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The nature of the active oxidant in biomimetic oxidation of
methane over Fe—ZSM-5 zeolite
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Capability of iron-containing non-heme Fe,O en-
zyme, methane monooxygenase (MMO), to perform
selective oxidation of methane to methanol puts the
biomimetic oxidation of methane in the group of the
most important problems of catalysis.! It has been re-
cently shown? that methane can be oxidized at room
temperature upon interaction with an active oxidant
formed on the surface of the Fe—ZSM-5 zeolite treated
by N,O. Experimental data} and quantum-chemical
calculations? indicate that the surface iron complexes on
Fe—ZSM-5 are binuclear; hence, taking into account
the capability of Fe—ZSM-5 to oxidize methane selec-
tively at room temperature, it can be assumed to be an
adequate model of MMO. It was of interest to deter-
mine the nature of the active oxidant of this model.
Active intermediates of the catalytic cycle with MMO
have been recently characterized by stop-flow and fro-
zen matrix techniques.S

We found that according to the data of the Maossbauer
spectroscopy, the active oxidant, which is formed during
treatment of Fe—ZSM-5 by nitrogen monooxide and is
capable of oxidizing methane at room temperature, is a
binuclear complex of Fe!!!, unlike MMO, in which a
binuclear complex of Fe!V is the active oxidant. The
samples of Fe—ZSM-5 containing 0.24 wt. % 37Fe were
obtained and treated by N,O according to the known
procedure.®

It follows from Table | that although the parameters
of the Maussbauer spectra of the oxidized and reduced
Fe—ZSM-35 are close to the corresponding parameters
of MMO, substantial differences between the active
oxidants both in the MMO and in the model are ob-
served. A comparison of the parameters of the Mossbauer
spectra of the initial MMO and of the active intermedi-
ate Q allowed one to conclude® that Fel!V is present in
the active intermediate Q. In our case, a similar com-
parison shows that the active oxidant is the Fe!!' com-
plex. The results obtained indicate also the formation of
two forms of the active oxidant, (1) and (2), or a
nonequivalence of the ligand surroundings for the Fe(1)

Table 1. Comparison of the paramcters of the Mossbauer
spectra of Fe—ZSM-S5 and MMO at 90 K

Sample State 5 AEqg Fraction
Fe /mms™t /mmsT! (%)(15)

[nitial Felll 0.55 1.04 24

Fe—-ZSM-5§ Fel! 1.37 34! 76

Active oxidant (AQ), Felll(l) 0.39 0.78 30

Fe—ZSM-5 + {O] Feltl¢2y 045 1.70 41
Fell 1.28 2.58 29

AO + CHy Felll 0.57 1.55 75
Fell 1.06 3.31 25

Oxidized MMO7 Felll 0.50 1.05

Reduced MMO7 Fell 1.30 3.014

Active FelV 0.17 0.53

intermediate Q5

and Fe(2) atoms occurring in the same complex. The
nature of the residual Fe!l is not clear yet.

According to our data, a complex of an O atom with
a binuclear center Fe,O® may be the active oxidant. On
the basis of calculations, the authors? suppose that this
center has the structure of a peroxocomplex. As follows
from the Massbauer spectra, the active oxidant trans-
forms to a complex with methanol during the reaction
with methane and this complex eliminates methanol
slowly, thus forming the oxidized Fe—ZSM-5. Thus,
the reaction mechanism can involve the following steps:

n NP 1 NSO i
Fe, —— F92 o ——— Fe2 o(0) ———»

CH
—= FellloMeoH) — Fell'o

We believe that the difference from MMO is due to
the different ligand surroundings of the Fe,O center.
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