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Structural parameters of the?Srand, for the first time, of the Bt ions in nonaqueous solutions were
determined by the X-ray absorption fine structure (XAFS) method and compared with those of the aqua ions.
For both E@" and St ions, a decrease in coordination numtdy énd metal-to-solvent distances was found
along the increasingly solvating MeCN H,O << DMF < DMSO solvent series: for strontium = 8 with
[Sr(MeCNYJ?* (2.665(6) A) and [Sr(HO)g]?* (2.600(3) A) andN = 7 with [Sr(DMF);]2* (2.555(5) A) and
[Sr(DMSO)]2* (2.540(7) A); for europium(IDN = 8 with [Eu(MeCN}]?* (2.640(4) A),N = 7 with [Eu-
(H-0)]%* (2.584(5) A), andN = 6 with [Eu(DMF))?* (2.541(3) A) and by extrapolation [Eu(DMSEH"

(2.525 A). Smaller coordination numbers are observed for tR& Bu in O-coordinating solvents. The ionic

radii of both S and E@" ions are very similar, but the slightly softer character of thé"Han leads to
shorter M—N and longer M-O bonds.

Introduction In the present work, the structures of the solvatedEand

vation i f th . hemical . SP* ions are studied in the oxygen-donor solvents dimethyl
Solvation is one of the most important chemical properties g ,i¢qyiqe andN,N-dimethyl formamide and in the nitrogen-

of a metal ion in solution because the solvent exchange reactiony,. o+ acetonitrile. The experimentaj-edge X-ray absorption
is often used as a model for the interpretation of the substitution ¢ structure (XAFS) spectra of By as well as the St

reaction mechanisms. As a prerequisite, it is important to know K-edge, have been measured, analyzed, and compared using
thedstructlérehof tt?e sol(\j/ated lon in ;?(Iytlop to flntrt]arpret ar|1d the cumulant approach combined with efficient analysis
understand the thermodynamics and kinetics of the comp €Xtechniqued® Both theoretical (calculated ab inifjo and

forlmat|o_n reactions. Tdhe relgtlve strﬁngtlh of the "_‘eéaHO” dexperimental (extracted from crystalline refereigiases and
solvent interactions is dependent on the electron-pair donor an amplitudes have been used.

acceptor properties of both solvent and metal ion. To better
understand the solvation process of an ion in solution, it is Experimental Section

therefore necessary to study it in a series of solvents with .
different properties. Pursuing the parallel structural study of the  Chemicals.Sr(DMF)(OsSCF), and Sr(DMSOXOsSCR)2
were prepared under nitrogen according to the following

Ew™ and SF' ions in aqueous mediufywe have investigated ival £ 980 il X
the solvation structure of these two ions in dimethyl formamide procedure. Two equivalents of 98% ¢30;H (triflic acid) was

(DMF), dimethy! sulfoxide (DMSO), and acetonitrile (MeCN) ~added to a suspensiori & g of SrCQ; in 10 equiv of HC-
solutions in the present work. (OEt). After filtration, 2.2 equiv of the desired solvent was

Whereas water is a hard polar and ot sovent with 2050, 2% e sl was evaporated genty under vaouum
extensive hydrogen bonding, DMF and DMSO are aprotic precip ’ precip y 9

solvents with high dipole moments and medium permittivifies. igglir?ryiilasl Vé:g d fflgerGr(zDi;fEng Scce:rg)rlfugcatll%nlégerz ZI_OW
For these three solvents, the solvation of hard metal ions such 9. : 3 2 o 2 U 245

as St™ and presumably B occurs via the solvent oxygen galscgfi: é?(gMFgg;(% gcg;ch ?L:?3NH502 ;r,ser.siéAznal.
atom. MeCN is a softer nitrogen-binding solvent with dipole 3 2T e T Sl 9 29

moment and permittivity similar to those of the DMF and Found: C, 1?"6; H, 2.0;.Sr, 17.0.'The foIIovymg procedure'was
DMSO?2 Hard metal ions are readily dissolved by water, DMF used to obtain the starting materials u_sed in the preparation of
and DMSO and have a relatively low solubility in MedN ' the EW' and S#* solutions. Two equivalents of 98% triflic
) [ idrilay of EuCQy® i
The available information on the properties of theEion acid was added to a suspensidri.a of EUCQS” or SrCQ in

. v i \uti : - d 10 equiv of HC(OE®. After filtration, pentane was added to
IS poor, especially in nonagueous solutions, owing to Its redox i, go|ytion to precipitate quantitatively the metal triflate. After
instability. It has been pointed out that strong similarities exist filtration and 72 h under vacuum, EWSCR)»EtOH or

between divalent lanthanide ions and the alkaline earth mietals. SHO:SCR)»»1/2EtOH salts were ot;tained An%l Calcd for

However, until now, quantitative assessment of the similarity Eu(O:SCR)»EtOH: C, 9.6; H, 1.2; Eu, 30.6. Found: C, 9.5

