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The possibility of obtaining complexes with 
different coordination numbers and geometries has 
stimulated an interest in the preparation of europi- 
um(II1) complexes with unidentate oxygen-donor 
ligands. Extensive work on the triphenylphosphine 
oxide and triphenylarsine oxide adducts with europi- 
um(II1) was reported by Hart and coworkers [ 1, 21, 
who made a systematic study of their stoichiometry 
and coordination geometry. More recently, the single 
crystal X-ray structures have been determined [3] 
for Eu(N0,),(Ph,PO),(acetone)2 and Eu(NO&- 
(PhaPO)z(ethanol). In these compounds the euro- 
pium(II1) ion is coordinated to the oxygen atoms of 
the three triphenylphosphine oxide ligands in Eu- 
(NO,),(Ph,PO),(acetone), and to the oxygen atoms 
of the triphenylphosphine oxide and the ethanol 
ligands in Eu(N03)3(Ph3P0)2(ethanol). In both 
compounds the nitrate ligands are bidentate and 
lead to nona-coordinated europium(II1) complexes. 
The observed geometry is very distorted and does 
not conform to any of the common geometries 
found in ennea-coordinated lanthanide compounds. 
Less work has been published with other oxygen- 
donor ligands such as hexamethylphosphoramide and 
pyridine N-oxide [4-161. 

Herein we report on a series of Eu(NO& com- 
plexes with these and related ligands and present a 
detailed analysis of their Mossbauer spectra. The 

Mossbauer spectra were measured in order to deter- 
mine whether the europium-151 isomer shift could 
detect different coordination numbers and differ- 
ences in the donor bonding abilities of the ligands. 
Furthermore, we were interested in determining 
whether the europium-15 1 quadrupole interaction 
could detect differences in the EFG tensor in these 
compounds; differences that could be related to the 
symmetry of the metal coordination sphere. 

Experimental 

All the reactants were reagent grade materials 
and have been used without further purification. The 
complexes with PhaPO and Ph,AsO were prepared 
according to published methods [ 1, 21. Eu(NOa)s- 
(DMS0)4 was prepared by dissolving Eu(NOa)a* 
5Hz0 in dimethyl sulfoxide. Upon addition of ben- 
zene an oily material was obtained which, after 
standing in air for several days, was transformed into 
colorless needle-shaped crystals. They were washed 
with small amounts of ethanol and dried under 
vacuum over PZOs. The remaining complexes were 
prepared according to a general method in which 
Eu(N0a),*5Hz0 was dissolved in acetone or ethanol 
and the appropriate ligand, dissolved in the same 
solvent, was added in the proper stoichiometric 
ratio. The compounds either precipitated as white 
microcrystals or were obtained as oils. The oils were 
mixed with n-hexane or diethyl ether and, after 
2 to 6 days in the refrigerator, white solids were 
obtained. In both cases the crystals were washed with 
small amounds of acetone, ethanol, or diethyl ether, 
and dried under vacuum over PZOs. 

The compounds containing non-coordinated mole- 
cules of acetone, ethanol, or water were desolvated 
by heating the samples at 353 K under vacuum for 
6 h. The infrared spectra were recorded on a Perkin- 
Elmer 683 spectrophotometer as Nujol mulls. The 
melting points were measured in air and are un- 
corrected. 

The Mossbauer effect spectra were obtained on a 
conventional constant acceleration Mossbauer spec- 
trometer which was calibrated at room temperature 
with the iron-57 Mossbauer spectrum of natural 
abundance a-iron foil. The europium spectra were 
obtained with a samarium-151 in SmF3 source and 
the isomer shifts of the resulting spectra are reported 
relative to EuF,. EuFa gave an isomer shift of 0.09 
mm/s relative to o-iron foil on our spectrometer. 

*Paper presented at the Second International Conference 

on the Basic and Applied Chemistry of f-Transition (Lan- 

thanide and Actinide) and Related Elements (2nd ICLA), 

Lisbon, Portugal, April 6-10, 1987. 
**Author to whom correspondence should be addressed. 

Results and Discussion 

All the complexes are listed in Table A of the 
Supplementary Material together with their elemental 
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Fig. 1. The europium-151 Mssbauer spectra obtained at 78 K for: Eu(N03)3(Ph3As0)3(acetone)2, (A); Eu(NO3)3(Ph,AsO)z- 

(ethanol), (B); Eu(N0,),(Ph3PO)2(ethanol), (C); and Eu(N0s)3(PyridineNO)2(H20), (D). 
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analyses and melting points. In this Table HMPA 
represents the ligand hexamethylphosphoramide, 
DMSO the ligand dimethyl sulfoxide, and DMF the 
ligand dimethylformamide. 

