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Abstract: An extensive study on the
appearance of multi-electron features
in the X-ray absorption spectra of sev-
eral yttrium(iii)-based compounds has
been performed. The existence of a
multi-electron transition of non-negligi-
ble intensity within the extended X-ray
absorption fine structure (EXAFS) re-
gion of the Y K-edge spectra has been
proven. The impact of such features in
the EXAFS analysis is made evident for
aqueous solutions of YBr3 ´ 6 H2O in

liquid and glassy states in the concen-
tration range 0.005 ± 2.0m, in which this
transition induces an overestimation in
the coordination numbers derived from
EXAFS. We have performed theoretical
computation of cross-sections for the
double-electron processes at the K-edge

of both Y and Br. These computations
have been applied to the experimental
EXAFS K-edge spectra of both Y and
Br in several solids and in aqueous
solutions. While in the case of Y K-edge
spectra the presence of such multi-
electron transitions was seen to seriously
affect the standard EXAFS analysis, its
influence in the case of Br K-edge
spectra was determined to be negligible.

Keywords: bromine ´ EXAFS spec-
troscopy ´ structure elucidation ´
yttrium

Introduction

The determination of the geometrical structure of solutions of
metal complexes is indispensable for the understanding of
their chemical behaviour. In order to describe the complex-
ation behaviour of metal ions in solution one needs to obtain
precise information on the interaction between solutes, as well
as solute ± solvent and solvent ± solvent interactions.[1] The
determination of the hydration structure of different cations
in solution has been the subject of numerous studies in the last
two decades. Although most of them were carried out by
means of both X-ray and neutron diffraction,[2, 3] special
attention has been recently given to the use of extended X-ray
absorption fine structure (EXAFS) spectroscopy,[4] because it
can provide information on the hydration structure in dilute
and even highly dilute solutions.[5]

Beyond its unique characteristics as a structural tool, the
increasing interest in EXAFS is linked to the generalisation of
user-friendly computer codes to perform the analysis of the
EXAFS signals. The determination of reliable structural
parameters from EXAFS requires knowledge of backscatter-
ing amplitudes and phase shifts that are nowadays easily
accessible because of the significant developments in the
theoretical models. This progress has developed into the
creation of new computer codes with robust modelling
capabilities to fit EXAFS data by the use of theoretical
standards.[6] However, most of the present models and
associated codes are built into a framework based on the
one-electron theory. Hence, despite the attained improve-
ments, these codes cannot account for features in the EXAFS
signal that result from multi-electron processes.

Multi-electron excitations, in which two or more electrons
are simultaneously excited, can contribute to the EXAFS
spectra and thus influence the obtained structural informa-
tion. The relevance of these findings for EXAFS data analysis
has motivated a large body of both experimental and
theoretical research.[7±9] In particular, exhaustive studies have
been carried out on lanthanide-based materials in order to
make clear the influence of multiple-electron transitions on
the EXAFS signals at the rare-earth L- absorption edges.[10] In
these studies it was concluded that multi-electron excitations
induce additional features in the EXAFS signal far above the
edge, and result in the worsening of the usual precision
claimed for the EXAFS technique (i.e., 10 % for coordination
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numbers and 0.01 � for interatomic distances). Moreover,
what is also demonstrated with regard to the L-edges of rare-
earth compounds is that the effect of multi-electron excita-
tions in EXAFS is not negligible, even in crystalline sys-
tems.[8, 10] This result is noteworthy because traditionally
multi-electron transitions have been readily identified only
in disordered systems, in which the intensity associated with
these excitations is comparable with the amplitude of the
EXAFS oscillation.[11, 12]

In the light of the influence of multi-electron processes on
the EXAFS analysis, it would be interesting to extend the
study of this interplay to solutions of metal complexes.
Indeed, we recently performed a detailed EXAFS study of
aqueous solutions of YBr3 ´ 6 H2O (0.005 ± 2.0 molal) in liquid
and glassy states to determine the solvation structure of the
yttrium(iii) cation in dilute and concentrated aqueous sol-
utions. The EXAFS analysis indicates both the existence of a
symmetric polyhedron of water molecules around the yttri-
um(iii) cations at 2.35 � and the absence of contact Y± Br ion
pairs in all the investigated solutions. However, it was not
possible to discern from the EXAFS analysis whether the
coordination number with the nearest neighbours was eight or
nine. At that stage of the investigation it was proposed that
the inaccuracy of the derived coordination number was
related to the existence of a multi-electron transition within
the EXAFS regime.[13] In order to gain a deeper insight into
this problem, we have systematically investigated the pres-
ence of multi-electron features on the Y K-edge EXAFS
spectra of several solutions and solid compounds of yttri-
um(iii) cations. For the sake of completeness we have also
investigated the presence of such multi-electron features at
the Br K-edge EXAFS in solid YBr3 and its solutions.

