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Abstract

Use of !Gd Mossbauer spectroscopy allows a straightforward characterization of
heterodinuclear Ln-Ln’ complexes (LLnLn’(NO3)3-(H20),) with a tripodal ligand L, possessing
two different N4O3 and O303 coordination sites. Thanks to the isomer shift value, the location
of the Gd™ ion is confirmed; the Gd atom in the Gd-Ln’ series (Ln’ = Ce, Nd, Eu) occupies the
inner N4O3 site with a eight-coordination (N4O3 + O), but on the other hand the Gd atom in the
Ln—Gd series (Ln = Dy, Er, Yb) resides in the outer 0303 site with a ten-coordination (0303 +
O2 +02). The smaller isomer shift values for the former indicate that coordination of the basic
nitrogen atoms enhances the 6s orbital population. With the help of '!'Eu Mossbauer
spectroscopy, we demonstrate that the Gd—Eu entity is a genuine heterodinuclear complex, in
which the Gd™ ion is located in the inner site and the Eu'" ion in the outer oxygenated site. This
result highlights the feasibility of our synthetic process described earlier to introduce in a
heterodinuclear complex two consecutive ions of the periodic table. And the slow paramagnetic

relaxation-observed in the '®®Er Mossbauer spectrum of the Er—Gd complex confirms presence

of a magnetic interaction in the genuine Er—Gd complex.
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Introduction. The synthesis of heteronuclear lanthanide complexes still remains a challenge in
coordination chemistry[1-11]. This is mainly due to the fact that these Ln'" ions possess an open
shell made of 4f electrons which is screened by the filled 5s and Sp shells. So these ions are
partially perturbed by the ligand field coming from the first coordination sphere of the ligands
able to link to these different ions. The main consequence is that their chemical and physical
properties do not greatly differ from those of the free ions in their most stable +III oxidation
state. An important characteristic of these Ln"! ions comes from the decrease of their ionic radii
with the increase of their atomic number. This lanthanide contraction, recently revisited [12],

introduces an increase of the Lewis acidity on going from the larger La'" ion to the smaller Lu

il
ion. We have previously used this property to suggest a synthetic pathway based on the use of
a tripodal ligand possessing two different coordination sites able to coordinate two different
Ln™ ions [3a]. Indeed, thanks to the positive fast-atom bombardment (FAB*) mass
spectrometry, we have shown that it was possible to isolate pure Ln""Ln’™ complexes by a

stepwise process if the Ln"

ion introduced in the inner N4O3 coordination site has a greater
Lewis acidity than the one introduced in the outer O303 site. But we were not able at that stage
to obtain crystals in order to give structural determinations of such complexes. In a following
work [3b], we could present structural determinations of complexes resulting from the different
steps needed to success in isolating pure heterodinuclear Ln complexes. In a recent paper [6e]
G. Aromi and coworkers have developed a one-pot ligand-based strategy in order to prepare
heterodinuclear systems by use of a non-symmetric 6-(3-oxo0-3-(2-hydroxyphenyl)propionyl)-

Il series allows the authors to show that

pyridine-2-carboxylic acid ligand . The prepared Ln"'Pr
the selectivity of their synthetic pathway, both in solution and in the solid state, is proportional
to the difference between the ionic radius of Pr'! ion and that of its Ln"™ partner (Ar). In the

solid state, when the two Ln'" jons have a size difference of Ar > 0.06 A, the synthetic pathway

can selectively place each Ln'

inside the expected corresponding cavity. We want to show
here, with help of different techniques, FAB* mass spectrometry, '3Gd Mossbauer, SQUID
data, that we can isolate pure heterodinuclear complexes and that it is also possible to obtain
information on their magnetic properties. Indeed Mossbauer spectra of rare earth elements such
as 1Eu, *Gd and '*Er provide local information on a magnetic material through hyperfine
magnetic fields and electric field gradients [13], and have been applied to the magnetism of
intermetallic compounds, alloys and oxides [14]. They are also useful to characterize the homo-

and heterodinuclear Ln complexes having weak magnetic interactions.



Experimental Section

Materials. The tripodal LH3 ligand was prepared according to literature procedure [15]. The
mononuclear LGd, LLu [16] and dinuclear LGdLn’(NO3)3-(H20)2 (Ln’ = Ce, Nd, Gd) and
LLnGd(NO3)3:(H20)> (Ln = Dy, Er, Yb) were prepared as previously described [2a,2b].
Eu(NOs3)3-6H20 (Aldrich) was used as purchased. High-grade solvents (methanol, isopropanol,

diethyl ether) were used for the syntheses of complexes.