of these groups of elements remains extremely limited. H, 1.1; Eu, 29.0. Anal. Calcd for Sr¢SCR),1/2EtOH: C
. g Hould be add o PhoAb1.003 8.8; H, 0.7; Sr, 21.4. Found: C, 8.8; H, 0.7; Sr, 22.0.
* To whom correspondence should be addressed. Phoag:21- For all compounds, the absence of water was checked by
98 71. Fax:+41-21-693 98 75. E-mail: andre.merbach@epfl.ch. : S .
T Swisszederal Institute of Tecmﬁlobzr;, [Zﬂgm?g_ @epil.c Karl Fischer titration. Triflic acid (98%) was purchased from
*Institute of Solid State Physics. Aldrich Chemicals. All commercial compounds were used as
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TABLE 1: Crystal Data and Details of the Structure for both compounds was performed with SIRSThe structures
Determination were refined using the full-matrix least-squaresFérwith alll
Sr(DMF)(03SCR), Sr(DMSO}(0sSCR)2 non-H atoms anisotropically defined. H atoms were placed in
chemical formula GH1FNOsS,ST GH1FeOsSiST calculated positions using the “riding model” for Sr(DMSO) _
fw 531.95 542.02 (OsSCHR),, whereas they have been treated as free isotropic
cryst syst orthorhombic monoclinic atoms for Sr(DMFYO3SCH); (in this latter case, likely because
space group lbam 12/a of disorder combined with special position for a methyl group,
ggﬁg %éggggggg ?fé%gﬁé) the distances €H and H--H have been restrained to get a
c(A) 8.6429(15) 18.'420(3) reasc_)nable geometry). Space group d_etermlnatlon, structure
5 (deg) 90 93.263(12) solution, refinement, molecular graphics, and geometrical
vol (A3 1928.6(4) 1793.0(4) calculation have been carried out on both structures with the
z 4 4 SHELXTL software packagé&
Dearea (g €N 1.832 2.008 XAFS Measurements XAFS measurements were performed
F(000) 1056 1072 > -
4 (mmY) 3.105 3.564 at the LURE synchrotron rad|qt|on faC|_I|ty (Orsay, France) on
temp (K) 143 143 the DCI D21 (XAS 2) beam line. Positron-beam energy and
wavelength (A) 0.710 73 0.71073 average current were 1.85 GeV and 32B0 mA, respectively.
measd refins 5620 5084 The XAFS spectra of the Eustedge (6976 eV; scan 6960
unique refins 874 1512 7650 eV) and Sr K-edge (16 105 eV; 16 6aD7 000 eV) were
unique refins [> 20(1)] 815 1165 measured in transmission mode. The synchrotron radiation was
data/params 874/93 1512/115 . ) o
Re[l > 20(1)] 0.0346 0.0919 monochromatized using the Si(311) double-crystal monochro-
WR2 (all data) 0.0934 0.2626 mator, and in the case of the Ey-&dge, harmonic rejection
GOP 1.086 1.179 was achieved using dedicated mirrors. The experimental spectra
aR=S||Fo| — IFdlllS|Fol; WR2= { S [W(F2 — F2/ S [W(FD} V2. were measured using two ionization chambers (filled with air
b GOF= { T[W(Fs2 — F)3/(n — p)} 2, wheren is the number of data for Eu and with Ar for Sr measurements) with a count rate of
andp is the number of parameters refined. 2 s per point, an energy resolution of 1 or 2 eV, a0.50r 1 eV

) o _step in the XANES region, @ha 1 or 2 eVstep in the extended
received. Solvents were freshly distilled before use according y_ray absorption fine structure (EXAFS) region for the Eg L
to the literature-recommended methddEhey were distilled edge and the Sr K-edge, respectively. A multipurpose X-ray
under oxygen-free nitrogen, degassed by a triple frepaenp— absorption celf was used for the in-situ XAFS measurements

thaw cycle, and stored in an oxygen-free and water-free of sealed oxygen- and water-free solutions. The measurements
glovebox. The Karl Fischer coulometric titration gave for DMF, \vere done at an optical length 0f-1.5 mm for Eu and 48

DMSO, and MeCN a respective maximum water amount of 18, mm for Sr, resulting in values of the absorption jump of about

12, and 10 ppm. . _ _ 0.5 (WL amplitude about 2) for Eu and about 1 for Sr. At least
Preparation of the SamplesThe Sf* solutions (0.15Min o complete and identical XAFS scans were collected for each

DMF, 0.15 M in DMSO, 0.09 M in MeCN) were prepared by  go|ytion. All samples were measured at room temperature (20
dissolution of the Sr(65CFs),-1/2EtOH salt into pure solvent. o5 o),

The E@' solutions (0.15 M in DMF, 0.10 M in MeCN) were
prepared by dissolution of the EW{®CFs),*EtOH salt into pure
solvent. Additionally, the solutions were treated by amalgamated
zinc just before the XAFS measurements to avoid traces of
Eut.! Concentrations were checked by complexometric titra- ) >
tion. The L-edge X-ray absorption near-edge structure (XANES) Photoelectron wavevector, defined ks= /(2nh")(E—E,),
measurements have confirmed that sealed oxygen-free sampley/here € — Eo) is the photoelectron kinetic energy measured.
of ca. 0.1 M Eu(@SCR), nonaqueous solutions are stable in  The experimental XAFS spectygk) of both Eu and Sr were
the multipurpose cell that we used for at le&sh (less than multlphed by a_factork.3 to compensate for the decrease of
0.2% Ed+).1 amplitude with increasing wavevector value.

The reference crystalline samples Sr(DMB:SCH), and The experimental XAFS spectra (Figures 1 and 2) were
Sr(DMSOX(0sSCR), were finely ground and mechanically ~ Fourier-transformed (FT) with a KaiseBessel window in the
mixed with cellulose powder to give pressed pellets with 0—12 A~ range for Eu and €13 A~* for Sr using a
thickness chosen to obtain an absorption jump value of aboutphotoelectron phase-shift correction. The first shell XAFS
1. contributions were singled out by back FT procedure in the-1.9

Al of the compounds and solutions were prepared, handled, 3.2 A range for both B and SP*. Use of the phase-shift
and stored in the dry nitrogen atmosphere of a glovebox to avoid correction allowed us to reduce the nonstructural peaks distorting
both oxidation of the B2 and water contamination of the the baseline and led to a significant sharpening of the first shell
compounds and solutions. peak, allowing a more precise Fourier filterihdhe use of the

X-ray Experimental Section. Suitable crystals of Sr((DME) corrected Fourier-filtering procedure led to a real increase in
(OsSCR), and Sr(DMSO)0sSCFR), were obtained as de-  the fitting reproducibility when playing on the parameters.
scribed and mounted in glass capillaries. Crystal data and The first-shell XAFS spectra were fitted using the single-
structure refinement details are listed in Table 1. Data collections scattering curved-wave formalism with cumulant expangion:
were performed on an Oxford diffraction Kuma4 sapphire CCD

2C
— ,1_k1) exp(— 2C,K2 + §c4k4) x
Sr(DMF)(0sSCFR),, the MULTI-SCAN semiempirical methél ®
has been employed, whereas for the Sr(DM$SO)SCR),, the

and data reductions were carried out with CrysAlis RED. N
—f(.K) ex
in| 2kC, — 3¢ + g k)| (@
DIFABS empirical metho# has been used. Structure solution sin| 2kC, 33 (k)| (1)

Data Analysis. The experimental XAFS data were treated
using the EDA software packalfén a way similar to the one
used in the study of the Bland St™ aqua ions. The obtained
XAFS spectra,x(E), were converted to th&-space of the

Absorption correction was applied to both data sets. For the %(K) = .
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Figure 1. Experimental XAFS spectra of Sr{8CF), 0.14 M in H:0,
0.09 M in MeCN, 0.15 M in DMF, and 0.15 M in DMSO (arrows, see

text).
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Figure 2. Experimental XAFS spectra of Eu{8CF;), 0.15 M in H:0,
0.10 M in MeCN, and 0.15 M in DMF (arrows, see text).

whereN is the coordination number ar@} = o2 is the Debye-
Waller (DW) factor (in harmonic approximation). The higher-
order cumulantsC; and C4 characterize the deviation of the

12

TABLE 2: Muffin-Tin Radii ( Rwr) for the First-Shell

Atoms?

