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REDUCTION OF MERCURIC CHIORIDE BY OXALIC ACID IN THE
DARK IN PRESENCE OF POTASSIUM PERMANGANATE
AS INDUCTOR

By C. PrasaDp AND ADaNI K. BBATTACHARYA

The reaction between Wgly 2nd H;CyN,, induced by KMnOy, has been studied from the viewpoint
of the concentration effect of the inductor on the indnction period and the extent of reduction of mer-
curic chloride. The induction period has been fonnd to remain almost constant up to a certain con-
centration of KMnO,, berond which it gradually goes on increasing till MnQ; is precipiiated when
it becomes difficult to ascertain it. TNy increasing the concentratjon of the inductor, the reduction
of ¥gCl increases, but its reductivn per mole of KMn(), at first increases rapidly and then
gradually decreases. These ob2ervalions sngges! that the reduction of mercoric chluride is
brought aboot through the mechanism of heterogeneous catalysis due to the activation of -eacting
molecnles on the surface of collaidal Mu()y, formed in the KMn( 15—~ H,C30, reaction.

The reduction of HgCl, by H.Cy0,, induced by KMnO,, had been studied in the past
by many woskers {Dhar, Proc. K. A'cad . /Amsterdam, 1920, 28, 308 ; Skrabal, Z. anorg.
Chem., 1904, 32, 1; Laumer, J. Amer. Chem. Soc., 1932, 5%, 2597; Lidwell and
Bell, J. Chem. Sec., 1935, 31303). Recently Weiss ("’Discussions”’, Faraday Soc.,
1047; has discussed a mechanism of this reaction based on the formation of Mn®* ijons
and C.(), radical. Adamson {J. Phys. Coll. Chem., 1951, 55, 2g3) has, from his studies
oo the kinetics of the manganous-permanganate reaction, given a very critical opinion
on the mechanism suggested by Weiss and others.

Woeiss observed an induction period in the reduction of HgCl, by oxalic acid in
presence of KMuOQ.; he referred to its itnportance bat did not study its relation with
the concentration of the inductor. We have therefore attemnpted to investigate this aspget
of the reaction and. studied the reduction of HgCl, with different initial concentrations of

KMI]U.;.
EXPERIMENTAL

Standard solutions of mercuric chloride, oxalic acid, potassium perinanganate, ete.
were prepared from A. R Chemicals, in redistilled water. ‘The reactants were mixed
torether in conical flasks (same size) set up in an electrically regulated thermostat,
‘The timme interval between the mixing of the reactants and the first appearance of caiomel
precipitation was noted and designated as the ‘induction period’.

For determining the amount of teduction of mercuric chloride iv the dark, the resc-
tion vessels, covered with black photographic paper, were siinilarly arranged. ‘Total
reduction of HgCl, wag deteginined by pipetting ont a definite volume of the reaction
mixture with the help of a cotton plug into a known excess of KI solution and then back-
titrating the residual KI by M/20-HgCl.. The titre volume was further correoted by a
titration error curve (Kolthoff and Stenger, '‘Volumetric Apalysis’”, Vol I, p. 156} and
the reductiond of HgCl. was calculated.
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Induction Period

When KMn9, is added to a dilute solution containing HgCl, and oxalic acid, the
reduction of mercuric chloride to mercurous state does not start immediately, but redue-
tion is observed to begin after a certain tine when the mixture becomes brown or
colorless. ‘This time interval is termed the ‘induction period’ and is connected with the
mechanism of reduction of mercuric chloride.

Table 1 shows the relationshjp between the concentration of KMoQ, in the reaction
mixture containing constant concentrations of HgCl, and H.C,0,, apd the induction

period.
TapLe I

Temp=35°. (HeCl:)s = (H.C,O.js = 6.667 % 107* g. tnol./litre.
Cone. of KAIn(),. Induction period. Colour of soln. when the
HgqCls formation starts.

0.1667 X 10”2 equiv./litre 7-5 min. Almost colorless

0.3333 8 Do

0.6666 8 Light brown

I-3333 8 Do

3.3330 8 Do

5.3330 9 ‘Brown

6.6666 10 Do
10.0 1B Black due t MnOy ppt.
13 3333 >24 hre. Do

From Table I the induction peried does not appear to change appreciably by in-
creasing the concentration of KMnO, up to a certain limit, beyond which it staris increas-
ing gradually for such concentrations of the inductor as make the precipitate of MnQ,
appreciably visible. When the concentration of KMnQ, is equivalent 1o that of oxalic
acid, much MnQ,; is precipitated and the induction period cannot be determined within
24, hours.

