
The structures of manganese centers remarkably influenced
the catalytic activities for the decomposition of hydrogen per-
oxide and tri-manganese-substituted silicotungstate, [α-
SiW9{MnIII(H2O)}3O37]

7–, was the most active among the poly-
oxometalates tested and other inorganic manganese compounds.

Hydrogen peroxide has been used in a variety of applica-
tions throughout many industries such as wastewater treatment
and bleaching for its oxidizing properties and environmentally
benign end products of water and oxygen.1–6 Residual hydro-
gen peroxide from industries may cause biological harm upon
its radical chain degradation.3 In addition, oxygen from decom-
posed hydrogen peroxide has recently been used as a source for
enhanced bioremediation of soil.7–10 Therefore, the decomposi-
tion of hydrogen peroxide is important and has been extensively
studied with manganese- or iron-containing catalysts. 

It has been reported that bacteria of Lactobacillus plan-
tarum, Thermus thermophilus, and Thermoleophilium album
possess non-heme catalases with dinuclear manganese site,
which efficiently decomposes hydrogen peroxide.11–14

The oxidation catalysis and the decomposition of hydrogen
peroxide by mono-transition-metal-substituted polyoxometa-
lates have been extensively studied,14–19 and the decomposition
activity of mono-manganese-substituted silicotungstate is less
than 0.2 M–1s–1 and low.15,16 However, nothing is known of the
decomposition of hydrogen peroxide catalyzed by di-, tri-, and
tetra-manganese-substituted polyoxometalates.  

Here, we compare the catalytic activity of non-, mono-, di-,
tri-, and tetra-manganese-substituted polyoxometalates for
decomposition of hydrogen peroxide and find that trinuclear
manganese center shows the highest activity.

The following polyoxometalates, [α-SiW12O40]4–, [α-
SiW11{MnIII(H2O)}O39]5–, [γ-SiW10{MnIII(H2O)}2O38]6–, [α-
SiW9{MnIII(H2O)}3O37]7–, and [P2W18MnII

4{H2O}2O68]10–

were synthesized according to references 20–25,26 The polyoxo-
metalates were abbreviated by SiW12–xMnIIIx (x = 0–3) and
P2W18MnII4, respectively, and the structures are shown in
Figure 1.  The decomposition reaction of hydrogen peroxide
was carried out in a thermostated 30 mL round-bottomed flask.
To an acetonitrile (6 mL) solution of catalyst, hydrogen peroxide
was introduced using a microsyringe ([catalyst] = 0–1.3 mM;
[H2O2] = 0–0.25 M).  The amounts of oxygen evolved were
measured with a gas burette.  The amount of unreacted hydro-
gen peroxide was obtained with the Ce4+ titration. 

Figure 2 shows the time courses of the decomposition of
hydrogen peroxide catalyzed by SiW12–xMnIIIx (x = 0–3).  It
was confirmed that the amount of hydrogen peroxide reacted
after 60 min was two times that of gaseous oxygen evolved for
each reaction.  The kinetic studies for SiW12–xMnIIIx (x = 0–3)
showed reasonable first-order plots for the decrease in the con-

centration of hydrogen peroxide; e.g., the rates for SiW9MnIII3
were 0, 0.05, 0.13, and 0.20 M min–1 at [hydrogen peroxide] of
0, 0.042, 0.083, and 0.17 M, respectively.  Similar first-order
dependences on the concentrations of SiW12–xMnIIIx (x = 0–3)
were observed; e.g., the rates for SiW9MnIII3 were 0, 0.016,
0.077, and 0.20 M min–1 at [catalyst] of 0, 0.11, 0.53, and 1.3
mM, respectively.  These results indicate that the rate of
decrease in [hydrogen peroxide] is expressed by –d[H2O2]/dt =
k[catalyst]1[H2O2]

1, and therefore the catalytic activities were
evaluated by the k values.  

The k values are summarized in Table 1.  Non- and mono-
manganese substituted silicotungstates showed very low activi-
ty, and the catalytic activity of SiW12–xMnIIIx increased
monotonically with x; SiW9MnIII3 >> SiW10MnIII2 >>
SiW11MnIII1 > SiW12 with the ratios of 1.0:0.05:0.005:0.003,
respectively.  The higher catalytic activities of SiW10MnII2 and
SiW9MnIII3 may be related to the fact that the decomposition of
hydrogen peroxide is a two-electron transfer reaction.  Tetra-
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manganese-substituted sandwich-type P2W18MnII4 was less
active than SiW9MnIII3.  These facts show that the structures of
manganese centers remarkably influenced the catalytic activi-
ties for the decomposition of hydrogen peroxide and that the
oxo-bridged tri-manganese site was the most effective.  The
activity of SiW9MnIII3 was much higher than 0.2 M–1s–1 of
MnO2.  Taking into account the report that MnO2 is much more
active than MnCl2, Mn(OAc)2, and Mn(H2O)6(ClO4)2,

27,28 the
result shows that SiW9MnIII3 is one of the most active catalysts
among Mn-containing inorganic compounds.  The activity of
SiW10MnIII2 was higher than those of [γ-
SiW10{FeIII(H2O)}2O38]6– and [γ-SiW10{CuII(H2O)}2O38]8–,
showing that manganese is an active transition metal for the
decomposition of hydrogen peroxide.

The Keggin-type polyoxometalates show characteristic
UV–vis bands in the range of 250–300 nm.  The UV–vis spec-
trum of SiW12–xMnIIIx (x = 1–3) after use for the decomposi-
tion of hydrogen peroxide showed the characteristic absorption
bands with almost the same intensities as those of fresh polyoxo-
metalates. After 60 min, further addition of hydrogen peroxide
to SiW9MnIII3 gave identical catalytic activity.  These facts
suggest the catalyst stability.  A similar stability in the presence
of hydrogen peroxide has been reported for manganese-contain-
ing polyoxometalates.29,30 This is in contrast with the decom-
position of organic ligands by hydrogen peroxide.
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