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Erdey and co-workers1) reported the appli-
cation of ascorbic acid for direct and indirect 
determination of vanadium(V) using variamine 
blue as indicator. An ascorbimetric method2) 
was also investigated by Erdey for the deter-
mination of cerium(IV) and chromium(VI). 
Various workers3-5) found the reduction of 
pentavalent vanadium by arsenous oxide as 
too slow, and the reaction was therefore 
catalysed by iodide:5) Analytical determination 
of Ce4+ was carried out with arsenous oxide 
using osmium tetroxide or iodine monochloride 
as catalyst and ferroin as indicator. Lang8) 
studied the reduction of chromic acid with 
H3AsO3. Various workers9-11) investigated the

reduction of vanadium(V) to vanadium(IV) by 
hydrazine in sulfuric acid. Bray11) and Cuy 
discarded the reaction for analytical determina-
tion, due to the occurrence of a partial side 
reaction resulting in the formation of ammonia 
and hydrazoic acid. Kolthoff12) inferred that 
the oxidation of hydrazine proceeds smoothly 
to nitrogen and water in presence of sufficient 
concentration of hydrochloric acid. Benrath and 
Rulandl3) studied the oxidation of hydrazine 
by ceric sulfate. A review of the literature 
however, revealed that the reduction of Cr6+ 
with hydrazine has not been attempted. 

Earlier results from these laboratories re-
ported the utility of chloramine T in the 
oxidation of ascorbic acid ,14) arsenious oxide16) 
and hydrazine sulfate15) amperometrically at 
the rotating platinum wire micro-electrode. 
Following this, an investigation on the possi-
bility of reducing V5+, Cell and Cr6+ by the
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above reductants, and titrating the excess 
reductant with chloramine T was taken up. 

Experimental 

Reagents and Apparatus. -Stock solution of 
vanadium(V) was prepared by dissolving an ac-
curately weighed amount of vanadium pentoxide 
(E. Merck) in sodium carbonate (AnalaR) and 
the solution was made slightly acidic with hydro-
chloric acid. The vanadium content of this solu-
tion was checked by the method of Willard and 
Young.17) Ceric sulfate solution was obtained by 
the usual method and the strength of this solution 
was determined with a standard solution of ferrous 
ammonium sulfate. A decinormal solution of 
potassium dichromate was prepared from a pure 
E. Merck (G. R.) sample. Approximately decinormal 
solutions of ascorbic acid and hydrazine sulfate 
were obtained from pure samples, while that of 
arsenious oxide was prepared as suggested by Pierce 
and Haenisch18) and standardised amperometrically 
with chloramine T.19-16) 

A solution of chloramine T, approximately N/10, 
was prepared from a pure sample and standardised 
iodometrically with sodium thiosulfate. Iodine 
monochloride solution was 0.005 M. A sodium
citrate-citric acid buffer(pH～5.8), prepared by

mixing 3 vol. of 0.5 at sodium citrate, I vol. of 
0.5 M citric acid and 1 vol. of water, was used to 
control the pH of the reaction mixture. A simple 
form of amperometric unit, with an impressed 
potential of +0.3 volt vs. S. C. E., was used. 

Determination of Vanadium 

The reduction of V5+ to V4+ with hydrazine 
sulfate was found to be smooth, resulting in 
the formation of nitrogen and water. The 
possibility of the side reaction reported10,11) 
was overcome by using hydrochloric acid 
instead of sulfuric acid, for acidifying the 
vanadium solution. Ascorbic acid also was 
found to reduce V5+ to V4+ quantitatively, 
with the formation of dehydroascorbic acid 
and water. In strongly acidic solutions, the 
reduction of vanadium(V) by arsenous oxide 
required more than 24 hr. for completion. 
However, iodine monochloride was found to 
catalyse the reaction, and it was also observed 
that the reaction was accelerated with an in-
crease in the concentration of the catalyst. It
was seen that the reaction required 10-15 min.

