
HAL Id: jpa-00209725
https://hal.science/jpa-00209725

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Mössbauer study and molecular orbital calculations on
the organo-iron (I, II) electron reservoir sandwiches
CpFen+ (η6-C6(CH3)6) (n = 0,1) and related CpFe

(cyclohexadienyl) complexes
J.P. Mariot, P. Michaud, S. Lauer, Dominique Astruc, A.X. Trautwein, F.

Varret

To cite this version:
J.P. Mariot, P. Michaud, S. Lauer, Dominique Astruc, A.X. Trautwein, et al.. Mössbauer study and
molecular orbital calculations on the organo-iron (I, II) electron reservoir sandwiches CpFen+ (η6-
C6(CH3)6) (n = 0,1) and related CpFe (cyclohexadienyl) complexes. Journal de Physique, 1983, 44
(12), pp.1377-1385. �10.1051/jphys:0198300440120137700�. �jpa-00209725�

https://hal.science/jpa-00209725
https://hal.archives-ouvertes.fr


1377

Mössbauer study and molecular orbital calculations on the organo-iron
(I, II) electron reservoir sandwiches CpFen+ (~6-C6(CH3)6) (n = 0,1)
and related CpFe (cyclohexadienyl) complexes

J. P. Mariot, P. Michaud (+), S. Lauer (++), D. Astruc (+), A. X. Trautwein (+ +) and F. Varret
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(Reçu le 10 mars 1983, révisé le 21 juillet, accepti le 29 aout 1983)

Résumé. 2014 Le sandwich paramagnétique réservoir d’électrons ~5-C5H5Fe(I) ~6-C6(CH3)6 ainsi que sa forme
diamagnétique monocationique oxydée et les complexes ~5-C5H5Fe (cyclohexadienyl) correspondants ont été
étudiés par spectrométrie Mössbauer sur des poudres et des monocristaux. Les spectres sous champ magnétique
intense ont été enregistrés sur des poudres. A partir des données de rayons X, on a fait des calculs d’orbitales molé-
culaires I.E.H.T. qui ont donné des résultats en bon accord avec les données expérimentales à température ambiante
et à 4,2 K. Les calculs d’OM montrent que la relaxation des orbitales moléculaires associée à la réduction électro-
nique de II à I est négligeable ce qui permet de considérer un complexe de fer(I) comme la superposition d’un
complexe de fer(II) et d’un électron. Cet électron occupe l’orbitale e*1 doublement dégénérée et a un très fort carac-
tère métallique (83 %). 

Abstract. 2014 The paramagnetic Fe(I) electron reservoir sandwich ~5-C5H5Fe(I) ~6-C6(Me)6, its oxidized mono-
cationic diamagnetic form and related diamagnetic ~5-C5H5Fe (cyclohexadienyl) complexes have been studied by
Mössbauer spectroscopy on powders and aligned crystals. Spectra under high magnetic field were recorded for
powders. On the basis of X-ray data I.E.H.T. MO calculations were performed and gave results in good agreement
with experimental data at room temperature and liquid helium temperature. The relaxation of molecular orbitals
associated to the electronic reduction from II to I was found to be negligible, which enables to consider a Fe(I)
complex as a superposition of a Fe(II) complex and one electron. This electron is occupying the doubly degenerate
e*1 orbital and has a very strong metallic character (83 %).
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1. Introduction.

Since the pioneering work of Collins [1] on ferrocene
by M6ssbauer spectroscopy and MO calculations, a
large number of diamagnetic Fe(II) complexes have
been studied [2, 3]. In particular the M6ssbauer study
of bridged ferrocenes [4] and the corresponding MO
calculations gave consistent results. In these complexes
the metal has a classical, d6, Fe(II), 18 electrons

configuration. According to Green’s rule [5], this
number 18 is found by adding the number of valence
electrons of iron (8) and the number (n) of carbons
coordinated to the iron (nn notation). For example
ferrocene, (r¡s-CsHs)2Fe, is an 18 e- complex.

