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The structure of the hydrated and the dimethyl sulfoxide solvated rubidium ions in solution has been determined
by means of large-angle X-ray scattering (LAXS) and extended X-ray absorption fine structure (EXAFS) studies.
The models of the hydrated and dimethyl sulfoxide solvated rubidium ions fitting the experimental data best are
square antiprisms with Rb−O bond distances of 2.98(2) and 2.98(3) Å, respectively. The EXAFS data show a
significant asymmetry in the Rb−O bond distance distribution with C3 values of 0.0076 and 0.015 Å3, respectively.
No second hydration sphere is observed around the hydrated rubidium ion. The dimethyl sulfoxide solvated rubidium
ion displays a Rb−O−S bond angle of ca. 130°, which is typical for a medium hard electron acceptor such as
rubidium.

Introduction

The alkali-metal ions, except the small lithium ion, are
very weakly solvated,1-6 and crystallize normally without
coordinated solvent molecules.7,8 In this study an attempt to
determine the structure of the hydrated and dimethyl sul-
foxide solvated rubidium ions in solution by means of large-
angle X-ray scattering (LAXS) and extended X-ray absorp-
tion fine structure (EXAFS) methods is made. To construct
models for evaluating the weak and possibly irregular
coordination around the hydrated rubidium ion in aqueous
solution in the current structure study, a literature search was
performed. A very large number of crystal structures of

rubidium compounds are reported in the literature where ru-
bidium is surrounded by oxygen atoms.7,8 In most compounds
no well-defined coordination figure around the rubidium ion
is present, and the Rb-O distances vary within a very wide
range. The Rb-O bond distances in the rubidium compounds
and complexes are in most cases in the range 2.7-3.2 Å.7,8

However, in some compounds symmetric coordination
figures around rubidium are present, e.g., a square antiprism
and a dodecahedron. Shannon has given the ionic radius of
the rubidium ion as 1.52, 1.61, 1.66, and 1.72 Å in six-,
eight-, ten-, and twelve-coordination, respectively.9 An
EXAFS study on the acetonitrile solvated rubidium ion is
so far the only reported structure on a rubidium ion in
solution.10 The Rb-N bond distance was determined to be
2.95(2) Å, with a coordination number of about seven.

The aim of the present study is to get a better idea of the
structure of the hydrated and dimethyl sulfoxide solvated
rubidium ions in solution, which may serve as a basic model
for the solvated potassium and cesium ions in solution. A
combination of LAXS and EXAFS techniques is used to
detect the Rb-O bond distances to the weakly bound solvent
molecules as accurately as possible.11

Experimental Section
Chemicals. Anhydrous rubidium fluoride, RbF (Merck), ru-

bidium iodide, RbI (Aldrich), and rubidium trifluoromethane-
sulfonate, RbCF3SO3 (Aldrich), were used as purchased, and
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rubidium picrate, RbOC6H2(NO2)3, was prepared as described
elsewhere.12 Dimethyl sulfoxide (Merck) was freshly distilled over
calcium hydride (Fluka) under reduced pressure.

Sample Preparation. The aqueous rubidium fluoride, iodide,
and trifluoromethanesulfonate solutions and the dimethyl sulfoxide
solutions of rubidium picrate and iodide were prepared by dissolving
weighed amounts of the salt in the respective solvent. The
composition of the studied samples is given in Table 1.

EXAFS Analysis. The Rb K-edge X-ray absorption data were
collected in transmission mode at beam line 4-1, Stanford Syn-
chrotron Radiation Laboratory (SSRL), under dedicated conditions;
SSRL operates at 3.0 GeV and a maximum current of 100 mA. A
Si[220] double-crystal monochromator was detuned to 50% of the
maximum intensity at the end of the scans to discard higher order
harmonics. The solutions were kept in cells with 6.3µm X-ray
polypropylene foil windows and a 1 mmTeflon spacer. The energy
calibration of the X-ray absorption spectra was performed by
simultaneously recording the spectrum of a rubidium chloride
sample, and assigning the first K-edge inflection point to 15200
eV.13 Three scans of each sample were recorded, energy calibrated,
and averaged.