for completion, when 1.0 ml. of iodine mono-
chloride (0.005 M) was added. Accordingly, all 
the experiments with arsenous oxide were 
carried out using 1.0 ml. iodine monochloride 
as catalyst. For titration of excess hydrazine

sulfate, 0.25 ml. of iodine monochloride was 
added as catalyst. The amount of iodine 
monochloride added to catalyse the reduction 
of vanadate by arsenous oxide, also served for 
titration of excess arsenous oxide. The reduc-
tion is found to be quantitative with each 
reductant under the above operating conditions 
according to:

(1) 

(2) 

(3)

Determination of Cerium 

Tetravalent cerium was reduced quantita-
tively to trivalent state by ascorbic acid with 
the formation of dehydroascorbic acid and 
water, whereas the reduction with arsenous 
oxide was rather slow. The latter reaction 
was found to be accelerated by the addition 
of 0.25 ml. (5 drops) of iodine monochloride 
(0.005 m), which also served for titration of 
excess arsenous oxide with chloramine T. 
The procedure with hydrazine under similar 
conditions presented certain difficulties, detri-
mental to its utility as an analytical tool and 
could not therefore be pursued at the present 
stage. Ascorbic acid and arsenious oxide were, 
however, suitable for the quantitative deter-
mination of cerium.

(4) 

(5)

Determination of Chromium 

Reduction of Cr6+ to Cr3+ was complete 

with all the three reductants viz., ascorbic acid, 

arsenous oxide and hydrazine sulfate. The 

reaction products presumably are dehydroas-

corbic acid, arsenic pentoxide and nitrogen 

respectively. Whereas the titration of excess 

ascorbic acid was carried out in presence of 

citrate buffer only, that of excess arsenite and

17) H. H. Willard and P. Young, Ind. Eng. Chem., Anal. 
Ed., 6, 48 (1934). 
18) W. C. Pierce and E. L. Haenisch, "Quantitative 

Analysis," John Wiley & Sons, Inc., New York (1948), 
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TABLE I. DETERMINATION OF VANADIUM

TABLE II. DETERMINATION OF CERIUM

TABLE III. DETERMINATION OF CHROMIUM

hydrazine required iodine monochloride to 

catalyse the oxidation. The quantitative reduc-

tion proceeds as follows :

(6) 

(7) 

(8)

Procedure.-An aliquot of VO3-, Ce4+ or 
Cr2072- solution was taken in a 150 ml. Pyrex 
beaker, to which an appropriate quantity of the 
reductant viz., ascorbic acid, arsenous oxide 
and hydrazine sulfate was added. One milliliter 
of iodine monochloride (0.005 M) was added for

accelerating vanadium (V)-arsenic (III) reaction, 
and 0.25 ml. for that of cerium (IV) -arsenic (111) 
reaction. For titration of excess arsenous oxide 
in Cr2O72- determination and of excess hydra-
zinc sulfate (in VO3-, Cr2O72- determinations), 
0.25 ml. (5 drops) of iodine monochloride was
added as catalyst. In each case,10～15ml of

sodium citrate-citric acid buffer(pH～5.8)was

introduced to maintain an overall pH of 4.3～

4.9. The contents were diluted approximately 

to 50 ml. and titrated amperometrically with 

chloramine T at a potential of +0.3 volt vs. 

S. C. E. 

Observations are returned in 3 short tables. 

Summary 

An indirect procedure for the determination 

of V5+, Ce4+ and Cr6+ is given. Three re-

ductants, viz., ascorbic acid, arsenous oxide 

and hydrazine have been employed for reduc-

tion of each oxidant. Iodine monochloride
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has been used as catalyst in the reduction of 

V5+ and Cell by arsenous oxide. Reduction 

of Cea + with hydrazine presented certain diffi-

culties and is not pursued at the present stage. 

The excess reductant in each case is determined 

amperometrically with chloramine T at the 

rotating platinum wire micro-electrode, and an 

impressed potential of +0.3 volt vs. S.C.E. The

tltratlons are Derfbrmed at a DH of 4.3～4.9

using citrate-citric acid buffer. For titration 
of excess arsenous oxide and N2H4•H2SO4, 
0.25 ml. of iodine monochloride (0.005 M) has 
been employed as catalyst. The procedure,

which is rapid and accurate, has been employed 
for determination of amounts up to 1.05 mg. 
vanadium, 5 mg. cerium and 0.86 mg. chromium. 
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