Moreau et al.

computed cluster

Rut (Sr) Rur (O/N) Rur (Eu) Rwr (O/N)

MOg(H,0)16(OH)g" 1.491 1.143 1.481 1.126
M(OCNGC,)4(0:SCR),¢  1.658 0.730 1.662 0.732
M(OSGy)s¢ 1.563 0.820 1.566 0.819
M(OSG)g® 1.634 0.758 1.637 0.758
M(NCC)s' 1.724 0.634 1.726 0.636
M(NCC)g9 1.666 0.689 1.668 0.690

a All of the muffin-tin radii are given in AP Based on [Sr(bD)g](OH),
XRD structure, ref 18 (scaling factor, SF1). ¢ Sr(DMF)(OsSCFR),,
this study (SF= 1).9[Cd(DMSO)][Cdl4], ref 19 (SF = 1.1).
¢ [Gd(DMSO)][Fe(CN)], ref 20 (SF= 1.05).f [Na(MeCNJ)][TaClg],
ref 21 (SF= 1.05).9[Yb(MeCN)g](AICI 4)3, ref 22 (SF= 1.1).

cumulantC; is closely related to the interatomic distariRé’

A(K) = kIl is an adjustable function that models the léw
damping factors. As in previous workshe I parameter was
allowed to vary during the fitting procedure for fine adjustment
between theoretical calculations and experiment. This parameter
also allows us to compensate for the FT boundary effects and
was found within classical range (from 0 to 0.1).

Phases and Amplitudesin this paper, the strontium XAFS
data were analyzed using two different approaches: the phases
¢(r,K) and amplitude$(:r,k) were either calculated or obtained
experimentally.

We showed in a precedent pabttre importance in the choice
of the reference cluster used for the theoretical backscattering
amplitudes and phases calculations using the FEFF6 cbde.
find a cluster that mimics well the possible environment of the
Ew* and S?* ions in solution, we checked the literature for
crystallographic structures in which a cation is surrounded only
by the solvent molecules, that is, DMF, DMSO, or MeCN.
Because of their ionic radii close to the £uand SF* ones,
the following compounds have been retained: (1) [S&)d]-
(OH),18 (2) Sr(DMF)(OsSCR),, (3) [Cd(DMSO)][CdI,],*

(4) [GA(DMSO}][Fe(CN)],%° (5) [Na(MeCN}][TaClg],?* and

(6) [Yb(MeCN)g](AICI 4)3.22 The ionic radii of these ions being
slightly different than those of the BEuand S#*, scaling factors
were applied for the MO or M—N distances to match the
distances in the system studied (see Table 2 for detail). Using
the respective crystallographic coordinates of the selected
compounds, we calculated the following clusters to obtain
theoreticakp(sr,k) andf(rr,k) functions: (1) MQ(H20)16(OH)g,

(2) M(OCNG)4(OsSCRy)s, (3) M(OSG)s, (4) M(OSG)s, (5)
M(NCC)s, and (6) M(NCCy. The computed muffin-tin radii

for the different clusters are detailed in Table 2.

Because the threshold energy of the photoelectgris
defined in the FEFF6 codeelative to the Fermi level and
depends on the muffin-tin radii, the spectra have to be corrected
to avoidEy difference errors in the fitting process. Consequently,
the phase differences between theoretical and experimental
spectra were set to zero at loky according to Bunker and
Stern’s criterior?® and Eo was allowed to vary for fine
adjustment during the fitting procedure.

Experimentalf(r,k) and ¢(,k) were extracted from the
experimental XAFS data obtained on the crystalline Sr(DMF)
(OsSCHR),. These functions were obtained assuming Gaussian
distribution of distances wittN = 8 andR = 2.585 A, from
the crystallographic data, and = 0.0106 & from the fit with
theoretical phase and amplitude. Experimeftak) and¢(s,k)
were also extracted from the experimental XAFS spectra of the
Ewt and S?H aqueous solution and normalized according to
the structural parameters determined in ref 1.

Note that use of experimental phases and amplitudes allows,

distribution of distances from a Gaussian shape. The first to a certain extent, the compensation of systematic errors
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Figure 3. Ball-and-stick representation of the Sr(DME):;SCR);
coordination polyhedron.
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multielectron transition effects (MET) features are found for
the E@#* solutions at ca. 6.2 A (Figure 2). As in the case of
the E¥" aqua ion} we attribute this sharp contribution to a
2p4d double-electron transition.

As we already statetithese anomalies result after Fourier
transform in humps distorting the base of the major peak
standing for the first-shell STO or Eu-0O peak, especially at
low distances. But the use of the new 2001 version of the EDA
software packad€ combined with the phase-shift corrected
Fourier filtration allowed us a greater precision in the zero-line
removal and in the Fourier-filtering processes, so no subsequent
additional MET removal was necessary.

Results

X-ray Crystal Structure of Sr(DMF) »(O3SCFs),; and
Sr(DMSO0),(03SCRs),. The crystal structure of Sr(DME)
(OsSCR), (Figure 3) consists of eight coordinate?Sccations
lying on a 222 symmetry site. Each metal ion is linked to four
DMF ligands and to four C#S0;~. Each ligand lies on a
symmetry plane and bridges two2Srions by means of one

because they include the contribution of the mean free path, of oxygen atom in the case of the DMF and by means of two

the multielectron amplitude reduction fac®g, of glitches and

different oxygen atoms in the case of 4S5~ Thus, the overall

of resolution, reducing the number of adjustable parameters andstructure (Figure 4) is formed by infinite one-dimensional chains
consequently increasing the reliability of the fitted results. To along thec axis. The eight oxygen atoms around each $on
ensure the phases and amplitudes transferability and to allowform an almost perfect square antiprism geometry (with a
estimation of systematic errors, all of the data were analyzed characteristiex angle® of 57.5 for O1 and 57.7 for 03). Sk-O
in a similar way, using the same theoretical phases and bond distances reflect the different nature of the two ligands

amplitudes, filtering procedures, and parameters.
Multielectron Transition Effect. The same kind of anoma-

lous features observed in the#Saqua ion XAFS spectruhi®?4

are present in the XAFS spectra of the'Sion in the DMF,

[Sr1-01, 2.567(2) A; Sr+03, 2.578(2) A], leading to an
average SrO bond length of 2.572 A. Within the polymeric
chains responsible for the crystal packing, the-Srr distance