The EXAFS data analysis was performed with the GNXAS code
using previously developed and widely applied methods.14,15In the
GNXAS approach the interpretation of the experimental data is
based on the decomposition of the EXAFSø(k) signal (defined as
the oscillation with respect to the atomic background cross-section
normalized to the corresponding K-edge channel cross-section16)
into a summation overn-body distribution functionsγ(n) calculated
by means of the multiple-scattering (MS) theory. Each signal has
been calculated in the muffin-tin approximation using the Hedin-
Lundqvist energy-dependent exchange and correlation potential
model, which includes inelastic loss effects.15

X-ray absorption spectra at the Rb K-edge are well-known to
be affected to a high degree by anomalies associated with the
opening of multielectron excitation channels.17,18 In the case of
solutions, due to the weakness of the structural signal, the use of a
proper atomic background model is an essential prerequisite to
perform a reliable EXAFS data analysis. To this end double-electron
excitations can be accounted for by modeling the atomic background
as the sum of a smooth polynomial spline plus step-shaped functions

as described in ref 14. Each function depends on three parameters,
which represent the edge position relative to the single-hole state
Ed, the width∆E, and the jumpH of the double-electron channel
contribution.

The spectrum of the aqueous rubidium trifluoromethanesulfonate
solution and the atomic background used to isolate the structural
contribution are shown in Figure 1. The ordinate∆R corresponds
to the absorption excess, which is calculated by subtracting an
average decay from the absorption spectrum fitted in the EXAFS
region, and normalized to the K-edge discontinuity. Arrows in
Figure 1 indicate the energy positions of the double-electron
transitions associated with the 4p, 4s, 3d, and 3p electrons, obtained
from HF theoretical calculations.18 A very similar background model
has been used in the analysis of the dimethyl sulfoxide solution.
Note that the atomic background used to extract theø(k) signal
closely reassembles the X-ray absorption spectrum of rubidium
vapor, thus enforcing the reliability of the present analysis.18

Attempts to extract EXAFS data from EXAFSPAK and WinXAS
program packages did unfortunately fail, and it was only by the
approach used in the GNXAS program, described above, that a
reasonableø(k) function was obtained.

Several EXAFS investigations on electrolyte solutions have
shown that a correct description of the first solvation sphere has to
account for asymmetry in the distribution of the ion-solvent
distances. Therefore, the Rb-O first coordination shells have been
modeled withΓ-like distribution functions which depend on four
parameters, namely, the coordination numberN, the average
distanceR, the mean-square variationσ2, and the skewnessâ. Note
thatâ is related to the third cumulantC3 through the relationC3 )
σ3â.

X-ray absorption spectroscopy is endowed with the unique
capability of providing quantitative information on the three-body
distribution functions in disordered systems. In the case of the
dimethyl sulfoxide solution, theγ(3) signal associated with the Rb-
O-S three-body distribution has been calculated by means of the
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Table 1. Concentrations (mol‚dm-3), Densities (F/g‚cm-3), and Linear Absorption Coefficients (µ/cm-1) of the Aqueous and Dimethyl Sulfoxide
(Me2SO) Solutions Used in the Large-Angle X-ray Scattering (L) and EXAFS (E) Measurements

sample [Rb+] [X -] [solvent] F µ method

RbF in water 3.01 3.01 52.60 1.260 24.40 L
RbI in water 1.51 1.51 50.13 1.227 19.91 L
RbCF3SO3 in water 1.00 1.00 52.50 E
RbC6H2(NO2)3O in Me2SO 1.31 1.31 12.02 1.342 14.49 L
RbI in Me2SO 0.80 0.80 12.60 E

Figure 1. XAS spectrum of the aqueous solution of rubidium trifluo-
romethanesulfonate after subtraction of a linear component (dotted line)
and the adopted atomic background function (sold line). Arrows mark the
calculated energy thresholds for the double-excitation processes involving
the 1s and 4p, 4s, 3d, and 3p electrons, respectively.
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GNXAS program, and a thorough description of the theoretical
framework used in the MS data analysis has been reported
elsewhere.14 The only structural parameters associated with the Rb-
O-S γ(3) contribution are the Rb-O and S-O bond distances and
the Rb-O-S bond angle. The Rb‚‚‚S two-body signal is calculated
starting from the same structural parameters.