Infrared spectroscopy was useful in elucidating the 
structure of these compounds and the coordination 
sites of the various ligands. The presence of solvent 
molecules was detected by the strong absorption 
due to the carbonyl stretch in acetone, or of the 
hydroxyl stretch in the case of the ethanol adducts. 
The bidentate character of the nitrate ion was in- 
dicated by the presence of all six fundamental vibra- 
tional modes at about 1500, 1300, 1030, 800, 750 
and 720 cm-l. These modes seem to be a general 
feature in nitrate complexes with the lanthanides 
[17-231 and the bidentate bonding of the nitrate 
was verified in the previous crystal structures [3]. 
The stretching frequency of the N-O, P-O and 
S-O bonds decreases in going from the free ligands 
to the coordinated ligands by 15 to 40 cm-r, in- 
dicating the formation of an oxygen-to-metal bond 
[24, 251. A lower bond order as a consequence of 
the coordination is clearly the main reason for the 
shift of the stretching frequencies, but many other 
factors affect this shift. PhsPO [26] and HMPA show 
the largest shifts, whereas the MesNO and PhaAsO 
stretching frequencies remain virtually unaffected 
by the coordination. This difference may be related 
to the pi interaction that is very weak in PhaAsO and 
absent in Me,NO. In contrast, the presence of the 
aromatic ring in the pyridine N-oxide permits the 
pi interaction and the N-O stretching frequency 
is shifted to lower energy [27]. 

The europium-151 Mossbauer effect spectra of 
each of the complexes revealed a broad featureless 
absorption band. Several typical Mossbauer spectra 
are illustrated in Fig. 1. Preliminary fits to a single 
Lorentzian line showed a range of linewidths and 
clearly indicated the presence of a quadrupole inter- 
action in these compounds. Hence it was decided 
to fit each of the spectra to a model which included 
a quadrupole interaction, eQV,,. In these initial 
fits, in which the asymmetry parameter, n, was zero, 
the energies of the nuclear transitions are readily 
calculated [28]. For europium-151 we have used 
1.3 for the ratio of the nuclear quadrupole moment 
of the excited state to the ground state. 

A Lorentzian line with a linewidth, 2I’, was 
constructed for each transition with an intensity 
given by the Clebsch-Gordan coefficients [29]. The 
spectral lineshape, which is the sum of these lines, 
multiplied by a scaling factor, is adjusted to give 
the best fit to the observed spectrum. The prelimi- 
nary fits using this model indicated a strong correla- 
tion between the linewidth and the quadrupole 
interaction. In order to overcome this problem, and 
to obtain eQV,, values for comparison between 
compounds, we have constrained the linewidth, 
2I’, to 2.2 mm/s, a value which is in agreement with 
the observed linewidth of 2.1 mm/s in the cubic 
compound CsZNaEuC16 [30]. This value is also in 
agreement with the smallest linewidth of 2.3 mm/s 
observed in our preliminary single line fits for 
Eu(NOs),(Ph,AsO),(acetone)z and Eu(NOs)s(Pha- 
AsO),(acetone). The results of these fits are pre- 
sented in Table I, where it is indicated that the 7) 

TABLE I. Emopium- 1 Mdssbauer Spectral Parametersa 

Compound 

Eu(NOs)a(PhsAsO)s(acetone)a 

Eu(NOs)s(PhsAs0)4(acetone) 
Eu(NOs)s(PhsPO)s 

Eu(NOs)s(PhsAsO)s 

Eu(NOs)s(PhsAs0)4 

E~(NO~)~(Ph~PO)s(acetone)a 

Eu(NOs)s(PhsAsO)s(ethanol) 

Eu(N03)3(PyridineNO)3 

Eu(NOs)s(PhsAsO)s(ethanol) 
Eu(NOs)s(HMPA)4 

Eu(N03)s(Ph3P0)a(ethanol) 

Eu(N0s)s(HMPA)3 

Eu(N0,)3(HMPA),(HaO) 

Eu(NOs)s(DMF), 

E~(NO~)~(DMSO)a(ethanol) 

Eu(NOs)s(DM80)4 
JWNO&(Me3N0)3 
Eu(N0s)3(PyridineNO)2(Hz0) 

s eQ V,, 
(mm/s) (mm/s) 

0.30 2.60 

0.48 2.71 
0.35 2.76 

0.29 2.83 

0.35 3.34 

0.31 3.51 

0.31 3.81 

0.37 4.05 

0.37 4.12 
0.45 4.34 

0.33 4.35 

0.33 4.58 

0.35 5.20 

0.29 5.62 

0.32 6.32 

0.11 6.97 
0.22 7.08 

0.15 8.27 

77 

0e 

0.2 
0.5 

0e 

0c 

0c 

0c 

0e 

0.4 
0= 

0c 

0.8 

0.5 

0c 

0c 

0.5 
1.0 

0.8 

Areab 

%E (mm/s)/(mg/cm2) 

3.26 

2.76 

2.71 

1.72 

1.85 

1.16 

0.83 

1.50 
1.77 

1.56 

1.86 

1.80 

0.94 

1.12 

0.80 
1.53 

1.70 

aAll data were obtained at 78 K. The isomer shift values are given relative to EuFs. bThe area is given per milligram of europi- 
um(II1) in the compound. ‘Value constrained to zero. 
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Fig, 2. The dependence of the hyperfine parameters for 
Eu(N03)3(Ph3As0)2(ethanol) upon 77. 

value has been constrained to zero, and are shown as 
the solid lines in Fig. 1. In several instances no 
reasonable fits could be obtained with this model 
and the fits clearly indicated the presence of a non- 
zero asymmetry parameter. 