Results and Discussion

X-ray absorption experiments at the yttrium K-edge were
carried out on i) aqueous solutions (2.0, 0.1 and 0.01m) of
yttrium(iii) bromide hexahydrate (YBr3 ´ 6 H2O), ii) solid
enneahydrated yttrium(iii) trifluoromethanesulfonate
[Y(H2O)9][CF3SO3]3 (hereafter abbreviated as yttrium(iii)
triflate); iii) solid tetra-n-butylammonium hexakis(thiocyana-
to-N)yttrate(iii), [Bu4N]3[Y(NCS)6] (henceforth YNCS), and
its 0.5m solution in acetonitrile and iv) solid tetrakis(dimeth-
ylsulfoxide)yttrium(iii) nitrate (YDMSO). In addition, a
glassy sample of the YBr3 2.0m solution (hereafter abbrevi-
ated as g-YBr3) was also investigated. X-ray absorption
experiments at the Br K-edge were performed on solid
KBrO3 and solutions of YBr3 ´ 6 H2O.

Figure 1 shows the comparison between the experimental
k2-squared EXAFS signals (c(k) ´ k2) of the various com-
pounds and their theoretical simulations.[13, 15] In the case of
the reference compound [Y(H2O)9][CF3SO3]3, this compar-
ison is fairly satisfactory. Indeed, the fine structure is in good
agreement with the calculation except for the region between
7 and 7.5 �ÿ1. While the experimental EXAFS shows a peak-
like feature in this region, the calculation yields a typical
EXAFS oscillation. This discrepancy is also detected, at the
same energy, in the Y K-edge EXAFS spectra of both liquid

Figure 1. Comparison between the experimental (*) and theoretically
calculated (ÐÐ) Y K-edge c(k) ´ k2 EXAFS signals for the different
compounds under investigation: a) [Y(H2O)9][CF3SO3]3, YNCS (liquid and
solid) and YDMSO; b) aqueous solutions of YBr3 ´ 6 H2O, of concentra-
tions 2.0m, 0.1m and 0.01m, as well as glassy g-YBr3.

and solid YNCS, as well as in the YDMSO sample. Whereas
the EXAFS spectrum of the yttrium(iii) triflate is quite
smooth, this is not the case for YNCS or YDMSO (Figure 1a).
The EXAFS spectra of the latter samples contain many
absorption features, which indicate a more complex structural
environment around the absorbing yttrium atom. Despite the
fact that the local structure is quite different in these
compounds, all the EXAFS spectra exhibit the same class of
discrepancy between the experimental and calculated signals
at �7.2 �ÿ1 . This trend is a first indication of the atomic
nature of this peak-like structure, that is, it is not linked to the
particular local environment of yttrium but to some absorp-
tion process characteristic of the Y K-edge excitation. A
similar conclusion can be obtained from inspection of Fig-
ure 1b, in which a comparison between the experimental and
calculated EXAFS spectra of different concentrations of
aqueous solutions of YBr3 ´ 6 H2O is shown. For comparative
purposes, we have also included the results obtained for the
glassy g-YBr3 sample. In all cases, the EXAFS spectra of YBr3

solutions exhibit a huge decrease in the fine structure as
compared to those of YDMSO and YNCS compounds.
Indeed, modulation of their EXAFS signals fits well with a
single frequency, in agreement with the existence of a
symmetric polyhedron of water molecules around yttrium(iii)
cations at 2.35 �.[13] Because the quality of the fit is
remarkable, it is simple to detect the same class of anomaly
at 7.2 �ÿ1, as observed in the EXAFS spectra given in
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Figure 1a. This discrepancy appears in all the spectra,
independent of the concentration, as well as in the glassy
sample. These results are summarised in Figure 2, in which the

Figure 2. Difference between the experimental Y K-edge c(k) ´ k2 EXAFS
signals and their ab-initio calculations given in Figure 1. The arrow
indicates the residual spectral feature common to all the investigated
compounds.

difference between the experimental EXAFS signals and
their corresponding theoretical calculations are shown for all
the investigated compounds. In all cases, this comparison
clearly shows the presence of a peak whose maximum lies at
7.2 �ÿ1. Hence, independent of the local environment of
yttrium (9, 8 and 6 nearest neighbours) and the aggregation
state (solid, liquid and glassy), all the Y K-edge EXAFS
spectra show an additional feature that cannot be accounted
for by the standard one-electron description of EXAFS. On
the contrary, we suggest that this effect is caused by a multi-
electron transition of non-negligible intensity within the
EXAFS region of the spectra.

