Amperometric Determination of Cobalt as Tungstate
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The use of sodium tungstate as a precipitant
for the quantitative determination of cobalt
was recently reported by Anand?. The method
was based on the reaction studied by Smith
and Bradbury®. A conductometric titration
procedure for cobalt® based on the precipita-
tion of cobalt as tungstate was also developed.
Consequent upon the development of an am-
perometric titration method for the determina-
tion of cobalt as tellurite*> it was considered
worthwhile to examine the validity of the
results of gravimetric and conductometric
studies on the determination of cobalt as tung-
state by the application of the amperometric
technique to this precipitation reaction. A
further confirmation of the composition of
cobalt tungstate was also sought.

Experimental and Results

Solutions.—Sodium tungstate: An approxi-
mately 0.1 M solution was prepared from
B. D. H. reagent grade sample. It was standar-
dized by precipitating tungsten as the benzidine
complex®> and final weighing as WO; after
incineration above 1000°C.

TaBLE 1.
Strength of Strength of
No. cobalt tungstate
solution solution
mMm mMm
1 9.938 98.31
2 8.944 88.48
3 7.950 78.65
4 6.957 68.72
5 5.963 58.97
6 4.969 49.16
7 3.975 39.32
8 2.981 29.49
9 1.988 19.66
10 0.994 9.83
11 0.497 4.92
12 0.248 2.46
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Cobalt(II) chloride solution was about 0.1 M
and was standardized by the anthranillate
procedure®> and checked by the a-nitroso j-
naphtol method™.

Gelatin solution was prepared according to
the details given by Meites®®> and was 0.1%.
Fresh solutions of gelatin were prepared every
day. B. D. H. Analar salt was used for preparing
a stock 1.0 M solution of potassium chloride.

Apparatus. — A Fisher elecdropode (catalog
No. 9-317) was used for recording the current
potential characteristics during the ampero-
metric determination of cobalt as tungstate. The
instrument has a built in galvanometer and
works on 115V. A.C. supply. It is used in
conjunction with the dropping mercury elec-
trode. The working of the instrument involves
the increment method which makes it necessary
merely to obtain current values at a limited
number of points both before and after equiva-
lence point in order to carry out an analysis.

Determinations of Cobalt as Tungstate. — In
a supporting electrolyte consisting of 0.1m
potassium chloride, having 0.01% gelatin and
enough alcohol to give an overall concentration

AMPEROMETRIC DETERMINATION OF COBALT AS TUNGSTATE

Amount of cobalt
— =

— Error
Taken Found
mg. mg. %
14.64 14.62 —-0.14
13.18 13.18 —
11.71 11.70 —0.08
10.25 10.24 —0.09
8.78 8.79 +0.11
7.32 7.28 —0.51
5.86 5.88 +0.34
4.39 4.39 -
2.93 2.93 —
1.46 1.47 +0.69
0.733 0.74 +0.95
0.366 0.37 +1.10
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of 509 was taken an aliquot of the cobalt-
(II) solution. The mixture was thoroughly
deaerated by a slow stream of purified nitrogen.
Necessary connections were made and the drop
time adjusted to a drop of mercury every
three seconds. A potential of —1.5V. wvs.
S.C.E. was applied to the dropping mercury
cathode and the mean galvanometer deflection
noted.

The process was repeated after every addition
of the tungstate solution from a microburette.
The mixture was thoroughly mixed and deae-
rated by a rapid stream of nitrogen and the
precipitate allowed to settle for one minute
before observing the current reading. The
strength of the tungstate solution was main-
tained at approximately 10 times stronger than
that of cobalt to eliminate the dilution effects.
Correction factor for volume error
iovs{(V+v)/V} was however, applied for
greater accuracy. Point of intersection of
the graph obtained by plotting the current

TaBLE II. EFFECT OF ALCOHOL CONCENTRATION
ON AMPEROMETRIC TITRATION OF COBALT
AS TUNGSTATE

Conen., of Amount of cobalt

e e, Error
No. alc;hol Taken Found %
° mg. mg.
I 90 14.64 14.66 +0.14
I 80 14.64 14.65 +0.07
11 70 14.64 14.64 —
v 60 14.64 14.65 +0.07
A% 50 14.64 14.64 —_—
VI 40 14.64 14.55 —0.38
VII 30 14.64 14.51 —0.89
m_
— 80
90+
80
70—
wy
o0
£ 3
S .
o
2 70_ %'_
v 60175
3 50— L
o @ =
E £ H
& Sl “_,:'-
o Yiolss
s 30— T }
A I t =
: i
v 72 S | &
] = = 10— [&]
[&] v @ L
10 E 5 35
SRS}

=

1 2 3 4 5
Volume of tungstate, ml.