Recently we have reported a class of d’, Fe(I), mixed
19 electrons (19 e - ) sandwiches, which are called
Organometallic Electron Reservoirs [6-8]. These mole-
cules have interesting chemical properties : high redox
potential [9], redox catalytic activity [8], oxygen acti-
vation leading to O2 production [10-12] and they are
intermediate in organometallic mechanisms of electron
or H atom transfer [13, 14]. Other d’ 19 electrons
sandwiches ("S-CSHS)2CO, (j7-5-C5H5)2Ni+,
(,,6-C6Me6)2Fe +, (tl6-C,H5Br)Co (R = alkyl,
phenyl, Me = methyl) have been studied through
magnetism, EPR [15] and paramagnetic NMR [16]
spectroscopy. Their molecular orbital diagram is now
well established from the qualitative point of view.
We must emphasize here the importance of the

quantitative knowledge of the MO functions which
enables us to calculate any physical observable, for
instance electronic (Electric Field Gradient (EFG)
tensor, Isomer Shift (IS)) and magnetic (hyperfine field
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Fig. la. - The four compounds numbered from 1 to 4. The Fig. lb. - Compounds 5m (20 e-) and 6m (18 e-).
possible ways of synthesis are shown by arrows. 

- 

tensor) properties. We focussed here on electronic
properties. These calculations are the basis of the
interpretation of the physical properties of the com-
plexes.

Here we present the study of four compounds shown
on figure 1. 1, 3 and 4 are d6, Fe(II), 18 e- diamagnetic
compounds and 2 is a d’, Fe(I) 19 e- paramagnetic
compound. Their respective colours are yellow (1),
forestgreen 02, red (3) and orange (4). On the basis of
X-ray structural data, semi-empirical MO calculations
were performed and their results are compared here
with measured M6ssbauer hyperfine parameters, which
partially date back to earlier publications [6, 17, 20].
In addition, other spectroscopic tools were used but
their results are presented elsewhere [9, 18].

2. Synthesis and preparation of the Mössbauer samples.
2.1. For synthesis of the compounds, we refer to
references 7, 12.

2.2 PREPARATION OF M6SSBAUER SAMPLES. - All the
M6ssbauer samples were conditioned under nitrogen
atmosphere in a plastic cell, sealed with epoxy glue. For
powders this was done in a glove bag, for aligned
crystals under a glove box. For 2, two aligned crystal
samples were prepared considering the positions of the
axes of the monoclinic structure : one with c parallel
to the propagation direction of the y-rays (labelled y 1 )
and the other with b parallel to this direction (labelled
Y2 ).

3. MO calculations for 2, 3, and 4.

3.1 X-RAY DATA (Fig. 3). - Crystallographic data
are available for 2, 3 and 4 [19, 20], MO calculations
were made on « real » structures (letter r in table Ia) or
« model » structures (letter m in table Ia). Real

Fig. 2. - Spectra of 1, 2 and 3 at room temperature. The
higher IS and smaller AEQ must be noted for 2. A small
texture was found for 2 and 3. 4 is very similar to 3.

structures are obtained from X-ray measurements.
Model structures were also used

(i) for compounds of unknown X-ray data 5m
shown in Fig. lb),

(ii) in order to get the highest possible symmetry
of the complexes : for 2m, 2m’ and 2m" we took exact
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Table Ia. - MO results for 2, 3, 4. Ferrocene data have been added for reference. 5m is a Fe(0) 20 e-. 6m is a 18 e-
compound modelized from 2r7-(s-e;-Fig. lb). The absolute experimental error on A-EQ and IS is + 0.01 mm/s. IS is
relative to metallic iron at room temperature. Experimental data were recorded at room temperature.

Fig. 3. - Perspective view of the molecule of 2 in the mono-
clinic structure. a = 8.363 A, b = 14.710 A, c = 11.845 A,
f3 = 930.98. z is the molecule axis and (z, c) = 300, (z, b) =
860. 

- 

Cs symmetry with the cyclopentadienyl (Cp=CSHS)
ring parallel to the arene (C6(CH3)6) ring.

For 2 where a phase transition is found to occur

[6, 19] at 190 K, only the high temperature structure
has been determined : P211c; we kept the same intra-

molecular distances at low temperatures for MO
calculations.