is 4.021(1) A. The chains are held together mostly by electro-

DMSO, and MeCN solutions (Figure 1). This anomalous feature static and steric interactions involving, respectively, thg &t
due to the simultaneous excitation of 1s3d electrons is indicatedthe CH; groups, which lie at the surface of such tubular chains

by an arrow in Figure 1 and arises around 6.2tASimilar

[F---F, 2.864(5)-2.867(4) A]. Noteworthy is the presence of a

Figure 4. Crystal packing of the Sr(DMEK{OsSCFs), compound along the axis.
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deviation pu values ranging from 54%4to 63.3]. As for
Sr(DMF)(O3SCHR),, the Sr-O bond distances are different for
the two ligands [S+O(O:SCR)ay, 2.587(8) A and S+O(DM-
SO)., 2.649(8) A], but the difference is greatly enhanced.
However, the way that ligands bridge theé*'Sions is exactly
the same as that observed in Sr(DMB:SCFs).. Within the
polymeric chains, the SrSr distance is 4.215(1) A. The crystal
packing shows steric and electrostatic interactions among the
CHs; and CF groups [F--F distances vary from 2.80(1) to
2.84(1) A), as well as wealatra- andintermolecularhydrogen
bonds between the methyl groups and thg$i~ O2 and O3
atoms.
The homologous B compounds have not been reported in
that study; all attempts to precipitate a2EWDMF solvate lead
to an oxidation characterized by aEwsignal in the XANES
spectrum. However, no detectable oxidation occurs for at least
3 h during the E&" DMF solution measurement.
Figure 5. Ball-and-stick representation of the Sr(DMS@sSCF), XAFS Analysis of the E/#* and Sr** lons in DMF, DMSO,
coordination polyhedron. and MeCN Solutions. In a previous paper, we reported the
XAFS study of the E&" and S#* ions first coordination sphere
weakintramolecularhydrogen bond €H---F [C2—H2, 0.93(5) in agueous solution. The Brion was found to be octahydrated
A; H2---F2, 2.53(5) A; C2-F2, 3.456(6) A; C2H2::-F2, in aqueous solution, whereas the 2Euion occurs as an
176(5¥]. Geometrical parameters dealing with the same struc- equilibrium between a highly predominant [Ey);]2" ion
ture collected at room temperature instead of low temperatureand a minor [Eu(HO)g]>" species.
show the following features: (1) larger gap between theGr In aqueous solutions, it is well established that the triflate
bond lengths [Sr+01, 2.578(3) A; Sr+03, 2.600(2) A; ion does not enter the first coordination sphere of solvated metal
average SrO, 2.589 A]; (2) larger S¢-Sr distance [4.067(1)  ions. In the nonaqueous DMF, DMSO, and MeCN solvents with
A] due to the increase of the volume of the cell. smaller dielectric constants than water, it is important to ensure
The structure of SI(DMSQJOsSCF), (Figure 5) is similar that no inner sphere ion pairing occurs between the metal and
to the one already discussed but shows less symmetry. It is madehe triflate ions. lon pair formation would strongly complicate
of one-dimensional chains along thexis (Figure 6) with the the analysis of the XAFS data. Fortunately, thes®8;~ ion is
metal cation lying on a binary axis. The coordination geometry a weak nucleophile, although there is some evidence that it is
around the Sr ion is square antiprism showing some slight a slightly stronger coordinator than GjOin solution. However,

Figure 6. Crystal packing of the Sr(DMS@0s;SCF;), compound along the axis.
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TABLE 3: First-Shell Structural Data Obtained from XAFS TABLE 4: First-Shell Structural Data Obtained from XAFS
Analysis with Theoretical Phase and Amplitude at Room Analysis with Theoretical Phase and Amplitude at Room
Temperature? Temperature, Synthetic Tablet
cluster N CG@A) CAY) CiA3) Ak € x sample N GA RA) CMARY C3AY
x 1074 1072 x104
Sr(DMF),(0sSCFR), Powder SI(DMF)(0:SCR),  7.9(3) 2.572(4) 2.582(4) 0.0106(4)  2(1)
SrOy(H,0)(OH)s 8.0 2.570 0.0107 1 15115 1.7 Sr(DMSOY(0sSCRy), 7.8(3) 2.588(8) 2.598(8) 0.0112(8)  3(2)
Sr(DMF)(0:SCR), 8.0 2.576 0.0108 2 15115 0.8 ST DMF solution  6.9(3) 2.545(5) 2.555(5) 0.0110(8) 3(2)
Sr(DMSO) 7.8 2569 0.0102 2 15115 2.0 St DMSO solution  7.0(3) 2.530(7) 2.540(7) 0.0103(4)  1(1)
Sr(DMSO}), 7.8 2574 0.0104 3 15115 1.6 SE;héiACFN S(l)ILtJ_tion g.é((58)) 2256:?&((2)) 22.5625((?(-’3)) 8.811153((51)) Oggg
E solution . . . . .
SIOHHOW(OH)e S SR, FoWder 05 os EW?* MeCN solution  7.9(4) 2.624(4) 2.640(4) 0.0172(4)  3(1)
Sr(DMFu(OsSCR)s 7.9 2,592 0.0115 3 1510 07 aN is the number of atoms located in the first shell at a distdice
Sr(DMSO} 7.5 2580 0.0109 3 295 17 from the metalC; is the first cumulantC, = o2 is the DW factorCs
Sr(DMSO} 7.7 2588 0.0113 5 1595 16 is the third cumulant characterizing the asymmetry of the RDF. These
Sr(O:SCR); 0.15 M in DMF data have been arithmetically averaged from the fitting results presented
SrOs(H20)16(OH)g 7.0 2535 0.0115 1 1-59 2.0 in Table 3. Estimated errors are presented within parentheses.
Sr(DMF)(0sSCR), 6.9 2.544 0.0108 3 1:59 15
Sr(DMSO} 6.8 2.546 0.0107 4 1:59 14 Consequently, the values obtained with the different clusters
Sr(DMSO) 6.7 2546 00110 3 19 16 have been arithmetically averaged and are presented in Table
Sr(G;SCRK)2 0.15 M in DMSO 4. The errors presented have been evaluated accounting for both
SrOy(H0e(OH)s 6.6 2522 00100 0 13115 1.1 systematical and statistical errors. Whereas the systematical
gggmg)é(%scgp ;:(l) g:ggg 8:8%82 ; 1;5%(1):2 8:8 errors were accqunteql for by a .change of reference cluster,
Sr(DMSOY), 6.9 2.529 0.0103 1 15115 0.8 statistical errors (including correlations among parameters) were
SHO:SCF), 0.09 M in MeCN estimated by extensive f|tt|_ng of_ the exp_erlr_nental flrst-_shell
Sr(MeCN} 81 2649 00153 29 1-B 25 XAFS spectra. Outside the fitting intervals indicated, the fitting
Sr(MeCN) 8.2 2652 00157 33 18 3.0 errors were at least doubled. .
Eu(0;SCF)2 0.15 M in DMF In the hlgh-energy XAFS region (EXAFS), . the single
EuOy(H.0)i(OH)s 5.8 2.531 0.0118 0 25115 1.6 scattering from the first shell of scatterers is dominant and can
Eu(DMF)(0sSCR), 6.2 2.531 0.0115 O 2310 2 be analyzed quantitatively, as in the case of thé"End SF*
Eu(DMSO} 6.1 2529 0.0120 O 2:910.5 04 aqua ions. In solvents such as DMSO, the contribution of the
Eu(DMSO) 58 2527 00119 0 2310 09 second shell of scatterers is not negligible and can be used to
Eu(G;SCFR)2 0.10 M in MeCN extract information about the configuration of the coordinated
Eu(MeCN) 80 2625 00174 25 2105 03 ligands28 Among these contributions, it has been shown that
Eu(MeCN) 77 2623 00170 2.7 1711 03 only the contributions of the M-S single scattering (SS) and
2N is the number of atoms located in the first shéll,is the first of the M—O—S multiple scattering (MS) pathways are
cumulant, C; = o® is the DW factor, Cs is the third cumulant  significant829-31 The FT of the experimental XAFS spectrum
characterizing the asymmetry of the RDAK is the fitting interval, of the S&* ion in the DMSO solution (Figure 7) presents a