Fig. 1

[Vol. 35, No. 1

against the volume of the titrant was read at
the volume axis to get the equivalence point.
Results of the titrations of cobalt solutions
varying in concentration from 0.2~10 mm are
given in Table I.

The effect of addition of alcohol on the
equivalence point of the precipitation of cobalt
as tungstate was also studied. Alcohol con-
centrations were varied from 30~90%. The
results are presented in Table II and shown in
Fig. 1, which also represents the mode of the
titration curves obtained in the amperometric
determination of cobalt as tungstate.

Discussion

Von Stackelberg et al.®> studied the polaro-
graphy of tungsten(VI) in conentrated hydro-
chloric acid and reported only a single reduc-
tion wave. In neutral or alkaline media tungsten
does not produce any reduction wave'®.
Cobalt, however, is not reducible in hydro-
chloric acid'®., There were accordingly two
possibilities for the choice of a suitable sup-
porting electrolyte in the amperometric titration
of cobalt as tungstate. Either concentrated
hydrochloric acid could be employed as the
supporting medium, in which case the reducible
ion would be tungsten(VI); or a supporting
electrolyte in which cobalt ion is reduced at
the dropping mercury electrode. The WO,*~
ion was, however, reported to exist only alka-
line media'®, As such hydrochloric acid could
not be used as the supporting electrolyte, be-
cause the precipitation of cobalt tungstate would
be inhibited. Potassium chloride was, therefore,
chosen as the medium, in view of its earlier
use in the amperometric titrations of cobalt
as tellurite®?, and also because earlier work on
cobalt tungstate had been done in normal
aqueous solutions!®,

In potassium chloride the E;» vs. S.C.E.
for cobalt was —1.2V. and though the wave
was reportedly irreversible, the magnitude of
the current was found to be proportional to
cobalt concentration over a considerable range!'®
(up to 15mmMm). For actual titrations a poten-
tial of —1.5V. was applied during the ampero-
metric titrations of cobalt as tungstate.

The diffusion current due to cobalt fell as
more and more of the precipitant was added
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and this continued till the whole of the cobalt
in the test solution had been precipitated.
Beyond the equivalence point, the current
approached the residual current value due to
the titration medium.

At low concentrations of cobalt encountered
in these studies, the solubility of cobalt tung-
state was significant. To overcome this effect,
the addition of some non-aqueous medium was
necessary. Alcohol up to 50% overall con-
centration was used in the conductometric
studies reported earlier®. The effect of varying
alcohol concentrations ranging from 30~90%
was studied (cf. Table II, Fig. 1) to determine
alcohol concentration required in these studies
for getting reproducible results. Best results
were obtained with alcohol concentrations
above 50%. This concentration of alcohol was,
therefore, used in the amperometric titration
of cobalt.

The titrations for cobalt as tungstate were
performed for different cobalt concentrations.
In a series of 12 determination involving 0.2~
10 mM Co, precision was better than 1% ; with
very dilute samples, however, it was poorer.
The concentration limits for cobalt deter-
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mination by the present technique were found
to lie between 0.1~50 mMm. Stronger solutions
could be handled after proper dilutions. The
method was not applicable in the presence of
other cations giving insoluble tungstates.

Amounts of tungstate required during the
amperometric titrations agreed with the molar
ratio Co: W of unity and agreed with the ob-
servations of Smith and Bradbury® and
Anthon'?, and also of the present author’s!:®
earlier reports. This confirms the composition
of the precipitate formed to be CoWO, i.e.
the normal tungstate.
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