To verify this possibility and to assess the importance of
double-electron excitation channels relative to the main
single-electron 1s! ep channel at the Y K-edge in a
quantitative manner, we have computed the intensities of
the double-electron resonance strengths relative to the main
line (single-electron) strengths. The computations were based
on a many-body perturbation model for atomic excitation
which explicitly includes final state relaxation. A complete
description of the model and the calculation method can be
found in refs. [8 ± 10]. The results of the calculation for the Y
K-edge in are given in Table 1. We have determined the
different double-electron transitions expected to occur within
the EXAFS regime. The calculation also provides the position
of the features associated with the multi-electron process and
its intensity, both of them relative to those of the single-
electron excitation line, that is, to the white line at the
absorption edge. It should be noted that standard EXAFS
analyses are performed in the k-space, so that is necessary to
choose a zero energy. Typically the onset energy is fixed at the
maximum of the first derivative in the threshold region,
whereas the double-electron energy positions have been

determined with respect to the absorption maximum at the
edge. To avoid confusion, Table 1 includes the corresponding
k values as obtained in a standard EXAFS analysis frame-
work.

From inspection of the results in Table 1, we found that two
transitions (1s4p! 5p5p and 1s4s! 5p5s) are predicted to
occur at energies close to the edge, that is within the X-ray
absorption near-edge spectroscopy (XANES) regime. How-
ever, we find that three different double-electron processes
are expected to occur in the EXAFS regime. All of them
correspond to the excitation of an additional electron from
the M level (3s, 3p and 3d) concomitant to the creation of the
core-hole in the K shell. However, the strength of these
transitions is rather weak. The calculated intensity only
appeared to be significant in the case of the 1s3d! 5p4d
(KM4,5) transition. The comparison between the calculated
double-electron signals and the experimental EXAFS spec-
trum was performed as follows: since the calculation gives the
ratio between the single- and double-excitation cross-sections,
we determined the intensity of the 1s3d! 5p4d transition
from the experimental height of the main white line that
corresponds to the 1s! 5p transition. Because the double-
electron process corresponds to a transition to the localised p
states, we built a Lorentzian function centred at the calculated
energy. The height of the Lorentzian is that of the main 1s!
5p transition factorised by the corresponding 2.07� 10ÿ2

factor (see Table 1). The width of the Lorentzian, G, is related
to the core-hole lifetime for the considered KM4,5 transition.
Thus, we have determined G to be that of the main 1s! 5p
transition, estimated from the full width at half maxiumum
height (FWHM) of the white line, and by including the core-
hole lifetime that corresponds to the additional 3d excited
electron, which is reported to be �0.35 eV.[16] As shown in
Figure 3a, the white-line intensity is different for the various
compounds. Consequently, the double-electron feature is
expected to appear with a different intensity on the Y K-edge
EXAFS spectra of the different yttrium-based compounds.
For example, according to Figure 3a it is expected to be more
intense in the case of yttrium triflate than for the YBr3

solutions.
The so-obtained double-electron features have been plot-

ted in Figure 3b versus the difference between the exper-
imental EXAFS signals and their theoretical fits for several
selected cases. The agreement between our calculation and
the experimental observations is outstanding and supports our
initial assignment to the absorption feature that appears at
7.2 �ÿ1 on the Y K-edge EXAFS spectra. The anomalous

Table 1. Calculated double-electron transition intensities and excitation
energies for Y. The position of the double-electron (d.e.) feature is given
above the main line (DE) and in k-space. s(d.e.)/s(s.e.) is the ratio of
double-electron line-strength to that of the single-electron (s.e.) (in %).

