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Increased microwave dielectric loss in mixed-valence iron clusters has been observed and is attributed to dynamic electron

delocalization.

During the last few years pz-oxo-clusters of general formula
[M30(RCOO)¢Ls]solv have been investigated intensively due
to their many interesting properties, in particular, the dynamic
electron delocalization revealed by Méssbauer spectroscopy in
mixed-valence Fel'Fel! clusters (sce refs. 1-4 and references
therein). However, much less attention has been paid to their
electronic properties. Recently we used a microwave dielectric
loss (MDL) method on various 3d metal complexes and
observed that MD losses are very sensitive towards the
electronic and dimensional structure of the complexes.™® Its
mechanism has been attributed to an intramolecular polari-
zation of the coordination centre. Thus, MDL investigations of
clusters are believed to be of interest for both a determination
of the nature of the losses in metal complexes and also the
dynamics of electron transfer in clusters as well. We now report
that MD losses in mixed-valence Fel'Fell clusters are
significantly larger than in the corresponding Fell! clusters,
provided dynamic electron delocalization has occurred.

All complexes studied were prepared as described in refs.
7-10 by two investigating groups (see Acknowledgment and
reference in Table 1). Measurements of the loss (¢”) at
frequency 10 GHz at room temperature were performed as
described elsewhere.” The mean-square errors did not exceed
20%. For equal experimental conditions the samples were
dried under silica gel for two days and measurements were
carried out in a nitrogen atmosphere. Since microwave
dielectric properties in polycrystalline complexes with weak
intermolecular interaction were attributed to the molecules
themselves, we suggested® that proceeding with “specific”
losses o =¢”/C (C is the molar concentration) would be
more informative.

From Table 1 one can see that ¢ and o values in Fell!
clusters are significantly larger than in mononuclear
tris(acetylacetonato)iron(mr) with a similar centre type, FeOg.
Moreover, their ratio for metal ions in molecules o /30
is considerably larger than 1. This fact probably reflects the
presence of exchange interaction in clusters. Therefore, MD
losses in trinuclear clusters are connected with the electronic
structure of the coordination cluster centre as a whole. This
conclusion is favoured by the fact that the o values in
complexes with acetate and stearate ligands I-V are approxi-
mately equal despite their appreciable differences in &” values
which are caused by a lower concentration of the microwave
absorbed Fel! centres in complexes with large R substituents.

MDL dependence on the nature of the ligand in clusters is
similar in some ways to that observed in mononuclear ones.>®
Indeed, one can see that the introduction of a donor ligand
results in increasing loss (¢f. I and VI, Table 1) while an
acceptor ligand decreases the loss (¢f. VI and VII, Table 1).
The higher values for clusters with glycine V may partly be a
result of the various synthetic methods that have been
observed® in mixed-valence clusters when studied by
Méssbauer spectroscopy. So, similarly to mononuclear
complexes, it is felt that the influence of the ligand on the
loss values is connected with a redistribution of the electron
density in the cluster which takes part in the MD polarization
process.

In mixed-valence Fel'Fe! complexes the losses depend
significantly on the ligand nature. Indeed, a great increase in
the o’ and ¢’ values is found in complexes VIII-X with

Table 1 Some parameters for the iron clusters investigated.
(@) [FTO(RCOO) L, ]solv

No. R* L Solv 102" 1072 o  Ref?
Jdm? mol™

I Me H,0 NO; 2H,0 1.7 0.75 K* 11, [7]
I Me HO NO; MeOH 1.2 0.55 D [10]
I Ste H,O NO; 0.4 0.70 D [10]
IV Pal H,0 NO, 0.4 0.85 D [10]
V  Gly H,0 (CIO), 3.6 2.65 D" [9], [13]
VI Me 1.5y,y-dipy" — 2.1 1.7 K [3], [7]
VII CCl;1.5y,y-dipy" — 0.8 11 K [3], [7]

Fe™(acac); 0.2 0.05 from [5]
(b) [Fel'Fe"O(RCOO),L;]-solv
VIII Me H,O 2H,0 5.5 25 K*[1]
IX CCL3MeOH  1.5H,0 9.0 7.5 K™ (8], [12]
X CF; H,0 3.5H0 8.0 5.0 K*[11]
XI Gly H0 (CIOs 5.0 3.5 D [9]
XII Gly (NH5),CO (ClO,)g 5.0 3.5 D [9]

“Ste = CysHsp; Pal = C7Hss; Gly = MeNH,; acac = acetylacetonate;
dipy = dipyridyl. ? Papers which include preparation conditions; letter
‘K’ and ‘D’ means samples from the Kishinev and Dushanbe groups,
respectively. Superscript ‘+’ means that the X-ray structure is known.
¢ For these complexes 1.5v,v'-dipy is considered as the L ligand.

methyl and their halogen-substituted analogues but not with
glycine XI-XII with respect to their corresponding Fel!
clusters. It is reasonable to explain these results by dynamic
delocalization processes in mixed-valence complexes. In fact,
it is well known' that this phenomenon is based on the ratio
between the characteristic time of the method used, 1, and
the electron transfer time, t.. When t,, > 1. an electron may
be observed on one of the metal ions with equal probability,
i.e. the electron is revealed as delocalized on the method’s
time scale. In the opposite case, 1y, < 1., the electron will be
localized. Since . is sharply lowered with increase in
temperature there is a so-called delocalization temperature Ty
at which t.~1, From Mdgssbauer spec‘ural’g’l“’15
complexes VII-X, Ty was found to be lower than 200 K.
This means that at room temperature T. < Ty ~ 1077 s, taking
into account the Mossbauer time scale. By computer
modelling of M&ssbauer spectra 1. was estimated! as ca.
10™s. Moreover, IR and Raman spectroscopy investigations®
of complexes similar to VIII showed that the oxidation states
are partially localized on the vibrational time scale i.e.
T > 107%s. Therefore, this is a good reason to suppose that
the electron hopping frequency 17! is partly covered by the
microwave region ca. 10" s used in the MDL method.
Thus, it is believed that an increase of the MD losses in these
mixed-valence clusters appear to be attributable to intramole-
cular electron hopping. Indeed, in complexes with glycine T4
was found"® to be higher: 300 K. Hence, on the microwave
time scale the “extra” electron is localized and does not
contribute to the losses measured.
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Although MDL measurements were performed in
polycrystals some contribution of the dipole rotation loss
was not entirely excluded e.g. from rest solvents which were
not removed under drying or from the structured but mobile
fragments of molecules, e.g. OH  group. Nevertheless,
preliminary studies showed that the £” values of these clusters
depend slightly on temperature at 250-300 K. This means
that at least dipole orientation losses are relatively small, if
any.

Systematic investigations of MDL dependence on various
ligands and their substituents as well as temperature seem to
yield more information on the nature of dielectric loss in
similar systems.

The author gratefully thanks Professor K. Turte and Dr.
S. Bobkova (Institute of Chemistry, Kishinev, Moldova) and
Drs. T. Nasonova and V. Fisher (Tajik State University,
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