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A “Cation-less” Oxalate-Based Ferromagnet Formed by Neutral
Bimetallic Layers:  {[Co(H20).]3[Cr(0x) 3]2(18-crown-6) »} . (0x = Oxalate
Dianion; 18-crown-6 = C12H2406)
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Neutral layers of the bimetallic oxalate complex {[Co(H20),]s[Cr-
(0x)s]2} - are formed in the presence of a crown ether and stabilized
by hydrogen bonding. The resulting soluble ferromagnet orders at
T.=T74K

(Cx04)3] (M" = Mn, Fe, Co, Ni, Cu, Zn; M = Cr, Fe, V,
Ru, Mn). Depending on the identity of the divalent and
trivalent metallic ions, these compounds behave as ferro-
magnets, ferrimagnets, or weak ferromagnets with critical
temperatures between 6 and 453 K.
Substitution of the bulky monocation with tris(bipyridyl)
The oxalate dianion (ox) has demonstrated to be one of metallic complexes [#(bpy)]?* (Z = Fe, Co, Ni, Ru; bpy
the most versatile ligands used in the search for molecule-= CigHsN)? gives rise to the formation of 3D extended
based magnets. As a bis-bidentate chelate linker, it affordsbimetallic oxalate-based networks: "[Bpy)][CIO4][M "M" -
incomparable possibilities for the tuning of the magnetic (C;O.)3]. These compounds show ferro- and ferrimagnetic
properties. Thus, in these systems, the topology, dimension-behavior, with lower ordering temperatures than their 2D
ality, and sign of the magnetic exchange can be controlled counterparts.
at ease, allowing for the preparation of a large variety of  The flat [K(18-crown-6)} cation induces, on the contrary,
novel magnetic materials (hybrid magngthiral magnets;? a reduction of the dimensionality, to yield other less
conducting magnetspr photoactive magnet$). connected 2D anionic layers and even 1D chamh$hese
Such versatility is exemplified by the bimetallic oxalate systems also reach magnetic ordering at lower temperatures
complexes. These compounds are obtained by using athan their 2D counterparts.
[M""(ox)s]3~ octahedral complex as a ligand toward para-  Other cations, with the help of capping ligands, allow one
magnetic divalent ions. In a first step, this results in the to decrease the dimensionality even further, to yield discrete
formation of anionic oligomeric species in solution. In a polynuclear compounds, such as dimersjmersi® or
second step, the presence of bulky cations in the media leadgetramers?
to the self-assembling of these molecular species and to the
formation of nonsoluble coordination polymers. The first
example of such a strategy was discovered in the early 1990s
by Okawa et al. when they reported that the addition of a
bulky monovalent cation, such as alkylammonium, yields
layered 2D compounds of the general formula [Al[M" -
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As described, the chemistry of bimetallic oxalate-based
magnets has been controlled so far by the templating cation.
Here we report the synthesis and structural and magnetic
characterization of [Co(H,0),]3[Cr(ox)s]2(18-crown-63} .,

(2). This is the first example of this family in which the
extended oxalate-based bimetallic network is neutral and
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therefore does not require the presence of a countercation.

In this case, hydrogen bonding with a neutral guest molecule,
a crown ether, is the driving force for the isolation of this
complex.

Compound 1 is obtained as single crystals by slow
diffusion of a methanolic solution of AfCr(oxs)] (prepared
by metathesis of the corresponding potassium '8adtnd
CoChL+6H,0 into a methanolic solution of an excess of 18-
crown-612 As was previously reportetthe insertion of 18-
crown-6 molecules into these types of compounds induces
its solubility in water and other polar solvents, while they
remain nonsoluble in a purely organic solvent, providing an
easy route to obtain good-quality single crystglfCo-
(H20),]3[Cr(ox)s]2(18-crown-6)}., (1) crystallizes in the
Pc2;n orthorhombic space grodpt is built up by neutral
layers of formulg{ [Co(H,O).]35[Cr(0x)s]2}n, leaving holes in
the 2D structure for the 18-crown-6 guest molecules (see
Figure 1). These layers run perpendicular to #iveplane,
with adjacent layers related by an inversion center, with an
interlayer distance of 7.825 (2) A.