Transition DE [eV] k [�ÿ1] s(d.e.)/s(s.e.) [%]

1s4p! 5p5p 33.6 3.3 4.68
1s4s! 5p5s 49.71 3.9 1.01
1s3d! 5p4d 185.12 7.14 2.07
1s3p! 5p5p 323.86 9.33 7.15� 10ÿ2

1s3s! 5p5s 389 10.2 2.27� 10ÿ2



Geometrical Structure of Yttrium Complexes 1102 ± 1108

Chem. Eur. J. 2001, 7, No. 5 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 0947-6539/01/0705-1105 $ 17.50+.50/0 1105

Figure 3. a) Detailed view of the near-edge region of the Y K-edge X-ray
absorption spectra for several selected compounds: yttrium(iii) triflate
(ÐÐ), 2.0m YBr3 ´ 6H2O aqueous solution (*), and solid YDMSO (~).
b) Comparison between the calculated 1s3d! 5p4d double-electron sig-
nals and the difference between the Y K-edge c(k) ´ k2 EXAFS signals and
their ab-initio calculations given in Figure 2 for the selected compounds.

behaviour of the EXAFS resonance centred at 7.2 �ÿ1 is fully
reproduced by taking account of the theoretical calculation
for the KM4,5-edges multi-electron transition. This is shown in
Figure 4 in which the experimental EXAFS spectra at the Y
K-edge for yttrium triflate is compared to its single-electron
theoretical calculation[13, 15] in the region in which the double
excitation feature has been identified. The calculated 1s3d!
5p4d multi-electron contribution has been included above the
experimental signal. Subsequently, we subtracted the double-
electron resonance from the experimental spectrum as shown
in Figure 4. The agreement between the calculated energy
position and intensity of the double-electron feature and the
experimental one can be considered to be very good. The
presence of such multi-electron processes introduces an error
in the estimation of the coordination number; this is estimated
to be�5 % in the case of solid yttrium(iii) triflate, while in the
case of 2.0m YBr3 ´ 6 H2O aqueous solution the error reaches
�12 %.[13]

Finally, we studied the Br K-edge. Several reports have
been published regarding the presence of multi-electron
excitations in the Br K-edge EXAFS region,[17±19] although
no unique picture has been obtained. For example, Li et al.[17]

and D�Angelo et al.[18] have identified several contributions of

double-electron excitation channels to the atomic absorption
background. However, while Li and co-workers only identi-
fied the KM4,5 transition in RbBr, D�Angelo and co-workers
have detected the KN1, KM4,5 and KM2,3 transitions in both
HBr and Br2. None of them were able to identify the KM1

transition that is expected to occur close the KM4,5 and KM2,3

transitions. In both cases, the agreement between the energy
position of the multi-electron feature and theoretical esti-
mates differs for the different transitions. In addition, Ito et al.
have also identified the KM4,5 and KM2,3 transitions in a
solution of EuBr3 in ethanol (0.01m);[19] however, they also
claim the presence of three-electron transitions. Consequent-
ly, the experimental scenery for the existence of these multi-
electron excitations on the Br K-edge EXAFS spectra is still
unsolved. More important, when comparing previous
work[17±19] one finds a large dispersion with regard to the
energy position of such multi-electron features on the
EXAFS, this being the most important parameter to deter-
mine prior to the begin of an EXAFS analysis. Furthermore,
no direct determination of the intensity of the multi-electron
transitions have been provided, although Li et al. suggest, by
comparison with the Kr case, that the amplitude of the Br
KM4,5 double-excitation is 103 times smaller than that of the
primary channel. This estimate indicates that the impact of
these multi-electron transitions on the EXAFS should be
negligible. Indeed, the determination of the interatomic
distance in the Br2 molecule is 2.286 � after subtraction of
the multi-electron contribution[18] and 2.280 � according to a
standard ab-initio EXAFS analysis.[20]

In an effort to gain a deeper insight into the appearance of
multi-electron excitation features on the Br K-edge EXAFS,
we performed explicit calculations of both the energy position
and the intensity of the double-electron 1s3d! 4p4d, 1s3p!
4p5p and 1s3s! 4p5s transitions (KM4,5 , KM2,3 and KM1 )
that are expected to occur within the EXAFS regime. The
results of this calculation are given in Table 2. Compared to
the case of the Y K-edge, the predicted intensities for the

multi-electron processes at the Br K-edge are very weak.
Indeed, our estimate is that they are one order of magnitude
smaller than those of the Y K-edge and, consequently, we do
not expect them to have a significant effect on the EXAFS
signal. We have experimentally tested these results on solid
KBrO3 and an aqueous solution of Ybr3 (2.0m). The
normalised spectra of the Br K-edge in both samples are
shown in Figure 5a. It should be noted that the height of the
white-line for KBrO3 is twice that of the YBr3 solution.
Consequently, we expect a clearly different influence of the

Table 2. Calculated double-electron transition intensities and excitation
energies for Br. The position of the multiple-electron (m.e.) feature is given
above the main line (DE) and in k-space. s(m.e.)/s(s.e.) is the ratio of
multiple-electron line-strength to that of the single-electron (s.e.) (in %).

