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Abstract: From the measured Mossbauer spectra of iron in ferric acetylacetonate,
values for quadrupole splitting and for isomer shift at room and liquid
nitrogen temperature were determined. The obtained values indicate the
electronic contribution of the ligands of the central iron ion.

1. Introduction

The Mossbauer spectrum of iron in ferric acetylacetonate, first obtained
by Epstein! and Wertheim? as a single broad line was not observed in later
investigations by Takashima?®. Due to this uncertainly it was of interest to
reexamine the resonance absorption in this molecular crystal in order to find
additional information on the nature of iron oxygen bonding.

Iron acetylacetonatc Fe(C;H;0,); has orthorhombic structure with the space
group Pbca and eight molecules per unit cell). Each molecule has a D, type
symmetry, while single ligands are planar with C,;, symmetry. The molecule
has the chelate structure in which three CsH;0, ligands on the iron ion form
a nearly octahedral arrangement of six neighbouring oxygen atoms. Discrete
molecules are linked together in layers by Van der Waals forces.

The Mdssbauer spectrum obtained by Epstein contained a broad structu-
reless peak approximately Lorentzian in shape with the width of 2.00 =+ 0.05
mm/s. The isomer shift with respect to stainless steel ranged fromn 0.57 to
0.77 mm/s at liquid nitrogen temperature which indicates a normal ferric
ion with little covalency. The Md&ssbauer spectrum obtained by Wertheim et
al. had a resonance peak with the width of 1.83 + 0.09 mm/s which is large
compared with the width expected for the 5Fe resonance line. The quadru-
pole splitting was not evident from the shape of the bottom of the resonance
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peak and would amount to the value of 4.0 Mcs™! to the most. The isomer
shift of the center of the spectrum corresponds to an effective 4 s electron
contribution of about 59,.

2. Experimental procedure and results

The present MoOssbauer measurements were performed on the powdered
iron acetylacetonate samples using the absorber layers with 20 mg/cm? of
natural iron at room and liquid nitrogen temperatures. Two different Co
sources were used, one with the initial activity of 1 mC in the chromium
matrix and one with the initial activity of 5 mC in the palladium matrix.
Source was moved sinusoidally and the spectra obtained by use of a 256
multichannel analyzer operated in pulse height mode were corrected in the
usual wayf). The velocity scale was calibrated on the base of the spectra of
enriched metallic iron?,

Samples were prepared by the method for the two valent? as well as by
the method for the direct three valent transition metal complex% ®. In both
cases the same Mossbauer spectra, typical for three valent compounds,
were obtained. The existence of the ferric acetylacetonate complex has been
confirmed additionally by the independent spectroscopic analysis of the
sample which indicated that the ferroacetylacetonate complex is unstable in
presence of oxygen.
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Fig. 1. The Mossbauer spectrum of Fe(CsH:0;); at room temperature taken with a
. source of Co in the Pd matrix.

The Mdéssbauer spectra of Fe in Fe(CsH;0,); at room and at liquid nitrogen
temperature are nearly the same, both showing two dips in contrast to the
measurements of Epstein? and Wertheim?. In Fig. 1 a typical spectrum of
Fe(CsH,0,); at room temperature is given. The quadrupole splitting A E was
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determined from the separation of the absorption peaks. The relation bet-
ween the splitting A E and the electrical field gradient V, is derived from
the Hamiltonian?

eQV,
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where e is the electronic charge, Q the nuclear quadrupole moment, I the
V,“—V,,

VZZ
perature. The isomer shift § connected to the electronic charge density is
given by the relation'®

nuclear spin, and 7= the asymmetry parameter. Taking into

eV, Q

E=—2_,
A 2

Values obtained from the measured spectra are A E = 0.665 + 0.036 mm/s
at room temperature and A E =0.691 + 0.036 mm/s at liquid nitrogen tem-
perature. The isomer shift § connected to the electronic charge density is
given by the relation!®

§ = const R? (ARR) AlGOFP

where R is the radius of the nucleus, A R the difference of the radius in the
excited and the ground state and A | $(0) |z the difference of s electron den-
sity at the nucleus in the absorber and the source. The isomer shift relative
to metallic iron amounts to § = 0.304 + 0.06 mm/s at room temperature and
to § = 0.353 + 0.06 mm/s at liquid nitrogen temperature. From the isomer
shift systematics of Walker!V it can be concluded that the ionic iron oxygen
bonds are predominantly present.

The value of the magnetic susceptibility of p. = 5.7 Bohr magnetons'? is
pointing to a high spin compound. In a pure ionic compound the state ¢S/,
does not produce any electronic contributions to the quadrupole splitting.
The observed value of the quadrupole splitting could be assigned as a con-
tribution of the ligands. A fine structure tensor component D = 0.14cm" !
determined by the electron paramagnetic resonance measurements could
indicate that axial perturbations of the cubic potential are present at the
iron nuclei.

This idea is also supported by the study™ of the optical characteristics of
the electron system of this compound, where local excitations are admixing
to charge transfer and the ligand electrons are exchanging with the central
iron ion. If the admixing of the ferrous structure is considered in the princi-
pal electric field gradient calculations from the electronic structure, the
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observed splitting might be easily understood. The temperature insensitivity
of the splitting corresponds to the above model since the thermal excitations
are small compared to the energies of the charge transfer. The induced tran-
sition due to the scattered radiation could contribute to a slight change of
the observed dynamic structure which is studied separately. The information
derived from the isomer shift are much less selective as the quadrupole split-
ting data since the mentioned process is bond to the x electrons and the
isomer shift will be hardly influenced by the electron transfer.
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STUDIJ ZELEZOVEGA ACETILACETONATA Z MOSSBAUERJEVO
SPEKTROSKOPIJO
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Vsebina
Iz merjenih Mdssbauerjevih spektrov Fe v Zelezovem acetilacetonatu so
bile dolo¢ene vrednosti za kvadrupolno cepitev in izomerni premik pri sobni
temperaturi in pri temperaturi tekocega dusika. Dobljene vrednosti lahko
razloZzimo z upostevanjem vpliva ligandov srediS¢nega Zelezovega iona.