LGdEu(NO3)3-(H20)2. A mixture of LGd (0,70 g, 1 mmol) and of Eu(NOs3)3.6H,O (0.47 g,
1.05 mmol) in methanol (20 mL) was stirred for four hours at room temperature. The resulting
light yellow precipitate was filtered off, washed with isopropanol and diethyl oxide. Yield 1.03
2 (96 %). Anal. Calcd for C30H37EuGdN7017(1076.9): C 33.46, H 3.46, N 9.10. Found: C 33.38,
H 3.15, N 8.80. MS (FAB™, 3-nitrobenzyl alcohol matrix): m/z (%) 978 (100), [LGdEu(NO3)2]*.

LLuEu(NO3)3(H20)2(iPrOH). A mixture of LLu (0,72 g, 1 mmol) and of Eu(NO3);.6H,0
(0.47 g, 1.05 mmol) in methanol (20 mL) was stirred for four hours at room temperature. The
resulting light yellow precipitate was filtered off, washed with isopropanol and diethyl oxide.
Yield 0.99 g (86 %). Anal. Calcd for C33HssEuLuN7O1s (1154.7): C 34.33, H 3.93, N 8.49.
Found: C 33.81, H 3.50, N 8.29. MS (FAB*, 3-nitrobenzyl alcohol matrix): m/z (%) 997 (100),
[LLuEu(NO3)2]*.

LTbEu(NO3)3-(H20)2. A mixture of LTb (0,70 g, 1 mmol) and of Eu(NO3)3.6H>0 (0.47 g, 1.05
mmol) in methanol (20 mL) was stirred for four hours at room temperature. The resulting light
yellow precipitate was filtered off, washed with isopropanol and diethyl oxide. Yield 0.85 g
(79%). Anal. Calcd for C30H37EuN7017Tb (1078.6): C 33.41, H 3.46, N 9.09. Found: C 33.25,
H 3.19,N 8.77. MS (FAB*, 3-nitrobenzyl alcohol matrix): m/z (%) 981 (100), [LTbEu(NO3)2]*.

Physical measurements. Elemental analyses were carried out by the Service de Microanalyse
du Laboratoire de Chimie de Coordination, Toulouse (C, H, N). Magnetic susceptibility data
were collected on powdered samples of the different compounds with use of a SQUID-based
sample magnetometer on a QUANTUM Design Model MPMS instrument under an applied
field of 0.1 T. All data were corrected for diamagnetism of the samples estimated from Pascal’s
constants [17]. ¥ Gd Mdossbauer spectra of 86.5 keV transition were measured at 12 K using
a'>Eu/ '3*SmPds source (about 231 MBq) prepared by us on a WissEl 1200 M6ssbauer system
[18], and ">!'Eu spectra of 21.55 keV at 77 K on a WissEl 500 Mossbauer system with use of a
151Sm/SmFs source (3.7 GBq). '°Er Mossbauer spectrum was recorded on the same instrument

as that of '>Gd using a '®®Ho/YocHoo4H> source (1.5 GBq) [19]. The *°Gd and 'Eu



Mossbauer spectra were fitted assuming the sum-of-Lorentzian approximation. The '®*Er

spectrum was analyzed using a Nowik-Wickman relaxation model [20].
Results and Discussion

Complexes. The different homo- and hetero-dinuclear Ln—Ln’ complexes were prepared in a
stepwise process with use of a tripodal ligand that is schematized hereunder (Scheme 1). This
ligand possesses ten coordinating atoms, four nitrogen and six oxygen atoms, which give an
inner N4O3 and an outer O303 coordination sites. The three central phenol functions belonging
to the two sites are able to deprotonate. There are only few structural determinations of Ln
complexes made with this ligand, such as [LYb(OCMe>)La(NOs)2][La(NOs3)s] [2a],
[LEu(OH2)Na(ClO4)] [3b] or [LDy(H20)Dy(ovan)(H20)] (NO3)2(H20)> complexes [3b].
According
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Scheme 1. The tripodal LH3 ligand used in the preparation of different heterodinuclear Ln—-Ln’

complexes.