The standard deviations given for the refined parameters in Table
2 are obtained fromk3-weighted least-squares refinements of the
EXAFS functionø(k), and do not include systematic errors of the
measurements. These statistical error estimates provide a measure
of the precision of the results and allow reasonable comparisons,
e.g., of the significance of relative shifts in the distances. However,
the variations in the refined parameters, including the shift in the
Eo value (for whichk ) 0), using different models and data ranges,
indicate that the absolute accuracy of the distances given for the
separate complexes is within(0.01-0.02 Å for well-defined
interactions. The “standard deviations” given in the text have been
increased accordingly to include estimated additional effects of
systematic errors.

Large-Angle X-ray Scattering. The scattering from the free
surface of aqueous solutions of rubidium fluoride and iodide was
measured by means of a large-angleθ-θ diffractometer, using Mo
KR radiation,λ ) 0.7107 Å. The solutions were contained in an
open Teflon cup with an airtight radiation shielding with beryllium
windows. The scattered radiation was monochromatized in a
focusing LiF crystal monochromator, and the intensity was
measured at discrete points in the range 1° < θ < 65°; the scattering
angle is 2θ. The scattering variables is defined ass ) 4πλ-1 sin
θ. A total of 100000 counts were accumulated at each preset angle,
and the entire angular range was scanned twice, which corresponds
to a statistical error of about 0.3%. The divergence of the primary
X-ray beam was limited by 1°, 1/4°, or 1/12° slits for differentθ
regions, with overlapping data for scaling purposes. The technical
description of the experimental setup and the most important
equations in the data treatment have been presented elsewhere.19

All data treatment was carried out by means of the KURVLR
program.20 The experimental intensities were normalized to a
stoichiometric unit of volume containing one rubidium atom, using
the scattering factorsf for neutral atoms, including corrections for
anomalous dispersion,21 ∆f′ and ∆f′′, and values for Compton

scattering.22 Least-squares refinements of the model parameters were
carried out by means of the STEPLR program,23 where the
expressionU ) ∑[siexptl(s) - sicalcd(s)]2 is minimized, whereU is
the error square sum andi(s) reduced intensity. The refinement of
the model parameters was made for data in the highs region where
the intensity contribution from the diffuse and long-range distances
can be neglected.24 To obtain a better alignment of the intensity
function before the refinements, a Fourier back-transformation
procedure was used to correct theiexptl(s) functions by removing
spurious nonphysical peaks below 1.2 Å in the experimental radial
distribution function (RDF).25 The errors given in Table 2 of the
parameters obtained from the LAXS method include only the
statistical errors, while the errors given throughout the text also
include the estimated systematic errors.

Strengths of the EXAFS and LAXS Techniques.The structure
determination of the rubidium ion in aqueous and dimethyl sulfoxide
solution shows nicely that the EXAFS and LAXS techniques are
complementary. The EXAFS method has its strength in the ability
to separate short well-defined distances and describe asymmetry
in bond distance distribution, which is not possible with the LAXS
method, due to the much larger momentum range available for the
former one.26 The intensity functions of the EXAFS and LAXS
methods show that the amplitude is much faster damped in the
former, which means that long distances with relatively large
distance distribution are not seen in EXAFS, while they can be
clearly seen in LAXS.26,27

Results and Discussion

Hydrated Rubidium Ion. The radial distribution function
of an aqueous solution of 1.5 mol‚dm-3 rubidium iodide
shows two distinct peaks, at 2.9 and 3.6 Å, below 6 Å; see
Figure 2. The first peak corresponds mainly to two interac-
tions, the Rb-O bond distance in the hydrated rubidium ion
and the O-(H)‚‚‚O distances within the aqueous bulk, and
the second peak to I‚‚‚(H)-O distances of the hydrated
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(22) Cromer, D. T.J. Chem. Phys. 1969, 50, 4857.
(23) Molund, M.; Persson, I.Chem. Scr.1985, 25, 197.
(24) Sandstro¨m, M.; Persson, I.; Ahrland, S.Acta Chem. Scand., Ser. A

1978, 32, 607.
(25) Levy, H. A.; Danford, M. D.; Narten, A. H.Data Collection and

EValuation with an X-Ray Diffractometer Designed for the Study of
Liquid Structure; Report ORNL-3960; Oak Ridge National Laboratory;
Oak Ridge, TN, 1966.

