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The reaction between vanadic acid and hydriodic acid has been studied by numerous
investigators, and there had been much difference of opinion regarding the course of the reaction.
Methods for the quantitative estimation of Vanadate have been proposed hased upon the
reduction of Vanadium from the pentavalent to the tetravalent condition,

V205+2HI—>V204+H20+12-
But numerous investigators like Gooch and Curtis (1904), Perkins (1910), and Muller and
Diffenthaler (1912) have obtained very irregular results. They have found that the amount of
lodine liberated was in excess of that corresponding to that of the above equation. Indeed

Friedheim and Euler (1895) and Ditz and Bardach (1915) believed that the reduction of penta-
valent Vanadium may proceed to the trivalent stage.

V205 +4HI—>V203 +2H20 +2Iz.

From experiments conducted in the absence of air Edgar (1916) has shown that the reaction
proceeds only to the tetravalent stage at moderate concentrations of acid and iodide, and the
excess liberation of iodine observed by many investigators is due to the secondary reaction,
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the oxidation of hydriodic acid by atmospheric oxygen, which is catalysed by the pentavalent
Vanadium. Viswanadham and Gopala Rao (1943) have investigated the matter in detail
and arrived at the conclusion that the excess liberation of iodine, noticed in the presence of air,
was neither due to the reduction of vanadate being carried beyond the tetravalent stage nor
to the oxidation of hydriodic acid catalysed by the pentavalent Vanadium, but that it is due
to the oxidation of hydriodic acid by atmospheric oxygen induced by the primary reaction
between vanadic acid and hydriodic acid. Viswanadham and Gopala Rao (1943) also reported
that the oxalate ion catalyses the reaction between vanadate and hydriodic acid. We have
now observed that citric acid, tartaric acid, and malic acid also catalyse the reaction.

It has occurred to us that the discovery of the catalytic influence of oxalate ion can be
advantageously utilised for the iodimetric estimation of Vanadate.

EXPERIMENTAL.

Ammonium metavanadate (NH;VOg, Merck’s pure sample) was used in this investigation.
From this a stock solution of sodium vanadate (approximately N/20) was prepared as follows:
The required quantity of ammonium metavanadate is weighed out into a conical flask, dis-
tilled water added, followed by a quantity of Merck’s pure sodium carbonate slightly in excess
of that required to decompose the ammonium salt. The solution is then boiled until ammonia
is no longer evolved, then filtered if necessary and made up to the desired volume. The solu-
tion of sodium vanadate thus prepared was found to be quite stable.

The concentration of the sodium vanadate solution was determined by the method of
Lundell and Knowles (1921) and of Furman (1924).

The iodimetric estimations were carried out in an atmosphere of carbon dioxide in the
following manner: 20 mil. of the vanadate solution was taken in a narrow, cylindrical gas
washing bottle, fitted with a ground glass stopper with fused inlet and outlet tubes, 20 ml.
of 0-25 molar potassium iodide solution was then added, followed by the addition of the requisite
quantity of oxalate. A current of carbon dioxide washed with water was passed through the
solution briskly for about half an hour to ensure the complete elimination of oxygen. A trap
containing potassium iodide solution was also attached to the outlet tube. This was intended
to catch any iodine carried off by the stream of carbon dioxide in the later part of the experi-
ment. After the elimination of dissolved air, the stream of carbon dioxide was somewhat
slowed down, the stopper of the reaction vessel was removed for a while and § ml. of sulphuric
acid (4N) was run in quickly. The stopper was replaced and a slow current of carbon dioxide
passed through for five minutes; then the entrances and exits were all closed airtight. After
standing thus for the requisite interval of time, the trap solution was added to the main reaction
mixture and the whole quickly titrated with standard sodium thiosulphate solution. The
results recorded in Table I demonstrate the catalytic action of oxalic, citric, malic and tartaric
acids.

TaBLE I,

20 ml. vanadate solution (0-04628 N) + 20 ml. of 0-25 molar potassium iodide solution 4 5 ml. of catalyst
(0-125 molar) 4 5 ml. of sulphuric acid (4 N).

Amount of iodine liberated (in ml. hypo solution).
Time in .
minutes.
Without Catalyst Catalyst Catalyst Catalyst
catalyst. oxalic acid. citric acid. tartaric acid. malic acid.
5 405 1976 10-70 5-60 5:30
10 6-16 19-76 13-75 7-90 7-70
16 7-76 1978 15:30 9-80 936
20 8-90 1976 16-20 10-70 10-55
30 10-45 1976 1715 12-20 12-15
40 11-90 1975 17-66 13-25 13-30

From the results recorded in the above table it will be evident that the catalytic activity de-
creases in the order oxalic>>citric>tartaric. Malic acid is nearly as active as tartaric acid.
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Experiments were made with a view to determining the optimum concentration of oxalate
that will secure the quantitative liberation of iodine in five minutes. The results are recorded
in the following table :

TasrLE II.

20 ml. of vanadate (0-04628 N) 4 20 ml. of potassium iodide (0-25 M) + z ml, of oxalate (0-125 M)
+ 5 ml. of sulphuric acid (4 N).

Amount of iodine liberated (in ml. hypo solution).
Time No.

,m catalyst. Catalyst Catalyst Catalyst Catalyst Catalyst Catalyst
minutes. 1 ml. 2 ml. 3 ml. 4 ml. 5 ml. 10 ml.
oxalate. oxalate. oxalate. oxalate. oxalate. oxalate.

5 3:20 8:90 1370 17-05 1845 18-80 18:95

10 4:60 11-65 16:00 18:05 1875 18-95 18:95

15 5-80 13-35 17-10 18:55 18-85 18:95 18:95

20 680 14-50 18-00 18-80 18:90 18-95 18:95

30 8-20 16-10 1850 18-90 18:95 18-95 18:95

40 9-25 16-95 18-80 18-90 18-95 1895 18-95

It is evident from the above table that 10 ml. of 0-125 molar solution of oxalate is enough
to secure complete liberation of iodine in 5 minutes. We have made a large number of estima-
tions of vanadate using 10 ml. of 0-125 molar solution of oxalate as a catalyst in a total volume
of about 55 ml. A few typical results are given in the following table :

TasrLe II1.

Amount of Vanadate in millimol.

Furman’s _Aqthor’s
method iodimetric
: method.
0-9253 0-9239
0-6940 0-6913
0-4626 0:4626
0-3470 0-3508

Our thanks are due to Prof. N. R. Dhar, D.Sc., Dr. es Sciences, I.E.S., of Allahabad for
his kind interest-in the work.
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