ande is the fitting error. first peak at 2.530(7) A and a second peak at 3.73(2) A

CRsSO;™ is the best counterion for our purpose as £1@s corresponding to the DMSO sulfur atom (3.647(3) A in the
potentially explosive in nonaqueous solutions or in the presence Sr(DMSO)}(OsSCFs); crystalline compound). Assuming a®
of a highly reducing agent such as %u The increasing bond distance of 1.529 A in the coordinated DM&Qwe
solvation series MeCN¢ H,O ~ DMF < DMSC?® has been obtained a mean S1O—S angle of 132(2)in DMSO solution,
established for hard metal ions such as trivalent lanthanides.typical for a hard acceptd? close to the one observed in the
Therefore, the triflate ion will not enter the first coordination Sr(DMSO}(O3SCFs), crystalline compound [133.6(3) and
sphere in DMF and DMSO, which are better coordinating identical to the one observed foYin DMSO solution?® Note
solvents than water. Note that the coordination of the triflate that the XAFS spectrum corresponding to the?Eion in
ion in the solid solvates Sr(DMK)Os;SCF), and Sr(DMSOy- DMSO solution has not been reported in this study because of
(OsSCR), may be explained by packing interactions in the the extreme absorption of the solvent in this energy region,
crystals. lon pairing is more likely to happen in the less- preventing us from obtaining any XAFS signal in transmission
coordinating solvent MeCN. However, in this solvent, the mode.
presence of a triflate oxygen atom in the first shell of scatterers  The FT of the E&" and S#* experimental XAFS spectra in
around the metal ion should lead to severe distortions into the DMF solution consists in only one contribution at 2.530(3) and
XAFS spectra. Such distortions were not encountered during 2.545(5) A, respectively (Figure 7), corresponding to the first
the XAFS analyses. Moreover, the very small amount of very shell of scatterers. In the liquid phase, no significant contribution
poorly coordinating ethanol (EtOH) introduced during the from a second shell of scatterers or multiple scattering is
preparation of the solutions does not compete with DMF and observed in the XAFS FT, whereas the DMF carbony! carbon
DMSO toward E&" and SF coordination. It has been shown atom should have a contribution. The carbon atom being a light
that despite the low coordination properties of the MeCN scatterer, the intensity of the SSMC contribution is small. It
molecule, EtOH-free acetonitrile solvates were obtained by is additionally partly canceled by destructive interference with
trans-solvation from alcoholic solvatésAs a consequence, the MS M—O—C path, which is in antiphase. This, associated
interactions between metal and triflate ions or EtOH could be to a disordered first solvation sphere leading to a broad
neglected in this study. distribution of Mr--C distances, would make the carbon atom
Table 3 summarizes the results from the analyses with hardly detectable by XAFS. Therefore, taking into account only
theoretical phases and amplitudes and shows that no realthe first shell of scatterers is sufficient in first approximation to
improvement is attained by the use of one cluster over another.interpret the experimental XAFS spectra for both ions.
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TABLE 5: Fit with Experimental Phase and Amplitude of Sr2" and Eu?*a

N R(A) C2(A2) Cs3(A% x 104 Ak €x 102
Fit with Experimental Phase and Amplitude from the Solid Sr(DMB)Tf).
Sr(DMF),(0OsSCR), 8.0° 2.589 0.0106 2
Sr(DMSO)}(OsSCF), 8.0(2) 2.603(2) 0.0116(2) 2(2) +80.5 0.6
Skt DMF solution 7.0(2) 2.556(3) 0.0110(5) 3(2) +8 1.4
S+ DMSO solution 7.0(2) 2.548(3) 0.0110(5) 0.5(5) 1H.5 1.3
Fit with Experimental Phase and Amplitude from the Aqueods$ Bm
SP* aquaion 8.0 2.600 0.0126 2.9
Sr(DMF)(0sSCR), 7.8(3) 2.596(4) 0.0112(5) 2(2) 815 21
Sr(DMSO)(0sSCR), 7.6(4) 2.607(2) 0.0122(5) 2(2) 815 15
Sr’* DMF solution 6.9(4) 2.560(4) 0.0107(8) 3(2) 9 2.4
S+ DMSO solution 6.7(4) 2.552(3) 0.0115(5) 1(1) 19 2.7
Fit with Experimental Phase and Amplitude from the Aqueou Eon
EW" aquaion 7.9 2.584 0.0138 1.5
Ew™ DMF solution 6.1(5) 2.542(4) 0.0123(8) 0.5(5) —20 14

aN is the number of atoms located in the first shell at a dist&@®m the metalC; is the first cumulantC, = ¢? is the DW factor,C; is the
third cumulant characterizing the asymmetry of the RBK,is the fitting interval, and is the fitting error. Estimated errors are presented within
parenthese$.Crystallographic parametersData from Table 49 Data from ref 1.

found suggests that the -SN—C angle is quasi-linear in
solution. The XAFS FT spectrum of the Euion in MeCN
solution features a first EtN peak at 2.624(4) A (Figure 7).
Moreover, a characteristic pattern in the imaginary part, very
close to the one observed for theé'Sion, shows that the double
peak around 3.8 A is not part of the noise but due to the presence
of C atoms in a second scatterer shell. The 3.76(2) A-Eu
distances found also suggests that the-Hu-C angle is quasi-
linear in solution.