(26) Persson, I.; Sandstro¨m, M.; Yokoyama, H.; Chaudhry, M.Z. Natur-
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Table 2. Model Fitting of LAXS and EXAFS Dataa

system interaction N d σ2 C3 So
2 method

RbI in water, 1.51 mol‚dm-3 Rb-O 8 2.990(8) 0.0120(6) L
I‚‚‚O 6 3.584(6) 0.0102(5)
O‚‚‚O 2 2.817(5) 0.0124(8)

RbF in water, 3.01 mol‚dm-3 Rb-O 8 2.961(6) 0.0124(6) L
F‚‚‚O 6 2.66(2) 0.011(3)
O‚‚‚O 2 2.884(12) 0.0125(7)

RbCF3SO3 in water, 1.00 mol‚dm-3 Rb-O 8.0(5) 2.98(4) 0.049(3) 0.0076(5) 0.98 E
Rb‚‚‚H 16 3.75(10) 0.18(4) 0.07(3)

RbOC6H2(N O2)3 in Me2SO, 1.31 mol‚dm-3 Rb-O 8 2.964(8) 0.0154(6) L
Rb‚‚‚S 8 4.070(6) 0.034(2)

RbI in Me2SO, 0.80 mol‚dm-3 Rb-O 7.9(5) 3.01(4) 0.060(6) 0.015(8) 0.98 E
S-O 7.9(5) 1.52(2) 0.005(2)
Rb‚‚‚Sb 7.9(5) 4.18(5) 0.055(8)

a Mean bond distances,d/Å, Debye-Waller factor coefficients,σ2/Å2, number of distances,N, asymmetry parameters (or third cumulants),C3/Å3, and
amplitude reduction factors,So

2, in the EXAFS studies, of the solvated rubidium ion in solution as determined by EXAFS (E) and LAXS (L) at room
temperature.b The Rb-O-S angle has been refined to 137(4)°.
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iodide ion. Refinements of the Rb(OH2)8 and I(‚‚‚(H)-O)6
clusters, and of the O‚‚‚(H)-O interactions in the aqueous
bulk resulted in Rb-O, I‚‚‚(H)-O, and O‚‚‚(H)-O distances
of 2.99(1), 3.58(2), and 2.82(2) Å, respectively. The O‚‚‚O
interactions within the square antiprismatic Rb(OH2)8 cluster
are seen as a weak shoulder at ca. 4.0 Å, while the expected
weak interaction at 5.55 Å is hardly seen in the RDF (cf.
Figure 2). The I‚‚‚(H)-O distance in the hydrated iodide
ion, assumed to be surrounded by six water molecules, is in
close agreement with previous results.28,29The coordination
number of the hydrated halide ions is six for all halides in
aqueous solution, as indicated by the same difference in the
X‚‚‚(H)-O distances in aqueous solution as the difference
in ionic radii for the six-coordinated halide ions given by
Shannon.9 Broad peaks often remain at ca. 4 Å in theLAXS
difference function for aqueous solutions of large and weakly
hydrated ions (cf. Figures 1 and 2, Figures 1-6 in ref 30,30

Figure 2 in ref 31,31 and Figure 1 in ref 3232). This probably
reflects a distribution of O-(H)‚‚‚O distances shorter than

normal in the water structure, caused by a partial breakdown
of the hydrogen bonding due to the presence of the large
structure-breaking ions poorly fitting into the bulk structure.
A detailed theoretical modeling to explain these experimental
observations is still lacking. The structural parameters are
summarized in Table 2. The fit of the experimental intensity
data and the RDF with the individual contributions are given
in Figure 2.