to the previously described experimental process [3], mixing Ln(NO3)3, xH>O with the LH3
ligand yields a first complex in which the Ln ion enters into the O303 site. The three phenol
functions are deprotonated but the three liberated protons are picked by the three nitrogen imine
functions, the isolated complex corresponding to the [(LH3)Ln(NOs3)s;] formulation.
Deprotonation of this entity induces migration of the Ln ion into the N4Os3 inner site and
formation of a neutral LLn complex. Reacting this neutral compound with another

Ln’(NO3)3:6H,0 salt allows isolation of a LLnLn’(NO3)3(H20): complex, the Ln™ ion



appearing first in the compound name being located in the inner N4Os3 site while the following

Ln™ ion is in the outer 0303 site.

Unfortunately crystallization of these complexes is not an easy task, so that they have been
characterized by their positive fast-atom bombardment (FAB)* mass spectra in 3-nitrobenzyl
alcohol matrices [3a]. Due to the rich isotopic family of Ln ions, it has been easy to know if the
isolated complexes were pure Ln-Ln’ samples or mixtures of Ln-Ln, Ln-Ln’ and Ln’-Ln’

111

complexes. As the Ln™" ions have very similar chemical properties, it is difficult to prepare

complexes assembling two different Ln'!

ions. Our previous study has shown that pure
heterodinuclear Ln-Ln’ complexes are isolated if the Ln ion present in the inner N4O3
coordination site is a better Lewis acid than the one introduced in the outer O303 site [3a]. If
that rule is not respected, the resulting heterodinuclear complex is polluted by a large amount,
around 15-20 %, of the homodinuclear complex involving the better Lewis acid Ln™ ion. In
other words, the Ln™ jon with the lowest ionic radius must be introduced first. In the case of
the LGdEu(NO3)3:(H20)> complex, the signal corresponding to the LGdEu(NO3)2]* cation
appears at m/z equal to 978 u. In that particular case, it is difficult to know if the signals
corresponding to the LGdGd(NO3)2]* and LEuEu(NO3).]* cations are present. Because of the
large isotopic Gd family, the three signals are mixed. In order to check that point, we prepared
the LTbEu(NO3)3:(H20)> complex. The FAB* analysis confirms that the signal centered at 981
u does correspond to the expected LTbEu(NO3)2]* cation (Figure S1, Supp Mat). So in a
dimethylformamide solution, we only observe traces of the signals due to the homodinuclear
LTbTb(NO3)2]* (m/z = 987) and LEuEu(NO3)2]* (m/z = 973) species. According to the initial
structural determinations, it is expected that an ancillary solvent molecule (acetone, water) is
coordinated to the Ln'" ion present in the N4Os site and that two nitrate anions are chelated to
the Ln™' ion linked to the outer site, so that the Ln" ions are respectively eight-coordinate (N4O3
+ O) and ten-coordinate (O303 + Oz + O2). But these complexes can also be characterized by
use of the '>>Gd Mossbauer spectroscopy, which is able to indicate, thanks to the isomer shift
parameter, the nature of the coordination site. As large amounts of each sample are needed to

record the '°>’Gd Mossbauer spectra, around 1000 mg, this study was performed with the family

of LLnLn’(NO3)3(H20)> complexes that can be prepared in large amounts.
Magnetic properties

The thermal dependences of the Xm7 products for complexes LGdEu(NO3);3:(H2O), and
LLuEu(NO3)3:(H20)2(iPrOH) are reported in the Figure 1. For the Lu-Eu pair, a constant Xm7T



decrease is observed, going from 2.2 cm®mol™! K at 300 K to 0 cm® mol' K at 2 K. The 300 K

M ion (1.54 cm® mol™! K). A similar variation is

value is larger than expected for a free Eu
observed for the Gd—Eu pair, with a XmT product varying from 9.77 cm?® mol™! K at 300 K to
6.98 cm®mol 'K at 2 K. The AxmT difference between these two curves gives a straight line
with a constant value of 7.4 cm® mol! K from 300 to 4 K, followed by a slight decrease to 7.0
cm® mol' K at 2 K. The observed value, which corresponds to the Xm7T product for a non
interacting gadolinium ion, is slightly lower than expected for a free ion (7.8 cm® mol™! K) but
such a difference comes from the Xm7 value of the Lu—Eu pair, which is larger than expected.
This continuous thermal dependence does confirm that our LGAEu(NO3)3-(H20)2 complex is a
pure complex and not a mixture of Gd—Gd and Eu-Eu pairs, that would be characterized by a
slight AXmT curvature in the 10-2 K temperature range due to an antiferromagnetic Gd—-Gd

interaction in the Gd—Gd pair [3a].