Solutions in DMF and DMSO have also been analyzed using
experimental phases and amplitudes extracted from the
Sr(DMF),(0sSCR); crystalline reference and using the?Eu
and S? aqua ions in solutichas an experimental reference.
The obtained values (Table 5) are very closed to the ones
obtained with the theoretical approach (Table 4) with respect
to the experimental errors. And because experimental phases
and amplitudes are not available for the MeCN solutions, we
decided for consistency sake to consider the values presented
in Table 4 as the reference values through the rest of this paper.

In the study of the E4F and S#* aqua ions, only one shell
of scatterers was fitted. With a second shell of scatterers, the
number of fitted parameters is doubled. Thus, the direct fitting
of the unfiltered experimental spectra including two shells of
scatterers leads to smaller fitting errors than those reported in
Table 3. However, we observed in that case that the correlations

Distance r (A) among parameters were greatly enhanced. As a consequence,
. . . this fitting error decrease is thought to be only due to the
Figure 7. Comparison between Fourier transforms (modulus and

imaginary parts) of the experimental XAF&K)K®, spectra of (a) 0.15 increase in the number of _adjusta_lble parameters, and the two
M Eu(OsSCF), in DMF (—), 0.15 M Sr(QSCF), in DMF (— — —), shells of scatterers were finally fitted separately. The XAFS
and 0.15 M Sr(GSCR), in DMSO (——) and (b) 0.10 M Eu(G8CR), experimental spectra after first-shell filtering are presented for
in MeCN (—) and 0.09 M Sr(GSCFRy), in MeCN (— — —). These S¥t and E@* solutions in Figure 8, together with the fitted
Fourier transforms have been corrected for the photoelectron phase shifgpectra with theoretical phases and amplitudes corresponding
m%ngle thefrr]et'CS' phase ";‘”g fam[?lltl.lde, and th&" Bolution to the M(OSG)s and M(NCC} clusters (Table 3). The low
ginary part has been inverted for clarity. residual intensities (dotted lines) demonstrate the quality of these

The FT of the St experimental XAFS spectrum in MeCN fits.
solution also features a first peak at 2651(6) A and a second The radial distribution functions (RDF) for the first shell of
around 3.8 A (Figure 7). The relative intensities of these peaks Scatters of the St and E@" solutions were also simulated from
match well the two principal shells of lo&-scatterers observed  the fitted parameters (Table 4) using the asymmetric approxima-
in the case of Cu(l) and Cu(fyand attributed, respectively, to  tion. They are compared in Figure 9. TBgcumulant measuring
Cu—N and Cu--C distances. Because of the MeCN linear the skewing of distribution is rather low in all cases, showing
geometry, the St ion, the nitrogen, and the carbon atoms are the small asymmetric character of the RDF. Tecumulant,
almost collinear. Consequently, the SS and MS contributions Which measures the weight in the tails of distribution, was fitted
of the nitrile group carbon atom are strongly enhanced becauseand found negligible in all solutions.
of a classical “focusing effect”, whereas they were negligible  X-ray Absorption Edge Analysis. The low-energy part of
in the case of the DMF solution. The 3.78(3) AS€ distance the XAFS spectrum is known to contain information about the

x(k) K* Fourier Transform
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Figure 8. Experimental XAFS spectra of the %Srion in DMF (),
DMSO (II), and MeCN (lll) and of the E&f ion in DMF (IV) and 10
MeCN (V) after first-shell filtering {-) compared with the fitted spectra
with theoretical phases and amplitudes corresponding to the M{@SC
and M(NCC} clusters ¢ — —). Residual curves are also represented
(--+), and fitting parameters are detailed in Table 3. 08 g
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Figure 10. XANES Eu Ls-edge spectrum (a) of Eu¢SCF), 0.15 M
in DMF (—), 0.10 M in MeCN ¢ — —), and 0.15 M in water-(-)
and (b) close-up on the structural XANES features.

Figure 10 presents the Eusfdge XANES spectra of the
Ew2t ion in DMF, MeCN, and HO. In all cases, the spectrum
consists of a dominant white line (WL) resonance (normalized
amplitude 2.8-3.2 at 6974 eV) corresponding to the transition
from the 2p,, level to the unoccupied 5d states, followed by
important multiple scattering contributions (first and second
series of arrows). It has been shown in agueous solution that
amounts of E& smaller than 1% could be detected by
XANES! the E¥" and Ed" valence states being easily
distinguished because of the different threshold energies of their
WL. Eu Ls-edge recorded spectra in DMF and MeCN (Figure
10) show no E#" peak. Further XANES measurements also
showed that no oxidation of the Euoccurred afte 2 h of
Figure 9. Reconstructed RDF of the first shell of scatterers using measurement.
asymmetric approximations for (a) 0.15 M E48R), in DMF (—), _ ; ;
(5015 M S1(3CH), 1 DVE (), (9015 M S (G5CRy mDMsO  COMa (0 the EWT Lsedge spectra, no WL s present i
(=), (d) 0.10 M Eu(QSCR), in MeCN (- — —), and (€) 0.09 M 9 1E> spectra 0 fon in ' '
SKO:SCR), in MeCN (— — —). MeCN, and HO (Figure 11). The Sr K-edges correspond to a

transition from the 1s core level to the quasi-bound 4p and np
valence and coordination polyhedron around the absorbing orbitals (according to the dipole selection rules) that are involved
atom?® The local density of vacant electronic states in an in the metal-to-solvent bond. It is consequently very sensitive
absorbing atom determines the X-ray absorption edge regionto changes in bond strength or in the coordination polyhedron.
extending a few electronvolts below and above the edge. ThisAn increase in the edge energy is observed for tie 8m
region is therefore very sensitive to the valence state of the along the MeCN< H,O < DMF < DMSO series, as well as
absorbing atom. The X-ray absorption near-edge structurean increase of the first peak energy (first series of arrows in
(XANES) region extending from the edge up to about 50 eV Figure 11). These features are well explained by the corre-
above corresponds to the full multiple resonances of the excitedsponding decrease of the metal-to-solvent bond length (Table
photoelectron scattered by neighboring atéf# contains 4), which is associated with a shift of the first peak toward higher
stereochemical information and is consequently characteristicenergies. It can also be noted that the energy and the area of
of the symmetry and coordination polyhedron of the absorbing the first peak are very closed for the agueous and MeCN
atom. In this paper, we will confine ourselves to an empirical solutions, on one hand, and for the DMF and DMSO solutions,
approach of the XANES region based on earlier wofis. on the other hand, indicating similarities in coordination numbers