The radial distribution function of an aqueous solution of
3.0 mol‚dm-3 rubidium fluoride shows below 6 Å one
distinct peak at 2.9 Å; see Figure 3. This peak corresponds
to several interactions, the Rb-O bond distance in the hydra-
ted rubidium ion, the F‚‚‚(H)-O distance of the hydrated
fluoride ion, reported to be 2.60-2.69 Å in aqueous solu-
tion,28,29 and the O-(H)‚‚‚O distances within the aqueous
bulk occurring at about 2.89 Å in pure water.29 Refinements
of the Rb(OH2)8 and F(‚‚‚(H)-O)6 clusters and of O‚‚‚(H)-O
interactions in the aqueous bulk resulted in Rb-O, F‚‚‚(H)-
O, and O‚‚‚(H)-O distances of 2.96(2), 2.66(4), and 2.88(4)
Å, respectively. The F‚‚‚(H)-O distance in the hydrated
fluoride ion, surrounded by six water molecules, is in close
agreement with previous results.28,29The O‚‚‚(H)-O distance

(28) Ohtaki, H.; Radnai, T.Chem. ReV. 1993, 93, 1157 and references
therein.

(29) Johansson, G.AdV. Inorg. Chem.1992, 39, 159 and references therein.
(30) Lyxell, D.-G.; Pettersson, L.; Persson, I.Inorg. Chem.2001, 40, 584.
(31) Jalilehvand, F.; Spa˚ngberg, D.; Lindqvist-Reis, P.; Hermansson, K.;
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(32) Persson, I.; Jalilehvand, F.; Sandstro¨m, M. Inorg. Chem.2001, 40,

584.

Figure 2. LAXS. (Top) Individual peak shapes for all contributing species
in the 1.50 mol‚dm-3 aqueous solution of rubidium iodide (offset+20):
Rb-O interactions in the first hydration shell (solid line), the hydrated iodide
ion (dashed line), and O‚‚‚O distances in aqueous bulk (dotted line). (Middle)
ExperimentalD(r) - 4πr2Fo (solid line), model (dashed line), and difference
(dashed-dotted line). (Bottom) Reduced LAXS intensity functionssi(s)
(solid line) and modelsicalcd(s) (dashed line).

Figure 3. LAXS. (Top) Individual peak shapes for all contributing species
in the 3.01 mol‚dm-3 aqueous solution of rubidium fluoride (offset+14):
Rb-O interactions in the first hydration shell (solid line), the hydrated
fluoride ion (dashed line), and O‚‚‚O distances in aqueous bulk (dotted
line). (Middle) ExperimentalD(r) - 4πr2Fo (solid line), model (dashed line),
and difference (dashed-dotted line). (Bottom) Reduced LAXS intensity
functionssi(s) (solid line) and modelsicalcd(s) (dashed line).
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within the aqueous bulk, 2.88 Å, is very close the value
previously found in pure water,29 showing that the rubidium
and fluoride ions perturb the aqueous bulk only to a small
degree. The O‚‚‚O interactions within the square antipris-
matic Rb(OH2)8 and the octahedral F(‚‚‚(H)-O)6 clusters are
seen as a weak shoulder at ca. 3.9 Å; see Figure 3. The lack
of strong contributions around 4.5 Å in both aqueous
solutions of rubidium studied strongly indicates that no well-
defined second hydration sphere is present around the
hydrated rubidium ion; the second hydration spheres are seen
very clearly in hydrated di- and trivalent metal ions, as well
as in the hydrated silver(I) and thallium(I) ions.28,29,33,34The
structural parameters are summarized in Table 2. The fit of
the experimental intensity data and the RDF with the
individual contributions are given in Figure 3.