XuT (cm3molK)

0 100 200 300

Figure 1. Thermal dependence of Xm7 for the Gd—Eu (diamonds) and Lu-Eu (circles)

complexes along with the AXmT = (XMTGd-Eu ~XMTLu-Eu) (line).
Mossbauer spectra

Some of the >3 Gd Méssbauer spectra of our different complexes, which were run at 12K, appear

in Figure 2 while the entire set of spectra are collated in Figure S2. Note that the weak



absorption is due to the large y-ray energy (86.55 keV) and to the small recoil-free fraction for
the molecular compounds. The hyperfine parameters are reported in Table 1, which gives the
isomer shift J (relative to the source), the quadrupole coupling constant e’gQ and the
experimental linewidths /exp along with the expected first Gd coordination sphere. The dvalues
of our different dinuclear Ln complexes are comprised in between the GdF3 and Gd,0O3 Odvalues,
0.67-0.50 mm s™'. We can remark first that this dextent is not very large but that a relationship
between these dvalues and the nature of atoms participating in the Gd first coordination sphere
has been found. ddecreases on going from Ojo to N4O4 and to Ng environments. And there is a
relationship between the coordination number and Jvalue if we consider Gd complexes in an
environment made of oxygen atoms only [18]. As the AR/R ratio is negative for '>>Gd (AR being
the difference between the nuclear radii of the excited and the ground state), the isomer shift
decreases on going from GdF; to Gd2O3 samples. GdFs is considered as an extremely ionic
compound, with the Gd ion in a 4f” electron configuration. So an increase of the electron density
at the Gd nucleus introduces partial covalency, which corresponds to the observation of a lower
Ovalue because of the negative AR/R ratio. Such a situation can happen by addition of electron
density to the 6s Gd orbitals. It is the main contribution to the dvalues, the s orbitals being the

only ones to transmit an appreciable density to the Gd nucleus.
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Figure 2 'Gd Mossbauer spectra at 12 K for LLnLn’ (NO3)3-(H20)2
(Ln-Ln” = Gd-Nd (top), Gd—Gd (middle), Yb—Gd (bottom).

Applied to heterodinuclear Ln complexes, Mossbauer data confirm the existence of such
complexes as pure heterodinuclear complexes and also give an information on the location of
the Gd ions. The spectra are obviously different between the two series of GdLn or LnGd
complexes. The GdLn series corresponds to LGdLn (NOs)3-(H20)2 (Ln = Ce, Nd, Eu)
complexes while the LnGd series is exemplified by LLnGd(NO3)3-(H20)> (Ln = Dy, Er, Yb )
entities (Figures 2 and S2). The ¢ values for the former series (0.57-0.60 mm s™') are clearly
smaller than those for the latter one (0.64—0.66 mm s™!). The § values for the latter series are
close to those of the 3d—Gd complexes [21] and the polyethylene glycol complexes having
GdOip or GdOg coordination configurations [22]. Taking into account the coordination
environment for the tripodal ligand, we can definitely assign the Gd sites; the Gd atom in Ln—
Gd complexes occupies the outer O303 site while that in Gd—Ln entities the inner N4Os site of
the ligand. This affords a support for the previous conclusion derived from the FAB*™-MS
experiments [3a]. The smaller ¢ values in Gd-Ln complexes, suggesting an increase in

covalency for the Gd ion located in the N4O3 site, are consistent with our previous observations



on the nitrogen coordinating compounds including the No environment of the
Gd(Pr"TBP);(OTf)3 complex involving three N3-tridentate ligands [21-22]. Concomitance of
two Gd ions with a different location in LGdGd(NOs)3- (H20)2 is confirmed by the existence of
two well-resolved absorptions characterized by different (0.59 and 0.65 mm s7!) and e?gQ
(4.25 and 8.80 mm s7') values. The ratio of the absorption area for outer site/inner site
(Aouter/Ainner) is 0.93(2), not far from the expected theoretical 1 value, so suggesting that the Gd™
ions occupy the two sites equally. The slightly larger absorption area of the inner site is
attributable to stronger Gd interaction with the chelating donor atoms of the N4O3 coordination
site, induced by the increased covalency through a larger recoil-free fraction. This also agrees
with the structural determinations of [LYb(OCMez)La(NOs)2][La(NOs3)s] [2a] and
[LDy(H20)Dy(ovan)(H20)](NO3)2(H20)2 [3b]. The (equivalent isotropic) temperature factors
Ueq for the inner site are slightly smaller than those for the outer site. It is well-known that the
recoil-free fraction derived from the Mossbauer spectra has a good relation with the thermal
factors of X-ray structural determinations [23]. An even larger deviation in the ratio of the
absorption area has been recently reported for Gd ions belonging to different coordination sites

