolytes on kinetic parameters at s

constant pi. The effect of monovalent anions ¢, Br~ and 1™

were also exomined.

Tsble 3.8 gives the effect of hslide ifons on kinetic
parameters. It can be seen that EO.S and «n_ do not change
aporecisbly whereas - log k° showed a decrease on going from
c1” to I°. The tendency of the halide ions to increase the

arent reversibility of the electrode process is in
64,70,83,84

app
conformity with their adsorbabilities on the mercury
drop surface., The accelerating effect on the electrode process
with increase in adsorbability may be due to some sort of
activated complex formed at the electrode surface with the

resultant decrease in the activation energy for the electro-

chemical process.

Table 3.9 zives the effect of Li*, Na® and K* on the

kinetic parameters. There was no regular variations in Eo 6

o

and «&n, whereas -log k-~ increased successively in going from
it to Na* to K'. This shows that the elsctrode process
becomes mMOore irreversible as the atomic weight of the cation
incresses. This 1s further confirmed by the effoct of Mgz*,

Ca <t 8a“* (Table 3.10). However, axn_ did not vary apprecisbly

8
whereas E, ¢ showed & cathodic shift, This may be due to the
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increasing atomic radii of the cetions resulting in the
enhancement of the thickness of the electricsl double layer
thereby incressing the value of zeta potential. The increased
zeta potential decreasses the rate of th~ electrode process by

offering a greater potential barrier.

Tgble 3.11 gives the results on the study of the

effect of Na', Ce<* and Les'a+ on the kinetic parameters. There
was s slight veriation in on, snd s slight cathodic shift in
EO.S on going from Na' to CaE* to Laa’. A 8light increase in
the valus of -log k2 was noticed with increasing valence and
increasing atomic welight of the cations. The fact that the
increase in -log k® is small in solutions of mono-, di- and
tri-valent cations as compared to the cations of same valence
but different atomic weights (Tables 3.9 and 3.10) msy be

due to the sccelerating effect of increased valence of cations

counteracting the retarding effect of increasing atomic weight

of these cations,

With the increase in the ionic strength of the supporting
electrolyte a decresse in the value of xn_ -log k° and a
positive shift of 2, ¢ was observed (Table 3.12). This can be
attributed to the lowering of the thickness of the electricsl
double layer, thereby, reducing the zeta potential and
accelerating electrode process. Holleck and Kastening127

made similar observetions with m-chloro-nitrobenzene,

Table 3.13 snows the effect of the concentration of
the depolarizer on the kinetic paremeters. Values of oxn_ and
a

-log k® snhow e slight incresse as the concentration of NOSA

w5s increased.
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Wwith increase in tempersture 14 showed = regular
increase (Table 3.14). mna increased slightly and -log k°
showed s decrease., L_ 5 values, not unexpectedly201, showed

~e

8 slight positive shift with increase in temperature.

The effect of incressing concentration of ethanol
resulted in the decresse in an, and increase in -log k° values.
“h.5 exhibited s marked cathodic shift with incressing concen-
tration of ethanol (Teble 3.15). The value of 14y however,
first decreesed upto about 407% ethanol concentration after
which it increased with further increase in the concentration
of ethenol. The viscosity of aqueous-ethsnolic mixture is
shown to increase gradually upto about 50,» etnanol after which

7
6 with further increase in ethanol

it decreases regularly1
content in the mixture. The behaviour of the value of iy may
be ascribed to theseviscosity changes. JShreve and Markhan
also encountered similar effects with p-nitroan111n3251,
similar varistion of i, have also been reported in the study

of nitrobenzene111’265.

The apprecisble cathodic shift in the EO.S with incresse
in ethanol content may be attributed to the adsorption of
ethanol on d.m.e, with the result thst more activstion energy
i{s neerded for the reduction processes to take place. The
changes incxna and -log k° may be the result of the adsorbded
£ilm of ethanol at the d.m,e. thereby altering the structure
of the electricsal double lsyer. The adosrptionr of ethanol
{n this potential region has been reported by a.c, polarographic

studiea12'102-



- 61 -

Tavle 3.16 gives the results obtained during the
investigations on the kinetic perameters due to the presence
of various mlcohols {esch present in 5. concentration). Four
groups ol alcohols were tsken viz. alcohols of varying length
of hydrocarbon chain, various isomeric alcohols, ssturated

and unsaturated alcohols and alcohols having different number

of hydroxyl groups.

Witn the first group of alcshols it can be seen that
-log k° showed s reguler increase with increasing chain length
and 80.5 showed & cathodic shift, This is to be expected ss
the reported behaviour of these alcoholsﬂz indicates that
surface activity increased on going from lower to higher member

of the series. This renders the reduction process more and

more irreversible.

With the sacond :iroup of alcchols -log k° decreased on
going from normal butyl alcohol to tertiary butyl alcohol. The
;0.5 showed a positive shift. These are due to the fact that:
straight chain slcohol possess grester surface activity than
branched chain alcohoiiz

The values of -log k° in normal or 1sopropyl alcohol
was more than that in allyl alcchol (unsaturated alcohol).

102

Allyl alcohol hes been shown to be less surface active than

the other two.,

The values of -log k° increased in the order normal
propyl alechol > isopropyl alcohol > propylene glycol >
glycerol. The firat two being monohydric end the next two

are dinydric and trihydric respectively. These observations



- 6% &

are consistent with the surface activity of the aICOhols102
and it 1s seen that the greater the surface acitivity, the
stronger the adosrption at the d.m.e. and zreater is the
barrier for the reduction of the nitro group of NOSA at the
electrode. In other words, the reduction process becomes

more and more irreversible as the surface sctivity of the

alcochol increases.
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Tai: 3.1 : Effect of concentration of NOSA
oni,end £, . at pH 8.5

NOSA I Wave II dave

e Boys . A 1y 14/c
S.C.E. pA $:C.E, pAi

0.2 0.26 0.35 1.75 0. 39 L.30 21,50
0.3 0. 27 0.60 2.00 0.62 6.40 21.30
0.4 0.275 0.75 1.50 C.65 8.50 21.30
0.5 0.275 1.00 2,00 0.67 10.60 21,20
0.6 0.275 1. 35 2. 25 0.685 12.80 21.30
1. 20

0.8 C.28 .70 2.10 0.73 16.95
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of mercury column height on

13 8nd E5  of NOSA st pH 8.5
5 I ‘Wave - IT Wave
cm g .5 14 14/R  14/Yh "By 5 14 1,/h i,/7h
S.Can PA S.C.E. ‘pA

0.4 mM NOSA
30 0.255 0.70, 0.02333 0.1277 0.630 7.35 0.2450 1,342
LO 0.260 0.80 0.02000 0.1265 0.640 8.49 0.2122 1,343
50 0.260 0.86 0.01973 0.1247 0,635 9.52 0.1904 1.346
60 0.265 0.95 0.01583 0.1227 0.665 10.50 0.1750 1,356

0.2 mM NOSA

30 0.260 0.30 0.0100 0.0547 (©.615 3.82 0.127 0.697%
LO 0.260 0,37 0.0092 0.0585 0,615 L.53 0.114  0.7163
50  0.260 0.43 0.0086 0.0608 0.620 5,05 0.101 0.714%
60 0.265 0.48 0.0080 0.0619 0.620 5.53 0,092 0.7141




7

TABLE 3.3 ! Effect of concentration of NOS2
on i, and EO.S at pi 10.0

Conicati I Wave ITI Wave IIT YWave
m - _ .
Eg. s iy 1d/c 9.5 1, id/c 0.5 iy 14/c
S.COE. p““ S'C'E' ‘IA S-CaE- ‘,JA.
0.3 0,360 0.70 2,33 0.720 6.40 21.33 1.025 1.40 L,67
0.4 0.365 1. 05 z.62 0.740 8.55 21.37 1.065 1.85 L.62
0.5 0. 365 1. 30 2.60 0,760 10.10 20.20 1,120 20 20 L, 40
0.7 0,370 1,70 2,43 0.810 14.70 21.00 1,170 3.30  4L.71
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L : Effect of mercury column height on

1q 8nd By , of 0.2 mM NOSA

h I Yave II Wave IIT Wave
L &1 1 - -
Eo.5 14 0.5 1q E0.5 5
SOCQE pr‘ S'C‘E 1,1!1 S.C.E. uA
30 0.360 .50 0.710 3.30 1.010  0.75
40 0.360 0.45 0.715 3.80 1.020 1.00
50 0.360 0.45 0.715  4.25 1.020 1.20
60 0. 360 0.45 0.720  4.65 1,020 1.45
n I Wave IT Wave IIT Wave
e a4/ 14/7R ig/h 1,//R ig/h  14//h
30 0.01334 0.0912  0.1100 0.6024 0.0250  0.1371
40 0.01125 0,0711 0.0949  0.6009 0.0250  0.1581
50 0.00899 0.0636  0.0850 0,6009 0.0240 0,1697
60 0.00749  0.0581 0.0770  0.6005 C.0241  0,1873
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TABLE 3.5 : Effect of concentration of NOSA

on i, and EO.S at pH 11.0

Concn. I Wave ) II .lave III Wave
_;‘3_‘.0.5 14 14/¢ “Eg.5 14 i4/c "EO.S iy i,/e

S.C.E. pA 3.C.E, mA 8.C.E, i
0.3 0,420 0.40 1.33 0.735 3.00 10.00 0.980 3.20 10.66
5.4  0.425  0.65 1.62 0.740  4.15 10.37 0.985  4.30 10.72
0.5 0.430 C.85 1.70 0.755 5.50 11.00 1.015 5.45 10.90
0.6 0.435 110 1.83 0.770 6.85 11,40 1.050 6.50 10.80
0.7 O.442 t.35 1.90 0.790 7.55 10,80 1.075 8.45 12,70
0.8 0.453 1.60 2,00 0.820 .85 10.06 1,115 10.10 12.50




TABLE 3.6 : Sffect of
IABLE 3.0
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mercury column heigzht on

1d and EO.S of Q.4 mM NOSA st pH 11.0

h I Wave Il Wave N
em -

fo.5  1g la/h i4/fh By o 1 4 /n 14/Yn

8:C.35. PA S5.6.8. uA
30 C.4 20 0.60 0.0200 0.1095 0.755 3.70 0.1231 0.675¢,
L0 O 425 0.75 0.0187 0.1186 0.750  4.15 0.1037 0.6361
50 0.430 0.85 GC.0170 0,120 0.755 4.55 0.0909 0.643%
60 0.430 0.90 0.0150 0.1162 0.750 4.90 0,0816 0.6326

ITI Wasve

30 0.985 3.50 0.1167 0.6390
L0 0. 990 L.35 0.1087 0.6£79
50 1.010 5.15 0.1030 0.7266
60 1.020 6.00 0.1000 0,7761
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TABLE 3,7 : Kinetic parameters xn,, -log k° and
Eo 5 of nitro group reduction of NOSA
at various pH values.

Temperature = 3500, h = 40.0 ¢m,
p = 0,54 M, Concn. of NOSA = 0.4 mM
{,« _E! _* -log k° 1, *%  _EZ s
d 0.5 x d 0D
pH 1 xn, 2
pA S.C.F;. N.H.E’a. ‘PA S'C.E.
1.0 8.20 C.105 1. 27 0.5720 - =
2.5 7.80 0.210 24 34 0.5678 - &
L.O B8.20 0.295 3.19 0. 5654 " -
5.5 8.30 0.405 4,31 0.5604 - -
7.0 8,20 0.520 5.47 0.5572 - -
8.5 8.50 0.650 5.68 0.4362 & -
10.0 6-95 00‘71&0 = - 1n35 1.050
11.0 h.15 0.735 = - I&cm 0-985
12,0 1.40 0.740 - - 6.90 1. 000

* First wave of nitro group reduction

«» Second wave of nitro group reduction
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TASLE 3.5 : Effect of I, Br~ snd Cl” on kinetic
parsmeters,

35°C, h « 40.0 cm, pH = 8.5

Supporting i4 --’E-o-5 xn, -log k°

electrolyte ph 5.C.E. N.H.E.
O.4 mM NOSA

0.1 M KI 8.80 0.660 0.448 5732

0:1 U KBr g£.70 0.655 Oolhts5 5.800

0.1 M KC1 8,70 0.655 C.458 5.904
0.6 mM NOSA

0.1 M KI 13.20 0.690 C. 476 5,231

0.1 M KBr 13.10 0.685 0.481 5.324

0.1 M KC1 13.10 0.685 0.4Eh 5.442

TASLE 3.9 . Effect of Li', Na* and X' on kinetic
parameters

35°C, h = 40.0 cm, pH = &.5, O.4 mM NOSA

Supportin% 14 _EO.S Wy -log k°
electrolyte uh S.C.E. N.H.E,
0.1 M LiCl 8.60 0.650 Outih2 5¢ 202 °
0.1 M NaCl 8.50 0.645 0463 5. 50k

0.1 M KC1 8.60 0.645 0.467 5. 768




TASLE 3.10 .

Effect of ¥g?*, Ca®* and Bs<* on
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kinetic parameters.