3.2 INTERMOLECULAR CONTRIBUTIONS. - In order to

investigate the various contributions to the Electric
Field Gradient tensor (EFG), we have prepared a sam-
ple by cosublimating 2 and 4 which have the same
packing. This cosublimation was done in 1/1 ratio,
which is reflected by the M6ssbauer spectrum of
figure 4 (same areas of subspectra). The observed

Fig. 4. - Experimental M6ssbauer spectrum of 2 diluted
in 4 recorded at room temperature. The relative areas of
the subspectra agree well with the chemical preparation
(1/1 ratio of 2 and 4).
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quadrupole splittings AEQ for 2 + 4 are the same as
those obtained for 2 alone and 4 alone respectively.
This result indicates that intermolecular contributions
to the EFG can be neglected. Thus the MO results,
which represent intramolecular contribution only,
are significant.
3.3 APPROXIMATE MOLECULAR ORBITAL CALCULA-

TIONS. - The MO calculations have been performed
on the basis of the Iterative Extended Hfckel Theory
(I.E.H.T.) formalism [21] where we take only valence
electrons into account. As the iron nucleus is surroun-
ded by carbons (C) and hydrogens (H), we take atomic
orbitals (AO) 2s, 2p for C and ls for H; for iron we
take 4s, 4p and 3d AO. For instance, for 2 whose
formula is C,7H23Fe we need 17x4+23+9=
100 AO. Similarly the number of electrons is evalua-
ted : 4 for C, 1 for H and 8 for iron which lead to
4 x 17 + 23 + 8 = 99 e- . The number of MO is equal to
the number of AO. The first 98 e- are occupying
the 49 lowest MO (2 e- of opposite spin on each MO)
and the 99th e- is shared equally into MO 50 and
MO 51 for the high temperature structure.
The method is semi empirical in the sense that the

diagonal matrix elements of the total Hamiltonian
of the system are built using ionization potentials of
the C, H and Fe atoms. Off-diagonal elements are
calculated using the Cusachs approximation [21].
The convergence is made on the charge of the atoms
in a self-consistent way. Once the MO Oi are known,
one can calculate any physical observable ( 0 ) :

where the summation is made on the occupied MO
and ni is the number of e- in MO Oi. The MO are
taken as linear combinations of AO t/J 11

Hence (1) becomes :

where Puy are the bod order matrix elements :

In M6ssbauer spectroscopy, where we measure at a

specific site k within a molecular system, we may
distinguish three kinds of  t/J /l I ô I t/J " &#x3E; contributing
to  0 &#x3E; : (i) t/J /l and 4/, belong to site k (valence contri-
bution) ; (ii) only 41, belongs to site k but ql, to a ligand
(overlap contribution); (iii) 4/,, and 0, both belong to
ligands (ligand contribution).
Using the self consistently derived MO, we have

evaluated the EFG tensor and the electronic charge
density of the iron nucleus with the schemes described
previously [22, 23]. However, since the calculation of
the three centre contribution (ligand contribution)
to the EFG is rather time consuming, we were using an
approximation instead. The overlap charges between
ligand atoms have been located as point charges
midway between the ligand atoms and a point charge
model has been used to calculate their contribution
to the EFG. This procedure has been tested for ferro-
cene, where large overlap charges between the carbon
ring atoms yield a considerably large three centre
contribution to the EFG which is comparable in

magnitude with the one centre contribution. Compar-
ing this approximation with a numerical integration
we found a difference of only about 5 % (0.2 mm/s).
The calculation of the electronic charge density

(p(0)) was performed using the molecular wave func-
tions and the iron core ns Hartree-Fock (HF) func-
tions [24] which have been orthogonalized to the
molecular orbital wave functions [23]. Differing from
a former investigation [4] where HF functions have
been used to represent also the ligand orbitals we have
used here Slater Type Orbitals (STO) instead. This
results in slightly shifted absolute charge density
values as compared to the former investigation.
However, this is of no importance since physical
significance is attributed only to differences in p(0)
when comparing various compounds.

3.4 MO RESULTS. - They appear on table Ia. Fer-
rocene is given as a reference. For the modelized struc-
ture of 2, C-C distances and C-H distances were taken
as 1.42 Å and 1.05 A respectively and various Cp-Fe
and Fe-arene distances were choosen to evaluate the

dependence of EFG with respect to the geometry
of the molecule. (table Ib), The two possibilities for Cs
symmetry were tried (2m’, 2m" ) and lead to no signifi-
cant difference. The compound 6m was derived from
2r’ : the intermolecular distances remain the same,
except for Fe-Cp distance (see table Ib) but it has

only 18 e- and thus a positive charge. The discussion
of the results is done in section 5.4. A 20 e - compound

Table Ib. - Fe-Cp and Fe-arene distances (in A).



