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ABSTRACT

Méssbauer spectra of iron palmitate were measured in the
temperature range from 77 K to 362 K. They were found to be
consistent with the weak antiferromagnetically exchange coupled
binuclear structure of the compound. From the temperature depen-
dence of the spectral areas a phase transition at 185 K was de-
termined. Vibrations of the iron palmitate molecules as a whole
are suggested above this temperature. Spectral line widths were
related to the medium to fast spin relaxation.

INTRODUCTION

Binuclear compounds with antiferramagnetically exchange
coupled spins have so far presented various features of inte-
rest, in particular their special magnetic properties and struc-
ture. Among them, iron soaps have also been studied for their
ability to tom complex organometallic catalysts of the Ziegler-
Natta(tgp and lyotropic mesophases in some organic sol-
vents Iron stearate is one of the most studied iron soaps,
to which X-ray diffraction( IR octroscopy( ) and mag-
netic susceptibility neamrenenta have been applied. Mis-
sbauer spectra of iron stearate have been measured indicating
that iron ions were in the high spin state (8 = 5/2), but no
detailed sical interpretation was attempted‘*<’. It has been
suggested 7 that iron stearate exists in the form of metal-
metal bound dimers with a quasi aromatic ring formed by the
7 -molecular orbitals of the stearic acid carbonyl groups to
which ferric d-electrons may contribute.
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Thus, it was of interest to study the compound
39(615331000)3 (i.e. iron palmitate) by means of Méssbauer
spectroscopy. As. will be shown later on in this work, this
compound is isostructural with iron stearate. '

EXPERIMENT AND RESULTS

Iron palmitate was prepared according to ref. 4 and X-ray
diffraction patterns were taken. Dry samples of 9.2 mg/c:ll2 of
natural iron served as absorbers for Missbauer measurements in
tranamission geometry. A 25 mCi 5700/8!: source was used and
spectra were recorded with a 512 multichannel analyser. The
velocity scale and the centre shifts were calibrated with natu-
ral iron. The measurements were done in the temperature range
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Pig.l Some typical
Mossbauer spectra
of iron palmitate.

from 77 K to the melting point of the
sample. This was optically determined
to be: T, = 89%C ¥ 29 in fair agree-
ment with ref. 8.

Some resulting Mossbauer spectra
of iron palmitate are shown in Pig. 1.
They consist of a slightly asyametric
quadrupole doublet with rather road
lines of not emactly Lorentzian shape,
indicating the presence of a relaxation
process. In any case, they were analysed
by a least square fitting routine as-
suming a Lorentzian line shape, although
the more rigorous treatment considering
the appropriate relaxation Hamiltonian
is in prosress'. The values of the centre
shift and quadrupole coupling at 77 K

"are 0.49 ¥ 0,02 mm/s and 0.69 ¥ 0,02

mm/s respectively; very close to those
reported for iron stearate 1,2 s This,
and also the similar X-ray diffraction
patterns for the two compounds indicate
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that they are isostructural. We may thus assume iron palmitate
to exist in the form of dimers with the iron spins antiferro-
magnetica}ly coupled by the exchange interaction: H = - 2J8182.
The value of the exchange integral (J) could be deduced from
the temperature dependence of the magnetic susceptibility 9) .
Our re-interpretation of the data from ref. 6 for iron stearate
and laureate in terms of the exchange interaction yielded

Jd = =25 ¥ 5 cn'l and the total spin ST = 3, for both compounds.
Since iron palmitate is isostructural to them, the exchange in-
teraction must also be practically the same in this compound.
Thus the ground state of dimer is diamagnetic and due to the
relatively weak exchange interaction even at 77 K, higher sta-
tes, which are paramagnetic, are considerabdly populated. These
can in turn produce a magnetic field at the site of the iron
nucleus and -thus the line broadening if their relaxation time,
due to interaction with the neighbouring spins, is aot too
short. The nearly constant line width as determined for ironmn-
palmitate (Pig. 2a) up to about 190 K is thus in agreement with
the rather small value of J as suggested above.

Fig. 2b represents the temperature dependence of -lnA.
4 is the total peak area, which is directly proportional to
the récoilless fraction (f). As seen, there is an abrupt change
in the recoilless fraction at 185 ¥t K, whereas the other
Mossbauer parameters remain unchanged. This suggests a transi-
tion with a change of lattice dynamics, but not affecting the
structure of the immediate vicinity of the iron ions. Namely,
the recoilless fraction is proportional to the mean square
displacement ( (xa)) of the iron ion, which is mostly sensitive
to the ions wavelength vibrations 115 .

~ Assuming the Debye model for the lattice vibrations,
{ x2) can be related to the Debye temperature (8) and the re-
coilless fraction in the high temperature limit (T2 6/2) be-
comes:

"1"’9('2%'%”) (1)
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where ER is the recoil energy and I the factor coaing from the
possible vibrational anisotropy.
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Pig. 2 Temperature dependence of the low energy line width (a)
and negative logarithm of the spectral area of the sample
Ie(cls 1000)3 b).

Note that in Pig. 2b -1nA extrapolated to sero temperature
gives a higher value in the low temperature region then in the
higher one. This difference can come only from the first term in
Eq. (1), since all other coatributions to -lnd are comstant ex-
perimental parameters. Even vibrational anisotropy (factor I)
does not change significantly in this temperature range, for no
change in the peak area ratio was detected. But the observed
difference is just contrary to that expected if the recoil emer-
gies are the same in both regions. This discrepancy can be explai-
ned by considering at low teamperatures only the vidbrations of
iron ion, but at higher ones the iron palmitate molecule must
vibrate as a whole, thus reducing the recoil enmergy. At the phase
transition at 185 K the palmitic acid chains which at lower tem-
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perature were rigidly fixed in the crystal lattice, probably
reorient so that the molecules of iron palmitate can vibrate
as a unit.

Our data yield 0 = 146 ¥ 5 K for the low temperature re-

gion and @ = 25.6 ¥ 5 K for the high temperature one. The ave-
rage amplitude of the ferric ion in iron palmitate can be then
approximated by [ (% , which is 0.26 £ ¥ 0.04 £ at 250 E. Con-
sidering that in iron stearate the intermolecular and intramole-
cular distances at room tonpei'atnre are 3.6 R and 4.1 £ respec-
tively > s the vibrational amplitudes of about 0.25 £ should ve
enough for the intermolecular distance to reduce to the value
of the intramolecular one. Thus the line width minimum at

250 ¥ 10 K can be explained by the decrease of the spin-spin
relaxation time due to the intermolecular intraction. The in-
crease in line width and spectral asymmetry at still higher
temperatures could be due to diffusion and anisotropic vibra-
tions of the iron palmitate molecule.
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