The results of the EXAFS data analysis performed on the
1.0 mol‚dm-3 rubidium trifluoromethanesulfonate aqueous
solution are shown in Figure 4. In the upper panel we report
the Rb-O and Rb-H two-body theoretical signals, their sum

compared with the experimental spectrum, and the resulting
residual. As expected, the dominant contribution to the total
EXAFS curve is given by the Rb-O first shell signal, but
the Rb-H signal is clearly detectable, and its amplitude is
above the experimental noise of the spectrum. Nevertheless,
due to the weakness of the Rb-H contribution, the hydrogen
structural parameters obtained from the minimization are
affected by large systematic errors (see Table 2). The sharp
peak at about 6.1 Å-1 is associated with the opening of the
1s3d double-excitation channels, and it does not have its
origin in a structural contribution.17 For this reason the
experimental points in a range of about 20 eV around this
peak have been excluded from the fitting procedure. The
magnitudes of the Fourier transforms (FTs), non-phase-shift-
corrected, of the experimental, theoretical, and residual
signals are shown in the lower panel of Figure 4. Least-
squares refinement of the Rb-O first hydration shell resulted
in an asymmetric distribution of the water molecules around
the rubidium ion, with a median bond distance of 2.98(4)
Å. Refined values of the full set of structural parameters are
listed in Table 2. The energy onsetEd, the width∆E, and
the jumpH of the double-electron excitation edges have been
found equal to those reported in ref 17, while the zero
position of the theoretical scale was 1.0(5) eV above the first
inflection point of the spectrum. It is important to stress that
So

2, which accounts for the reduced overlap between the
passive electrons in the ground-state and the excited-state
relaxed configurations, is strongly correlated with the first
shell coordination number. This makes it difficult to obtain
reliable information on the coordination geometry around
the photoabsorber, when multielectron excitation effects are
not properly accounted for in the EXAFS data analysis. On
the other hand, when a proper background model is used,
So

2 is expected to be close to 1.0,35 and this result has been
previously found for the Rb+ ion.17

Dimethyl Sulfoxide Solvated Rubidium Ion.The radial
distribution function of a 1.31 mol‚dm-3 dimethyl sulfoxide
solution of rubidium picrate shows three peaks, a double peak
at 1.5-1.9 Å corresponding to intramolecular bond distances
in the solvent and the picrate ion, a peak at 2.75 Å containing
large contributions from intramolecular distances in the
solvent and the picrate ion as well as Rb-O bond distances
in the dimethyl sulfoxide solvated rubidium ion, and a peak
at 4.2 Å corresponding to Rb‚‚‚S distances in the dimethyl
sulfoxide solvated rubidium ion; see Figure 5. The coordina-
tion number of the dimethyl sulfoxide solvated rubidium ion
is close to eight, which is in accordance with the observation
in aqueous solution, see above, and the ionic radius given
by Shannon.9 The large broad peaks at ca. 5.5 and 9 Å are
typical for dimethyl sulfoxide solutions and correspond to
intermolecular distances.36 The structural parameters are sum-
marized in Table 2. The Rb-O-S bond angle is 127.4(8)°,
which is typical for a medium hard electron acceptor.37 The

(33) Yamaguchi, T.; Johansson, G.; Holmberg, B.; Maeda, M.; Ohtaki, H.
Acta Chem. Scand., Ser. A1984, 38, 437.

(34) Persson, I.; Jalilehvand, F.; Sandstro¨m, M. Inorg. Chem.2002, 41,
192.

(35) D’Angelo P.; Di Cicco, A.; Filipponi, A.; Pavel, N. V.Phys. ReV. A
1995, 47, 2005.

(36) Ahrland, S.; Hansson, E.; Iverfeldt, A° .; Persson, I.Acta Chem. Scand.,
Ser. A1981, 35, 275.

Figure 4. EXAFS. (Top) Fit of the aqueous solution of rubidium
trifluoromethanesulfonate. From the top to the bottom of the panel the
following curves are reported: Rb-O and Rb-H first shell two-body
signals, total theoretical signal (solid line) compared with the experimental
spectrum (dotted line) and residual. (Bottom) Non-phase-shift-corrected
Fourier transforms of EXAFS experimental data (dotted line), of the
theoretical signal (solid line), and of the residual curve (dashed-dotted line)
calculated over the range 2.8< k < 12.7 Å-1.
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fit of the experimental intensity data and the RDF with the
individual contributions are given in Figure 5.

