119

A STUDY OF THE OXIDATION OF TRIVALENT
MOLYBDENUM

SisTER MARY MARTINETTE, B.V.M., Mundelein College, Chicago
L. F. YnTEMA, Saint Lowis University, Saint Louis, Missouri

That the oxidation of trivalent molyb-
denum may be carried out with consider-
able ease is evidenced by the fact that
certain trivalent molybdenum compounds
in solution are readily oxidized by at-
mospheric oxygen. Since trivalent mo-
lybdenum is oxidized from a valence of
positive 3 to a valence of positive 6 and
Mo and Mo" are known, it is to be ex-
pected that the oxidation proceeds in the
following manner—

Mo'™ - MoV - Mo" - Mo"!
In this work, the oxidation of molybde-
num was followed very closely by means
of potentiometric titrations, with bime-
tallic electrode pairs and an electron tube
used in the circuit. Various oxidizing
agents, addition agents, and acid concen-
trations were employed. The resulting
data were plotted to give the titration
curves for the oxidation of molybdenum.

The results, while not so complete and
satisfactory as we had hoped they would
be, have opened a field for further re-
search. The work is being continued at
Saint Louis University, where this project
was begun. In the past, several articles
on the oxidation of trivalent molybdenum
have appeared. In most cases there was
question of the oxidation Mo' =+ Mo".
However, Jakob and Michalewicz® con-
cluded from their experiments that the
potential of a MoV solution was not nearly
so great as that of a Mo' solution and
consequently when the Mo™-Mo'" oxida-
tion appeared the Mo'Y— Mo"¥ oxidation
would not appear, and when the Mo'v =
Mo"¥ oxidation appeared the Mo' -
Mo'" oxidation would not.

These investigations led us to carry
out oxidation experiments on reduced
potassium molybdate solutions and on
potassium chloromolybdate solutions un-
der varying conditions, in an effort to
explain further the oxidation steps. The
measurement of amplified potential dif-
ferences between bimetallic electrodes ap-

peared to offer good results so we as-
sembled the apparatus shown in fig. 1.
This set-up was a modification of that of
Goode®. Since it is not possible to obtain
accurate results by means of potentio-
metric measurements when an extremely
small amount of current is being drawn
from the cell under investigation or when
the cell resistance is abnormally high, a
five-electrode tube was introduced into
the ordinary potentiometric circuit. Our
particular tube.was an RCA 6KT.
Among the electrode pairs used were:
Platinum-Chromel
Platinum-Nickel
Platinum-Polarized platinum
Nickel-Chromel
The platinum-chromel pair gave by far
the best results in the preliminary titra-
tions and consequently was used through-
out. Both the oxidizing and the reduced
solutions were approximately N /10 but
the strength of the acid mediums was
much greater. The K,MoO, solution was
standardized by the accepted method*.
This same fechnigue was used through-
out to reduce the molybdenum, but the
Mo™ was run from the Jones reductor
into a reaction vessel filled with CO..
The CO., atmosphere was necessary to
prevent oxidation by the air,
The oxidizing agents used were:
1. Ceric sulfate,
2. Potassium permanganate,
3. Ferric salts,
4. Potassium dichromate.
The various reaction mediums were:
1. H.SO, (N, 0.4N, 0.6N)
2. HCI (2N, N, 0.4N)
3. Zimmermann-Reinhardt solution
(20-25°C. and 60-70°C.)
4. H,PO, (1.5 N.)
The addition reagents were:
1. MnSO,
2. NH,F
3. MnSO, and NH,F
4. Ce (S0,).
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Ceric sulfate has advantages over potas-
sium permanganate as an oxidizing agent
because it may be used in chloride solu-
tions, is stable over long periods of time
and has a potential close to that of the
permanganate.

The curve shown in fig. 2 is that of
Mo™" in H.SO,, titrated with Ce (S0,)..
The theoretical and actual end-points do
not coincide, and there is no evidence of
the oxidation Mo!'"— Mo". Using Mo'!
in HCl, we obtained a curve in which
the end-points again fell short of the
theoretical end-point, and there was a
break which corresponded to the Mo!¥
— MoV end-point, fig. 3. Addition agents
did not improve these results. In gen-
eral, the ceric sulfate titrations proved
unsatisfactory. If a Mo'"—DMo'" oxida-
tion occurred, there was no evidence of
a Mo'Y—Mo" oxidation, and vice versa.
An important contributing factor might
be the inability to regulate the pH of the
molybdenum solution when the oxidizing
agent was added. The ceric sulfate itself
is strongly acid, and the potentials of
oxidants will vary with pH.

Titrating the Mo with KMnO, in
H.S0, solution did not produce the de-
sired curve, so the potassium chloro-
molybdate solution was used in a Zim-
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mermann-Reinhardt solution, fig. 4. While
this titration proceeded rather smoothly,
the Mo'™—Mo" reaction was not indi-
cated. When the titration of K;MoCl,
was repeated, this time in a sulfuric acid
solution, a curve, fig. 5, was obtained, in
which the break Mo'Y——Mo" was evident
but not the Mo!"—Mo' end-point. The
titration of Mo'™ in H,SO, with KMnO,
in the presence of Ce(S0,), gave a very
strange curve, fig. 6. The drop in poten-
tial difference might indicate that the
potential for Mo'"—Mo" is lower than
that for Mo''—Mo'%, as suggested by
Jakob and Michalewicz. The titration of
reduced K.,MoO, in Zimmermann-Rein-
hardt solution with KMnO, gave a very
nice break in the curve for the oxidation
Mo'"—Mo", fig. 7.

Since at no time did we obtain a curve
in which three steps in the oxidation
were clearly indicated, it seemed advis-
able at this point to try oxidizing agents.
which would carry the oxidation only
from Mo™!' to Mo", as there was no ques-
tion of the possibility of oxidation to
Mo"¥!, Ferric salts were chosen for this
purpose. In the case of Mo™ in H,SO,
titrated with ferric sulfate, the oxidation
proceeded nicely, giving us both the Mo!!
—Mo'" and the Mo'Y— Mo" breaks in
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4 Hillebrand and Lundell, Applied Inorganic Analysis, p. 250-252,




the curve, fig. 8, though, again, the theo-
retical and actual end-points were not
the same.

In conclusion, it is evident from these
data that the oxidation of molybdenum is
not so simple as one might expect. It
presents several complications which are
not readily explainable. Why the oxida-
tion from Mo'™ to Mo' takes place in
H,PO, and not in HCI and H,S0, solu-
tions when titrated with KMnO,, in the
absence of addition reagents, is a matter
for further investigation. One possible
explanation is based on the assumption
of the formation of stable complexes
which are not readily attacked by KMnO,.

Careful experiments have shown that
the possibility of air oxidation in these
titrations did not exist. However, in any
one of the titrations when the total time
of titration was longer than two hours,
the amount of oxidizing agent required
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fell far below the theoretical amount.

The appearance of the Mo'Y—Mo" end-
point too early in the oxidation and the
subsequent oxidation of Mo", giving a
complete oxidation long before it is to be
expected, is not to be explained by any
ordinary chemical means. There appears
to be an oxidant other than KMnO, pres-
ent, yet what it might be is not known.
Spectrographic examination of the solu-
tion as the oxidation is being carried out
might lead to a solution of the problem.
Such analysis might show the presence
of the complex ions which we feel may be
present in the solutions.
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