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REDUCTION OF MERCURIC CHLORIDE BY OXALIC ACID IN 'rHli 
DARK IN' PRESENCE OF POTASSIUM PE.RMANGANATE-

AS INDUCTOR 

Bv C. PRASAD AND AnANI K. BlW.TTACHARYA 

The •~action between 1JgCI2 and H1c 1o 4, induced by K:\ln041 has been studied from the viewpoint 
of the concentration effect of the indnc:tor on the induction period acd the extent of rtduction of mer­
curic chloride. The indudion period has been found to remain abnnst constant up to a certain con­
centration o[ Kl\fnO~, beyond which it J;:rru)aally goes on increasing till Mn01 is precipitated when 
it becomes difficult to e.sc:ertain it. Ry inc~ea•ing the concentration of the inductor, the reduction 
of I-IgC~ increases, but its reduction per mole of Kl\ln01 at first increue5 rapidly aud then 
gradually ~rea~es. These ob~ervatinns suggest that the reduction of mercnric chlmide is 
brought about throngh the mechanism of heterogeneous catalysis due to the activation of =:'9cting 
molerulcs on the suria~ of colloidal Mn02, formed in the Kiloru04-HzC~t reac:tlon. 

The"'eductiou of HgCI3 by H,c,o., induced by KMnO., had been ·studied in the past 
by many workers [Dbar, Proc. [( .• Acaa". .'lms!erdam, 1920, 23, 308; Skrabal, Z. ano-rg. 
Cllem., 1904, 42, Ii Launer, ]. Amer. Chem. Soc., 1932, 511, ~597; Lidwell and 
Bell, ]. Cllem. Soc., 1935, 1303). Recently \Veiss !"Discussions", Faraday Soc., 
1947i has discussed a mechanism of this reaction based on the formation of Mn 8 + ions 
and C2 0,- ra:iical. Adamson f]. Phys. Coil. Clzem., I951, 55, 293) has, from his studies 
au tbe kinetics of the manganous-permanganate reaction, given a very critical opinion 
on the ~echanism sugRested by \Veiss and others. 

Weiss observed an induction period in the reduction of HgCI, by oxalic acid in 
presence of KMnO. ; he referred to its importance bot did not sludy its relation with 
the concentration of the inductor. We have therefore attempted to investigate this aspect 
of the reaction a11d. studied the reduction of HgCI, with different initial concentrations.of 

KMnUd. 

E X l' E R I :i\1 ti: :X T .\ ). 

Stambrd solutions of mercuric chloride, oxalic acid, potassium p~:nnangnnate, etc. 
\\'ere prepared from A. R~ Chemicals, iu redistilled water. The renctants were mixed 
to~·ether in conical fl.asks (same size) set up in an electrically regulated thennostat. 
The time 'interval between the mixing of the readants and the first appearance of caionu:l 
precipitation was noted and designated as the 'iuduction period'. 

For determining the amount of rednction of mercuric chloride in the dark, the reac­
tion vessels, covered with black photographic paper, were similarly arranged. Total 
reduction of HgCJJ: \V14i dete,mined by pipettiog out a definite volunte of the reaction 
mixture with the help of a cotton plug into a kno~tn excess of KI solution and then back· 
titrating the resid~al KI by M/ 2o-HgCl2 • The titre volume was further cor.reoted by a 
titration error curve (Kalthoff and Stenger. "Volumetric Aualysi:s'", VoL I, p. ,I 56) and 

the reductiwi of HgC12 was caku]aterl. 
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When Kl'I·InO. is added to a dilnte solution cor,taining HgCl2 and oxalic acid, the 
reduction of mercuric chloride to mercurous state does not start immediately, but reduc­
tion is observed to begin after a certain time when the mixture becomes br~wn or 
c-olodess. This time interval is termed tile 'induction period' and is connected "itb the 
mechanism of reduction of mercuric chloride. 

Table 1 shows the relationship between the concentr.Ltion flf KMnO. in the reaction 
mixture containin~ constant concentrations of HgCl, and H 2 C0 0 41 and the induction 
period. 

Temp=35 ... (HgCio}o 
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From Table I tbe illduction po.:riod does llOt appear to change appreciably by in­
~·reasing tbe conc-entratioll of KMu04 up to a certain limit, be:yond which it starts increas­
ing gradually for such conce:ntrations of the inductor as make the precipitate ot Mn02 

appreciably visible. When the concentration of KMoO. is equivalent lo that of oxalic 
acid, much MnO. is precipitated and the induction period cannot be dt-te:rmined within 
24r hours. 