Transition DE [eV] k [�ÿ1] s(m.e.)/s(s.e.) [%]

1s3d! 4p4d 95.2 5 3.55� 10ÿ3

1s3p! 4p5p 202.75 7.3 1.38� 10ÿ3

1s3s! 4p5s 257.73 8.22 4.55� 10ÿ4
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Figure 4. a) Comparison between the experimental Y K-edge c(k) ´ k2

EXAFS signal (*) and its best-fit (ÐÐ) before subtraction of the multi-
electron transition for yttrium(iii) triflate (top) and 2.0m YBr3 ´ 6H2O
aqueous solution (bottom). The calculated Y KM4,5-edge (1s3d! 5p4d)
double-electron spectral feature is also shown. b) Comparison between the
experimental Y K-edge c(k) ´ k2 EXAFS signal after the subtraction of the
Y KM4,5-edge and its best-fits before (*±*±) and after (ÐÐ) subtraction of
the multi-electron transition for yttrium(iii) triflate (top) and 2.0m YBr3 ´
6H2O aqueous solution (bottom).

double-electron processes for both the solid compound and
the solution. According to our calculations, the most intense
feature is predicted to occur for the KM4,5 transition at �5 �,
being of similar intensity to the KM2,3 transition (�7.3 �). The
intensity of the KM1 transition (�8.2 �) is estimated to be
one order of magnitude smaller.

A comparison between the calculated double-electron
signals and the experimental EXAFS spectrum was per-
formed as for the Y K-edge. The results of the comparison are
shown in Figures 5b and 5c for KBrO3 and YBr3, respectively.
In the case of KBrO3, the predicted contribution of the
studied double-electron processes fits well to several weak
modulations of the EXAFS signals. Furthermore, the pre-
dicted intensity is in agreement with the experimental
situation; while the KM4,5 edge seems to give rise to a peak-
like contribution superimposed on the Br K-edge EXAFS, it
is weaker for the KM2,3 channel and finally for the KM1

transition only a small bump of the main EXAFS oscillation
can be detected. These results are in contrast to those
obtained for the EXAFS signal of the YBr3 solution, shown

Figure 5. a) Br K-edge X-ray absorption spectra of solid KBrO3 (ÐÐ) and
2.0m YBr3 aqueous solution (*). b) Experimental Br K-edge c(k) ´ k2 signal
of KBrO3 (*) and the theoretical cd.e.(k) ´ k2 contribution predicted for the
double-electron 1s3d! 4p4d (1s3d), 1s3p! 4p5p (1s3p) and 1s3s! 4p5s
(1s3s) transitions. Note that the scale for cd.e.(k) ´ k2 is 40 times smaller than
that of the experimental c(k) ´ k2. c) Same kind of comparison as in (b) for
2.0m YBr3 aqueous solution.

in Figure 5c, in which no hint of any features that result from
this multi-electron transition is detected over the signal-to-
noise ratio. The absence of a double-electron contribution in
this case is in agreement with our prediction as it is a direct
consequence of the white-line weakness in the Br K-edge
spectrum of the YBr3 solution that determines the strength for
double-electron processes to be at least one order of
magnitude smaller than in the case of the KBrO3 compound.

Conclusions

We have identified the presence of an anomalous feature in
the Y K-edge EXAFS spectra of different yttrium-based
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compounds. The presence of this resonance, centred at
7.2 �ÿ1, in the EXAFS signals is independent of the differing
local environments of the absorbing atom. This behaviour is
caused by a double-electron 1s3d! 5p4d (KM4,5)-edge tran-
sition. This multi-electron transition is fully accounted for in
theoretical calculations based on a many-body perturbation
model for atomic excitation, which explicitly includes final
state relaxation. These computations provide both the inten-
sity and the position of the multi-electron features on the
EXAFS spectra relative to the main excitation line. Thus, it is
possible to estimate the effect of these double-electron
features on the structural signal at the first level and then
subtract them if necessary.