35°C, h = 40.0em, pi = 5.5
Supporting 1d -50'5 xn, ~-log k°
electrolyte " S.C.E. N.H.Z.
D.4 mM NOSA
0.1 M Mg012 8,40 O.415 Q.431 L.678
0.1 M CaCI: €.50 0.425 0.446 L.764
0.1 M 59012 8.60 0.435 Colel 2 4.890
0.6 mM NOSA
0.1 M ;ﬁgCIE 13-00 O-M’JO 0-‘&5‘& e 22is
0.1 M CaCl, 13.10 C.475 0.478 L.256
0.1 M BaClE 13.10 0.485 0.489 L. 286
TASLE 3.11 : Effect of Na*, Caz* and La3+ on
kinetic parsmeters,
35°C, h = 40.0 cm, pH = 5.5
Supporting 1d 'EO. xn, -log k°
electrolyte HA 5.C.E. N.H.E.
0.4 mM NOSA
0.1 M NaCl 8.20 0.410 0.469 4.281
0.1 M 09012 8.10 0.415 0.473 4o 290
0.1 ¥ LaCly £.10 0.420 0.471 L.312
0.6 m¥ NOSA
0.1 M NaCl 13.20 C.455 0.471 L.L21
0.1 M CaCl, 13.20 0.460 0.475 L.430
13.10 0.460 0.479 L.4k4Q

0.1 M LaCl3
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TABLE 3.12 . &ffect of ionic strength on kinetic
parameters
35°C. h = 40.0 cm, pH = 8.5, O.L mM NOSA
Jonic 1d 'Eo.,)- oma -log ko
strength uh S.C.E. N.H.E,
0.4 8.40 0.660 C.4L37 5.83%
0.7 8.40 0.652 0.L35 5762
1.0 8.50 0.642 O.431 5.623

TABLE 3.13 &

BEffect of concentratior of the depolarizer
on kinetic perameters

35°C, h = 40.0 cm, pH = 8.5

Concentratiou i4 _Eo.ﬁ on, -log k°
NO%A pA S.C.E. N.H.E.
m.
0.2 L. 30 0.590 0.430 5.581
0.3 &.60 0.620 C.le 34 5,644
0.4 8.60 0.650 0.436 5.682
0.5 11.05 0.670 O.438 5.713
0.6 13,30 0.685 0.439 5.74L2
0.8 17,70 0.730 O bl 5. 761
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TABLE 3.14 ! Effect of tempersture on kinetic

par-meters

h = L0.0 cm, pH = E.5, 0.4 m¥ NOSA

Temperature 1d —EO.S Dx!O*O xn -log k°
o LA S.C.Z. om< s N.H.E,
20 7.40 0.660 3.73 0.423 5.830
o7 7.90  0.656 Lo 56 Ouk31 5,761
35 8.50 0.650 Sels2 0.436 5.682

TABLE 3.15

on kinetic parameters

* Effect of concentration of ethsnol

35°C, h = 4G.O0 cm, 3 = 0.30 M LiCl, O.4 mM NOSA
Ethanol i, “EB5.5 xn g -log k°
» pA 8.C.E, N.H.E,
10 8.35 0.675 0.394 5.792
20 8.15 0.710 0.364 5.981
30 7.95 0.750 0.346 ©.212
40 7.70 0.785 0.314 6.464
50 7.80 0.805 0.296 6.676
60 8.05 0.820 0. 284 6,842
70 8.25 0.845 0.276 7.063
g0 8.40 0.865 0.269 7.292
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TABLE 3.16 ! Effect of various zlcohols (5% solutions)
on kinetic parameters

35%C, h « 40.0 em, pH 8.5, 0.4 mM NOSA,
Zach alcohol 1is present {in 5% concentration

R o
Alcchol 14 Eo,5 xn. -log k
pAaA 3:Cufs NiHlEo

Alcohols with varying lenzth of
hydrocarbon chain

Methanol 8.40 0.660 O.425 5. 741
Ethanol 8.40 0.665 0.418 5.761
n-propanol 8,30 0.680 0.406 6.040
n-butanol 8,15 0.695 0.388 6.222

.-‘—-——--—-----—.----—o--.-—--—----.———..-.—--—----u—-.«-—--.-—.--. co oo

Isomeric alcohols

t-butanol 8.40 0.675 C.418 5.841
iso-butsnol 8.30 0.680 O.412 5.922
sec-butanol 8,25 0.686 0.401 6.060
n-butanol 8.15 0.695 0.388 6.223

----—ﬂ--ﬁ_---‘-ﬂ"'-_-'."'----‘.--4-------‘-——-----'-—.--_-.--ﬁ--.---.

Saturated and unsaturated 8lcohols

allyl alcohol 8.40 0.669 0.422 5.853
j_so-pr‘opanol 8-35 0.671& 0.416 5.921
n-propanol 8.30 0.680 0.406 6.041

-t D ey e - -.-.--—-----O—-l—--‘--—--—------—q--q.-.--.—----.—---- -—- - -
-

Alcohols with different number of hydroxyl eroups

n-propanol g.30 0.680 0.406 6. 041
propylene glycol 8.40 0.670 0.4 21 5.892

glycerol 8.40 0.663 0.428 5,821
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Legend of the figures

Fig. 3.1 . Polsroagrams of 0.5 mM oxine at 25°C, u = 0,54 M

a. pH 2.5

b. pH 5.5

c. pH 7.0

d. fd 7.0, with gelatin (0.,04%)
e. pH 10.0

£. pd 12.0

Fic. 3.2 . Polsrograms of 0.5 mM oxine-5-gulfonic acid
(OSA) at 259C, = 0.54 M

a. pH 1.0
b. pH 4.0
c. pH 7.0
d. pH 8.5
e. pH 10.0
f£f. pH 11.0

Fig. 3.3 . Polarogrems of 0,5 mM 7-nitro-oxine-5-sulfonic
acid (NO3A) at 25°C, u = 0.54 M

a, pH 4.0
b, pd 7.0
¢. pH 8.5
d. pH 10.0
e. p 11,0
£f. pH 12,0

Fig. 3.4 . A.C. polarograms of 0.5 mi NOSA at various pH
and temperatures
a. pH 7.0, 25°C
b, pH 7.0, 30°C
c. pH 7.0, 35°%
d. pH 7.0, 40°C
e. pH 10.0, 25%
£, pH 10.0, 30°%
g. pH 10.0, 35%
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NOSA, concentration effect (d.c. polarosrsphy),
pH 8.5, 35°C

NOSA, concentration effect (d.c. polerography),
pH 10.0, 35%

NOSA, concentration effect {d.c. polarosraphy),
pH 11.0, 35°C
NOSA, concentration effect (d.c. polarography),
pH 12.0, 35°¢C

O. mM NOSA, eflect of the height of the
mercury ¢olumn, p 8.5, 35°¢

NOSA, -log k vs -E plots at various pH values,
35°C

NCSA, log T;%TT vs -L plots at various pH

values, 35°C.
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POLAROGRAPHIC STUDIES ON THZ REDUCTION
OF _SOME NITHOP YRIDINES

e -

The present investigation gives the results obtained
in the polarographic studies on some nitropyridines o. which

no dats are available in litersture.

EXPERIMENTAL

2-hydroxy-5-nitropyridine (A), 3-hydroxy-2-nitropyridine
(HNP), Zz-amino-5-nitropyridine (ANP) and 6-methyl-2-nitro-3-
pyridinol (MNP) (Aldrich, U.S.A.) were used without further
purification. Stock solutions were prapared in 104 ethanol.
All other chemicals were of analytical reagent grasde. Triton
X-100 was used as maximum suppressor wherever necessary,
HC1/KCl, NazﬂPOh/citric acid, Boric acid/NaOH and NsOH buffers
were used., The ionic strength was adjusted to 0.54 M by KC1.
Temperature wés maintained at 30:0.1°C.. The capillary
cheracteristics were © m = 2.931 mg/s, t = 3.05 s in 0.5, M KC1
(open circuit) at h = 40.0 cm (uncorrected for back pressure)
for d.c. polarogrsphic work and m = 4.564 mg/s, t = 1.6 s
in 0.1 ¥ KC1 (open circuit) for a.c. polarogrephic work,

CALCULATION OF KINETIC PARAMETERS 3Y
KQUTECKY'S METHGD UST'G I8 1130 CONPUTER

Construction of polynomial equation: Koutecky's table

(reproduced by Heyrovaky and Kuts in their book'24) giving
the value of ) (described in Chepter I of this thesis) for

dif ferent values of i/id was utilized to construct a
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polynomial equetion which fits in these velues, The polynomial
equetion was found to be of sixth order and the values fitted
reazsonably well as shown by g compsrison of Y and Y in
Table 3.17 which gzives the Koutecky's tabulsted value of

and the cslculated value of 3 using the sixth order poly-

nomial equation as given below.

The polynomial equetion was found to be

Y = 2.54 - L0.89875 (F) + 276.7559 (F2) - 895.0495 (r?)
+ 1589.541 (F%) - 1447.858 (F5) o+ s542.8585 (F&)

where F denotes i/id.

The computer is so programmed as to get the value of
1/id and A for each value of the applied potential, These
ealculated values of A are more accurate thsan those read
manuplly from the curve constructed using Table of Koutecky,
The factor 0,001153 in the computer program denotes the value
of D/t for the system. The slopes (by the method of least
squares) of the plots of -log k vs E ang those of log Iirf
va £ are also furnished in the output. For a get of data
the slopes were calculated in eight seconds, The linearity
of the plot of -1log k vs E wass checked for eech set of dats
by manually plotting e greph, This is necessary because
Koutecky's procedure is applicable only if one rate-determining

step is involved in the reduction processes,
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Computer progr:m for the determi p
i . nation of
of the plot of -loz k va - and that of 2lope

log(i/i4-1) va =

PAGE
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A known system viz. 7-nitro-8-hydroxyquinoline-5-
sulfonic acid was tried to test the validity of the computer
prozram and the results were found to be in good agreement with

the menually cslculated velues,

RESULTS AND DISCUSSION

2-hydroxy-5-nitropyridine (a)

Fig. 3.12 gives the current-voltage curves recorded at
various pH at 30°C. Two waves were observed in acidic and’"
weakly alksline media. The second wave, generslly, was {11-
defined, Msaximum was observed only in solutions of pd 5.0
(curve 1, Fig. 3.,12), 6.0 and 7.0 (curve Zz, Fiz, 3.12). The
maximum was suppressed by 0.001% Triton X-100 as shown in
Fiz. 3.12. Fig. 3.16 gives the a.c, polarograms at various
pH., Generslly, a broad pesk with a small peak height appearaed.
In some cases, where maximum appeared in d.c, polsrograms, the
s.c., polarogzram showed pesks greater in magnitude to th:st
obtained when no maximum was present in d.c. polarogrsms.
Breyer and Bauer17 have also reported,in the case of nitro-
benzene, the appesrance of two different pesks or & single
peak with increased wave height where a msximun was present
in d.c. polarographic studies. Fig. 3.18, curve 1 gives the
a.c. polarogram of (A) st pH 12,0, A peak apreared corres-
ponding to the hump present {curve 1') in d.c. polarogrsam.
This may be attributed to adsorption processes. Similar
behaviour was observed in the case of 3-hydP§xY-2-nitr0pyr1dine

(pH 10 end 11) and 6-methyl- 2-nitro-3-pyridinol (pH 9.0).



22

18

{4

10

3

4 " x
v
2- HYDROXY - 5- NITROPYI
! PH 30
2 PH 5.0
2" PH 5-0 (0-0017, TRITON
3 bH 7.0 (0-0017. TRITON °
4 .
PH N0 5.0
30 //’ 4
,/ ) //
l/ P -’::‘
N Tt e lAC S T
1-0 12 (-4 16 1-8

-E VOLTS (5.C.E)

FlG. 3212



However, the peak wss not strictly reproducible which is not

unexpected‘é. On addition of maximum suppressor the s.c.

polsrogra: agsin snowed a broad peeak.

In order to anslyze the nature of the reduction of the
nitro group the tests of 1./c, 1 //h and negative shift of
E0.5 with concentration were performed at pH 5.0, Further,
log'firf vs -E plots (Fig. 3.31) were slso made at various pH.
All these tests showed that the nitro sroup underwent
diffusion controlled irreversible reductinn:_ The current-
voltage curves at verious concentration and at various heights
of mercury column &re shown in Figures 3.19 and 3.23 respec-
tively. It can be seen that the value of id decreases with
decrease in the height of th mercury column. The fact that
showed a positive shift with decrease in the height of

0.5
the mercury column, is in eccord with the findings of Kivalo

et 31.151 and DelahayBé.

-

The diffusion coefficient (4,05 x 10"6 cm” 3“1 at 30°c)
was found by using McBain Dewson cell applying King Cathcart
equation. Using this value of D in Ilkovic equation the

number of elactrons involved in.the nitro group reduction was

calculated to be 6.4 = 6,

The kinetic parameters were calculated with s knowledge
of tne slope (least squsres Iit) of the straight line plot of
-log k vs BE. Tt was seen that the plots of -log k vs -G
were straight lines as shown in Fig, 3.27. This indicated that
the reduction processes were controlled by a single rate

determining step. The values of kinetic psrameters sre -iven

in Table 3.18.
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It can be seen from Table 3,18 that xn. does not
show any regularity whereas -log k® incresses with increass
in pH. The incresse in -log k® with increasing pd may be
attributed to the difficulty in the availsbility of the
hydrogen ions which sre involved in the reduction process with

the result that the reduction becomes increasingly irreversible.

The probable reduction mechanism may be represented

83?1
NHOH
4-9 4H -HzO 2a, ‘,_H
#Hzo

}-hydroxy-2—nicropyridine {HNP )

Fig., 3.13 gives the current-voltage curves recorded
at verious pH at 30°C. Two waves were cbserved in acidic
end weskly alkaline media. The second wave as in the case of
(A) was f1ll-defined in most cases, No maximum was obsarved.
A.C, polarograms of ANP showed the presence of s broed peak
with » small pesk height. The pesk potential shifted to more

cathodic values with increase in pH,

To anelyze the nature of the reduction of the nitro
group the tests of id/c, 1d//5 and negative shifts of E0.5
with concentration were performed at pi 5.0, Further, the
log IJEI plots (Fig. 3.32) were constructed at various pH.
All these tests showed thet the nitro zroup underwent
dif fusion controlled irreversible reductiocn. Fig, 3,20 gives

the current-voltage curves at various concentrations of HNP
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and Fig. 3.24 gives the current-voltage curves at varying

heights of mercury column,

-

The diffusion coefficient (4.12 x 10°° em® s~' at 30%)
was found in the ususl menner and the numbar of electrons

involved in the reduction process was calculated to be 6.09 2 &

Table 3.19 glves the values of kinetic pzrameters
calculated as mentioned in the case of (A). Fig. 3.27 gives
the straight line plots of ~log k vs -E for HNP at various
pH values, The linearity of the plots indicated that only
one slow step, governing the rate of reduction, was involved,
An exemination of Table 3,19 reveals that xn_ decreases angd

-log kY increases witn increase in pH. The probable reduction

mechanism may be represented by

"CN AR, 4N 4w" —“’ oo acau
—Hzo

Ozn N/ HOHN

2.amino-5-nitropyridine (ANP)

Current-voltage curves were recorded at various pH
values and some of them are shown in Fig. 3.14. 1In acidic
and weekly alkaline side two waves appesred. The second wave
wos ill-defined., Maximum was observed in solutions of pH
6.0, 7.0 and 9.0. 0.0005% Triton X-100 was sufficient to
eliminate the maximum. The appearance of maximum at pH 7,0
is shown by curve 2 in Fig. 3.14. The same curve is shown

by curve 2' (Fig. 3.14) after the addition of 0,0005%
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Triton X-100. Fig. 3.17 contains a.c. polarograms obtained
with ANP st different pH vslues.