It was further observed that the induction period for a reaction mixture (HgCls
= H,C,0, = 6.667x10™> g. mol./ litre ; KMnQ, = 0.3323 %1072 g. e¢quiv./litre) was
19 mins. at 25° and 8 mins. at 35°. Hence, the induction period appears to depend on
the coiicentration of KMnQ, as well as on the temperatute of the reaction.

TanLE 11

Relationship belween the amount of KMnO, added and the extent of reduction of
mercuric chloride.

Temp. =35°, (HgCls), = (H,Ci0,)y = 6.667 X 10™* g. mol. /litre.

HgCly {reduced) : HgCls (reduced) -
(EMnO,},. HgCls (reduced). {KMnOy) - (KMnOy),. HgCl; (reduced). (KMnO,!
©.1€67 nol.flitre x10°3 1.333 mol./litrex1073 {iB.0 3-333 mol./litre x 107 35.33mol./litreX 03 4.6
o-25 3333 - 13.3 5.0 15.83 3.7
©.3333 L o15.3  6.667 17.27 " 2.575
a.5 7-333 14.67 8.333 18.0 2.16
0.5667 8.5 I12.75 10.0 10.83 1.98

1.667 12.33 7.4
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From Table 1T the total reduction of HgCl. appears to increase with increasing con-
centration of KMn@,. It is further observed that the reduction of HgCl, per mole of
KMnO, rapidly increases in the beginning but slows down afterwards. This suggesis
that some KMuQ, becomes inefective in inducing the reduction of mercuric chloride in
the laler stages. ’

Probable Mechanism

In view of the observations recorded in Table I » We are of the opinion that the first
stage of the reduction starts in the formation of highly dispersed MnQ, sol. The reduc-
tion of HgCl, is then brought about by tite activation of the molecules on the surface of
colloidal MnQ,. In other words, the induction takes place through the energy of surface
catalysis, and hence, the primary stage of activaiion and the subsequent reduction of
HgCl; appear to be governed by a heterogencous mechanism. The heterogeneous cha-
racter of this reaction fin its inilial stage} is supported by the observations on the period
of induction in ''able I. It has been chserved that there is very little increase in the in-
duction period within the concentrations of KMn(Q), o.1667—6.6666 equiv./litre x 1072,
But on adding more of permanganate, MnO, is precipitated and the induction period
also ifcreases appreciably. ‘Thig suggests a sudden decrease in the surface due to the
precipitation of the MnO, sol at higher concentrations of KMnQ,. Under such condition
longer time would be required by the oxalic acid to bring the precipitated MnQ, to
the optitnum stage of dispersion at which the activation of HgCl. or H.C,O, ot of both
takes plece. ‘The induction period is therefore bound to increase according to this
heterogeneous mechanisin of activation.

The temperature eflect on the induction period also supporis the theory of hetero-
gencous mechanism in the primary stage of the reaction. If it is assumed that mole-
cules are activated by thermal effects, it is obvious that the rate of activation of molecules
due to surface catalysis will be greater at 35° than that at 25°, and this has actually been
observed.

This view is further supported by the fact that when different amounts of coNoidal
MnO, are added to a mixture of HgCl, and H,C,0,, the induction period is almost the
same, and very much less (hardly 2-3 minutes) while the extent of reduction of HgCl;
increases with higher concentrations of colloidal MnO,, as observed with KMnQ,
an inductor. .

1n the quantitative study of the total reduction of HgCl,, it has been observed that
the reduction continues for a pretty long tinte even when the brown colour of the solution
has been completely discharged. At the colorless stage, it appears that the highly dis-
persed MnO, has been dissolved by oxalic acid, releasing Mn®* ions which act as catalyst
in this reaction {vide Dhar, J. Chem. Soc., 1917, 111, 695). Hence, the whole mecha-
nism of this reaction, in all probability, is a phenomenon of heterogeneous cum
homogeneous catalysis, the primary stage being the surface activation of the reactant
molecules followedeby the catalytic influeace of Mn®* ions during the later stages.

Previous workers (Weiss and others, [oc<ii.) have explained this reaction by chain
mechanism initiated through the formation of Mn** and C.0, . While we do not argue:
against their mechauism, the fact remaius that the formation of Ma®* and C:0¢ at tem-
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peratures of 25° and 35° is more hypothetical than the mechanism of surface activation
end catalytic influcnce of Mn?* ion, suggested by us. It may further be stated that there
is hardly apy reference in the literature regarding the temperature at which Mn®** ion
can remain stable. It appears from the behaviour of manganic salts that they are very
unstable at ordinary temperatures, and hence, any mechanism based on the formation
of Mn®* jon and C.0, radical seems to be conflicting with the stability of these ions.t

In view of many other factors, which are known to play their role in this reaction,
it way prove a helpful guide to study its kinetics in t’.e catalysed state and determine
the apparent order, temperature coefficient and activation enerygy.
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