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New spin-crossover compounds, [Co(phimpy),](ClO4), (1)
and [Co(ipimpy)2](ClOy4), (2) (phimpy = 2,6-bis(V-
phenylformimidoyl)pyridine and ipimpy = 2,6-
bis(isopropyliminomethyl)pyridine) were prepared, and the
crystal structures were determined. The magnetic susceptibility
measurements showed gradual transition for both compounds,
despite the strong intermolecular 77 stacking in 1.

The spin-crossover (SC) phenomenon is one of the most
well-known examples of bistability in molecular systems.' Al-
though the SC transition is due to a molecular origin and it
can be observed even in solutions or polymer matrices, the in-
teraction of SC centers can dramatically influence it. Gradual or
abrupt-type spin transitions may be observed in the solid state,
depending on the absence or presence of cooperativity. The un-
derstanding of the cooperative behavior in SC transition can be
a key to design materials that are useful for information technol-
ogy. Some experiments showed that the cooperative interactions
play an important role in the LIESST effect,? and this approach
also helped to find the first iron(IIT) LIESST compound.3 There
are two techniques that try to enhance the interaction between
the spin-crossover molecules; both were applied successfully
many times to prepare new materials with an abrupt SC transi-
tion or wide hysteresis loop.4 One possibility is to connect them
with covalent bonds i.e. prepare SC polymers. The other way is
to connect the molecules with strong intermolecular interac-
tions. The role of intermolecular interactions like 7 stacking’
and hydrogen bonds,’ was studied extensively. However the
packing of the molecules in the crystal lattice, which basically
determines the geometry of intermolecular interactions, is not
easy to control, as it is influenced by many factors. The flexibil-
ity of the ligand can be one of the factors that influence the co-
operative interaction both directly (because the more flexible
the ligand is, the less probable it can mediate the effects of
structural changes) and indirectly through the packing structure.
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Scheme 1.

We hereby discuss two Co(ll) SC compounds:
[Co(phimpy),](ClO4), (1) and [Co(ipimpy)2](ClO4); (2) (where
phimpy = 2,6-bis(N-phenylformimidoyl)pyridine and ipimpy =
2,6-bis(isopropyliminomethyl)pyridine; Scheme 1). These tri-
dentate ligands are structurally related to 2,2',2” terpyridine’

and bzimpy = 2,6—bis(benzimidazol—2—yl)pyridine8 ligands;
however, phimpy and ipimpy are more flexible. For the compar-
ison of 1 and 2, magnetic and structural properties are reported
and discussed. The ligands phimpy and ipimpy were prepared
by condensation of pyridine-2,6-dicaroxaldehyde and the corre-
sponding amine, and the ligands were used without separation
for the preparation of Co(Il) complexes.”

The crystal structure of 1 was determined at 100 K (Figure
l).10 The structure of 1 consists of mononuclear units of
[Co(phimpy),]>*, ClO4~ anions and a methanol solvent mole-
cule. The elemental analysis has not confirmed the presence
of methanol, which shows that the solvent molecule is weakly
bonded, and releases fast from the sample. The two tridentate
phimpy ligands coordinate to the Co?* forming a distorted
[CoNg] octahedron. The two phimpy ligands have inequivalent
positions.'" The ligands are not planar; the plane of the phenyl
rings is rotated from the plane of the pyridine ring,12 which
shows that there is no extended bond delocalization through
the imine group between the aromatic rings. The
[Co(phimpy),]** units have a close packing along the crystallo-
graphic a axis forming chains owing to the intermolecular 77—
interaction of the phenyl rings.13 This stacking means an ar-
rangement of aromatic rings in a face-to-face position, but
which is not perfectly parallel.
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Figure 1. The structure of 1: the position of two neighbor
[Co(phimpy),]*>* units. The hydrogen atoms are omitted.

The crystal structure of 2 was determined at 100 K (Figure
2)." The symmetric unit of 2 consists three crystallographically
nonequivalent mononuclear units of [Co(ipimpy),]** and the
ClO,4~ anions. Similarly to 1, the ligands have inequivalent po-
sition in the [CoNg] chromophore, and the Co—N(imine) distan-
ces vary between 2.02 and 2.27 A. Because of the lack of phenyl
rings and the apolar character of isopropyl groups, there is no
strong interaction between the molecules.
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Figure 2. The structure of 2 (one of the three different
[Co(ipimpy),]*>*); the hydrogen atoms are omitted for the clarity.
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Figure 3. Temperature dependence of the x,,7 for 1 (+) and 2 (O).

The magnetic susceptibilities for both 1 and 2 were mea-
sured over the 5-400K temperature range (Figure 3). For 1,
the x,,T value changes gradually, and the spin-transition is in-
complete in the measured temperature range. Repeated suscep-
tibility measurements after annealing showed no change of the
transition, which proves that the sample was desolvated during
the measurement. The y,,7 value at 5K (0.406 cm®*K mol~') is
corresponding to the Co(Il) LS (S = 1/2) state. The value at
400K (1.657 cm*K mol~!) is somewhat lower than the theoret-
ical spin-only value for Co(II) HS (S = 3/2) state. Compound 1
shows a spin-transition without hysteresis and with a transition
temperature of 77, ~ 275 K. The extremely gradual transition
of 1 is surprising, since SC compounds with 77 stacking gener-
ally show abrupt spin-transitions due to cooperative behavior.
However, the release of the solvent can introduce defects into
the lattice of 1, and reduce the domain size during the transition.
These defects can also disturb the environment of the com-
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plexes, and introduce a statistical distribution to the thermody-
namic parameters of the spin-transition. The effects of vacan-
cies and defects were studied and discussed for many iron(II)
and iron(III) compounds.14 In the case of compound 1, the li-
gand is very flexible, that is why the intermolecular interactions
are more sensitive to the lattice imperfections. The lack of ri-
gidity let the structure be disturbed and distorted even for small
perturbations.

For 2, the x,,T value has gradual temperature dependence
in the 200-400K range. The x,7 value at 5K
(0.365cm>Kmol™!) is corresponding to the Co(I) LS state,
and the value at 400K (1.845cm*Kmol™!) is corresponding
to the HS state, which indicates an almost complete spin-transi-
tion without hysteresis, with a spin-transition temperature of
Ty, = 290K. This gradual transition is expected, since there
is no strong intermolecular interaction between the molecules
as shown by the crystallographic measurement discussed above.

In summary, new SC compounds, 1 and 2, were prepared
and characterized by means of magnetic susceptibility measure-
ments and X-ray crystallography. An extremely gradual spin-
transition was found for 1 in spite of the presence of 7 stacking
between the SC molecules. Intermolecular interactions have lit-
tle effect on the gradual spin-transition of 2 in agreement with
the crystal structure.
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