The a.c. polarogram showed a pesk in cases where maximum
was present in d.c, polarogzrsm. However, on addition of 0.0005%
Triton A-100 the pesk was suppressed, This type of behaviour

was also exhibited by (A) as described earlier.

Fies, 3.21 and 3.25 glve the current-voltage curves at

various concentrations of ANP and at different heights of the

mercury column.

The diffusion coefficient (4.11 x 10‘6 cm“ 5'1 at 3000)

was found in the usual manner. The number of electreons involvegd

in the nitro-group reduction was calculated to de 5,92 & 6,

Teble 3.20 gives the values of kinetic parameters
calculated 8s described esrlier for (A). The plots of -log k
vs -E at verious pH are shown in Fig., 3.29. The straight line
plot of -log k vs -E shows thet only a single rate determining

step was involved in the reduction process,

The tasbulated values of<xna and -log x° (Table 3.20)
show that an, does not show any regulsrity whersss -log k°

increases with increase in pH. The probsble reduction mechanism

may be represented by:

HoH
r~lO;»_d‘.e 4m N N 28, 2&'
_Nlo L
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b-methyl-2-nitro-3-cyridinol (NP}

The currsnt-voltage curves recorded st various pH
values sre given in Fig. 3,15. Two waves were observed in
ecidic and weakly slkaline media. The second wave was not
well-defined. No meximum was observed in this c¢ssa. A.C,

polarograms showed the presence of & small paak,

It was found to undergo diffusion comtrolled irrever-
sible reduction., For this the tests of i /¢, 10//3 snd the
negnative saift of JO.S with concentration were performed at
pd 5.0, Further the log Ii:I vs -£ plots (Fiz. 3.34) were
constructed at verious pH, Figs. 3.20 and 3.24 give the
current-voltage curves by varying the concentration of ANP

and height of the mercury column respectively.

-

The diffusion coefficient (3,97 x 10~° cm“ s" at
30°C) wes found by the usual method as described esrlier, The

number of electrons wss calculated to be 6.09 3 6.

Tha kinetic parsmeters are given in Table 3.21. It
cen be seen that an, does not show any regularity but -log k°

shows &n increase with increase in pi.

The probasble reductisn mechanism may be represented by

HO o N o no
- - i€ a2mn
HO 4C,“ H-’ HZO B '
-HO
Biig . HOHN N CH} HN N CH3 HzN N c
2! N CHy

Hsy
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Comparison of the results obtsined in the caese of nitropyridines

Tt can be seen from the structures of the different

substituted nitropyridines that all of them are capsble of

forming quinonoid structures, In HNP and MNP the hydroxyl group

{f= in tnhe ortho position to the nitro group whereas in (A) it is

i the psra position. In ANP the amino group 1s in the para

position.

An examinetion of Tables 3,18, 3.19, 3.20 8nd 3.21

revesls that (A) has the most cathodic half-wave potential

smong the four substituted nitropyridines. It shows that {(A)

is most dif icult to Eev reduced at the d.m.e., but the values
of -logx k® sndicate tnat in the cas83 of ANP snd VMNP the extent
of irr-versibility of the reduction is greater, It seems

probable that wits amino group in the para position (in ANP)
form quinonoid structure is greater than the -OH

the tendency to
he pare posicion ir. (A).
n= ortho position increases jits tendency to form

group in v Also in the case of MNP the

-OH group in t
s resulting in its having & more positive

onoid atructure thu

quin
In the csses of o- and p-

nitrophen01202 and

g than (Al).
0.5 203
also it was Seen that the ortho

o- and p-nitrosnilines

isomer possessed s more positive Eo.ﬁ‘

o fact that the By g of MNP wss only slightly more

n HNP {ndicates that th
nitro group only to & small extent. The value

Th
e methyl zroup affects the

cathodic tha

reduction of the

0 4n the cases of HNP and MNP show that the presence

of ~log k
of methyl grov

p renders the reduction more irreversible,
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TASLE 3.17 : Comparison of the values given
in Koutecky's Teblemg and those
celculsted using the sixth order
polynomial equstion.

Koutecky's Calculated
A Table velue

0.16000 0. 30000 0. 23766

0. 23060 0. 40000 0.43336

0.24330 0. 50000 0.47172

0. 27960 0,60000 0.56875

0.31290 0. 70000 0,70030

0. 34350 0.80000 0.80514

0. 37170 0. 90000 0.90535

0. 57770 2. 00000 2.0011

0.63390 5. 50000 2. 5035

0.67700 3, 00000 2,999,

' 4. 0000 3.9992

0.739900 )

5 0000 4.9989

0.76100 =

) 6.0000 6.0008

0.81200 ’

—
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TABLE 3. : i
BLE 3.18 Kinetic parameters kxna and -log k°) and

EO.5 of 2-hydroxy-5-nitropyridine {(A) at

various pH values.

30°C, h = 40.0 ¢m, p = 0.5 M, 0.5 mM depolarizer

i ‘E1 n -log ko i .~E2
".IA S-C-Eo N-H-E- pA S.C.E.
106 1‘}.6 00300 0.10»062 3- 106 nx .

3.0 11.0 0,340 0.44L93 3.388 3.6 1.060

4.0 11.0 0.380 0.4750 3,750 i )
5.0¢ 11,0 0.440 0.4L852 L.226 - :
6.0% 10.6 0.510 0.4320 L. 597 an )
7.0 10.5  0.615 0.3731 b 961 3.6 1.880
8.0 11,2 0,630 0.3548 4,962 o )
9.0 11.6  0.710 0.3116 5,191 as )
10.0 14.0 0.850 0.315% 5,741 - )
11.0 heh 0.900 O 3424 6.501 e }
12,0 14.6 0.935 0.3283 6. 547 X 4 B

» Triton-X-100 (0,001%)

a2 I11 defined weve



TA3LE 3,19 :

- 00 =

Kinetic parameters (ana and -log k°) and
E0.5 of 3-hydroxy-2-nitropyridine (HNP)
at various pH velues

Booc' h = ‘&000 Cm, Y = 0' 5[,., M’ 0.5 mM depolar‘izep

- ta, -E$'5 *Fs ~log k° 1d2 58.5
pA S.C.E. NJH.E.  qaA 8.6.E,
1.6 10.7  0.100 0. 5200 2.489 an )
3.0 10.6 0.180 0.5119 2.957 wo _
4.0  10.7  0.230 0.4884 2,902 o .
5.0 10.8 0. 270 O.kis Sk 2,929 5.4 1.370
6,0 10.4 0.320 0.L511 3,282 5.0 1.400
7.0 10.3 0.405 0.4891 Lo112 5.1 1.480
8.0 10.1 0.520 0.3196 Lo doll oo )
9.0 10.3 0.605 0.4L453 5.361 80 -
10.0 10.3 0.670 0.4033 5.627 s -
11.0 10.2  0.710 0.3952 5.838 - .
12.0 11.0 0.770 0.3410 5.843 - -

——

———-

2~ Ill-defined wave



TASLE 3.20 ¢

&05

various pH values

- 91 -

Kinetic
parsmeters (ana snd ~log k®) and

of 2-amino-5-nitropyridine (ANP) at

30°C, h = 0.0 cm, u = 0.54 M, 0.5 mi depolerizer

1, mbs  em el L Eg
1 - d, 0.5

pA S.C.E. N.H.E. A -
1.6 10.8 0. 200 0.5145 2335 %o _
3.0 30.6  0.285 0.5381 2.953 .o )
4.0 11,0 0.360 0.5375 3.730 as e
5.0 11.0 0.450 0.5397 bots95 o _
6,00 11.2 0.535 0,4565 L.867 e -
7 0% 10.7  0.610 0.3634 4960 o )
8.0 11,9  0.690 0. 4641 5,751 - )
g.06 11.9 0.7 0.3914 5.791 " )
10.0 11.8 0.770 O.libl? 6.664 - -
11.0  11.8 0.800 0.5252 7.539 . )
12.0 11.4 0,840 0.L71h 7,73k - -

___,__.....,_-———————-——-——
» Triton X-100 (0.0005%)

v Ill-defined wave
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TASLE 3.21 ¢ Kinetic
prrameters (xn  and -log k°) and

E
Q.5

of 6-methyl-2-nitro-3-pyridinol

o
30°C, h = 40.0 ¢cm, ¥ = 0.54 4, 0.5 mM depolarizer

-log x© 1d’ -56.5
N.H.E. £ 5.C.B
3.628 we - |
2. 951 *% »
2,612 5.0 1.285
3.063 5.1 1.295
3.534 L.8 1.320
L.33b 3.2 1.360
Le524 3.1 1.630
5,508 *e -
6.066 - "
6.0z - -
6. 900 - ”

———

pA S.C.E.
1.6 10.8 0. 105 0. 5249
3.0 10.2 0. 185 0. 5358
4.0 10. 4 O-?35 0. 5064
5.0 10.6 0.285 0.5123
6.0 10. 2 0.335 Qo 5h1h
7.0 10.4 0.430 C. 5493
£.0 10.4 0. 525 0.4178
9.0 10.6 0.610 0.4763
10.0 10.6 0.670 0.4647
11.0 11,0 0.73% 0. 3907
12.0 11.6 0.810 0.4535
e ——

#x Ill-defined wave
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Legend of the fizures

(Temperature 30°C, v = 0.54 M)

3,12 - B.C. polarograms of 0.5 mM Z-hydroxy-S5-

Fig.
nitropyridine (A} at various pH

D.C, polarogrsms of 0.5 mi 3-hydroxy-z-

Fig. 3.13 .
nitropyridine (HNP) at various pH

Fig. 3.4 n,C. polsrograms of 0.5 mM R-smino->5-
nitropyridine (ANP) at various pH

polerozrems of 0.5 mM 6-methyl- Z-nitro-

Fi ® 01 : D'C‘
By Jet2 3-pyridinol (MNP ) at various pH

Fig. 3.16 : A.C. polarograms of 0.5 mM (A) at verious pH

polarogrems of 0.5 m ANP at various pH

Fig. 3.17 +  R.C.
; * Curve 1., A.C, polsrogram of 0.5 mM (A) at
Fig. 3.1 pH 12,0

D.C. polsrogram of 0.5 m¥ (A) at

Curve 1'.

(A), concentration effect (d.c. polesrograzphy),

. Faid
Fig. 3.19 o5 5.0

effect (d.c. polarography),

tion
L 20 - HNP , concentra
Fig, 3.2 e 2.0
a1 -4 @ ANP, concentration effect (d.c. polarography),
fy gc 3!‘ L] pH 5.0
. uyp. concentration effect (d.c. polarography},
S L

¢P2 .

. 0.4 mM (A effect of the height of the mercury

of the height of the mercury

Figo 30 2‘? ¢ COlumn’ pH 5.0
of the helght of the mercury

Fig. 3.27

i)
C
|
&
=2
b=
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3.26 © O.b m¥ MNP, effect of the heignt of the

Fig.
mercury column, pH 5.0

Fi-. 3.27 : (A), -log k vs -E plots at various pH values

+ HNP, -log k vs -E plots at various pH velues

Fig. 3.28 .
Fig. 3.29 : ANP, =log k vs -E plots at various pH values
Fig. 3.30 . MNP, -log k Vs -& plots at various pH values

vs -E plots et various pH vslues

i
Fig. 3.31 : (&) 108 1,-1

vs -4 plots at various pH values

) i
Figo 3- 32 . dNP’ 1°g 1d"i

i
. . vs -5 plots at various pH values
Pig. 3. 33 . ANP, log id-l

vs -E plots st various pH values

{
Fig. 3.34 & MNP, log T -1



CHAPTER IV

STUDIES ON THC ESTIMATION OF METAL IONS

BY AMPCROMETRY AND DETERMINATION OF

COMPOSITION AND STABILITY CONSTANTS OF COMPLEX-S
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(1) POLAROGRAPHIC DFTERMINATION OF ZIRCONIUM (IV)
A3 7-NITRQ-8-HYDROXYQUINOLINE- 5= SULFONATE

The solubility products of chelates of divalent ion
3

witn 7-nitro-8-hydroxyquinoline-S-sulfonic acid (NOSA) hav
e

been determined e
ed potentiometrically and spectrophotometrically213

However, the reaction of NOSA with tri- and tatravalent metal
a

fionshas not received much attention. The present work deal
als

with the use of NOSA as 8 precipitant in the estimstion of

zirconium (IV) 4P the presence of many metsl ions, by an

indirect d.cC. polarogrephic method.