1381

(5m) (see Fig. lb) has been added for comparison, but
corresponding results will be published elsewhere.

4. Mossbauer data.

4.1 QUADRUPOLAR SPECTRA (Figs. 2, 5).

4.1.1 Diamagnetic compounds 1, 3, 4. - They give
hyperfine parameters similar to those of ferrocene.
4.1. 2 Paramagnetic compound 2. - Powder and two
samples of aligned crystals were studied (see Figs. 2, 5).
The first aligned crystal (y1) was recorded at both
room and liquid helium temperatures. The second one
(y2) was only recorded at room temperature because
of its low counting rate. The oxidized complex 3 was
found as an additional contribution in most spectra.
The EFG tensor sign was found to be unambi-

guously positive at room temperature from line inten-
sities. At low temperature, the line intensities are not
different enough to remove the ambiguity on the sign
of the EFG. However, when only the lower et level
(MO 50) is populated, a negative sign is expected,
associated with a change of the principal axis (Z ) of the
EFG tensor (Table IIa), which becomes perpendicular
to the molecular axis (z). Then the measured line
intensity ratios were used to determine the orientation
of Z (the EFG tensor is assumed positive axial at room
temperature and negative axial at low temperature),
with respect to the sample plane : the experimental
results agree with MO expectations (Table IIb).
The little deviation at low temperature can be due
to thickness effects neglected when fitting the experi-
mental spectrum. These effects are much lower at
room temperature because of the low value of the
Debye temperature, about 130 K [25].

4.2 SPECTRA UNDER MAGNETIC FIELD. - The asym-
metry parameter ?I of the EFG tensor is defmed by

VXX-Vyy 
n = Yxx - YYY where V V yy and V Zz are the ei g en-zz
values of the EFG tensor such as  V zz I &#x3E;  V yy I &#x3E;

2 1/2
 Vxx I. AEQ is proportional to V zz 1 + 3" . Only
absolute value of AE, can be obtained from quadru-
polar spectra. The determination of AEQ sign and r¡
value requires high magnetic field (6 T) measurements.

Fig. 5. - Spectra of aligned crystals of 2. The following
parameters were fitted : AEQ, IS and line intensities 7i, 2
(a) at 300 K, I1/12 = 1.91 (y2); (b) at 300 K, I1/I2 =
0.60 (Y1); (c) at 4.2 K, I1/12 = 0.84 (Y1)’

The 6 T magnetic field parallel to the y-rays was
supplied by a superconducting magnet in which the
Mossbauer source was held at the same temperature
as the absorber. Thus the IS can be taken as tempera-
ture independent.

Table IIa. - Cosines of EFG axes (X, Y,.Z) with respect to molecule axes (x, y, z) at high (left) and low (right)
temperature for 2r. Axes are labelled according to  Vzz &#x3E; I Vyy &#x3E; I vxx 1.
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Table lIb. - Angle p between EFG axis and y-rays
for 2 ; assumptions are explained in section 4.1. 2. The
letters a, b, c, refer to the spectra of figure 5.

4.2.1 Diamagnetic samples (Fig. 6). - As expected
1, 3 and 4 behave as diamagnets under the applied field
and exhibit a positive sign for AEQ, like ferrocene [1]. In
agreement with MO results, 3 and 4 have large q
(Table Ia).
4.2.2 Paramagnetic sample (Fig. 7). - To discuss
the behaviour of paramagnetic complex 2, we used a
formalism previously described [26] : the applied field
H creates a hyperfine field H; according to the linear
relation Hi = I A I I g-1 I I X I H B I H leading to
the effective field He = H + Hi = 11 + B  H. The
« effective field tensor» 1 + B obeys the point
symmetry at the iron nucleus. The relevance of this
model and the resulting magnetic data will be discussed
elsewhere.

Fig. 6. - Diamagnetic compounds under 6 T. IS, dEQ
and il were fitted. Computer fit is similar to that of Collins
and Travis [33].

Fig. 7. - Paramagnetic compound 2 under 6 T at 4.2 K.
IS, AEQ and hyperfine field were fitted. The dashed line
shows the spectrum for a zero hyperfine field (diamagnetic
assumption). From the fit [34] we get HBx = - 3.7 T,
HBy = - 3.7 T, HB. = - 2.3 T.