For the fits to the spectra with a non-zero 7) value, 
the eigenvalues and eigenvectors of the quadrupole 
interaction Hamiltonians [3 I] were calculated. The 
energies of the transitions are determined from the 
eigenvalues and the intensities are determined from 
the eigenvectors and the Clebsch-Gordan coeffi- 
cients. The Lorentzian spectral profile was calculated 
as for the zero 77 fits. The results are presented in 
Table I. The inclusion of a non-zero 77 has the effect 
of both broadening the spectral lineshape and making 
it more symmetric with increasing 77. This is clearly 
shown in Fig. A in the Supplementary Material, which 
gives the calculated line shape as a function of q for a 
spectrum with an isomer shift, 6, of 0.05 mm/s, a 
quadrupole interaction, eQV,,, of 7.00 mm/s, and a 
linewidth, 2r, of 2.2 mm/s. These calculations reveal 
a strong correlation between both the isomer shift 
and quadrupole interaction and the assymmetry 
parameter. In order to determine the influence of 
these correlations upon the determination of the best 
fit hyperfine parameters, and to estimate the errors 
associated with the resulting values, we have fitted 
several of the spectra as a function of 77. The results 
of these fits are shown in Fig. 2 for Eu(NO&(Ph,- 
As0)2(ethanol) and in Fig. 3 for Eu(NO&(Pyridine- 
NO)z(HtO) and indicate that, as the asymmetry 
parameter increases, the isomer shift increases and the 
quadrupole interaction decreases. From these results, 

Fig. 3. The dependence of the hyperfine parameters for 
Eu(NO&(PyridineNO)2(HZO) upon 17. 

we estimate that, for the results presented in Table I, 
the isomer shift values are good to kO.02 mm/s, the 
quadrupole interactions to kO.2 mm/s, and the 
asymmetry parameter to +O 1. 

As can be observed in Table I, these compounds 
have isomer shifts ranging from 0.11 to 0.48 mm/s 
relative to EuF,; a range which corresponds to real 
differences in the s-electron density at the europium- 
151 nucleus. The values are very reasonable for 
trivalent europium nitrate complexes with oxygen 
donor ligands [32], but are significantly smaller than 
those reported by Turner [33]. At this time we have 
no explanation for this difference in the observed 
isomer shifts, but point out that those reported by 
Turner seem to be very high for europium(II1) 
complexes of this type. Unfortunately, as has been 
noted earlier [32], there is no apparent correlation 
of the europium-151 isomer shift with the chemical 
nature of the ligands. There appears to be a slight 
trend to lower isomer shifts for those complexes 
with ligands in which the oxygen donor atom is 
bonded to an atom such as carbon, nitrogen or 
sulfur with a higher electronegativity than phos- 
phorus or arsenic. But there appears to be little 
physical significance to this trend. Neither is there 
any correlation of the isomer shift with the molecular 
weight of the ligands as has been observed previously 
[32, 34, 351 for some europium(II1) oxides and 
halides. From these results it would appear that the 
s-electron density at the nucleus in these complexes 
is not simply related to the electronic nature of the 
ligands and that covalency plays little role in the 
bonding of these ligands. This is not surprising and 
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seems to point to the free ion like nature of the 
europium(III) ion in these complexes and the small 
influence that the valence bonding electrons have 
upon the f-electron radial distributions. 

The results presented in Table I also show that 
there is a range of quadrupole interactions from 2.60 
to 8.27 mm/s corresponding to real differences 
in the electronic symmetry at the europium(II1) 
ions in the various complexes. In general the com- 
plexes containing the triphenylphosphine oxide or 
triphenylarsine oxide ligands have the smaller quad- 
rupole interactions, whereas the complexes con- 
taining the DMF, HMPA, MeaNO and DMSO ligands 
have the larger quadrupole interactions. This indicates 
that the ligands with the lower electronegativity 
atoms bonded to the donor oxygen atom produce, 
in combination with the three bidentate nitrate 
ligands, a more symmetric electronic environment 
at the europium(III) ion. Unfortunately, once again 
there seems to be no real molecular basis for under- 
standing the origin of these differences. In this case 
more detailed single crystal X-ray structural work 
might lead to an understanding of the differences 
based upon the details of the coordination geometry. 

Supplementary Material 

Table A of elemental composition and melting 
points and Fig. A of europium-151 Mossbauer line- 
shapes are available from the authors. 
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