EXPERIMENTAL

NOSA was prepared from recrystallised oxine (Ward and
31enkinsop and Co., London) a3 desacribed by Welcherzeo,

1,850 (BOH, AR w8
, M HCl end the zire
A1l other chemicals were of anelytical

410G a used in the preparation of its stock

solution in Qe

onium content was estimated

gravimetricallYBJ'

stock solutions (approximately 0.01 M) of other

reagent grade.
5 were prepsred 1
ysis wnerever neces
g t = 3.05 8 i{n 0.54 M KC1 {open circuit) at

metal don n distilled water taking care to

pr=vent hydrol

m = 2-931 mg/s an
0 cm (uncorrec

sary. The d.m.e. had

h = AOs ted for back pressure).

RTSULTS AN DTSCU SSION

——

Polarosraphic reduction of NOSA et verious p has

nd the details

suffice W point

The
sre given in Chapter III of this

been studied @
1t would

out here that upto pH 8.5

thesis.
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a single well-defined wave (6e) due to the reductior of th
2 e

nitro group sppeared. This wave was preceded by & smsll wa
wave

ol adsorption chsracteristics. At pi 8.5 the diffusion

current due to the reduction of the nitro group increased
linearly in the range 0.T mM to 1.1 mM, A typical polarogram
of 0.8 mM NOSA is given in Fig, 4.1 ana the calibrstion curve

of the nitro group reduction wave at pi 8.5 is shown in

Fig. &4.2.
Direct esmporometric titrations with NOSA as the

t were carried out st pi 0.5, 1.0, 1.5 and 2.0 at

titran
Results were found to be 5 to 8% lower then the

ted results. An indirect method was

theoraticelly calculs

yed snd this improved th
on showed that & pH of 1.5 was most suitable,

emplo e results. A preliminesry

investigati

The test solutlon containing zirconium wss taken in
s+ & and NOSA was added till complete

HC1/KCl buffer of pH
n was ensured.
g kept for one hour at 50°C. The yellow

washed with HC1/KCl buffer

Srecipitetio The resulting solution contsining
tne precipitate wa
jltered and

pracipitate was thoht o
s tested for the presence of

The filtrate wa
sting portions of th
n and meking 8 portion slkaline with NaOH

of pH 1.5.
zirconium by te

e filtrate with Alizarin

Red S, quinglizari
pitate zirconi
ve results and thu

um 83 hydroxide). All these tests

(to preci
s the quantitativeness of the

showed negati
The precipitate wes dissolved

8 satablished.

0.1 M NaCH.
¢ acid solution. The resulting

precipitation "8
m volume of

to 8.5 by bori

in a2 minimu Bhm il 85" WAt

was adjusted



CURRENT, (A

.g voLrs(sc £)

F1G. 41



A

L~d
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solution was diluted to & volume such that eventuslly the

concentration of NOSA does not exceed 1.1 mi. After adjusting

the pH to 8.5 and the ionic strength to 0.54 M by KCl, the

solution was deoxygenated and polarographed upto -1.0 volt

In this range of potentisl zirconium does not exhibit any wave
The concentration of NOSA was found from the calibration curve

Knowing the initial concentration of zirconium, the metal to

ligend ratio wes astoblished and corresponded very close to

1:L,. Table 4.1 depicts the results obtained in the direct

amperometric end indirect polerographic methods. The results
method in Table 4.1 establish

under indirect polarographic
sricus concentration

1igand ratio of 1.4 for v

the metsl to
thus the precipltate moy be assigned tne

of zirconium and

osition 4r (NOSR)h.

comp
Tgble &.2 8iVes the effect of various ions in the
+
estimation of zirconium. it ¢an be seecn that U02 ., trivalent
"y Er, Gd, Nd and tetravelent Th can be

al, Pr, Sm, La, Yb,

an if present in concentrations 20 times that

tolerated ev
sed by divalent Pb, Ba,

terferenco was cau

In
N1 and Cu when present in concentrations

of zirconiuf.
cd, un, C0

or equéel to about one-

Ca, 8r, Mn,
fifth that of zirconium.

zreater than
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Estimation o. zirconium (IV) by direct

TABLE 4.1 .
amperometric and indirect polarograpnic
methods, using 7-nitro-8-hydroxyquinoline-
5-sulfonic acid (NOSA)
- Indirect polarogrsphic
B onren. ol Direct amperometry -
Zr (IV) =
n¥/litre Titre values of Error Concn, of NGSA, BError
M/50 NOSA, ml, » mM/11tre %
Calc. Found Calc, Found
0. 25 1. 25 1,15 -8,0 0.25 0.245 -2.0
0. 50 2. 50 2.32 -7.2 0.50 .43 -2.0
0.75 3.75 3.53 -6.0 0.75 0.7  =1,3
1.00 5.0C k.75  =5.0 1.00  0.99  -1.0

* 25 mi, pH 1.5,

E = -0.8 V vs S.C.E., 359

+= Final volume 100 ml.
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TABLE L.z . Tolerence of varisus ions in
¥ the esti:
of zirconium by indirect polarographiz?;i:god

Conc. of Zirconlum 0.001 ¥

) ~ Error
%) oi foreizn ions present at ti
time of precipitation SR

Eorei A ;
orelgn g, 0001 0.0002 ©0.0005 0,001 0.0 0.02 0.03

Concentration

Uoz“ > - - 1.0 1.2 1.8 4.0
AL 2 " - 1.0 L 1.8 L.5
Pra* . - - 1.2 1.5 1.8 3.8
Sm-* = 3 - 1.0 1.5 1.0 5+0
La3+ _ . o 1.2 1.5 1.8 he5
g3 ) . - 1.2 1.6 2.0 h.8
N ) . » 1.2 1.6 2.0 5.0
g3t } - - 1.2 1.5 1.8 6.0
a3t ; - - 1.0 1.5 1.6 5.5
% ) i _ 1.0 1.5 1.8 5.0
-~ ) . " 1.2 1.6 2.0 520
pp2* 2.0 2.8 6.0 - - + -
Ba®* 2.0 3.0 70 7 i i i
Ca® 1.8 2.8 6.3 ) i i i
Sr2* 1.8 3.0 Pt i i i )
Yn<* 1.8 3.2 Gst ) ) i i
- 2.0 3.8 6.8 - . = -
Zn%* 2.0 3.2 s ] ) ) )
Co* 1.8 2.8 Bonk ] ) ) )
Ng2* 2.0 3.8 S ] ] )
Cu<t 2.0 Bl 7-0 ) ] ] )
_.,—~‘-““"'___-'-_"- — - .
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Legend of the fizures

Nitro group reduction wsve of 0.8 mM

Fig, 4.1 :
9-nitro-8-hydroxyquinoline-5-sulfonic acid
(NoSA) at 35°C, m = 0.54 M, pH 8.5

Fig. 4.2 . Cslibration curve for NCSA st 35°C, » = 0.54 M,

pH 8-5-
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(11) £TT 4ATION OF THORIUM (IV) AND ZIRCONTUM (IV)

-M
STH M- TA N TROSENZOIC_ACID BY A.C. AVPEROVLTR
s e ST ) parn Y

The determination of Thori ©5
jum (IV)®? and Zirconfum (Iv)'<1

by direct polaro raphic maethod is difficult. The value of
e o

their half-wave potentials being too negative to permit th
e

recordin: of a w8ve pefore hydrogen or other cstions of th
e

lactrolyte are reduced.
posed which {nvolve tne reduction of th

wits ThiIV)77 and 2r(1v)78

supporting e Indirsct polarographic

methods have baen pro

orgasnic precipitant pssoclated
The present work deals with the use of m-nitrobenzoic acid
nt and 8&s polarographic reducible subatance

both as s precipits
f Th{Iv) and Zr(IV) by a.c. smpero

in the direct estimation ©
amperometric and and

o been carried out for comp

indirect polsrograpnic

metry. D.C.
arison of results.

methods have als

EXPERIMENTAL

gh grade athanol was redistilled

 gthanol. Anal

har chemicals were of reagent grade, The

prepared in

before use.
jum nitrate Tth0314.6320 and zirconyl

ion of thoT
prepared in M HNO3 and 2M HC1

£H Q) were
- 277 :
and zirconium content 33

caorium content

s were estimated
- ° 1 ma = &

m 2,93 g/s, t 3.05 s in

stock solut

chloride (4r0Cpe
gravimetrically, The

in their atofC
were:

(] d.m'e'
soplt) 9 B ©

rographic WO

constants of P i
40 cm (U corrected for baek

0.5, M kc1 (ope? ci
) @ doc' P’Dla

rk and m = L.564 mg/s,

pressure) fo
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t « 1.8 s in 0.1 ¥ KC1 (open circuls) for s.c. polarographic

work. Tempersture was maintained at 30%£0.1°C.

In the indirect polarogrephic method excess of NBA

as sdded to solutions (40/in alcohol) contéining thorium (IV)

and zirconium (IV) and the pH adjusted to 3.4 and 3.0 respec

tively with amnonis. The solution containing the precipitate
was kept at 60°C for one hour. The precipitate wes {iltered

after cooling the solution. The precipitate was then washed
anol and dissolved in a minimum volume of 2% HC1O
L-

witn 4LOk eth
d waes added to the solution contuining

0.14 tartaric sci

thorium (IV) to complex
n containing zirconium (
o that subsequent adjustment of pH to 4.0

the thorium (IV) and C.1H Na,HPoh to

tane solutio IV) to precipitate

zirconfum (IV) 3
r rﬂprecipitetion as nitrobenzoates. The

would not cause thel
were then puffere
nally the pH was adj
ted to the required volu

d with 0.1M potessium hydrogen

solutions
usted to 4.0 by NaGH. The

phthalste and 1
- 4ilu me such that the
on of NBA gve

geoxygenated and ¥

solutions
ntually did not exceed 1.0 mvM. The

concentrati
olsrographed. The concentration

solution was
from 18 calibration curve {for the reduction

of NBA was found
rations of thorium (Iv)

o group) an
wmn (1v) in th
calculated from the stoichiom®

benzoates121 and zirconi
0

ft . o1 d thereby the concent
0 e ni
e original test solutions were

and zirconi
try of the complex i.e. thorium

wa mononitrobanante77
tetranitr
rESpectively-

potential applied to the d.m.e,
(which lies on the plsteau

ed at
} and nitrogen gas wag
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pasaed through the solution for 10 minutes after escn

addition of titrant.

In sa.c, amperometry potential applied to the d.m,e
was meintsined at -0.82 V for thorium (IV) and at -0.79 V

for zirconium (IV) and better results were obtsined for

thorium (IV) at pH 3.4 end for zirconium (IV) at pH 3.0,
NBA showed o peek at -0.82 V in pH 3.4 and 8t -0.73 V at
pH 3.0 (vide Fig. L.3). Before taking resdings, 10 minutes
were sllowed to elapseé after ench addition of the titrant.

50 ml of test solutians were tsken and M/30 NBA was used as

titrant 1in amperometric metnods.

RESULTS AND DISCUSSION

s the comparative results obtsined in

Table L.2 give
amperometric and a.c, amperometric

indirect polarographid, d.c.
estimation of thorium
s.c. amperometric method is more efficient

methods for the (IV) and zirconium (IV).

It csn be seen that
than the other LWOo methods.

NBA rstio at the end point 1n s.c,

The thorium to
4 to be 1.4 which agr
gned may Pe {m - Nozceﬂhcoo)hr
122

metry wes foul ees with the literature
snd the formuls 8ssi i, V8

t zirconyl ijon b

ampero

value77
ydrolyses as follows:

It ic known th®
4ro< + HOB ™7 zrolof)® + i
at the ar(IV) to NBA ratio of 1:1 which

tersture and the precipitste may be
NozcéﬂhCOO)ZrO(OHJ which agrees witp

the literature velue
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Tadle 4.4 glves the result of B.Co amperometryc

SN of 1,00 mM thorium (IV) and 1.00 my
8t various pH,

estimnti

zZirconium (IV)
It can ba Seen taat o pH of 3.4 4=

= MO8t suiteq
for thorium (IV) astimetions and 8 pH of 3,0 for zirconiym (Iv)
estimstions,

~.

Fig. 4.4 shows typicsal curve obtai ned by a.e,

ampero-
metric titration for the astimstion of 0.75 mM thoriy

m (IV)
and Fig.

b.5 for that of zirconium (IV) with M/30 NBA respec.

tively.

Reverse titratioas have also been Carried out using
thorium (5 mM) or zirconium (10 mf) as titrants in the estq.

mation of 50 ml of 1.0 mM NBa by the 3.C. amperometric method
(Teble 4.5). Figs. 4.6 and 4.7 show typicsl curves obtsineg
for the a.c, amperometric titration of NBA by thorium and
zirconium respectively. Thoriun seems to give better resyle,
in the estimaticn of NBA, which may be due to the lescer

solubility of the thorium tetranitrobenzoste.