From figure 1 the paramagnetic behaviour of 2 and
a negative sign for AEQ can be concluded. In the fit
we took an axial EFG tensor consistent with the aligned
crystal experiments and MO results.

5. Discussion.

5.1 EFG TENSORS. - Comparing the calculated

w le and experimental AE4’P in table la, we find for
all systems a difference of 0.5 mm/s at least However all
the molecules have a very large contribution arising
from the Fe 4p electrons (ranging from - 0.7 to
- 1.4 mm/s) and therefore inaccuracies in the calcu-
lation of the 4p contribution will play an important
role. One source of an inaccurate estimate of the 4p
contribution may be the lack of a calculation of the
Sternheimer correction (1 - R4p) for the 4p electrons;
R3d has been used so for instead. R3d including the
polarization of the valence electrons takes the value
0.12 [27-29] while in the MO calculations being per-
formed in this work a modified value for R3d, which
excludes the polarization of the valence electrons has
been used (R3d = 0.08 [29]). However to overcome
the problems associated with the use of R4p as being
identical to R3d we calculated R4p according to the
scheme outlined in [29]. As Fe 4p wave functions we
used the 4p Slater Type Orbitals (STO) (,.n-1 e-Çr
with ç = 1.4) which were orthogonalized to the Fe
Hartree-Fock wave functions taken from Clementi [24].
For configurations 3d 74so, 3d6 4s1, and 3d6 4s° we
found a value which is pratically constant (R4p =
- 0.31 ) and is nearly the same if the polarization of the
valence electrons (4s, 3d) is excluded.

This large negative Sternheimer correction agrees
with other calculations for external p functions in
I [29], W and Cs [30]. Due to this modified Sternheimer
correction, the 4p contribution to the EFG will be
changed by about 40 % (+ 0.08 to - 0.31). If this 4p
correction is done on the total EFG, we find a very
good agreement between calculated and measured
values. But, for systems with a large asymmetry para-
meter, the calculated j7 increases by about 0.2 after the
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correction and is no longer consistent with experimen-
tal values. This discrepancy might be due to less accu-
rate X-ray structure determination for these molecules,
as compared to the systems with a vanishing asym-
metry parameter. In addition all the systems under
investigation in this work have large bond order
matrix elements P 4s,3dz2 (about - 0.20) thus giving
rise to a small, but non vanishing contribution to the
EFG calculated from the iron 4s and 3d functions.

Although the magnitude of this contribution is difficult
to estimate, its sign behaves so as to improve the cal-
culated q. Nevertheless only qualitative agreement is
obtained for q leading to large values for 3 and 4 which
probably originate from both the uncoordinated car-
bon on the arene and the shift of the arene in the xy
plane. On the contrary a small 11 has been measured on
1 (n  0.15) which can be explained by the symmetry
of the molecule where the arene is fully coordinated
to iron.
Another alternative to decrease the calculated EFG

is to compress the molecule along the 2 axis. For
instance in comparing 2r and 2r’, a 0.03;k compres-
sion, which keeps in the error bar limit, decreases
AEQ by 0.28 mm/s ; the same order of magnitude was
given for ferrocene [5] where a 0.02 A compression
decreases AEQ by 0.17 mm/s. A drastic compression
was made on 2m leading to 2m’ where åEQ =
0.67 mm/s, still 0.17 mm/s larger than the experimen-
tal 0.5 mm/s. Thus these geometrical changes are not
sufficient for improving the agreement between cal-
culated and experimental parameters.

5.2 IsoMER SHIFTS (IS). - The measured IS are

related to the electronic density on the nucleus p(0),
through IS = Cst + 5 nZe 2 p(0) R 6R [31]. The
nuclear factor can be directly determined so the IS

libration constant a åIS exp. is sed. Experi-calibration constant 0( = A P (0) calc is used. pe
mental determinations on various systems give a near
- 0.2a 3 mm/s [23]. Several values can be derived from
table I comparing :

5.3 IRON TOTAL CHARGE (see Table I). - It is worth
considering the effect of electronic reduction. As
expected for a decrease in the iron oxidation state
from II to I, the total charge qat(Fe) is decreased.
However this decrease is far smaller than in the case
of ionic compounds. Similarly the 3d orbital occupa-
tion number N3d increases because of the metallic
contribution of the extra electron, but slightly.