The same class of calculations was also performed for the
Br K-edge. Contrary to the Y K-edge case, the results
indicated that the effect of double-electron processes in the Br
K-edge EXAFS regime is negligible, which is in agreement
with the experimental results.

Experimental Section

Yttrium and Br K-edge EXAFS spectra were recorded at the BL10B
station of the Photon Factory (National Laboratory for High Energy
Physics KEK, Japan). The storage ring was operated at 2.5 GeV, with a
stored current of 300 mA. Measurements were performed at room
temperature in the transmission mode with a Si(311) channel-cut mono-
chromator and detection ion chambers. The chambers were filled with a
flowing gas mixture optimised for each energy. The solid compound
yttrium(iii) triflate was measured in a sample holder covered by kapton and
placed in a hermetically sealed plastic bag, as this sample is very
hygroscopic. The non-hygroscopic samples were measured in air, with the
exception of the glassy g-YBr3 sample which was measured at 77 K in a
vacuum cryostat. All the liquid samples were measured in a specially
designed cell, allowing for variable path lengths.

The EXAFS signals were extracted from the raw absorption spectra by the
following standard procedures.[22, 23] In all cases the onset energy of the
absorption process was chosen to be the maximum of the first derivative in
the edge region of the absorption spectrum. EXAFS data analysis for the
YBr3 ´ 6 H2O samples, in liquid and glassy states, and for the yttrium triflate,
was carried out with the XDAP program[24] with theoretical phase shifts and
backscattering amplitudes determined from the FEFF 7.02.[25] Errors in the
structural parameters and the quality of the fit was assessed according to
the recommendations of the ªStandards and criteria for EXAFS data
analysisº.[26] For the remaining samples, the spectra were calculated with
FEFF 6.01 , which takes into account multiple scattering contributions. We
limit ourselves here to the discussion of the breakdown of the single-
electron approximation in the case of the Y K-edge experimental EXAFS
spectra. The detailed EXAFS data analysis have already been publish-
ed.[13, 15]

Sample preparation :

Yttrium(iii)bromide hexahydrate (YBr3 ´ 6H2O): The solid hexahydrate was
prepared from commercial Y2O3 (99.99 % Aldrich) through dissolution in a
minimum volume of 48% HBr. The solution was then evaporated in a sand
bath until crystallisation occurred. The white crystals were then separated
on a sintered glass filter, and were kept in a desiccator over Al2O3.
Aqueous solutions of concentrations 2.0, 1.0, 0.5, 0.1, 0.05, 0.01 and 0.005m
were prepared from this compound. In order to avoid hydrolysis of the
samples, which could lead to the appearance of other species in solution
such as [Y(OH)(H2O)n]2�, the pH of all the solutions was kept constant at
pH� 1.0 by addition of the required amount of HClO4. To study the
formation of ion pair structures, aqueous solutions with a ratio Y:Br of 1:6
and 1:9 were prepared by adding NaBr salt to the 0.1m YBr3 aqueous
solution. A glassy sample of a solution of YBr3 (2.0m ; g-YBr3) was
prepared by quick immersion of the corresponding aqueous solution into
liquid nitrogen and it was then kept at this temperature in a vacuum

cryostat. A detailed description of the sample preparation can be found in
Refs. [13 ± 15, 21].

Yttrium(iii) trifluoromethanesulfonate enneahydrate ([Y(H2O)9][CF3SO3]3,
Y3� triflate): This was also prepared following the method proposed by
Harrowfield et al.[27] The solid was used as a model compound against
which comparisons could be made since its hydration structure is well
known.

[Bu4N]3[Y(NCS)6] (YNCS): Synthesized by deposition in crystalline form
from a solution of YCl3 and tetra-n-butylammonium thiocyanate in a molar
ratio 1:10 in ethanol.[28] It is soluble in several organic solvents, such as
acetonitrile, and partially decomposes in water, by replacement of some
SCNÿ ligands by water molecules.

[Y(DMSO)3](NO3)3 (YDMSO): Excess DMSO (3 mL) was added drop-
wise with stirring to a solution of yttrium nitrate pentahydrate (�1 mol) in
methanol (15 mL). The solvent was evaporated under reduced pressure
over P2O5, and a precipitate of the complex was obtained in good yield. The
precipitate was filtered, washed with benzene, dried over P2O5 and
recrystallized from methanol.
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