of Gd2CoGe401 entities [24].

The ¢*qQ value reflects the symmetry of the coordination geometry because the equal
occupation of the seven 4f orbitals counteracts to compensate the electrical field gradient
induced by the 4f electrons. The e’gQ values for LGALn(NO3)3-(H20)2 (Ln = Ce, Nd, Eu;
4.11-4.48 mm s™!) entities are obviously smaller than those for LLnGd(NO3)3-(H20)2 (Ln =
Dy, Er, Yb; 5.66-6.62 mm s~!) compounds. The narrow distribution of the equ values for the
N4O3 + O configuration indicates that the coordination geometries of the inner Gd site in
LGdLn(NO3)3-(H20); are essentially similar, implying that the size of the Ln>" in the outer
site scarcely affects the coordination of the inner site. Although we have no crystal structure
of the Gd-containing dinuclear complex, the crystal structures of related complexes,
LYb(acetone)La (NO3)** [2] and LDyDy(H20)2(ovan)** (ovan = orthovanillin) [3b], are
known. Application of the “SHAPE” program [25] indicates that the Yb and Dy ions in the
inner N4O3 + O coordination spheres are in a slightly deformed biaugmented trigonal prism
geometries, with small values for the shape measure parameter Sstpr, equal to 1.6 (complex
YbLa) and to 2.3 (complex DyDy). The corresponding e’qQ values agree with this
observation. The ¢*qQ values for the O1o configuration (0303 + O2 +0») are large, being even
larger than those of 3d—4f complexes (4.40—4.82 mm s™') in the GdOy configuration (020, +

O + O2 + O2) [21], in agreement with larger deformations from regular polyhedron.



5IEy Mossbauer data are limited to LGdEu(NO3); - (H20), (Table 2 and Figure S3). Two
remarks can be made. First the AR/R ratio is positive for 3IEy, so that the isomer shift increases
on going from EuF; to Eu,O3 samples. Then the drange is larger than in the '>>Gd Mossbauer
spectroscopy, from 0.00 for EuFs to 0.93 mm s~! for Eu,O3. The low isomer shift, 0.14 mm s~
along with the large experimental ¢’qQ value (7.50 mm s7!) are in accordance with a

I jon in the outer 0303 coordination site of the ligand, in a Ojo

coordination of the Eu
environment. But the main interest of this 1>>Gd and "*'Eu Mossbauer study consists in showing

that the LGAdEu(NOs3)3 - (H20)2 heterodinuclear complex is not a mixture of LGdGd(NO3)3-
(H20)2 and LEuEu(NO3)3- (H20)2 compounds. Although the ionic radii of the Eu™ and Gd™

ions are very close, the >>Gd and '"!'Eu dvalues do agree with a location of the Gd™ ion in the
inner N4O3 coordination site and of the Eu' ion in the outer Q303 coordination site of the
ligand. This result highlights the efficiency of the experimental process for the preparation of
heterodinuclear Ln-Ln’ complexes, which is quite uncommon till now for two consecutive ions

of the periodic table [6e, 26].
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Figure 3. '®Er Mossbauer spectrum of the LErGd(NO3)3- (H20). complex at 12 K.

Hyperfine parameters: /2., = 8.3(6) mm s~!, 7=45(7) ps, Bur = 765(81) T, e’qQ

=0mm s (fixed).



