
A S!Ul)Y 0B llOll PJ.LK[!li!S BY ffiSSSBA.UEB SPEO!JIOSCOPI 

J.Seviek and D.Baniel

J. Stefan Institute , Universit7 E.Xardel;j ,  L;jubliJana, Yugoslavia

Mossbauer spectra of iron palmitate were measured in the 
temperature range from 77 I: to 362 X. !rhey were found to be 
COJl8istent with the weak antiterromagnetically exchange coupled 
binuclear structure of the compound. Jrom the temperature depen­
dence of- the spectral areas a phase transition at 185 I: was de­
terai.D.ed. 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. 

IHBODUC!IOB 

Binuclear compounds with antiterromagneticall7 exchange 
coupled spins have so far presented various features of inte­
rest , in particular their special magnetic properties and stnc­
ture. Among them, iron soaps have also betSn studied for their 
abilit7 to form complex organometallic catalysts of the Ziegler­
lla'tta �e(l ,2) and lyotropic mesophases in some organic sol�
vents(3 . Iron stearate is one of the most studied iron soaps , 
to which X-� diffraction<4,5) , Ill �ectroscOP7(l) and mag­
netic susceptibility aeaaureaents<6,7 have- been applied. ffiSs­
sbauer spectra of iron atearate have been ·meaaured indicating 
that iron iou were in the high spin state (S • f2) , but no 
detailed p]Q'eioal ·interpretation was atte:mpted<2 • It has been 
suggeatedC?) that iron stearate exists in the fora of •etal.­
aetal boad dimers with a quasi aromatic ring formed b7 the 
7i -molecular orbi tale of the steari� acid carb�l groups to 
which ferric d-electrona � contribute. 



!J!hus, it was of interest to_ study' the compound 
Je( c15�1ooo)3 ( i.e.  iron palmitate) by means ot !!ossb8:uer
spectroecop;,y. As . will be shown lat�r on in this work, this 
compound is isostructural with iron stearate. 

Iron palmitate was prepared according to ref. 4 and X-r117 
diffraction patterns were taken.. Dr., samples ot 9.2 mg/cm2 ot
natural iron served as absorbers tor Mossbauer measurements in
transmission geometry. A 25- mCi 57 Co/Bh source was used and

. 

spectra weee recorded with a 512 multicl;wmel analyser. The 
velocity scale and the centre shilts w�re calibrated with natu­
ral iron. The measurements were done in the temperature range 

.trom 77 X to the :melting point ot the 
sample. !his was opticall.7 determined 
to be: '• • 89°0 t 2°0 in fair agree­
ment with ret. a. 

Some resulting !lossbauer spectra 
ot iron palmitate are •own in. lrig. l. 
The;,y consist of a slightq asyaraetric 
quadrupole doublet witl:L _rather �road 
lines of not e:ract13' Lorentzian shape, 
indicating the presence of a relaxation 
process. In � case, t�e7 �ere analysed 

0.98 by a least square fitting routine as­
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Jig.l Some typical 
Mossbauer spectra 
ot iron palaitate. 

swaing a Lorentzian line shape, although 
the more rigorous treatment considering 
the appropriate relaxation Baail tom.an 
is in progress·. � values ot the· centre
shift and quadrllpole coupling at 77 lt 

'are 0.49 t 0.02 . mm/a al1d 0.69 t 0.02 
mm/a respective�; ver.y close to those 
reported tor iron atearate< 1,2> ,  !his,
and also the aimilar X-� diffraction 
patterns tor the two compound.a 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 anti.terro­
magneticall.y coupled by the exchange interaction: ll • - 2Js1s2•
'!he 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 
J • -25 t 5 cm·1 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. 
'ib.us 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 considerably popul11ted. 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 4ot too 
short. !he nearl.7 constant line width as determined for iron 
palmitate ( Jig. 2a) up to about 190 ·lt is thus in agreement with 
the rather small value o! J as suggested above . 

Fig. 2b represents the temperature dependence of -l.DA. 
A is the total peak area, which is directly proportional to 
the recoilless .traction ( t) .  As seen, there is an abrupt. change
in the recoilless fraction at 185 ! 10 X, whereas the other 
l!ossbauer parameters remain unchanged. This suggests a transi­
tion with a change of lattice �cs, but not affecting the 
structure of the immediate vicinity of the iron ions. Namely, 
the recoilless fraction is proportional to the aean square 
displacement ( < x2> )  of the iron ion

j 
which :Ls mostly sensitive

to the ions wavelength vibratione<11• 

Assuming the Debye model for the lattice vibrations, 
(. x2). can be related to the Debye temper,-ture (9) and the re­
coilless .traction in the high tempera�e limit (T �  8/2) be­
comes: 

(1)



where � is the recoil -·energy and I tile .factor coaiDg .from. the 
possible vibrational anisotroP7. 
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�ig. 2 �nperature dependence ot tlle low energJ line width (a) 
and neptive lo�ithll ot the spectral area ot the aaaple
Pe(o15.a,1ooo)3 lb). 

Bote tllat ill Mg. 2b -1.DA extrapolatecl to aero teapen.ture 
gives a higher value ia the low teaperataM region then in the 
higher oae. this cli.tterence can ooae only .troa the tir&'t ten ill 
Bq. (1) , since all oth,r contributi� to •la&. ue ooutaat ex­
periaental para111etera. Even. vibrati0Dal:aniaoff0'7 (factor I) 
does not change aignilicantl.7 in this teapentue range, tor no 
change iJl the peak area ratio wa.s detecled.. But lll• o'baenecl 
d.Uterence ia 3ust contrar., to that ezpecte4 ii tu recoil ener­
gies are 'the aaae 1n both regiou. �a diecrep8Jl07 ea be ez.pW­
ucl 'b7 couiclerillg at low temperatures onl.7 the vi'bratiOll.8 ot 
boa ion, but at higher OAea the iron palllitate •lecule aut 
vibrate as a whole, thus reducillg the recoil eaers, • .lt tile :plwle 
ti:usitioa �t -185 JC the pal:llitic acid chaiu wllicll at lower t•-

2'7 



perature were riglclly thed in the crystal lattice ,  probabq 
reorient so that the molecules of iron pallli.tate ·can vibrate 
as a UD:l.t. 

Our data yield 9 • 146 t 5 X tor the low temperature re­
gion and 8 • 25.6 t 5 X tor the high ,e11perature one. !he ave­
rage amplitude of the ferric ion in iron palmitate can be then 
approximated b7 (z;,a; , which is 0.26 • t 0.04 I at 250 lt. Oon­
si4ering that in iron etaarate the intermolecular and intramole­
cular distances at room temperature are 3.6 R and 4.1 ! respec­
tive1yC5) , the vibrational amplitudes of about 0.25 l should be 
enougb for the intermolecular distance to reduce to the value 
ot the intramolecular one. Thus the line width minimum at 
250 t 10 lt can be explained b7 the decrease of the spin-spin
relaxation time due to the intermolecular in.traction. 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 palllitate molecule . 

Ve would like to express our gratitude to Prof. M.Schara 
and »r. D.Laai! tor uppl.ying .the samples and tor useful dis­
cussions. 
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