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Figure 2. Changes in band intensity at 447 nm and
concentration of hydrogen peroxide ([H,O5]) with reaction
time. Reaction conditions; 80 °C. @, band intensity at 447
nm; O, [Hy0,].

Vanadium (V) exists as VO," in an acidic solution (pH <
2).'""'® It has also been reported that peroxovanadates of
VO(0,)" and VO(Q,), are formed by the addition of H,0, to VO,’
and these compounds show absorption bands at 455 and 330 nm,
respectively.'®'®  In addition, a pH value of our reaction solution
was 1 - 2, where VO(O,)" is stable,’"® and the band position of
VO(O,)" is very close to 447 nm shown in Figure 1. The slight
change of the band position is probably caused by the coordination
of trifluoroacetate or water.  In fact, the band position of VO(O,)*
at 453 nm was shifted to 446 nm by the addition of trifluoroacetic
acid. Therefore, these facts show that the band at 447 nm in
Figure 1 is assigned to VO(O,)" formed according to the equation,
PVMo,,0,,* + H,0, = PMo,,0,,” + VO(O,)" + 2H".

The PMo,,0,,” polyoxometalate shows the characteristic
band at 290 (ea = 17400 M'em™) nm."”  The band position is
in agreement with that of a shoulder band in Figure 1b.
Therefore, the shoulder in Figure 1 is likely assigned to
PMo,,O,,” and the concentration calculated was 0.41 M. The
value was in approximate agreement with the initial concentration
of H,PVMo,,O,,, 0.5 M. Therefore, most of PVMo,,0,,"
polyoxometalates decomposed to form PMo,,0,,” and VO(O,)".
The band at 447nm steeply increased and then reached the constant
value in Figure 2. These facts suggest that the reaction of
H,PVMo,,0,, with H,O, to form PMo,,0,,” and VO(O,)" is fast
and that VO(O,)" with methane is slow.

Figure 3 shows correlation between yields of the selective
oxygenates and the band intensities at 447 nm for vanadium-
containing catalysts. The band intensities increased with an
increase in the yields, supporting that chemical species giving the
band at 447 nm corresponds to an active species for the selective
oxygenation of methane. The lower solubilities of V.0,
VOSO,-5H,0, and VO(acac), than H,PV,Mo,,O,, into the
reaction solution are probably related to the weaker band
intensities.
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Figure 3. Correlation between yields of selective oxygenates
and UV-vis band intensities at 447 nm. Reaction condition;
80 °C, 24 h. @, H4PV Mo, 04 O, VOSO4-5H,0; [,
VO(acac),; A 5 V205. The conversions for
were 4.7, 0.1, 0.3, and 1.0 %, respectively.

In conclusion, the present results indicate that
monoperoxomonovanadate, VO(O,)", is an active species for the
selective oxygenation of methane in trifluoroacetic anhydride
catalyzed by V-containing catalysts.
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