The broad linewidths of >>Gd spectra observed in our Ln—Gd binuclear complexes are ascribed
to the broadening due to the paramagnetic relaxation. Thus we measured the '*’Er Mossbauer
spectrum of the LErGd(NO3)3-(H20)2 complex at 12 K, the same temperature as the '°>Gd
spectra (Table 3). The '®°Er nucleus is very sensitive to magnetic ordering and suitable for such
a purpose. The observed broad and structureless spectrum is typical of a slow paramagnetic
relaxation (Figure 3). The spectrum analysis using the Nowik-Wickman model for the
paramagnetic relaxation gave the relaxation time (7) to be 45(7) ps and an internal magnetic
field (Bns) of 765(81) T. The e’gQ value was rather arbitrary fixed to 0 mm s~ for the fitting of
the spectrum. Although this assumption is not proper in that case, we could not find an optimal
solution for the unfixed ¢’¢gQ value. A small and negative ¢’qQ value gives a better fitting but
does not affect the relaxation time. The 7 value is much smaller than those for some
mononuclear complexes including Er’**—f3-diketonato and EDTA complexes (0.1-1.7 ns) and
Er metal (6.1 ns) [19]. 7 strongly depends on the metal distance, here Er—-Gd and the
coordination number. Since the antiferromagnetic interaction becomes noticeable below 15 K,
our observation is quite reasonable, and the broadening of '>>Gd Mossbauer spectra is also
expected (Figure S2). Note again that the d and e>gQ values for the Gd ion in this Er-Gd

complex do agree with the presence of the Gd ion in the outer coordination site of the ligand.
Conclusion

The 'Gd Méssbauer data bring new information on the behaviour of complexes involving Gd
ions. In the case of heterodinuclear Gd—-Ln or Ln-Gd complexes and on the basis of '3Gd
Maossbauer spectra, we have been able to assign unambiguously the location of Gd ions in the
N40Os3 or O303 coordination site of the tripodal ligand used for their preparation. These results
bring an experimental proof for the presence of a partial covalent character corresponding to a
partial occupation of the 6s orbitals when the Gd ion is in the inner N4O3 coordination site. On
the contrary an ionic character is prevailing for Gd" ions in the outer coordination site. These
two different behaviours are also concomitant in the homodinuclear Gd—-Gd complex.
Eventually these Mossbauer results highlight existence of a pure and unique heterodinuclear
Gd-Eu complex involving two consecutive ions of the periodic table and confirm the efficiency
of our experimental process to prepare heterodinuclear Ln complexes. The very rapid relaxation
time observed in the '®Er Mossbauer spectrum of the Er—Gd complex confirms presence of an

antiferromagnetic interaction in the genuine Er—Gd complex.
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Table 1. °Gd Mossbauer parameters for dinuclear Ln-Ln’ complexes containing Gd™ ions at
12 K.?

compounds LY T0 R coord.  reference
mms! mms! mms! config.
Gd203 (sitel) 0.50 11.02 0.80 GdOe
(site2) 0.49 5.71 0.80 GdOe
LGdCe(NO3)s3-(H20)2 0.59 4.11 1.56 GdN4O4 2b
LGdNd(NO3)s3:(H20)2 0.57 448 1.24 GdN4O4
LGdEu(NO3)3:(H20)2 0.60 4.39 1.56 GdN4O4

LGdGd(NOs3)s- (H20)2 (inner site)  0.59 4.25 1.11 GdN4O4 2a

(outer site)  0.65 8.80 1.14 GdOno 2a
LDyGd(NOs3)3-(H20)2 0.66 6.62 2.10 GdO1o 2a
LErGd(NOs3)3- (H20)2 0.65 5.66 1.92 GdOio 2b
LYbGd(NOs3)3-(H20)2 0.64 6.56 1.81 GdOno 2b

GdF; 0.67 5.68 0.92 GdFo 2b




“ Experimental errors, 8: + 0.02 mm s, ¢’qQ and I'exp : 0.05 mm s7!. ® Relative to the

I55Eu/15*SmPds source and at 12 K. ¢ Asymmetry parameters were fixed to be 0.0.

Table 2. '3'Eu Mossbauer parameters at 78 K for heterodinuclear complexes with Eu' ions.?

compounds 5° e’q0°© Texp Coordination
mm s! mms! mms!  configuration
Euz03 0.93(2) 7.7(5) 3.5(1) EuOs
LGdEu(NO3);- (H20)2 0.14(3) 7.5(7) 2.9(1) EuO1o
EuF3 0.0(1) 6.9(8) 3.4(1) EuFo

@ Experimental errors, & +0.03 mm s7!, egQ: 0.8 mm s™!, /exp: #0.3 mm s7!. ® Relative to

EuF; at 78 K. © Asymmetry parameters were fixed to be 0.0.
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