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A new complex with the molecular formula [Nays(DMSO);s|-
[(13)5(D)] represents the first example of Na™ coordinated solely
by DMSO. The triiodide (I;") and iodide (I") anions form an
infinite linear chain running throughout the crystal.

Currently, alkali and alkaline earth metals are used in the
synthesis of coordination polymers including remarkable
‘edible’ species.! These materials are of interest for their
potential applications in the pharmaceutical industry,
rechargeable batteries and the fabrication of porous materials.
The final structure of a coordination polymer network
depends on the building blocks, i.e. organic ligands, metal
ions, counter ions and solvent molecules. It also depends on
complementary, reversible and directional interactions such as
coordination bonds, hydrogen bonding, n—m stacking and
van der Waals interactions.’> Metal-ligand coordination is a
directional interaction that can induce different supramolecular
architectures. Depending on the number of donor atoms, their
orientation in the ligand and the coordination number of the
metal, different one-dimensional (1D), two-dimensional (2D)
and three-dimensional (3D) structures can be produced.*
Another key factor in the design of coordination polymers is
the charge balance in the structure. Counter ions are present in
structures to allow neutral ligands to bind to metal ions and to
give overall electrical neutrality. They can serve as a template
for the observed form and topology of the network. They are
also relevant because in some cases, a solid product can be
isolated when a large counter ion is used.® The hydrophilic
nature of particularly the smaller alkali metal ions means that
they are frequently coordinated to water, and there are no
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examples of sodium surrounded entirely by DMSO, DMF or
other related solvents. However, the tendency of alkali metal
cations to form a solvated hydrophilic layer can result in
interesting layered compounds in which the polar, solvated
cations separate from ‘softer” anions.®

Recently, the coordination chemistry of DMSO has been
the subject of several review articles, focusing on the use of
transition metal DMSO complexes as precursors for the
synthesis of new organometallic and coordination compounds.
By contrast, the CSD contains only 19 examples of Na™
coordinated to one or two molecules of DMSO,” as well as a
few of DMSO coordinated anionic transition metal complexes
with alkali metal ions as counter ions.®

In this study, we report the synthesis of a new supra-
molecular compound with the molecular formula [Nay(DMSO);s]-
[(I3)5(I)] (1), where the sodium ions interact directly with
DMSO, an electrically neutral ligand, to give a unique
tetrameric DMSO-bridged cluster [Nay(DMSO);s]*" based
on octahedral metal cations. The cation layer is fully separated
from the infinite polyiodide layer [(I3);(I)]* resulting in
crystals with a greenish metallic lustre. The synthesis was
performed at room temperature with DMSO, iodomethane
(CH;I) and sodium hydroxide (NaOH) using a simple
combination of reagents.§

The infrared (IR) spectrum of 1 presented the characteristic
bands of the ligand. However, the band at 1017 cm” !, assigned
to the sulfur—oxygen vibration, (S—QO), appears at a lower
wave number compared to the free ligand (1026 cm ™). These
data suggest that the coordination occurs through the oxygen
atom of DMSO with the Na™, but this decrease is not
as remarkable as in the study of DMSO complexes with
transition metals by Cotton es al.’ The chemical shifts (J)
obtained by the proton and carbon nuclear magnetic resonances
('H and '*C NMR), in different solvents, indicate the presence
of DMSO'? and are not significantly affected by the coordination
with the Na™ ion.

The thermal stability of 1 was studied by thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC). In
Fig. 1 (TG curve), within the temperature range of 50-200 °C,
1 lost 74.82% (calcd 76.33%) of its mass. The total mass lost
was due to the loss of I, (caled 30.06%) and of DMSO (calcd
46.27%) in a number of well-defined various stages. This
stepwise loss suggests that the sodium—DMSO cluster can
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Fig. 1 Curve TG/DSC of compound 1.

A/N
[Nay(DMSO),5](I5)5(D)] —_ 2 31, +15DMSO + 4Nal
Scheme 1 Thermal decomposition of compound 1.

stabilise a variety of polyiodide anions, perhaps because of
the separate, layered structure. Eventually it is likely that
compound 1 probably completely decomposes to sodium
iodide (Nal) 24.50% (caled 23.67%) (Scheme 1).

Compound 1 has a melting point of 108.7 °C, which
corresponds to an endothermic peak found in Fig. 1 (DSC
curve). The DSC curve in this region overlaps with other
peaks, suggesting that the fusion of the compound is accompanied
by its decomposition.

Crystals of complex 1 obtained during the synthesis were
analyzed by single-crystal X-ray diffraction (XRD).§ In the
structure of complex 1 (Fig. 2), coordination around the Na™
is octahedral. This result is in accordance with other studies,
where the usual coordination number for metal ion complexes
bound to the oxygen atom of DMSO is six,'! although it is
unique for sodium. The structure has two types of anions: I3~

(a)

16) It5) 14 13 Ii2) I

®)

Fig. 2 (a) Asymmetric unit of 1. (b) An example of an oligomeric
alignment of a monomer, a trimer and a tetramer cation along the
c-axis. Thermal ellipsoids are drawn with a 30% probability level.

and iodide (I") ions. Both ions form linear chains near the
carbon atom of the DMSO ligand. There is a large body of
experimental and theoretical evidence on the interaction
stability of iodide ions with the carbon atom of DMSQ.!>!3