The a.c. amperometric method is advantageous in thst i¢
is quicker and is fres from the inherent Possibility of pracy.
pitate losses in the process of ita filtration and dissolution
encountered in the indirect polarographic method. 1In addition,
the deoxygenation of the solution before mgking current
measurements was not necessary unlike in indirect polarographic

and d.,c. smperometric methods.
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TABLZ 4.3 : Compsrison of the results obtained b
indirect polarogrsphic, docoléﬁperomgtri
pethods in the estimation of Th(IV) end ¢
4r(IV) with m-nitrobenzoic scid &

Composition % Error ==

Ofm§7fftggln' Indirect D.C. A.C
pol;:ggggphic smperometry  amperome try

1,00 Th{IV) - Zole -3.0 -1.5
0.75 Th(IV) -3.0 #3.k -2.0
0.50 Th(IV) -3.2 4.0 ~2.0
1.33 2r(IV) =24 3.2 -1.5
1.00 2r(IV) ~2.8 -3.8 ~2.0
-3.6 4.6 310

0.67 Zr{IV)

TABLE 4.4 o BEffect of pH on the estimation of Th(IV)
A000= 3e2 * o nd Zr(IV) with m-nitrobenzoic acid by
s,c. amperometry

te;tial spplied
igothe d.m.e.) pesk B Ao
pH potential Og NBA Thorium Zirconium
Vv va S.C.n. (1.0 mM) (1.0 mM)
e e
- . - 08 at .
2.2 0.72 3 boly
0.6 -0.76 -Ze2 ~3.2
(s -1-5 "2.6
3.0 0.79
- .82 "2.0 '2.0
3.4 ¢ a
. .8 -20 -300
3.8 0.84
_0.86 -"02 -bte
Les



TABLE 4.5 : Reverse 8.cC. amperometric titrations
of m-nitrobenzoic acid (NBA) with

thorium (IV) and zirconium (IV)

— —

Concentration % bLrror
of NBA
e Lot 5 oM thorium 10 m¥ zirconium
- as titrant as titrant
1-00 -1’2 "'106
0.75 -1.2 ""1.9
0. 50 -1.6 a2hs

AR
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Legend of the figures

Curve 1. A.C. polarogram of 1.0 m¥i NBA st pH 3.0

Fig. 4.3 :
Curve 2. A.C. polarogrsm of 1.0 mM NBA at pH 3.,
A.C, amperometric titrations
Fig. 4.4 : 50.0 ml, 0.75 md Th(IV) vs 35 N3A, pH 3.4,
Ep = -0.82 V vs 8.C.E.

nl, 1.0 md zr(IV) vs %% NBA, pH 3.0,

Fig. 4.5 ¢ 50.0
_0.79 V vs S.COEG

Fig. 4.6 : 50.0 mi, 1.0 m4 NBA vs 5.0 mM Th (IV), pH 3.4,

_0.82 V vs SOCCE.

: 50.0 ml, 1.0 m¥ NBA vs 10.0 mM Zr(IV), pH 3.0,

Fig, 4.7 .
_0.79 V vs S.C.E.
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(111) ESTIMATION oF Ba'', Ag* awnD i 15 g
.7 CHROMATES 3Y a.C, AMPEROM=TRY

1
Kolthoff et al.'?%s155 ogeina0og barium with enpe
i ma te

lon in squeous and squeous-ethanol mixtures by conventiongy
ong

amperometric titration which yielded results thet were -
< to

4 . : 276,27
5% low, Many others » 279 have also studied the Precipitsey
or.

of Ba*' as chromeste. Kslvoda and Zyka“‘j estimsted T1* i
H

the concentration range 10'3 to 10"214 in 1
0.3 4 KNO Containgin,

10% acetone using dichromate ion. However, no dpts are

availsable for such determinations using a,c.
, Zlves the results obtained

Polerography, The

present investigstion therefore

in the estimation of Be**, Ag* and T1* as chronstes 1n

aqueous-methanol and aqueous-ethanol mixtures bv a C. amper
W = CO=

metry snd the comparison of the results by d.c. amperometry

EXPERIMZNTAL PROCEDURE

Pure recrystsllised samples of bsrium chloride
(BaClz.zﬁzo), silver nitrate, thallous sulphate (Tlﬁsob).

potassium chromate and indifferent electrolytes (30H, AR)

Methenol, ethanol and scetone were AnalsaR grade

were used.
whicih were redistilled in sn all-glass fractionating column

and the middle one-third of the distillate was used for

experiments.

The experiments were carried out at 2 temperature of

30%0.2°C., The constants of the d.m.e. were: m = L.56L mg/s
and t = 1.8 s in 0.1 M KCl, open circuit for a.c, and
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m = 2,931 mg/s, t = 3,05 s in 0.54 M KCl (open circuit) at
h = 40 cm {uncorrected for bsck pressure) for d.c. polaro

graphic work, 0.1 ¥ KC1 was used as supporting electrolyte

for the titration of Ba'' waereas 0,1 M KN03 solution was

used for the titration of Ag* and T1%.

103, 1
Gupta and Sharma'9%s 104,109 o esmoted different metal

ions at their pesk potentisls with precipitating agents by

a.c. amperometric titrations. The above method could not be

applied for the estimgtion of Ba"' and Ag' as these do not

“Ave a.c. peaksa, For such estimestions, potential at which

the electrode is sensitive to the precipitating agent, such

as chromate, is employed. However, T1* could be estimated

both at its peak potential and at the peak potential of the

chromate ion. Chromste ion provides two a.c. peaks around

-0.2 V and -1.3 V in aqueous-methanol and aqueous-ethsnol
using 0.1 M KCl (Fige 4.8) or 0.1 M KNO3 as supporting electro-

lytes. In the case of acetone-water mixtures tha pesk
potentials shifted towards more cathodic side, and the magni-
tude of the current decressed witn increase in acetone

concentration. The second pesk, was cphosen for carrying out
titrations as it was more pronounced than the first one,
Fir, 4.9 depicts the a.c. polarogrem of T1*.

A known excess of chrob was added to Ba’' test

f suitable strength containing sppropriaste smount of
the excess of chromate wés back titrated
The back titration

*, Ag® and T1*

solution o
alcohol or acetoneé and
with standerd bsr_ium chloride soluti
re suitable for the estimation of Ba"

Q8.

was found mo
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estimated by direct a.c., amperometric titrs

were, however,

tions. The potential of the d.m.e., in d.c. amperometr
’ Yy wses

kept at -1.4 V which lies on the platesu of the current

voltage 0,~"
ga curves of Cr0 ~~ vide Figz, 4.10, Titrations were

carriad out at pH 6.8.

RESULTS AND DISCUSSION

A,C, aAmperometry

1t was found thet 0.1 M or 0.2 M KC1 gave best

results in the c8se of Ba'®. Tnc other supporting electro-
lytes in which these studies were carried out were Q.1 M
solutions of KNOB, KI, KCNS, NaCl, NaNOB, LiCl, CaClz, Mgﬁl
It was found that in solutions of KI, KCNS, CaCl

and AlClB.
rroneous results were obtained. This may

MgClz nnd AlCl3 €
~ and CNS™ ions

the surface active nature of I

csse of CaClz, Mg012 and
o bs 5,5 to 7.0 in

be ascribed tO
he charge effect in the

ptimum pH range was found t
0 to 7.0 in those of Ag' and T1%, 1t

and to ¢

AlClB. The ©

the case of Bea
bserved that soluti

¢+ and 6.
ons containing 10.. methanol, 20%

was o
fairly good results in the case of

ethanol or 5% acetone zave

++_  In the case of Ag »
teble.

solutions conteining 204 ethanol

Ba
were found most sul best results
tained in solution

- eak potential ©

In the csse of T1%,
s conteining 10# methenol when

were ob
¢ T1* ion viz. -0.47 V and

titrated at the p
n titrated at the

ining 20% ethsnol whe

4{n solutions conta
-1-32 V.

potenhial of chromate iob viz.

reduction
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Typical a.c. emperometric curve depicting the

result obtained in the titration of 0.5 m¥ excess chromate

in esch case at -1.32 V are given in Fig. 4.11 and the

results ere recorded in Table 4.6. Fig. 4.12 depicts the

a,c, amperometric curve in the titration of 1,0 x 107¢ y Ag*

Figs.h.13 and 4. 14 show the results obtsined

with KZCroh'

in the a.c. amperometric titration ol O.c m¥ T1* at -1.32 ¥
It can be seen that concentration

and -0.47 V respectively.
0 x 10—& M esn be estimated by back

of Ba** as low as <.

titration method with good accuracy.
(Table 4.7) decressed considerably below

Howevar, the accuracy

in the case of Ag*
n of 8.0 % 10"3 M. The estimetion of T1*

tne concentratio

(Table 4.8) upto 1.0 x 107
though at lowe

3 M could be done with fairly
r concentrations of T1' the

accurste results,
ases is within 1,5% in

Tpe error in most ¢

error {nereassed.
stions. By comepring the results

amperometric titr
c titrations (Tables 4.6, 4.7 and

a. C.
d.c. amperometri

metric titrations give

obtained in
en that a.c, ampero

L.8) it csn ve 3€

better results.
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TA3LE 4.6 ¢ A.C, end D,C, smperometric titrations
of Ba*' with potassium chromate

Concentration Titrant Error %
mole/litre and its
concen- A.C
tration A bV D.C.
mole/li tre mper‘ometry Amperometry

Bao’(33012, 0.1 M KC1, Excess Croh" 0.5 x 10-%9*

1.0 x 1072 8aCl, 0.01 0.8 e
0.5 x ‘IO"'3 -do- -0.8 -3,2
0.25 x 1072 -do- -1.6 -3.6

Ba**(BaCl,, 0.1 M KCl, direct titration)™

1.0 x 1072 K ,0r0,, ,0.01 -3.0 3,0
0.5 = 1072 - do- -3.4 -3.6
0. 25 x 10~° - do- -3.8 4.2

% ethanol, pH = 0.8, Ep = ~1,32 V

% 50.0 ml’ m
i wlsly V¥ V8 3,C.E.

or B4 c.
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TASLE 4.7 ¢ 4A.C. and D.C. amperometric titrations
of Ag' with potassium chromate

Concentration Titrant end its Error %
mole/litre concentration -
mole/litre A.Cs D.G
gmpero- B0 6T 6
metry megryo
Ag' (AgNO5, 0.1 M xuoB)“
1.0 x 10’2 KECPOI&’O'1 -y @ -1.5
0.8 x 10°° -do- 1.5 -2.0
0.5 x 10°% - do- -3.2 3.2
» J—
s 50.0 ml, 20% ethanol, pH = 6.8, E; = =1.32 V or
» =®x - Py v SOCQE.
By.c. ikt e
tibroldons
amperometrickof

TASLE 4.8 *+ 4.C. and D.C.
71" witn potassium chromate

B " Error %
Concentration Titrent and 1ts __
mole/litre concenfgzgion A.C, D.C,
mole/ ® smpero- ampero-
metry. matry
e o
T1*(T1,50,, 0.1 ¥ KNO ) »
-1 -
2.0 » 1077 K ;0704,,0- O as
- i - -1.2 —'.
1.0 x 10 3 do 5
- - - -2'7 -300
0.6 » 10 3 ao
"‘102 -
s w 10774 K 2070y, 0+ %"
) -1.2 .
1.0 > 10'3"‘ s 3
- -dO" -3. -
0.6 x 10 3
I - do~- -5.0 =
ek x_l?/"‘"-—“‘"_"ﬁﬁi 3z V
; k] - L 0
% 50.0 ml, 207 —ehenol, pi = 6:8: Fp ]
o =tale ¥ B 5.C.E.
Sy e i = 6.8, Bp= <O V vs S.C.E.

«x 50.0 ml, 10% ethanol,
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Legend of tne figures

Fig. 4. A.C, polerogram of 1.0 mi CrOL

A.C. polsrogreamsof 0.6 mM T1' (curve 1) and

Fig. 4.9
0.3 mM TL' (curve 2)

- -

D.C. polarogram of 0.5 mM Croh

Fig. 4.10 ¢

‘e ’

erometric titrstion of da °, Ag

A.,C. amp

snd T1'

£0.0 ml of test solution in 20% eth=nol

+ 0.5 x 10‘3 M excess

Fig. 4:11 § 1.0 1073 M 8’
| cro, -~ vs 0.01 M Ba** at -1.32 V vs S5,C.E,
L
-2 + C S
Fig., 4.12 : 1.0~ 102 M Ag® ve 0.1 M Cro, - at
_1.,32 V Vs 8.C.E,
Fi k.13 0.6 > ‘IO'3 M T1' vs 0.01-4 Croh at
e . . . s
‘1.32 V vS Jelerie
P L s 0.8 o3 u T vs 0,01 K cro,~" at
* .1 - L]
e _0.L7?7 V VS 3,C.5.
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(iv) A.C. POLAROGRAPHIC AND SPECTROFHOTOMETRIC STUDIES ON
Fe (I1 V-NITRO-B-HYDQOAYQUINOLINd-S-SULFONIC ACID
et V= 0= SULFONIC ACID

COMP LEX

The conventicnal polarogrsphic mathod can be applied
to the study of complex metal ions since the half-wave potenti
als

of met2l ions sre shifted ususlly to more negative values by

complex formstion. Quantitative information regsrdinz the
formuls and stability constant of the complex can be obtaineq
by measuring this shift as a function of the concentration of
the complexing agent provided the reduction or oxidation of

the metal ion complex takes place reversibly at the d.m.e

Kolthoff and Lingane’Sb have shown thet the shift in

nalf-wave potential due to tae formation of & metsl complex

4x(n-pbl+ for s solvated cation M and s ligand %P can be

gi ven BpprOXimately by
00,0891 22

AE, 5 = (Eg s) = (Eg,s),
(18)

where (E } and (E, o) are the half-wave potentials for
0.9, 0:5°
the reduction of the simple and complex lons respectively,

C 1is the total concentration of the complexing ligend 'X?
' 43 the stability constant of the complex Mxp.

) has besn derived with the a2ssumption that all
are reversible and very rapid as

[} '
and pp
Equetion (18

the reactions at the d.m.e.
compsred with rates of ionic diffusion.