RDF Amplitude

Distance r (A)
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TABLE 6: XAFS Structural Data for Sr 2* and Eu?" lons in Aqueous and Nonaqueous Solution, Comparison with Literature

sample N R(A) C, (A? C3(A3) x 10* ref

0.14 M Sr(QSCR), in H;0 8.0(3) 2.600(3) 0.0126(5) 2.7(5) 1

0.8 M Sr(CIQ), in H0 & 2.61(1) 0.0116(5) 18

0.1 and 3 M SrGlin H,O 10.3(1) 2.643(2) 0.021(2) B 24

0.15 M Sr(QSCF,), in DMF 6.9(3) 2.555(5) 0.0110(8) 3(2) this work
0.15 M Sr(QSCR,), in DMSO 7.0(3) 2.540(7) 0.0103(4) 1(2) this work
1.30 M SK(QSCR), in DMSO & 2.54(1) 0.0082(4) 18

0.09 M Sr(QSCR), in MeCN 8.1(8) 2.665(6) 0.0155(4) 3(1) this work
0.06 M Sr(QSCF), in MeCN 8.0(2) 2.710(3) 0.024(1) c 36

0.15 M Eu(QSCR)2 in Hz0 7.2(3) 2.584(5) 0.0138(5) 1.5(5) 1

0.15 M Eu(QSCR); in DMF 6.0(5) 2.541(3) 0.0118(8) 0.0(5) this work
0.10 M Eu(QSCR), in MeCN 7.9(4) 2.640(4) 0.0172(4) 3() this work

aN s the number of atoms located in the first shell at a dist@ftem the metalC, = o? is the DW factorCs is the third cumulant characterizing
the asymmetry of the RDF, and total errors are presented within parenth@seameter fixedc Parameter related to the RDF asymmetry.

16100 16125
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1
16125

Energy E (eV)
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Figure 11. XANES Sr K-edge spectrum (a) of SH{8CF;), 0.15 M
in DMF (—), 0.15 M in DMSO (-—), 0.09 M in MeCN  — —),
and 0.14 M in water+¢-) and (b) close-up on the structural XANES

features.

DMF and DMSO, according to the respective metal-to-solvent
bond length.

Discussion

We recently studied the solvation of theZwand S#* ions
in watef and now report their solvation in DMF, DMSO, and
MeCN. In the literature, only two references relevant to our
study were found. Both of them were XAFS studies, one about
St solvation in DMSQ8 and the other about 3r solvation
in MeCN23¢ Results for the Sr aqua ion by the same
authors®24 are also reported in Table 6 for comparison.

Persson et @ performed LAXS and XAFS measurements
on the solvated St ion in DMSO. The radial distribution
function (RDF) obtained by LAXS showed two peaks at
2.54(1) and 3.77(1) A, leading to an average-SrS angle of
136°. Because of the strong correlation between the fitting
parameters, the authors resolved to test the follomglues:
4,5, 6, 8, and 10. The lowest error square sum was obtained
with N = 6. In the LAXS measurements, high absorption of
the DMSO solvent made it necessary to use short path lengths
and high solute concentration (1.3 M in Sg&TF;), compared
to the 11.3 M of pure DMSO). Not accounting for the MET
effects, the authors could not fit the coordination number in
the XAFS analysis. Thil value was therefore fixed to 6, leading
to a DW value of 0.0082(4) Aand a S+O bond length of
2.54(1) A. Our MET-corrected XAFS analysis in dilutec?Sr
DMSO solution led to aN value of 7.0(3). UsindN = 7 and
taking into account a linear correlation betwééand the DW
factor, we can calculate a DW factor of 0.009¢ &om
Persson’s data. This value is very close to the 0.0103&) A
value reported here. Besides the MET correction, the difference
in coordination number could also be interpreted as a concentra-
tion effect. The S+O distances that we found are very close

and in coordination structure. According to observation per- to those obtained by Persson et al. in both aqueous and DMSO
formed on plutonium aqua ions (oxidation states ranging from solutions (Table 6).

+Ill to +V1),% the decrease in symmetry associated with the

D’Angelo et al3® performed an XAFS analysis on a 0.06 M

decrease of coordination number from 8 to 7 could explain the Sr(O;SCF), in MeCN solution. They fitted the XAFS raw data
broadening of the first peak observed between these two couplegwithout FT) using a cluster based on a classical molecular

of solvents.

The first part of the Eu b-edge XANES spectra of the Eu
ion in DMF, MeCN, and HO (first series of arrows in Figure
10) cannot be interpreted without proper calculation. However, the absolute values are different. We measured a metal-to-
the important changes in their general shape tend to show thatsolvent distance increase of 0.065 A and DW factor increase
the coordination structure of the Buion in H,O, DMF, and
MeCN solutions is different. Note that for both Euand St*
XANES spectra, the first EXAFS oscillation (second series of found a St--C contribution at 3.78(3) A (they report 3.76(2)
arrows in Figures 10 and 11) is very similar even if inverted A) and found an almost linear SN—C angle, whereas they
because of phase inversion between K- and L-edges. For bothreported 149,

cations, the oscillation corresponding to the MeCN solution

occurs first, then the oscillation for water, and finally that for

dynamics simulation. They obtained a coordination number of
8.0(2) associated with a SN distance of 2.710(3) A and a
DW factor of 0.024(1) A Our results are very similar even if

of 0.0029 & when going from water to the dry MeCN solution,
compared to the reported values of 0.067 and 0.083We