The compound crystallizes as a hexagonal space group
P65/m with a well-ordered chain of anionic I3~ and I~ units
along the c-axis, but occupation disorders were observed for
the Na™ cations at positions Na(2) and Na(3). This disorder
can only be interpreted as an oligomeric mixture of the general
formula [Na(DMSO).; 5]* ", where the tetramer is the major
cation. Fig. 2a shows the asymmetric unit with the Na positions
lying on the center of symmetry for the 63 screw axis. The
multiplicities/occupation factors for Na(l) and Na(2) that
build-up the tetrameric structure are normally 0.3333 and
0.1666 for Na(3), which lie within the symmetry center of
the axis. The disorder above leads to an occupation factor of
around 0.2833 for Na(2) and 0.0500 for Na(3), which means
that position Na(2) is only 85% occupied and Na(3) is 30%
occupied. Normally, Na(3) is the position for a monomer, but
by filling this position only with monomers implies that
the occupation of Na(2) should be 70%. Therefore, larger
oligomers, such as pentamers, must be included in the chain;
this situation is shown by the oxygen position at S(3).
Anisotropic refinement of the oxygen leads to a cigar-like
ellipsoid and indicates disorder. Fortunately, the position may
be split into three parts: O3 (70% for dimer, trimer and
tetramer), O4 (15% for pentamer or higher, connecting
Na(2) and Na(3)) and O5 (15% for monomer).

In the synthesis of 1 occurs simultaneously a side reaction
between iodomethane and dimethyl sulfoxide in which tri-
methylsulfoxonium iodide (2) is formed, the characterization
of this compound coincides with those reported in the literature'*
(see ESII).

The anion triiodide I;~ was formed during the synthesis of
complex 1, probably due to the formation of iodide ion and
iodine in the reaction medium'> (Scheme 2). In the synthesis of
complex 1 using a molar ratio of 33.2/1 (solvent to Na™ ion),
the solvent, DMSO, acts as a ligand; its action involves both
the solvation and the coordination of the Na™ ion. The
nucleophilic character and high dielectric constant (¢, = 46.6)
of DMSO allow it to coordinate strongly with the cation Na™*
through its oxygen atom (ion—dipole interaction), to act as an
electron donor and to form the general formula of a solvated
ion [Na(DMSO)s. 31" . On the periphery of the solvated
ion, the clustering of solvent molecules produces a spherical,
hydrophobic layer of alkyl groups. This layer encases the Na*
ion inside the resulting structure, and the electrostatic attractions
(ion—ion) between the Na ™ ions and the I7/I;~ ions decrease.
In other words, complex 1 is formed through a self-assembly
process driven by ion—dipole interactions, where DMSO
molecules are connected with the Na™ ions to form a 1D

CH;3l +OH  — CH;0H + I
2CHyl s CHyCH;+ 1,

L+l == I;

Scheme 2 Proposed mechanism of the formation of the anion
triiodide I3~ in the reaction medium.

This journal is © The Royal Society of Chemistry 2011
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oligomeric structure. Furthermore, based on the structure
formed, the linear arrangement of triiodide and iodide ions
stabilizes the oligomeric structure in the first dimension.

DMSO is an ambidentate ligand, and its bonding mode has
been well rationalized through Pearson’s concepts for the
hardness and softness of acids and bases. According to these
concepts, coordination occurs through sulfur (a soft donor)
with metal ions that are soft Lewis acids, and it occurs through
oxygen (a hard donor) with metal ions that are hard acids.'*'®
Therefore, in the synthesis of complex 1, the Na™ ion (a hard
acid) prefers to coordinate to the oxygen atom of DMSO
instead of forming Nal because the I ion is a soft Lewis
base.'”

To obtain similar complexes to 1 with other hard acids, such
as a lithium ion (Li"), potassium ion (K '), rubidium ion
(Rb™) and cesium ion (Cs™"), additional experiments were
conducted using similar conditions to the synthesis of 1.
Unfortunately, we did not obtain the complexes containing
these cations. However, by adding Nal to the final solutions of
these experiments and keeping the solution at 4 °C, 1 resulted.
This compound likely formed because K (138 pm),'® Rb™
(166 pm) and Cs™* (181 pm) have ionic radii greater than Na™
(102 pm) and because Li* has an ionic radius (76 pm) smaller
than Na ™. In other words, the intermediate ionic radius of the
Na™ ion is optimal for the self-assembly process. Similar
results have also been reported by Chen et al.'® for the
synthesis of 2D hybrid transition metal-alkali complexes,
where only the Na™ ion induces the organization.

In conclusion, a novel supramolecular compound with the
formula [Nay(DMSO);;5][(I3)5(1)] has been synthesized. In this
structure, the sodium is hexacoordinated, and there is an
arrangement of two linearly alternating anions. Future work
within our group will focus on the application of this novel
compound and the collateral reactions in the synthesis.

We would like to acknowledge the financial support given
by the Universidad Nacional de Colombia, Bogota.
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6 d, with continuous agitation. The color of the solution changed from
yellow to red, and a white precipitate formed. The precipitate was
filtered, washed with ethanol and identified as [(CH3);SO]l (2)
(0.694 g, 13%) (see ESIZ). The filtrate was kept refrigerated at 4 °C
for 8 d, where green crystals formed with metallic luster for 1.

The crystals of 1 were filtered and dried in a vacuum. The yield
obtained was 0.762 g, 28%.

9 Crystal data for 1: C30Hool10Na4O15S15, M = 2532.88, hexagonal,
Space group P63/m, a = 12.0292(4), b = 12.0292(3), ¢ = 32.9777(7) A,
V = 4132.61(19) A3, Z = 2, doieq = 2.035 Mg m_f, crystal size 0.35 x
0.15 x 0.08 mm?>, 7 = 233(2) K, 4 = 0.71073 A, 16891 reflections
collected, 2729 independent reflections (R, = 0.0499), R; = 0.0352
[ > 2a(D)], wR, = 0.0902 (all data), GOF = 1.081. CCDC 820376.
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