According to Kolthoff and Lingane157 when the fres

energies of the various possible oxidation states of a complex
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metal ion are sufficiently different, reduct:,, from g ni -
: “her
to lower oxidstion stste can Froceed in stages at .
G.L". 8.
to produce g polsrogram consisting of two or mgpre Seporrate

waves.
= R £ polerogram consisting of two waves ﬁxw nNrve

represented the stepwise raduction of the complex by

two equations,

for many systems the plot of (Eg .) vs log C_ 1s ,

nonlinear continuous curve indicating the presence of more

then one complex of varying stabilities. Deford ang Hume3%» 35

have trested such cases adequately by giving the relations

between the change in helf-wave potential and the fres 1igang

concentration.
. 110 ,
Gupts and Chetter jec were the first to apply a,c,

polarography to study complexes. They introiuced summit

potentials in plsce of helf-wave potentials into the Kolthofs
and Lingene eguetion for the reduction wave of a complex ton,
and have shown the equation, given below, to be suitable for

determining the ligand number anu stability constant of the

cadmivm ammonie complex.
- 0.0591 0.0531 _
AEp = (Splg = (Eple = 557 log 6p t T plog C (19)

where (Ep)s and (Ep}, denote peak potentials ol simple ion
It follows from the above

and complex spscies respectively.
equation that & plot »f (Ep)c againstkbx should be 2 straight

Oa\’ﬁ ’ " - 0.0 1
line with a slope of —-—;;2— p, with an intercept of —-]FE. 3p

wherefrom the values of "p" and "5p" can be calculated knowing

the number of eloctrons "n" involved in the reduction process.
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D.C. polarography has been applied to the study of
complexes like cadmium—amwoniQZOh, cadmium-iodidezvs lead
) -

15 -
hydroxide'?°, lead-oxalate<V? and meny others. A,.C polar
L] - C-

graphy hss be-n used for the study of cadmium-ammonig ! 10
14

e e 8cid1]2'113,cadmium-oxalate11h zinc
] -

114
» 311 involving one reduction pesk. Studies on

thiocyanate
15

complexes of copper with ammonia and pyridine’ Sl
complexes of copper and ferric ions with sulfosalieylie

AL A
acid‘&v have also bean carried out by a.c. polarogrephy,

The present investigation gives the results obtaineg
in the study of tne Fe(III)-7-nitro-8-hydroxyquinoline-5-

sulfonic acid system on which no polarogrophic dats are

aveilable in literature. The same system has also besn

studied by spectrophotometry for confirmstiocn of results,

EXPLRIMENTAL

7-nitro-8-hydroxyquinoline-5-sulfonic acid (NOSA)

was prepared 83 described by welcher®%. The stock solution

of Iron{lII) was prepared by dissolving ferric nitrate

(E, Merck) in distilled weter and the iron content was
Sodium perchlorate was used as

estimasted by usual methods.
the supporting electrolyte snd pH was adjusted by HC1, The
d.m.e. had the following cheracteristics: m = 4.564/s and
1.8 s in 0.1 M KCl (open circuit). Temperature was main-

t -
Ionic strength was meintsined Dy NaCloa.

tained at 30:0.1°C.

ents were made with @ Hilger

Absprbance measuren
308) equipped with

Uvispec Spectrophotometer (Model H 700-
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tnermopletes to stabilize the temperature of the cell holde
¥

RESULTS AND DISCUSSION

A.C. Polagrsphic Studies

The d.c. polarographic reduction of NOSA at the d.m.e

hes be n descrived in Chapter IIT of this thesis. Spectro-

photometric studies revealed that s stable complex was formed

in solution in the pH region 2,0 to 3.0. In this pd region

NOSA gave a d.C. polerographic wave wnich seriously inter-

fered witnh the wave due to Fe(III).
wave potential of Fe{III) could not be determinei with

Thus the shift in the

half-

d.c. polarography. NOSA did not give s.c, polarographic

on whereas Fe(III) gave & pesak. This

pesk in this pH regl
in the peak of Fe(IlI). Fig.4.15

enabled the study of the shift
polarograms of Fe{IIT) ond Fe(IlII1)-NOSA complex.

shows the 8.€C»
fal 1s ahifted to more cathodic side thereby

The pesk potent

showing complex formation.

16 depicts the plot of (-Ep), and log concen-

wnich yields @ straight line witn a slope of
e

Fig. be

tration of NOS#,
From this slope, using equation (<0), th

-0.1822 at pH 2.3-
3 =3 withn = 1,

vslue of "p" hss been caslculated to De 3.08
lex to be Fe(NOSA)B. This

s the formula of the comp

e value obtained spectrophotometrically which

This give

agrees with to

will be described later.

ABo,s L p Qu0221
A log Uy n

(20)
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From the Fig. 4.16 the valye of (iip)c 15 -0.800 v at nysa
Concentration of 1,00 M, From this value sndthe measured
peak potential of the simple Fe*> in 1.0 y NaCl0, containing
no added NCSA (-0.02 V vs S.C.5.), the value of 3p was
calculated from equetion (19) ss 0,513 x 10713,

Spectrophotometric Studies

The composition of tne complex was éstablished by

three independent methods ss tne continuous varistion methogq

of Job’k‘. the mole-ratio method of Yoe and Joneszsz and the

slope ratio method of Harvey and Manning123.

Fig. 4.17 gives the curve obtained by the Job's method,

Fig. 4.18 gives the straight lines obtsined by the slope ratio

method and the ratio of the slopes was found to be 3. The

straight line 1 in Fig. 4.18 is obtained by keeping (NOSA)
constant and vsrying the (Fe”’) and the line 2 is obtained by

keeping (Fe>*) constant and (NOSA) varying. Fig. 4.19 gives

the curve obtsined by the mole-ratio method. These indicste

that one mole of Fe(III} combines with three moles of NOSA to
form a stable complex in solution in the pH region 2.0 to 3,0

wito A, @t 570 nm.

The stability constent (K) of the complex was calcu-

lated by molecular extinction coefficient method and mole

The stability conastants were determined at

ratio method.
various temperatures st a fixed jonic strength of 0,0z M and

pH 2.5 (Table 4.9)., From the slope of the plot log K vas 4
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(Fig. L.20), the enthalpy change AH of the reaction was

cslculated snd found to be -23.96 keal.
be con-tant over a range of experimental teiperatures, AS

Assuming this to

of the reaction has also been calculated (Table 4.93).

Determinstion of stabiligy constants of the complex
(FLg 421
strengtasfupto 0.4 M shows that the value of

at various ionic

K decreases with the increas
ic gtrength O.4 M

e in ionic strength, as expected,
the value of K remsins almost

but beyond ion

constant.
The value of the stzbility constant of the complex
i{ned in tne€ spectrophotometric studies was found to be
ne

The reciprocal of this values gives the
43

onstant (5pl to be 0.457 » 10 -,
the value of diasociation

oots
) at ionic strength 1.0 M end

20 18': b

-OOC
temperature J .
1saociation c

which agrees fairly well with
4 -13) obtained oy using a.c. polarography.

0.513 » 10

values of d

constant {
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TABLE 4.9 ! Zffect of temperature on stability
constant (K) of the Fe(III)-NCSA
complex by spectrorhotometry

Temperature log K -AG -AS
¢ (keal/mole) cal/deg mole
30 13.70 15,00 16,37
35 13.45 18.65 17, 24
40 13.25 18,37 17.85
%5 13.01 18.03 18.65
12.80 17.76 19.20

50
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Legend of the figures

A.C. Polarography

Curve 1. A.C. polsrograsm of 0.5 mM Fej*

Curve 2. A.C. polerogram of 0.5 mM Fe’* . 0.0z M
NOSA

Effect of NOSA concentration on the peak

potential ol Fe * _ NOSA complex

Spectrophotometry

Job's curve for Fe(III)-NOSA complex

Curve 1. 0.01 M NOSA (fixed) + varying concen-
tration of Fe(III)

Curve 2. 0.01 M Fe(III) (fixed) + verying
concentration of NOSA
Mole ratio method

Effect of cemperature on K

Effect of ionic strength on K
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(v) 2.C. POL/ROGRAPHIC STUDIES ON THE COMP LEX
L & S . ==
OF Cd 4ITH SOME NITROPYRIDINES

The
present investigstion gives the results obtsined
in th .
e study of complexes formed by cadmium 2nd soma nit
n Q-

pyridines on which no data sre availlsble in literatu
re,

EXFPERIMENTAL

g-hydroxy-5-nitropyridine, 3-hydroxy-2-nitropyridine
2-amino- S5-nitropyridine and 6-methyl-2-nitro-3-pyridinol ’
(£ldrich, U.S,A.) were used without further purificetion
Stock solutions of ligands were prepared in 20i ethanol.'
Zthonol was distilled in an all-gless fractionating column
and the middle one-third vortion of the distiliate was used

for experiments. Stock-solution of "5
of 3 Cduooh.VHEO (B.D.H., A.R.)

was prepered in double distilled water. HCL was used to

adjust the pH to 2.5 and KCl was used to meintsin the ionic

strength at 1,0 M, Tempersture was mesintained at 3020.1°C
snd complex studies were carried out in 20% ethanolic medium,

RESULTS AND DISCUSSION

The reduction of the nitropyridines at the d.m.e. has
It can be seen

been described in Chapter III of this thesis.
group appears at more

that the reduction wave due to the nitro
reduction wave due to cd**. Thus

positive potentials than the
not be messured

the shift in EO 5 of the cadmium complex could
++ oconcentration of 0.5 m¥ and

accurately, Further at & cd

varying ligsnd concentration the wave height aue to ligand
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far exceeded that due to Cd*'. Thus d.c. Polarography eoule

not be utilized to study these systems.

A,C, polarography, however, could bs useq to study such
Systems because the peaks due to nitropyridines ang Cd** were

distinctly sepsrate snd hence the shift in peask potentia) of

Cd** could be measured. Curve 1 in Fig. 4,22 gives the peak

due to 2-hydroxy-S-nitropyridine. Curve 3 depicts the a,c,

polarogram of the complex. The first peak of curve 3 §s due
to the ligand and the second peak is due to the reduction of
the cadmium complex. The peak potential of cadmium shifted

to more cathodic potentials on successive addition of the

ligand thereby showinz complex formation.,

The plot of (-Ech end log concentration of 2-hydroxy-

S-nitropyridine (curve 1, Fig. 4,23} yields a straight line

with a slope of -0.060 at pH 2,5. From this slope, using

equation {20), the value of p was calculated to be 2.04 3 >

with n = 2.
Similar straight lines were obtained with 3-hydroxy-2-

nitropyridine (HNP) (curve 2, Fig. L.23), 2-amino-5-nitro-

pyridine (aNP) (curve 3, Fig. 4,23) and 6-methyl-2-n1tropyrid1nE
The slopes were found to be

(MNP) (curve L4, Fig. L.23).
0.0625, -0.,057 and -0.056 and the coordination number rpn
- s Ve
calculated to be 2.12, 1.94 and 1,90 respectively. The
was

+e
- here L
general formula was thus found to be [Cd(L)q] w

stands for the ligand.
is -0.779 V for

= ‘e F
- y - )am b N
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this value and the measured peak potential of Cd** containing
no added ligand (-0.62 V vs S.C.E.) the value of ﬁp waS
calculated from equetion (19), as 4.169 x 10'6. Similsrly
6, for Cd-HNP, Cd-ANP and Cd-MN? was found to be 1,318 x 1075

.185 x 10"6 and 1.146 x 1077 respectively.

It can therefore be seen that a.c. polsrography cen be

used advan tageously for the study of complexes where ligsnd

also gives » reduction wave and conventionsl polerography

cannot be used sccurately for such systems.
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Legend of the figures

Fig. 4,22 : Curve 1,

Fig., 4.23 :

Curve

Curve

Curve

Curve

Curve

Curve

”~

Lo

3.

2.

3.

Lo

A.C. polarogram of 0.5 mM Cd**, pH 2,5
A.C, polarogram of 0.04 M ligand

#.C. polarogram of 0.5 mi Cd** 4 Q.04
<=hydroxy-S5-nitropyridine, pH 2.5

Effect of the concentration of
2-hydroxy-5-nitropyridine on ths peak
potential of €d** . (2-hydroxy-s-
nitropyridine} complex.

Effect of the concentration of
3-hydroxy-Zz-nitropyridine on the peak
potential of Cd'* - (3-hydrexy-2-ni tro-

pyridine)

Effect of the concentration of Z-amino-

s.nitropyridine on the peak potentisl
of Cd** - (2-amino-5-nitropyridine)

complex

Effect of the concentration of 6-méethyl-
z-nitro-3-pyridinol on the psak potential
of Cd** - (6-methyl-z-nitro-3-pyridinol)

complex.

-
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CHAPTER V

A.C. POLAROGRAPHIC 3TUDIES ON

KINETICS IN 50 LUTION

REACTION
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A.C. POLAROGRAPHIC STUDIES ON THT KINETICS
OF THE NEUTRALIZATION OF SOME PSEUDO ACIDS

The nitropsraffins have been recognised os pseudo acids

They dissolve 1n slksline solution through the formation of

salts according to the equation

RCH,NO, + OH™ —> R-CH=NO] + H.0 (21)

This neutralization is a relatively slow process and the rotes

of neutrslization by different bases have been investigated by

Meron and LaMer185 and later by Pesrson<!, In both investi-

gations the reaction rate was followed conductometricslly,

278
De Vries and Iwett ’ reported that the wave heights for the

reduction of nitroparaffins were proportional to the concen-
tration of the nitroparaffin when 0.05 molar sulfuric acid was
used as the supporting electrolyte but this relationship was

not linear when 0,05 molsr sodium sulfate was used in place of

when sodium sulfate was used as the supporting

suifuric acid.
electrolyte the pH incressed as the reduction progressed

ydrogen ions were used up in the reduction process,

because h
gused & shift in the equilibrium between

This increase in pH ¢
the normal snd ecl form which wss not reducible at the dropping

mercury cathode. As the concentration of the nitroparsasffin

wss incressed the pH becs
nitroparaffin peing formed and consequently

me still grester resulting in still

more of the aci-
was not proportional to concentretion, The

the wave height
e reduced in 0.t N godium hydroxide

nitroparaffin could not b

or 0.1 N tetramethylammonium hydroxide. This investigstion



- 128 -

would indicate that polarography would meke possible the
determination of the normal nitropsraffin - wiich is the form
present in acid solution - in the presence of aci-form and
that the rate of this trensformation could be determined in

a buffered solutior where the hydroxyl ion concentration is

mpintained at o constant value. Turnbull and Maron®’ 2

represented the tautomeric equilibrium betwsen the normel

nitroparaffins end its aci-nitro form as

RCH2N02 —> RCH - N02 —> RCH == NO, =2 RCH = NOEH

The latter three molecules are collectively called 'aci-

nitropsrafiin’.

polarographic analysis in the field of

The use of
n reviewed by SemeranozLB. The

reaction kinetics has bee
y of the method depends on the direct or induced

applicabilit
ity of one or more of orgsnic substances

polarographic activ

tsking pert in the rescti
g tool 2 evaluate the rate of tautomeric inter-

on. The use of polarographic

technique &8

conversion depend

polarographicall
or oradinary Bqueous solutions.

g on the fact that the aci-form is not
reduced y even at the most negative potentisals
avsilable f
09 employed d.c. polerogrsphy to study

2
Miller et al.

aci-transformstion of nitroparaffins in buffered

the rate of 1
by gtudied the aci-converaion

1
solutions. annakoudskis et al.
sne end nitrocyclohexane.

henyl-nitromath
1 Kishore have i{nvestigated the kinetics of aci-

1 ;
nitropropionic acid‘16 l-chloro-l-nitropropane

.l
Recently Gupta

of p

and Nawa

11

conversion of 8-
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and 5-nitro-ac 118
enaphthene . However, no such studie
8 are

availab
le by using s.c. polarography. The present in
vesti-

gation

. therefore, gives the results obtained in the stud
study of

the kinetics of the neutralization of some pseudo acid

h i 8 with

the 3
view to see 1f this technique could be applied suc
CEesSs-

fully for such investigstions.