Each layer is formed by 12-membered rings, constituted
of six [Cr(ox)]®" units and six Cbatoms. Each Cr atom is

Figure 1. Perspective showing the structure of the neutral polymeric layers
of 1 (down) and the packing of these layers alongtileais (up): Cr (pink),

Co (blue), O (red), and C (black). For the sake of simplicity, H atoms have
been omitted.

shared between three rings, while each Co is shared betweefrach [Cr(0x)]*~ binds two Co2 centers and one Col center.

two adjacent rings. Within these rings, each"don is
coordinated by two bridging oxalate ligands from [Crg%)
units and two water molecules. There exist two types df Co
ions; while in Col the two water molecules appear in the
cis conformation, in Co2 they are bonded in a trans fashion.
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The structure was solved by direct methods (SIR97), followed by
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In the 12-membered rings, the metallic centers exhibit alter-
nating chirality with a repeating pattern ... Qo2 AAACO02...,
with nonchiral Co2 ions connecting two Cr atoms with
opposite chirality.

Both Co centers adopt regular octahedral coordination,
with the Co-O. distances between 2.094(2) and 2.149(2)
A and the Ce-O,, distances between 2.030 and 2.084(2) A.
The bonding angles slightly deviate from regular octahedral
geometry because of the bite angle of the oxalate ligands
(Oox—C0—0, between 78.097 and 79.8)9 The local
distortion observed in the Cr atoms coordination sphere is
less intense than that for the Co atoms, with shorter@y
distance values [between 1.957 and 2.017(2) A] and less
acute angles for the oxalate bridge,4©Cr—0Oq’ in the
81.227+82.730 range).

The hydrogen-bonding interactions play the key role for
the formation of compount (see Figure 2). The two crown
ether molecules located in the middle of each 12-membered
structural unit are interacting through their O atoms with the
bonded water molecules. While thg® Ocrown distances for
the water molecules coordinated in a cis fashion are in the
2.701(2)-3.043(2) A range, this parameter oscillates between
2.692(2) and 2.979(2) A for the trans molecules. These
distances are in good agreement with previously reported
hydrogen-bonding interactions between coordinated water
molecules and crown ether O atofs.
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Figure 2. Picture showing the hydrogen-bonding interactions (dashed line)
between the oxalate network and the neutral guest crown ether molecule.

Figure 3. ymT product (top) under an applied field of 1000 G and
values at 10 (circle), 110 (square), and 332 (triangle) Hz (bottom).

Magnetic dc measurements were performed on grained
single crystals ol (see Figure 3). Thg,T product at room
temperature (12.040 emu K md) is higher than the
expected spin-only value. This deviation is due to the typical
anisotropy of the octahedral €@ns, explained because of
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the existence of a first-order orbital contribution to the
magnetic moment. The.,T product remains essentially
constant during cooling of the sample. At 50 },T starts

to increase, suggesting the presence of ferromagnetic interac-
tions between the metallic ions through the bridging oxalate
ligands, as expected for the interaction betweéh &rd Cd
through an oxalate bridge. This increase of the magnetic
moment becomes more intense at around 20 K, reaching a
maximum (196.985 emu K mot) at 6.5 K and saturation
below this temperature, indicating the presence of a magneti-
cally ordered regime.

Susceptibility (ac) measurements under an applied oscil-
lating field of 3.95 G (see Figure 3) show a frequency-
independent sharp peak at 7.4 K in the in-phase signal. At
the same temperature, the out-of-phase signal becomes
nonzero (definindlc), showing a broad maximum centered
at about 5 K. The,'" maximum presents a small frequency
dependence. The ferromagnetic order is confirmed also by
the field dependence of the magnetization at 2.5 K (see Sl.
1 in the Supporting Information). It shows an abrupt jump
at very low fields, typical for soft ferromagnetic systems,
and tends to saturation above 2 T, reaching a maximum value
of 12ug at 5 T, close to that expected for parallel alignment
of the spins. A small coercivity was found in the hysteresis
loop Hcoer= 11 G); thus, this material can be classified as
a soft ferromagnet.

In conclusion,1 represents the first neutral oxalate-based
layered magnet. This result opens the way for more
investigations about this class of molecule-based magnets,
playing with weaker supramolecular interactions, such as
hydrogen bonding, and not only with catioanion interac-
tions. This approach could be useful for the development of
other oxalate complexes and also for other families of
molecular magnets. The solubility 4fin water and polar
solvents is also remarkable. Obviously, the solutions do not
retain the ferromagnetic properties of the material in the solid
state, but the ferromagnetic material is easily rebuilt by
evaporation of the solvents. This peculiar characteristic is
rare in molecule-based magnets and turns it into an excellent
candidate for materials processing.
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