The results of the EXAFS data analysis performed on the
0.8 mol‚dm-3 rubidium iodide/dimethyl sulfoxide solution
are shown in Figure 6. The first three curves from the top
correspond to the Rb-O γ(2), Rb-O-S γ(3), and Rb‚‚‚S γ(2)

contributions. The reminder of the figure shows the total
theoretical signal compared with the experimental spectrum
and the resulting residual. Also in this case the experimental
points around 6.1 Å-1 have been excluded from the fitting
procedure. The magnitudes of the FTs, non-phase-shift-
corrected, of the experimental, theoretical, and residual
signals are shown in the lower panel of Figure 6. The
structural parameters obtained from the minimization are
listed in Table 2. The Rb-O-S angle is 132(4)° with a bond
angle variance of 4.5°, in agreement with the LAXS
determination. According to the EXAFS results the Rb‚‚‚S
distance is 4.18(5) Å with a Debye-Waller factor of 0.055(8)
Å2, while the zero position of the theoretical scale is 1.5(5)
eV above the first inflection point of the spectrum.

The distances obtained from the LAXS and EXAFS
studies are in very good agreement, while the Debye-Waller

factor coefficients,σ2, are larger from the EXAFS data than
from the LAXS data. A possible reason can be that the
EXAFS technique is less sensitive to long and more diffuse
interaction than the LAXS technique.26 In the previous study
on the hydration and solvation of the thallium(I) ion, the
same trend was observed with largerσ2 values from the
EXAFS data,34 while for strong interactions the difference
is negligible.

Conclusions

The weakly hydrated and dimethyl sulfoxide solvated
rubidium ions both seem to be surrounded by ca. eight
solvent molecules, probably in square antiprismatic fashion,
at a mean bond distance of 2.98(2) and 2.98(3) Å, respec-
tively. These results and those for the previously reported
acetonitrile solvated rubidium ion,d(Rb-N) ) 2.95 Å,10

show that the rubidium has a fairly well-defined solvation
shell in both water and nonaqueous solvents with a reason-
able high dipole moment, and that ca. eight solvent molecules
are clustered around the rubidium ion in the solvents studied.
The Rb-O bond distribution is clearly asymmetric withC3

values of 0.0076 and 0.015 Å3 for the hydrate and dimethyl
sulfoxide solvate, respectively. Using the atomic radius of
water oxygen, 1.34 Å,38 the ionic radius of the eight-

(37) Calligaris, M.; Carugo, O.Coord. Chem. ReV. 1996, 153, 83 and
references therein.

Figure 5. LAXS. (Top) Individual peak shapes for all contributing species
in the 1.31 mol‚dm-3 dimethyl sulfoxide solution of rubidium picrate (offset
+12): Rb-O and Rb‚‚‚S distances in the dimethyl sulfoxide solvated
rubidium ion (solid line), the picrate ion (dashed line), and the solvent
dimethyl sulfoxide (dotted line). (Middle) ExperimentalD(r) - 4πr2Fo (solid
line), model (dashed line), and difference (dashed-dotted line). (Bottom)
Reduced LAXS intensity functionssi(s) (solid line) and modelsicalcd(s)
(dashed line).

Figure 6. EXAFS. (Top) Fit of the dimethyl sulfoxide solution of rubidium
iodide. From the top to the bottom of the panel the following curves are
reported: Rb-O two-body signal, Rb-O-S three-body signal, Rb‚‚‚S two-
body signal, total theoretical signal (solid line) compared with the
experimental spectrum (dotted line) and residual. (Bottom) Non-phase-shift-
corrected Fourier transforms of EXAFS experimental data (dotted line), of
the theoretical signal (solid line), and of the residual curve (dashed-dotted
line) calculated over the range 2.9< k < 12.7 Å-1.
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coordinated rubidium ion is ca. 1.64 Å, which is in good
agreement with the value proposed by Shannon, 1.61 Å.9
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