EXPERIMENTAL

nitroethane end 1-nitropropsane
’

Nitromethane,
jstilled in sll-glsess fractionating

2-nitropropane (Fluks) were d

d & fraction was collected hav
the boiling point of the respective

ing a boiling range of

column an
which included

ni troparaffin. 5-nitropropionic acid (Aldrich, USA) wes used

without further purificati
A.R. quality.
cid and boric

KCl. All

less than 1°
on. All other chenicals used were

rhe buffers used were HC1/KCl,

of B.D.H.,
ﬁaEHPOh/CItric a

adjusted to 0.54 bY
model HZ pH meter.

acid/NsOH. Ionic strength was
pH measurements were made with
Oxygen did not interfere in the

ined with en accuracy of £0.,1°

Backmann

studies. Temperature was mainta

The constants of the d.m.€. were; m = 2.32 mg/s, t = 3.75 s
jreudt).

1 M KCL (open ¢

in C.
The @.C» polarogrsma were taken after the test solution
{which 1n1e1011y contained 1 mM of nitro compound) wes asllowed
rs for the attainment of equilibrium, It

nd for 12 hot
independent of the

to sta

was found that the pesk potential, Ba' was

concantration of the nicro-compound. For checking the linesrity
s concentration plot the following method was

of the current \4
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ado d
pPted. Initially a known concentration of njtro compound

8 a 4
%83 token and the current-time curve Fecorded keeping the

épplied potentiasl (Ep) réspectively constsnt,
88 found ouyt. By tsking different

From the curve

the current at zero time w
concentrations of the nitro Compound the current was found

out at zero time. A plot of this current and initia) concen

compound showed linesrity i{n the range

tration of the nitro-
Initisl concentration

0.2 m1 to 1.1 mM as shown in Filg. 5.1

of esch nitro-compound was kept at 1.0 mM in kinetic studieg

RESULTS AND DBISCUSSION

Fig. 5.2 shows the nature of a.c., polarograms of

nitromethane recorded sfter the attainment of equilibrium
Similar s.¢. polarograms sre shown

at different pH values.
in Fig, 5.3 (nitroethane), Fig. 5.4 (1-nitropropane), Fig.s.s
Tables

(2-nitropropzne) snd Fig. 5.6 {§-nitropropionic ascid),
5.1, 5.2, 5.3, 5.4 and 5,5 contain the pesk potentigls ang
- » L ] [ - .

the initisl and finsl eslternating current (i_) values for

nitromethane, nitroethene, 1-nitropropane, 2-nitropropane sngd
g-nitropropionic acid respectively. Ep values shifted to more

cathodic potentisl with increase in pH and ultimately the peak
n alkaline medis. D.cC,

potentials became almost constant 1
phic studies slso showed similar behaviour of EO.s

m the Tables it cen be seen that 1.

polarogrs
n decressed in alkaline niedis

{ncressed upto about pH 7 and the
5 no peak could be observed. The increase in

and beyond pH .
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gbout pH 7 moy be ascribed to the greater extent
en
It 1s known that

i_ wupto
of reversibility of the reduction process

the height of the a.c. wave d
s G ecreases as the reducti
ocn brocess

becomes more irreversible from d.c, polsrogrephic poi
nt of

16
view ~. However, the decresse in 1. (finsl) after ap
out

pH 7 is due to the conversion of the normsl nitrg compound
- n

into the polarogrsphic inactive sei-form, Beyond pH 9,5 ¢;
* ne

absence of s peek indicated that the equilibrium had shifteg
e

almost completely in fevour of the zci-form.

The dissolution of pseudo scids in alkasline solution

tarough the formation of salts may be represented by equatio ( )
n (21,

The rate of transformation will depend upon

(a) the concentrstion of the active nitro-

compound, and
(b) the concentration of the OH™ 1ions.

The buffer solution ensures the constancy of zaﬂj and hence

the rate of transformetion will depend on the concentration
Fis. 5.7 gives the variation

the active nitro-compound only.
in the msgnitude of 1. with time of nitroethane at 35%

(pH 9.5).
The rate of reaction is given by

dX o (8 - x) o« 1

dt
. where 'a' 1is the jnitial concentration of the nitro-compound,
141 is the fraction converted to the aci-form in time t apg
e nlternating current corresponding to the amount of

5. th
4 left in the solution.

nitro- compoun
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k2303 30, 0
8 - X

or k:%&logu
2"t1 a-x2

Wh -
en (a - x,) and (s - X,) are substituted by (1), snd (1 )

respectively, the values of k can be calculsted direct}
Y from

the knowledge of tne 1. values. Thus

(1-),

kw2303 400
g (1~,2

where (1.), and (1.}, sre the alternating current values (ua)
after time t, and t, respectively,

Excellent constant values of rate constents were

obtained for esch nitro-compound when the first order equat{
ation

This is further confirmed from the plot of

was used.
) (a-x1) ( e b, ¥m & (1)
vs (t.~- n term 3
og TET;;T o~te), 8 of current by log TTiTé vs

(tz't?" which ylelded a straight line as shown in Fig. 5,7,

curve 2 for nitroethene. The constancy of the velues of the
rate constont is shown in Tables 5.6, 5.7, 5.8, 5.9 ang 5 10

for the five nitro-compounds. Tables 5,11, 5,12, 5.13, 5.1,

and 5,15 show the value of sall rate constants of the above said

nitro-compounds at various pH values, The thermodynamic

parsmeters A5, AH and AS for the activated complex formed

during the transformation process have been czlculated gt

35°C using Eyring's theory62'72 and are tabulsted in Tables
thyou

5.11 A 5 19

In the case of 1-chloro-1i-nitropropane, d.c. polsro-

graphic studiea117 showed that tne acl-conversion comuenced
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at acidic pH values., However, in this case a.c. polsrography

could not be applied as good pesks were not recorded.

Althouzh the rate of reaction increases with pH there
wes no direct relationship between the rate of resction and
the hydroxyl ion concentration of the solution. This might
arise from the fact that hydroxyl ion is not the only base
present in the solution and thst the bases used as buffers
may plsy an important role in controlling the rate of |

reactionzos.

It can therefore be concluded, in genersl, thet a.c,

polerozraphy can be used advantageously for the study of the

reaction kinetics in solution.
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5.1 : Effect of pH on pesk potentinls

T/A3LS
(volts vs S5.C.E.) and i~ of 1 mv
solution of nitromethane at 25%¢,
n = 0,5 1,

pH -E5 Initiai: * Final **
1.0 0.72° 1.05 1.05
2.0 0.76° 1.10 1.10
3.0 0.80° 1,15 1.15
4.0 0.83° 1.25 1. 20
5.0 0.86 1.30 1,20
6.0 0.89 1.50 1,30
7.0 0.92 2.05 1.55
8.0 0.94 2.45 1.40
8.9 0.95 2.45 0.40
9.5 0.95 2.45 0. 10

10.0 0.95 2.45 No peak
11.0 No peak could be recorded

% Current values tsken immediately after
the test solution and buffer salution

were mixed
sa Current velues tsken after 12 hours

E
® 2

+ 15 mV
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5.2 ct of pH on peak potentials

{volts vs S.C.E.,) and {_ of 1 mM
~ g §

solution of nitroethsne st 25°C
]

H = 0051& M.

pH -Ep i. pA
Initial™ Final **

1.0 0.76% 0.95 0.95
2.0 0.72° 1,00 1.00
3.0 0.80% 1.05 1.00
L0 0.81° 1,11 1,05
5.0 0.85 1. 25 1,20
6.0 0.88 1,45 1,25
7.0 0,93 1.95 1.60
8.0 0.95 2. 34 1.40
8.9 0.95 2.34 0.50
9.5 0.95 2e 34 0.15
10,0 0.95 2.30 No wave
11.0 No wave could be recorded

%« Cyrrent val
lution and buf

ediately after

ues taken imm
fer solution

the test SO
were mixed

%% Current values teken after 12 hours

@ Ep £ 15 mV
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TABLE 5.3 : Effect of pH on peak potentials

(volts vs S.C.E.) and 1. of 1 my
solution of f7-nitropropane at
25°C, u = 0.54 M.

1. ph
pH ) Initial*® Final **
1.0 0.72°% 0.85 0.85
2.0 0.75° 0.90 0.90
3.0 0.78% 0.95 0.90
4,0 0.80° 1.05 0. 86
5.0 0.81° 1,51 1.12
6.0 0.84 1.80 1.35
7.0 0.90 1.91 1.40
8.0 0.93 2. 10 1.50
8.9 0.94 2. 10 0.40
9.5 0.94 2.10 0.25

10.0 0.94 2.15 No peak

11.0 No wave could be recorded

nediately after
Current values taken imne

txe test solution and puf fer solution
were mixed
Current values taken after 12 hours

g + 15 mV

po]
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TABLE 5.4 : E
5.4 : Lffect of pH on peak potentisls
(volts vs S.,C.E.} 2nd 1. of 1 mM

sogution of 2-nitropropane at
25 C.ﬂ=0-5hm

pH “Ep Ind ual*i"' wt Fina1%*
1.0 0.70% 0.85 0.85
2.0 0,74° 0.95 0.95
3.0 G.77° 1,00 1.00
b0 0.80° 1,05 0.90
5.0 0.82° 1,55 1.15
6.0 0.85 1.85 to D
7.0 0.89 1.95 1.40
8.0 0.93 2,10 1.55
8.9 0.95 218 0.35
9.5 0.95 3.15 .15
10.0 0.95 2,15 No peak

11.0 No weve could be recorded

—

s Current values taoken imredistely after
the test solution and buffer solution
woere mixed

++ Current values taken after 12 hours

g + 15mV
® P
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TABLE 5.5 : Effect of pH on pesk potentials
(volts vs S.C.E.} and i~ of 1 my

solution of @-nitropropionic acid
at 25°C, p = 0.54 M

1. pA

H
P P Initial” Final™*

No wave could be recorded

1.0
2,0 No wave could be recorded
3.0 0.79° 0. 60 0.60
L.0 0.82* 0.65 0. 65
5.0 0.87° 1.00 0.90
6.0 0.94° 1.25 1.00
7,0 0.97 1.86 1.40
8,0 0.98 2.00 1.53
8.5 0,98 2.05 142
8.9 0.98 2.05 0.82
9.5 0,98 2, 0% 0.31
1.0 0.97 2,05 No peak
No wave could be recorded

11.0

taken jmmedistely after

s

* Curfigztvgggstion and buffer solution
the
were mixed

frer 12 hours
values taken &
e Current
15 mV

‘.
o Ep
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TABLE 5.6 . Rate constant for the transformstion
of nitromethane into its aci-form

Temperature 25°C, 1.0 mM nitromethane
4= 0.5b M and pH = 9.5

Rate constant

Tni'fle k » 10° min™’
8.0 1. 921
10.0 1,922
12.0 1.910
14,0 1.908
17,0 1.920
20,0 1. 908
- 1.910
28. 5 1.914
33.5 1,920
40.0 1,910
48.0 1,912
k. 1.914
o 1.914

Kaverage
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5.7 : Rate constant for the transfor-
mation of nitroethane into its

aci-form

Temperature 25°C, 1.0 m! nitroethane,
9 = 0.5 M and pH = 9.5

Rate constant

Timg k x 102 min~"
8.5 2.300
10.0 24 341
12.5 2.411
14.0 2.433
17.0 2,404
20.0 Ra 220
- 2.3
8.5 2,389
33.5 . 2.383
39.5 2.402
L7.5 231
5k 5 frd
Kaversge ek
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TABLE 5.3 : Rate constant for the transformation
of 1-nitropropane into its aci-form

Temperature 25°C, 1.0 mM 1-nitropropane,
$ = 0,54 M and pH = 9.5

Rate constant

i x x 102 min”"
8.5 1.852
10.0 1.838
12.0 1.841
14,0 1,847
17.5 1.854
20.0 1,835
23,0 1.842
27,0 1.858
34.5 1.840
35,0 1.839
39.0 1.842
Lo 5 L8R
1.842

kaverage




TABLE 5.9 ! Rate constant for the transformstion
of 2-nitropropasne into its aci-form

Temperature 25°C, 1.0 mi Z-nitropropane,
¥ = 0.5, M and pH = 9.5

Rate constant

$:§? k x 10° min™ "
8.5 0.864
10.0 0.852
12.0 0.850
14,0 0.848
17.0 0.851
20. 0 0.856
23,0 0.845
27,0 0.858
31.5 0.850
35,0 0.844
39.0 0.850
45.0 0.840
T k 0.850

average




.