Alkaline-earth metal ions and trivalent lanthanides are
strongly solvated by hard donor solvents such as DMF é©N
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26.6) and DMSO (DN= 29.8) and weakly solvated by soft because it partly compensates the decrease associated in the
donor solvents such as MeCN (DN14.1). HO is intermediate coordination number diminution. A higher polarizability would
with a donor number (DN) value of 18%.Actually, the also explain the tendency toward lower coordination numbers
decrease of the structural parameters (metal-to-solvent distancepbserved for the Ed ion in O-donor solvents.
coordination number, and DW factor) is correlated with increas-  The Debye-Waller (DW) factor can be related to the width
ing DN along the MeCN< H,O < DMF < DMSO series for of the radial distribution function (RDF); as the DW factor
both the E&" and S#" cations (Table 6). becomes larger, the distribution of the bond lengths becomes
Our results show a one-unit decrease in coordination numberlarger. An increase of the DW factor could therefore either
when going from HO to DMF and DMSO solutions for both ~ correspond to a low symmetry polyhedron or to an equilibrium
Ewt and S#t ions. Such a decrease is expected, because DMFbetween SpeCieS with different coordination numbers (i.e.,
and DMSO are at the same time bulkier solvents and much different metal-to-solvent bond |ength3). In solution, the DW
better coordinators thanB. A decrease in coordination number ~ factor increases significantly from the highly coordinating DMF
from 7 for SE+ to 6 for EX+ is also observed in DME. This and DMSO to the small D, and then to the low-coordinating
decrease is not surprising, because it has already been observéeCN. In the same solvent, the EuDW factor is 7%-10%
from 8 to 7 in the aqueous solutidrin the MeCN solution, larger than that of the 3t ion. The coordination numbers and
the sameN value of 8 was found for both Bt and S# ions. low DW values found in DMF and DMSO solutions suggest
This suggests that in the case of the MeCN solution, the thatthe [S((DMF)]**, [Eu(DMF)]**, and [Sr(DMSOj}** ions
coordination number is mostly dependent on the electrostatic @€ the only solvates present in solution. The coordination
interactions and not on the steric hindrance. A tendency toward "umbers found in MeCN solutions suggest that the octa-
coordination number decrease is also observed between aqueougPordinated ions [Sr(MeCNP* and [Eu(MeCNjJ** are the
and DMF solutions for trivalent lanthanide ioffs® In the solid predominant species in solution, but the associated high DW
state, trivalent lanthanides are preferentially coordinated to 9 Values do not exclude an equilibrium with minor 7 or 9
MeCN 2239 to 9 H,04%41to 8 DMF42 and to 8 or 7 DMSO coordinated solvates or both.
ligands? depending of the size of the lanthanide cation. Hence, ~ TO the best of our knowledge, the same coordination number
a decrease in coordination number is observed in the solid statevas found in pure DMF and in pure DMSO, whatever the metal
of trivalent lanthanide solvates when increasing the solvation i0n-***°Therefore, the 6 coordination number found for the [Eu-
strength of the solvent along the series Me€NH,0O < DMF (DMF)g]* ion would suggest hexa-coordination for the*Eu
< DMSO? Such an effect is consequently not specific to the 100 in DMSO solution, for which no experimental da_ta are
EW* and the S¥ ions in solution but could be observed for available. From the structural parameters found for tii& ®n
other typical hard ions. Note that a steric hindrance effect on in the MeCN, HO, DMF, and DMSO solutions and from the
coordination number has also been observed among trivalentcomparison between Bt and St ions in these different
lanthanides in the very similar DMF and DMAN-dimethy! solvents, we can deduce for the [Eu(DMSJ®) ion a Eu-O
acetamide) solvents (respective DN values of 26.6 and 27.8). Pond length of 2.525 A and a DW factor close to 0.0112 A
The decrease in coordination number occurring from DMF to )
DMA38 shows that hard ions are subjected to strong solvation Conclusion

steric effects in bulky aprotic oxygen-donor solvents. Structural parameters of the Euion were established in
For both E@" and S ions, the metal-to-solvent distances DMF and MeCN solutions, as well as the structural parameters
decrease along the MeCN H,O > DMF ~ DMSO series for S in DMF, DMSO, and MeCN solutions, using the XAFS
(Table 6). Moreover, in all of the solvents considered, these method with picometer accuracy. We obtained for thé"Gan
distances are slightly shorter for Euthan for the St* ion in DMF and MeCN solutions coordination numbers of 6.0(5)
(without coordination number correction). In the MeCN solu- and 7.9(4) and metal-to-solvent distances of 2.541(3) and
tions, a 0.025 A decrease is observed (larger than the 0.01 A2.640(4) A, respectively. A coordination number of 6 and a
decrease derived from Shannon r&diior N = 8). In the metal-to-solvent distance of 2.525 A were extrapolated for the
O-coordinating solvents, a 0.0+8.016 A decrease is observed, Eu?* ion in DMSO solution, for which no experimental data
whereas the associated coordination number decrease shouldre available. We obtained for the?Siion in DMF, DMSO,
lead to more severe shortening of the bond lengths {00036 and MeCN solutions coordination numbers of 6.9(3), 7.0(3),
A according to Shanndf). The E@* ion seems to have a and 8.1(8) and metal-to-solvent distances of 2.555(5), 2.540(7),
slightly higher affinity toward MeCN and a slightly lower and 2.665(6) A, respectively.
affinity toward O-coordinating solvents when compared with For both E4" and S#* ions, a decrease in coordination
the SP* ion. Actually, we observe in the X-ray diffraction number and metal-to-solvent distances was found along the
(XRD) structures of the B and S?* diethylenetriamine increasingly solvating MeCN H,O << DMF < DMSO solvent
pentaacetic acid (DTPA) complex&spn average, 0.013 A series: for europium(ll)N = 8 with [Eu(MeCN)}]2*, N = 7
shorter M—N bond lengths and 0.011 A longer-MD bond with [Eu(H20)7]%", and N = 6 with [Eu(DMF)]2" and by
lengths for the E@" over the St ion. In isomorphous extrapolation [Eu(DMSQ)?2*; for strontium,N = 8 with [Sr-
acetate4847the Eu-0O bond lengths were 0.015 A longer then  (MeCN)g]?t and [Sr(HO)g]2" andN = 7 with [Sr(DMF);]2*
their SP™ homologues. Hence, the comparison of crystal- and [Sr(DMSO)]?". However, an equilibrium with a minor
lographic data of the solid state, as well as the comparison of amount of 7 or 9 coordinated solvates or both cannot be
metal-to-solvent bond length in solution, suggests that tfé Eu  excluded in MeCN solution.
and S?#* ionic radii are equivalent and that Euis a slightly As is the case for the trivalent lanthanid8& U2 and S#+
softer ion than S, leading to shorter MN bonds and longer  feature a strong solvation steric effect in solution when moving
M—O bonds. E&" being the same size as?%r its relative from water to bulky aprotic donor solvents, whereas in the
softness could be due to the presence of 25 extra electrons. ThéleCN solution, the interaction is mostly electrostatic and not
difference in hardness could therefore explain the rather small very dependent on the steric hindrance effects. We also showed
bond length decrease observed in the O-coordinating solventsthat E¥™ and S# ionic radii should be considered as equivalent
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and that E&" seems to be a slightly softer ion thar¥'Sileading
to shorter M-N and longer M-O bonds and to smaller
coordination numbers in O-coordinating solvents.
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