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The hydrolysis of vanadium(V) has been
studied by emf titrations at this labora-
tory 1,2, Because of the unusual stability of
the decavanadates, it was not possible to
detect the mononuclear hydrolytic species
in acid solutions!, However, in 0.5 M
Na(OH,Cl) solutions Ingri and Brito 2
could calculate the equilibrium constants
for the mononuclear reactions,

VO3 + H,0 =« HVO}- + H';pK,, = 7.7

HVOF = VO + HY;  pK, =130

The purpose of the present work was to
study the mononuclear hydrolysis of vana-
dium(V) in the lower pH range and to
determine the acidity constants of the fol-
lowing equilibria at 25°C:

VOl + H,0 « HVO, + H'; K,, (1)
HVO, = VO0; +H' K, 2)

(From X-.ray work on solid vanadium
compounds, there is reason to believe that
the vanadium(V) is five-coordinated with

oxygen except in some VO compounds,

but we have chosen here to write the for-
mula with as few H,O as possible.)

To avoid polymerization of the hydroly-
tic species it was desirable to work with
solutions of very low vanadium concentra-
tions. (Spectrophotometric work?® hasg
shown that the decavanadates probably
exist even at 1074 M.) For this purpose,
carrier-free 48V was prepared by deuteron
irradiation of pure titanium metal in the
Swedish cyclotron at the Nobel Institute of
Physics.

Methods such as emf titrations, which are
based on the measurement of the amount
of protons released from the vanadyl ion,
cannot be used for very low metal concen-
trations. We, therefore, tried to find a
suitable solvent extraction system, Instead
of introducing a hydrophobic chelating re-
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Fig. 1. The distribution of 48V between hexol
and 0.5 M (H,Na)CIO,.

agent that would form an uncharged ex-
tractable VO complex, we wished to use an

organic solvent which would extract un-
charged HVO,. The alcohol, methyl-isobu-
tylcarbinol (hexol), was found to give &
measurable distribution ratio (cf. Fig. 1)
and was chosen for the investigation, The
aqueous phase was 0.5 M (H,Na)Cl10, which
was buffered with small amounts of sodium
acetate.

The results for carrier-free 48V are given
in Fig. 1 as log ¢ (g = y-activity of 4V in
the hexol phase/y-activity of 4V in the
aqueous phase) as & function of —log[Ht].
In some experiments (open circles) & solu-
tion of #V in 0.5 M HCIO, was added to
the aqueous layer. In other experiments
(closed circles) a solution of 4V in hexol
was added to the organic layer. The results
of these two procedures agreed quite well.

The following conclusions may be drawn
from Fig. 1 even though there is consider-
able scattering of the points. The slope
+1 shows the existence of an uncharged
vanadium species in the hexol phase with

one proton less than VO,(H,0) |, The slope

—1 shows that there exists a monovalent
negative vanadium ion in the aqueous
phase with one proton less than the unchar-
ged complex in the organic phase. The
rather sharp bending of the curve shows
that the stability range of the uncharged
complex is not very large. In each run,
about the same amount of 48V was added
to the system and, therefore, the total va-
nadium concentration in each phase varies
with the distribution ratio. Still the limiting
slopes in Fig. 1 are exactly + 1 and —1.
This indicates that no polynuclear species
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Fig. 2. The number of OH- added to VO;’, as & function of —log [H*]. The thick curve

represents the mononuclear hydrolysis. The thin curves are based on emf titrations1,? at
various concentrations of V, and show the effect of the formation of polynuclear species,

are formed. This was further confirmed by
the addition of inactive vanadium(V). A
shift of the extraction curve was obtained
by the addition of 108 M vanadium or
more.

The expression for the distribution ratio
g that is compatible with these observations

18
[HVO,]org

[VOI] + [HVO,] + [VO]

Using the equilibrium constants of reac-
tions (1) and (2) and the partition coeffi-
cient of HVQ,, 1, one obtains

A
KHY] + 1 + K [H+]™?

By curve-fitting 45, the following appro-
ximate values of ), K,,, and K,, were
determined:
log 1 = 2.10; pK,, = 3.30; pK,, = 3.70

With these acidity constants and the
data of Ingri and Brito 2, it is possible to
calculate the average number of hydroxyl
groups attached to VOT as a function of
PH (Fig. 2) for the mononuclear hydrolysis
of vanadium(V). The constants will be
refined by high-speed computing using the
LETAGROP program %7, Details will be
given in the full paper.
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