It was further observed that the induction period for a reaction mixture (HgCl. 
= H,C,O. = 6.667 x Io-• g. mol./ litre ; KMnO, = 0.33~3 x 10-

2 g. cquiv./litre) was 
19 rnins. at 25° and 8 rnins. at 35". Hence, the induction period appears to depend on 
the concentration of KMnO. as well as on the temperature of the reaction. 

TAm,E; II 

Relationslzif' between the amou11t of KMnO. added and the extent of reduction of 
mercuric chloride. 

HgCI, (reduced) 
IlgCit (reduced). {KMnOtl (KMu01lo. 

HgCI, (reduced! -
HgC'ls (reduced).~n01 : 
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5-0 15.83 3-17 
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z.g8 
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From Table II tlie total reduction of HgCis appears to increase with increasing con­
centration of KMnQ,. It is furtht:r observed that the reduction of HgC11 per mole of 
Kl\ln04 rapidly increases in the beginning bllt slows down afterwards. This suggests 
that some KMuO. becomes ineliective iu inducing the reduction of mercuric chloride in 
the later stages. 

p,.obable 111 echantsm 

In view of the observations recorded in Table I,,.Vl.'e are of the opinion that tbe first 
stage of the reduction starts in the formation of highly dispersed MnO. sol. The reduc­
tion of HgCI 2 is then brought abollt by the activation of the molecules on the surface of 
colloidal !\-ln02 • In other words, the induction takes place through the energy of surface 
catalysis, and hence, the primary stage of activation and the subsequent reduction of 
HgCI. appear to be governed by a heterogeneous mechanism. The heterogeneous cha­
racter of this reaction fin its iuilial stage) is supported by the observations Oil the period 
of induction in Table I. It has been chserved that there is very little increase in the in­
duction period within the concentrations of Kl\In04 o.r667 -6.6666 equiv./litre x I0-

3
• 

But on adding more of permauganate, MnO, is precipitated and the induction period 
also il!creases appreciably. Thi~ suggests a sudden decrease in the 5urface due to the 
precipitation of the Mn02 sol at hi~her cor1ccutrations of Kl\inO.. Under such condition 
longer time would' be required hy the oxalic acid to bring the precipitated Mn02 to 
the optimum stage of dispersion at which the activation of HgCb or H 2 C20 .. or of both 
takes place. The induction period is therefore bound to increase according to this 
heterogeneous mechanism of activation. 

The temperature effect on the induction period also supports the theory of hetero­
geneous mechanism in the primary stage of the reaction. If it is assumed that mole­
cules are activated by thermal effects, it is obvious tbat 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 co"Woidal 
Mn02 are added to a mixture of HgCI 2 and H 2 C20,, fhe induction period is almost the 
same, and very much less (hardly 2-3 minutes) wlli1e the extent of reduction ol' HgCls 
increases with bigl1er concentrations of colloidal .MnO,, as observed with KJ:\-fnO. 
an inductor. 

]n the quantitati\•e study of the total reduction of HgCI 2 , it has been observed that 
the reduction continues for a pretty long time e\"en when the brown cobur of the solution 
has l!een completely discharged. At the colorle~s stage, it appears that the 11igbly dis­
persed MnOs has been dissolved by oxalic acid, t:eleasing i\ln" • ions which act as catalyst 
in this reaction (vide Dhar, ]. Chem. Soc., 1917, 111, 695). Hence, tl1e whole lllecba­
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 followed•by the catalytic influence of Mn2

+ ions during the later stages. 

I,revious workers (Weiss and others, lor,.dt.) have explained this reacti~n by chain 
mechanism initiated tb1·ough the formation of Mnu and c.o.-. \Vhile we do not argue· 
against tbeir mechauism, the fact remaius that the formation oi Mnh aud c;o,- at tern-
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peratures of 25° and 35° is more hypothetical than the mechanism of surface activat1on 
end catalytic influence of MnH ion, suggested by us. It may further be stated that ther-e 
is hardly any reference in the literature regarding the temperature at which l\ln3 + ion 
can remain stable. It appears from the behaviour of manganic salts that they are very 
unstabl~ at oa:dinary temperatures, and hence, any rnechaoism based on the formation 
of MnH ion a.od C!!O.- radical seerns to be conflicting with the stability of these ion~.t 

In view of many other factors, which are known to plaJ• their role in this reaction, 
it may prove a helpful guide to study its kinetics in f.e cataly&ed state and determine 
the apparent order, temperature coefficient a11d activation energy. 
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