5.4 METALLIC CHARACTER OF THE HIGHEST OCCUPIED
MOLECULAR ORBITAL (HOMO) IN 2. - It can be
derived from MO 50 and MO 51 expressions calculat-

ed for 2r’ :

It must be noted that MO 50 and MO 51 have

mainly dx2 and dyz character originating from the e,
iron atomic orbitals. The metallic 3d character of the
HOMO is respectively 85 % for MO 50 and 82 %
for MO 51. However the difference between the metal-
lic character of MO 50 and MO 51 is not realistic
because it originates from the energy difference
between MO 50 and MO 51 which is over-estimated.
The average value 83.5 % is more significant; MO 50
and MO 51 should be modelized [32] as :

The calculated prominent cyclopentadienyl cha-
racter of PUg (or i;g) also observed by NMR [6]
explains the increase of Cp-Fe distance from 3 (or 4)
to 2. 

5.5 A MODEL FOR THE EFG TENSOR OF 2. - Of

particular interest is the relaxation of molecular orbi-
tals associated with the electronic reduction (from II
to I). The contribution of the first 49 MO has been
calculated in 2r’ : åEÓ49) = 2.59 mm/s, r¡(49) = 0.06 ;
the ligand contribution of MO 50, 51 to AE, was
small : 0.10 mm/s (the remainder was due to dxz and
dyz). Calculations for a comparable 49 MO model,
6m gave AEQ = 2.59 mm/s, q = 0.12, indicating that
relaxation is negligible. Then it is possible to modelize
a Fe(I) complex by adding the contributions of the
corresponding Fe(II) complex and of the metallic
orbitals dxz, dyz with a covalency factor 0.83. The
reliability of this model mainly depends upon the
relaxation results for :

(i) the covalency factor is rather well calculated
(ii) we take for the EFG tensor y49 the experimental

value.

The metallic orbitals dxz, dyZ are responsible for the
temperature dependence of Fe(I) paramagnetic com-
plexes EFG tensor components :

where

L1 is the splitting of dxZ’ dyz orbitals due to spin-orbit
coupling ’3d and rhombic distortion 6 [32] (Fig. 8 and
Table III); the eigenfunctions corresponding to the
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Table III. - Matrix elements of the perturbation Hrhombic c + Ç3d I. s in the basis of dxz and dyz wave functions.

Fig. 8. - Molecular orbital energy levels : (a) ef in the
axial ligand field is twice degenerated; (b) the effect of
molecule distortion, 1 000 K is the energy difference between
MO 50 and MO 51 according to MO calculations; (c) use
of Ammeter’s [16] model : the energy difference between 0, 1
and 0, is due to the rhombic distortion and to the spin-orbit
coupling. Y pq and Y pq are the EFG tensors corresponding
to 0’ and ø2.

This model is now used to analyse the thermal
variation of the quadrupole splitting.
At high temperature, the EFG tensor remains

constant from 190 K to 300 K. This implies that the
orbital degeneracy of el is not lifted (Fig. 8). The spin
orbit coupling lifts the degeneracy but does not

change the EFG tensor because it does not mix

together the standard functions  1 &#x3E; and 1 ). The
model gives AE, = 1.92 - 1.54 = 0.38 mm/s to be
compared with the experimental 0.5 mm/s. This
0.38 mm/s can be increased thanks to dynamic Jahn-
Teller [ 18, 32] reduction of V§§(7J by a factor q = 0.9.
However inaccuracies of about 0.1 mm/s in this
model do not allow any definite conclusions concern-

ing this reduction.
At low temperature, the orbital degeneracy of et

is lifted according to the experimental change of the
EFG tensor. The experimental AE, = - 1.5 mm/s
can be fully explained by assuming thermal popula-
tion of levels labelled 1 and 2 of figure 8c. According
to the model, AE, = - 1.5 mm/s can be obtained
for a rhombic distortion 6 = 300 K (leading to L1 =
535 K) and q = 0.9.

6. Conclusion. - Experimental and calculated results
concerning the electrostatic hyperfine interactions are
in rather good agreement. This supports the relia-
bility of the model based on MO calculations. A
magnetic investigation of the paramagnetic complexes
by Mossbauer spectroscopy will be further analysed.
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