1988 Inorg. Chem.1997,36, 1988-1989

A Supramolecular Approach to the Crystallization of Polynuclear Aqua lons: Structure and Magnetism
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The crystallization of polynuclear aqua ions continues to be the product, as in the parent mesitylatbut had now been
a challenging problem. One of the more successful methodsimmobilized between sheets of 18-crown-6 molecules with the
has been a supramolecular approach which uses aromatiadimer cations being further separated by the sulfonates (Figures
sulfonates as counteriofis? It relies on the formation of layers 1 and 2).
of the aqua cations and water molecules which are stabilized Figure 2 shows the H-bonded network bfincluding the
in their H-bonded network by suitably oriented layers of the interactions of 18-crown-6 molecules with adjacent dimer units.
sulfonate anions. The hydrophobic ends of the anions serve toAdditional H-bonding to water of crystallization was present
separate adjacent layers of the cations and thus aid crystalliza4in the parent mesitylate.While the Ce-O distances within the
tion. The utility of this method has been demonstrated by the dimer cation are similar to those in the parent mesitylate, there
crystallization and X-ray structure elucidation of several sulfur- are distinct differences. In particular, the,Op bridging unit
bridged aqua iorfsand some oxo- and hydroxo-bridged aqua in the 18-crown-6 adduct is asymmetric. The-@r distance
ions, including some binuclear ioh$-¢ and a Mo(1V) trimer? and CO—Cr angle for O(5) 1.925(2) A and 101.0(2) are

Although studies of the polymerization of €7 and RF* 28 different from those for O(6]1.952(2) A and 99.2(2}. The
have led to the isolation of several oligomers, attempts to crys- Cr---Cr distance in the 18-crown-6 adduct is slightly shorter
tallize oligomers with higher nuclearity than dimeric have been (2.970 A vs 3.006 A). A smaliransinfluence is evident from
unsuccessful, even with sulfonate counterions. Described herethe C—0O(OH,) distancegransto the bridging hydroxides; viz.,
is an extension of the supramolecular approach which can bethe bondransto the shorter Gr(«-OH) bond is slightly longer
widely applied in the crystallization of such ions. It relies on than thattrans to other Cr-(u-OH) bond. The interactions
the introduction of noncoordinating macrocycles with donor between the 18-crown-6 molecules and the dimer are of interest
atoms capable of H-bonding to ligated water, thus modifing the from the point of view of the general application of such
H-bonding network that surrounds the ions in solution. The molecules in the crystallization of polynuclear aqua ions. Three
cocrystallization of the Cr(lll) dimer mesitylene-2-sulforfate moderately strong H-bonds (€H---O) are observed between
with 18-crown-6 is reported here together with the profound each crown ether and the two ends of the dimer. These
effect of modifying the H-bonded network on the magnetic ex- H-bonds, found between O1 and 054/056, O3 and 052, O7
change properties of the dimer in comparison to the parent sys-and 055, and 09 and 051/053 (Figure 2), are in the range
tem. Although supramolecular inorganic chemistry is of topical 2.7—2.82 A (O--O distance) and average 2.75 A. They are
interes?1% and adducts of transition metal ions exist with H-  slightly weaker in strength than H-bonding interactions between
bonds between the crown ethers and ligated water, e.g. [Mn-the dimer and water of crystallization (average 2.67 A) and
(H20)6](ClO4),-18-crown-6t* the Cr(lll) dimer adduct is the  between the dimer and sulfonate ions (average 2.66 A).
first example of a polynuclear aqua ion incorporating such Notably, the interactions between coordinated water and 18-

interactions. crown-6 are stronger it than in [Mn(HO)g](ClO4)2:18-crown-
Crystals of [Cp(u-OH)2(H20)g][(H 3C)sCeH2SO5] 4 C12H2406° 6, where the corresponding-@---O(18-crown-6) distances

3H,0 (1) were obtained from aqueous solutions containing 18- were 2.8-3.1 A1l

crown-6 and the dimer mesitylene-2-sulfon&elR bands at The parent complex, [Gfu-OH)z(H20)s][(H 3C)sCeH2SOs] 4

959 and 1355 cmt confirmed the presence of 18-crown-6 in  4H,0, is notable for the ferromagnetic nature of exchange
the product; other bands were masked by those of the sulfonate.
X-ray diffraction analysi¥® showed that dimer was present in (12) A 10 mL aqueous solution of chromium(lll) dimer mesitytate.45

g, 0.39 mmol) was added ta 5 mLaqueous solution of 18-crown-6
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Figure 1. ORTEP diagram and atomic labeling schemeldfwith
20% thermal ellipsoids). Molecules labelee-E& have been transformed 50 100 150 200 250 300
through the following symmetry operators: (AHlX,y, z (B) 1 + x, T K]
1+y,2z(C)—x2-y,-zDO)x1+y,z(E)1-x1-y,1-2z Figure 3. Experimental and fitted (solid line; parameters in text)

temperature dependence of the molar magnetic susceptilajtarid
magnetic momentd) of 1.

bridging angle @) of 101°, and tilt angle ¢) of 53° andJ =

—1 cnr 1 for a Cr—O distance of 1.953 A9 = 99.2(1}, and¢

= 62°. These values are in fair agreement with the measured
values (further comparisons of calculated and measilvatlies

for hydroxo-bridged Cr(lll) systems are given in ref 16). A
comparison of the magnetic behaviors of the two forms of dimer
indicates that individual dimer units in the 18-crown-6 adduct
are magnetically isolated and that interdimer H-bonded water
pathways, responsible for ferromagnetic coupling in the parent
complex, have been “closed off”. Although in the 18-crown-6
adduct a H-bonded pathway exists for potential intermolecular
interactions along the axis (parallel to the crown ethers; Figure
2), pathways involving the ends of each dimer and water of
crystallization, present in the parent complex, have been replaced
by interactions with the 18-crown-6 molecules. Fine details of

Figure 2. View of 1 showing H-bonding interactions between the dimer this novel effect are be”.‘g elucidated, but it appears that H-
cation and the 18-crown-6 molecules and extending through the watersPonded pathway':s, emerging from ':[he ends of the_d'mer’ rather
of crystallization to adjacent dimers. than from the "bridging groups”, are responsible for the

) ) ) ) ferromagnetic behavior of the parent complex and, by inference,
coupling observed in crystalline samples, the posifuelue the isostructural complex, [CrRIMOH)z(H20)g][(H 3C)sCeHa-
being ascribed to intradimer coupling with weak interdimer go;,.4H,03
coupling also proposet}. We recently' studied the magneﬂsm In recent years, there have been a number of reports of anti-
of th?. Rh_—Crhanandguf agdcnow bel"e"? that felTro_magnetlc ferromagnetic exchange interactions in Cr(lll) complexes which
coupling in this and the CrCr complex is actually Intermo- 50 meiated through H-bonding interactiéhsThe contrasting
lecular in origin and t.ra.nsmlltted between dimeies H-bonded behaviors of the Cr(lll) dimer mesitylateand its 18-crown-6
water pathways. This is given f_urther crede_nce in the Present ,yguct provide strong evidence for the proposal that ferromag-
study, where intramolecular antiferromagnetic coupling of the netic interactions can also be mediated through H-bonded

Cr(i cer\ters, within each dimer,. is clearly evident in fhes networks. In view of this finding, the weak ferromagnetism in
T plot (F|gure' 3). An excgllgpt fit of the data to = %, Nay[Cra(u-OH),(malonato)]-5H,0'® could also arise through
Heisenberg dimer susceptibility equation H-bonding interactions involving water of crystallization.
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