TABLE 5.10 : Rate constant for the transformation
of @-nitropropionic acid to aci-form

Tempersture 25°C, 1.0 mM @-nitropropionic aciq,
p = 0.5 M and pH 9,0

Rate constant

ziﬁf k x 10° min~ "
9.0 1.612
12.0 1.628
15.0 1.630
17.5 1.631
21.0 1.655
24,0 1.645
7.5 1.601
31.5 1.621
36.0 1.627
41,0 1.628
L. O 1.604
50.0 1.612
= 1.622

Kaversge
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TABLE :
TABLE 5.11 : Rate constents and thermodynamic parsmeters
(for the activated complex) for the transfor

mation of nitromethsne into its aci-form

1.0 mM nitromethane, p o= 0.5, M

Rate constent k x 10° min~ ]

pH

25°C 35°¢
8.9 1.59 3.28
9.5 1.914 L.05
10.0 3‘9“ 8.36

Thermodynamic parameters 359¢

AH AG AS
k:cal/mole k_cal/mole cal/deg. mole

945 13.77 19.99 « 203

Rete conatants and thermodynamic perameters

TABLE 5.12 °
- (for tne activated complex) for the transforms-
: 3 nitroethsne into its aci-form

tion ©
1.0 mM nitroethane. B = 0.54 ™
Rete constant kK % 102 min"
1.980 3,848
8.9
2.373 5.917
9.5
8.230 17.550
10.0
Thermodynamic paremeters 359
/- ”~
A . Ad AS
k“cal/m019 k“cal/mole cal/deg.mole
16.63 19.77 -10.11

——'
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TABLE 5.13 : Rate constants and thermodynamic paramet
ers
{for the activated complex) for the transfor
mation of T1-nitropropane into its aci-form

1.0 mM 1-nitropropane, ¢ = 0,54 M

Rete constant k x 102 min'1

pH

25°¢C 35°C
800 1'680 3-129
9.5 1.842 4.789

Thermodynamic parameters 35°C

M AG AS
k "cal/mole k“cal/mole czl/deg. mole
17.43 19.90 -8.05

9.5

Rgte constants and thermodynamic parameters
the sctivated complex} for the transfor-
nitropropane into its sci-form

TABLE 5.14 «

(for
mation of 2=

1.0 mM s-nitropropand,

1

Rate constent k x ;65 min~

- 25°C 35°C
8.9 0.764 1.42
9.5 0.850 1.81
10.0 0.984 2.06
Thermodynamic parsmeters 35°¢
T M AG 4s
k “cal/mole k“cal/mole cal/deg. mole
Q - -21.72
9.5 13.79 20,48 21
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TABLE 5.15 ¢ Rete constants and thermodynamic paresmeters
(for the activated complex) for the transfor-
mation of @-nitropropionic acid into its
eci-form

1.0 mM g-nitropropionic acid, n=0,5M

Rate constant k x 102 min"

pH

259%¢ 359¢
9.0 1.622 2063’&
9.5 5.227 8.762

Thermodynamic parameters 35°C

AH AG AS
k cel/mole  k casl/mole ce/deg. mole

5,5 8.86 15.10 -37.16
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ZGEND OF FIGURZS

Fig. 5.1. Concentration vs alternating current for different

nitro-compounds

A.C. polarogram of nitromethene (1 mM) after
equiliorium is attained between the nNormal nitro-
compound and its aci-form at 25°C, B = 0,5, v,
(Broken lines indicote base current, )

Fig. 5.2.

A.C. polsrogram of nitroethane (1 mM) after
equilibrium is attained between the normel nitro-
compound and its aci-form at 25°C, 2= 0.5, M,
(Broken lines indicate base current,)

Fig. Se 3

A.C. polarogram of 1-nitropropane (1 m4) aftep
equilibrium is attained between the normsl nitrg-
compound and its aci-form at 25°C, 1= 0,54 «,
(Broken lines indicate base current.)

Fig. 5.4.

Fig. 5.5. A.C. polarogram of 2-nitropropsne (1 m¥) after
equilibrium is attained between the normsl nitro.

compound ad 1ts aci-form at 25°C, p - 0,5, .
(Broken lines indicate bsse current)

Fig. 5.6. A.C. polarogram of @-nitropropionic acid (1 my)
after equilibrium is stteined between the normal

nitro-compound and its aci-form at 2500'
u = 0,54 M. (Broken lines indicate base current, )

Curve 1, Variation of 1. of nitroethans (1 mM)
with time at pH 9.5, 35°cC,

(1HJ‘.
Curve 2. Plot of loz TT:T; vs (t2 - zi) for

nitroethene at pH 9.5, 35°cC.

Fig. 5.7.



CHAPTER V1

TENSAM ETRIC STUDIES ON THZ_INTERACTTON

BETYEEN SURFACE ACTIVE SUBSTANCES
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INTRODUCTION

The behaviour of the alectrocspillsry curve of mercury

in the presence of surface sctive organic compounds was first
examined by Gouy120 who observed that generally the amount of
substance adsorbed a8t the mercury electrode decreased with

increesing field strength. Theoretical interpretaticns of

omena were attempted by
uations tor the variations of the amount of

28,65

varicus workers who

these phen

derived general €q

tance adsoroed with tne potential difference at the

subs
the electrode. The picture at which these

intverface of
s tnat of the existence of layers of polar

authors arrived wo@
es (most commonly monolayers) of sparingly soluble

molecul
nces at the electrode boundary. Frumkin and

orzanic substa
7.7, 232
coworker566'6 S

studied the effect of surface active

s.) on the differentisl capacity of electrodes

substaices (8.8
1ndifferenn electrolytes, using a mercury pool

in solutions of
g0 pointed oub the relationship between the

electrode. 1neY sl
fects and the electrocapillary curves. All the

capacity ef
jdence indicates t

hat if the potential of the

s made strongly positive or stroungly

e adsorbed polar molecules st the mercury surface

negative, 0

are displeced oY
nt rrequentl

the ions of the supporting electrolyte, The

y occurs over a small range of potentya)

displaceme
charge density of the douole layer

urn leads to @ lerg® value3;f the dynamic

This in * 5
<
rumkin and Froskurnin thus observeg

results.

capaci tanc® (dq/d%)
g strong depr

F
assion in the middle part in ty
2

two maxima with
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¢spacity potentiazl curve of sodium sulphate saturated wi th
octyl alcohol. The extreme anodic and ¢cathodic endg of the
curve coincided with those obtsined with sodium Sulphate alone,
Srahsme® ! repeated these experiments witn similsar results,
The technique employed by Grahame consisted in balancing out
the double layer capacity with a8 set of varisble Capacitors
sui tably arranged in s "“heststone network, whilst 5 sSmall
8.C. voltage was superimposed on the d.c. potentizl, The

process of bealancing was laborious and frequently the peaks

of the capscity-voltage curves were not sherply defined

slthough the results were very precise,

“hen electrolytes contsining smsll amounts of surface
active substances (e.g., aniline, pyridine, phenol, cresol,
benzoic acid, octyl alcohol, etc.) were subjecteq to a.c.

- -t
polaro&raphy‘3"),current-voltage curves similar to the

capacitance-veoltage curves of Proskurnin ang Frumk1n232 ond

of {‘:ra!umusza1 were observed, Studies on surface active syp-

stances have slso been cerried out extensively by Gupta snd

Sharmazhs. But whereas the waves in a,c, pOlarOgPEPhy are

produced as a consequence of depolsrization processeg occurring
at thz d.m,e. (by virtue of the applied d, e, potential), ¢he

a.c. waves obtalned in the presence of surfactants are produceg
without corresponding d.c. current flow'!, In other words, the

electrode 1s depolarized with respect to a,c. only ang remains

polsrized with respect to d,c, It was proposeqd to distinguish

this type of electrode process, which is fundamentally differen;

from a.c. polsrography. 3reyer and Hacobian" termed it

"tensammetry".
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Breyer and Hacobian observed that when a mixture of

two S.8.8, was present in a solution of an indifferent electro-

lyte, only one tensamnetric wave was obtained, corresponding

to the substance with a more cathodic peak potential., They
"

also found that certain depolerizes freely penetrate surface

films snd yleld good a.C. waves even after the addition of

surfasctant such as p-nitrophenol in presence of octyl alcohol1h.

(. [
Jupta et al.bh'b‘ reported the interaction between two surfac-

tants to form 2 complex which is more surface active tnan the

vidual surfactants,lnfrared and conductometric studies
119

in!l

support these observations

The present work deals with the studies on the inter-
action of phenol with some organic bases by tensammetry in

squeous medium. The composition of the complexes have also

been confirmed DY conductometric measurements in aqueous medium.

Infrared Spectrophotometry nas been used to establish,

qualitatively, the existence of nydrogen bonded interaction in

the formation of these complexes. However, no data are
gvailable in literature on such studies,

EXPERIMENTAL

ALl organic compounds {AnalsR, BDH) were redistilled

pefore use. 0.1 M KC1 (BDH, AR) wes used 8s the supporting

All solutions were prepared in double distilled

elactrolyte.
water. The constants of d.m,e. were: m = 4.564 mg/s, and
t = 1.8 s in 0.1 M KCl, open circuit. Conductometric measure-

ments were mede using a conductivity meter type L3R of

Wissenschafflich-Tecnnische, werkstatten, Germany with »a
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titration cell type LTI. Perkin Clmer IR 2378 Grating
Spectrophotometer with NaCi optics was employed for the studies

in CCl,. All experiments were performed at 25+¢0, 29,

RESULTS AND DISCUS.:TON

A study of the tensammetric peak potentisls of the
individual surfsce sctive substances and that of the peak
potentials of the mixture of the phenol with Pyridine, phenol
with o-toluidine, phenol with m-toluidine and phenol with
aniline resulted in the appesrance of a new Pe8K in the case
of the mixtures 2nd the disasppesrsnce of the individug} Peaks,
The new pesk eppeared at a more cathodic potential than that
of the individusl pesks of the surfactant and tpe peak height
hedghd also increased. Fig., 6.1 shows the individus] peek of
phenol and pyridine and that of the mixture of phenol ang
pyridine. Such a behaviour msy be due to the formstion of a
complex which is more surface active then the individygsl

64,65
surfactents ‘' 7,

Fig. 6.2 gives the curves showing the shift of the pesk
potentisl of the mixture of phenol and pyridine to more
negative potential by keeping the concentrstion of pheno)
fixed (curve 1) and varying the concentration of PYridine {n
the mixture and vice versa (curve 2). A break in the curve,
independent of the way in which the ratio betwaen the surfac.
tants has been reached, i1s observed corresponding to g, ratio
of 1:1 between phenol and pyridine, Further curve 1 (Fig, 6.3)

shows the change in alternating current after duccessive
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addition of pyridine to a fixed concentration of phenol angd

vice versa (curve 2, Fig. 6.3}, It can be noticed thst a

break occurs similsr to the breaks in the curves 1 and 2 of
o

Fig, 6.2. Curve 1 in Fig, 6.4 shows the conductometric cury
irve

obtained with successive additions of pyridine to s f£i{xed
concentration of phencl and vice versa (curve 2, Fig. 6.4)

In this case also a bresk is observed corresponding to phenol
0
to pyridine ratio of Te: Lo

The results of the studies on phenol-brtho-toluidiné)
system are shown in Fig. 6.5. The concentration of phehol was
fixed snd the effect of varying the concentration of o-toluidin

e

on the pesk potential (curve 1, Fig. 6.5), peak current
(curve 2, Fig. 6.5) & d conductance (curve 3, Fig. 6.5) of the

mi xture were studied. The composition of tne complex of

phenol with o-toluldine was found to be 3:1.

Similarly the studies on the composition of the complex

of phenol with m-toluidine showed 2 ratio of phenol to
- toluidine as 3:1 (Fig. 6.6) and the composition of the
complex of phenol to aniline as 1:1 (Fig. 6.7).

There are seversl reports in the literature where hydr
ogen

4 interaction of organic bases with hydroxylic compoundgs

bonde
vestigated employing IR Spectrophotometry5’231,236

have been in
A qualitative study in CClk of the systems mentioned in thig

chapter was made by IR spectrophotometry. The frequency shift
)
and the change in the intensity of the 0-d stretching band of

phenol pointed to hydrogen bonded interaction,
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Fig. 6.2 L]

Fig. 6.3 :

Fi&. O“‘

Fig, 6.5
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Legend of the figures

Curve 1,
Curve 2.

Curve 3.

A.C. polarogram of 0.12 M phenol,
A.,C, polarogram of C.04 M pyridine,

A.C. polarogram of .12 ¥ phenol
0.,0L M pyridine,

Tensammetric titrations (peak potentisl vs

concentration).

Curve 1.

Curve 2.

50,0 ml 0.12 M phenol vs pyridine,
50.0 ml 0.06 M pyridine vs phenol.

Tensamsetric titrations (peak current vs
concentration)

Curve 1.

Curve 2.

50,0 ml 0.064 ¥ phenol vs pyridine.
50.0 m1 0.064 M pyridine vs phenol.

Conductometric titrations

Curve 1.

Curve e

Curve 1.

Curve <.

Cur\'e 30

Curve 1.

curve e

Curve 3.

50.0 ml 0.064 M phenol vs pyridine.
50.0 ml 0.064 M pyridine vs phenol.
£0,0 ml 0.12 M phenol vs o-toluidine
(peak potential vs concentration)

50.0 mi 0.12 M phenol vs o-toluidine
{peak current vs concentration)

50,0 mlL 0,12 ¥ phenol vs o-toluidinae
{conductometric titration)

50,0 ml Q0.12 i phenol vs m=toluidine
{pesk potential vs concsntration)

50,0 ml 0.12 ¥ phenol vs m-toluidine
(peak current vs concentration)

50,0 ml 0.12 M phenol vs m-toluidine
(conductometric titration)



Fig. 6.7 ©
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Curve 1. 50.0 ml 0.06 M phenol vs aniline
{peak potential vs concentration)

Curve 2, 50.0 ml 0.06 ¥ phenol vs aniline
(pesk current vs concentration)

Curve 3., 50.0 ml 0.06 M phenol vs sniline
(conductometric titration)
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