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Synopsis. It was found that cyclohexanone selec-
tively extracts hexamolybdate from weakly acidic solutions.
Tetraethylammonium hexamolybdate was prepared as pre-
cipitate in the extracted phase by the addition of alcoholic
tetracthylammonium chloride solution. This compound was
confirmed to be [(C,H;)N];MogO,, by elementary analysis
and Raman measurements.

Alkylammonium salt of hexamolybdate was at first
prepared from the acidified aqueous molybdate solu-
tions by the use of precipitation and recrystallization.!)
However, it has not been claimed that MogO,y2~ species
is present in the aqueous molybdate solutions.?> The
authors found a small amount of hexamolybdate ion
in the acidified molybdate solutions,® which was selec-
tively extracted into cyclohexanone. This finding re-
vealed a new extracting procedure for preparation of
hexamolybdate salt.

Experimental

Reagent and Apparatus. A molybdenum solution was
prepared from sodium molybdate Na,MoO,-2H,0O of ana-
lytical reagent grade and was standardized by gravimetric
method of oxinate.®) Polynuclear molybdate complexes were
produced by means of acidification of this molybdate solu-
tion.

Extraction procedure is as follows. Tenml of acidified
molybdate solution and equal volume of cyclohexanone were
shaken for 20 min. The molybdenum content of the aque-
ous solutions before and after extraction was determined
by atomic absorption spectrometry.? Tetraethylammonium
hexamolybdate was obtained as precipitate by the addition
of alcoholic tetraethylammonium chloride solution to the
extracted phase.

Raman spectra were taken with a JASCO Model R750
Raman Spectrophotometer with a triple monochromator by
using 514.5 nm line of Art laser as the excitation source.

Results and Discussion

Heteropolymolybdic acid has been easily extracted
by oxygen-containing solvents such as ethers, alcohols,
esters, and ketones,® but isopolymolybdic acid is not
extracted so well by these solvents.” The present au-
thors found a good solvent for the extraction of iso-
polymolybdic acid. Cyclohexanone can efficiently ex-
tract yellow polynuclear molybdate from the weakly
acidic solutions. The extraction curves for the acid-
ified molybdate solutions of 100, 10, and 1 mM were
shown in Fig. 1. The abscissa indicates Z value (the
molar ratio of reacted H+ ion to initially present
MoO,?~ ions in the polymerization reaction of molyb-
date) of molybdate solutions, which exhibits approxi-
mately polymerization degree of polynuclear molyb-
date.®» It can be seen that each extraction curve

100

lo

ol
o
=}

Extraction /

P

O 05 10 15 20 25
Z value ([HY IMol) of solution

Fig. 1. Extraction curves plotted against Z value of
solutions.
—O—: [Mo]=1.0x10'M, —@—: [Mo]=1.0x
102 M, —A—: [Mo]=1.0x10-3 M.

ELEMENTARY ANALYSIS OF SOME EXTRACTS
AND THE CALCULATED VALUES

TasLE 1.

Found® (%) Calculated (%)
[(CoHyg) N~ [(CH;) NIy~
A) (B) (o) (G o
C 16.67 16.97 17.17 16.86 7.06
H 3.51 3.55 3.57 3.54 5.88
N 2.45 2.50 2.42 2.46 3.95
Mo 49.26 50.23 49.79 50.49 54.18

a) The extracts (A), (B), and (C) were prepared from
acidic solutions of pH 2.24(Z=1.58), pH 1.87(Z=1.67),
and pH 0.97(Z=2.34), respectively, and then the prod-
ucts were precipitated as tetraethylammonium salt.

7 MoOg2~ + 8 HY == Mo0,0,,5~ + 4 H,O

Z = 1.14 (1)
8 MoO,2- + 12 Ht —= MogO,4*~ + 6 H,O

Z = 1.50 (2)
6 MoO,2~ + 10 H* —= MoyO,%~ + 5 H,O

Z=167 (3

shows a similar range of Z value for the optimum
extraction as shown in Fig. 1. It is expected from
the steep rise of the extractability about Z=1.5 that
octamolybdate or hexamolybdate might be concerned
with this extraction. The authors could obtain a solid
yellow extract as precipitate from the organic phase
by the addition of 19, methanol solution of tetraethyl-
ammonium chloride. In order to clarify the extract-
ed species, three kinds of extracts were obtained by
means of the extraction from different acidic solutions
followed by the precipitation as tetraethylammonium
salt. Table 1 gives the results of elementary analysis.
Three kinds of extracts show similar results. More-
over, these results are close to the calculated value
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Fig. 2. Raman spectrum of the extract (B), which was
obtained by extracting from pH 1.87 (Z=1.67) and
then precipitating as tetracthylammonium salt in cyclo-
hexanone.

*Raman lines are attributed to tetraethylammonium

group.

of hexamolybdate, not octamolybdate. Therefore,
these results indicate that the extracted species would
be hexamolybdate. Figure 2 shows Raman spectrum
of the extract (B). It exhibits four intense Raman
lines at 990, 963, 286, and 210 cm~!. Raman lines
marked with an asterisk are attributed to tetraethyl-
ammonium group. This Raman spectrum resemble
closely to that of tetrabutylammonium hexamolybdate
[(C,Hy),N]3Mo0gO,4, which was previously prepared by
means of precipitation from acidified aqueous solu-
tion and then recrystallization with acetone.®’ Thus
the Raman spectrum also indicates that the extract (B)
is hexamolybdate. Raman spectra of acidified molyb-
date solutions, however, are different from those of
solid hexamolybdate. The authors found only small
amounts of hexamolybdate ion in the weakly acidic
solution (Z=1.56—2.05).8) Consequently, the precip-
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itate obtained from these solutions always contains
small amounts of hexamolybdate and large amounts
of other molybdate, and recrystallization is necessary
to obtain pure hexamolybdate. The yield of hexa-
molybdate is small. In contrast to this, the extrac-
tion method by the use of cyclohexanone results in
the production of hexamolybdate with a high yield.
The extraction of hexamolybdate is so selective that
recrystallization is not required. Since the formation
of MogO,4% species is limited to a small extent in
the weakly acidic solutions, a longer time of 20 minutes
is needed to attain the extraction equilibrium. But
this extraction method is better to obtain pure solid
hexamolybdate than the previous preparative method
by the use of precipitation procedure alone from the
weakly acidic solution.

The authors wish to express their thanks to Professor
Yukiyoshi Sasaki, the University of Tokyo, for his
helpful discussions.
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