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The magnetic behavior of N,N -ethylenebis(salicylideniminato)
cobalt(II) (Co"Salen, 1) has been reinvestigated and reveals
spin-crossover behavior above 295 K. It has a singlet ground state
and a triplet excited state at 30 K (21 cm™"; 60 cal/mol) above
the ground state, and at a higher temperature spin crossover to
the quartet, a second excited state occurs.

Bistable molecule-based materials that respond to external
stimuli are increasingly important as key components in
sensors, switches, actuators, and information storage:.1 Tech-
nologically important stimuli include electric fields, temp-
erature, pressure, and light. Spin-crossover,” valence tauto-
meric,” and photochromic* systems are examples of bistable
materials. Spin-crossover materials, whereby a stimuli-
induced change from a low to high spin state of a metal ion
occurs, have been identified as suitable bistable materials.'®®
Likewise, valence tautomers exhibit spin-state changes (this
results from an intramolecular oxidation—reduction) and
have also been explored as bistable materials.

As part of our studies of technologically important mag-
netic materials, we reinvestigated N,N'-ethylenebis(salicyli-
deniminato)cobalt(IT) (Co"Salen, 1). 1 has been extensively
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studied as an oxygen absorber and exists in several struc-
tural forms. While 1 is Iplanar (C5,), it dimerizes in the
solid state, with each Co"" site belng square-pyramidal with
overall C; symmetry (Figure 1).° Its temperature-dependent
susceptibility, y(7), indicates that it has a singlet ground state
with a triplet excited state above the ground state.’
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¥T(T)® of 1, is 0.43 emu-K/mol of Co at 200 K, and it
decreases with decreasing temperature until it reaches
~0 emu-K/mol of Co at 5 K. Upon warming above 200 K,
it gradually increases to 0.45 emu-K/mol of Co at 300 K,
before increasing more rapidly to 1.70 emu-K/mol of Co at
550 K (Figure 2). Above 525 K, thermal decomposition
occurs. Note that the data below 400 K and above 300 K
were taken using different sample holders,® and because
of different orientations of the polycrystalline sample, dif-
ferent average g values occurred; nonetheless, the data are
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Figure 1. Dimer structure of 1, 1, (Co, blue; N, light blue, O, red).’
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Figure 2. y7(T) of 1, for three samples (x, +, @); no hysteresis is
observed. The solid line is a fit of eq 1 below 250 K.

reproducible (Figure 2). Below 200 K, ¥7(T) can be fit to
the Bleaney—Bowers singlet—triplet expression, eq | per
Co (H = —2JS;-S)), with g = 2.26 and J/kg = —30 K
(=21 em™'; —60 cal/mol) in agreement with earlier work
[g = 2.4; Jlky = —29 K (=20 cm™'; —58 cal/mol)].” The rise
in yT(T) above 200 K is suggestive of spin-crossover
behavior. The dimer model gives a good fit to the data below
the onset of the spin-crossover region (~200 K). yT(T),
however, increases faster than expected from the Boltzmann
population of the high-spin state at higher temperature (as is
characteristic for spin-crossover materials®). Thus, y7(7T)
cannot be mathematically modeled above 200 K. The limiting
value for y T for the high-spin S = 3/, state is 2.39 emu- K /mol
for g = 2.26, and only 71% of this is observed; hence,

temperatures greater than the decomposition temperature
are needed.
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The spin-crossover behavior observed for 1, is asso-
ciated with a dinuclear site, not a single-ion site, as is
well documented.” y7(T) increases with heating until
~525 K, when thermal decomposition occurs.” The sing-
let (S = 0) ground state arises from the antiferromagne-
tically coupled pair of 1, Co'' ions, each being in the
single-ion, low-spin S = '/, electron configuration, and
the triplet (S = 1) excited state arises from ferromagnetic
coupling of this pair of Co™ § = '/, ions. As the
temperature increases, the thermal energy populates
both the singlet and triplet states. This leads to ¥ 7(T)
approaching the Curie behavior for two Co" § = !/,
doublets at higher temperature because the exchange
coupling, J, is less significant with respect to the
thermal energy, kgT. Spin crossover for Co" has been
reported for several five-coordinate Co(Salen)L (L =
imidazole, pyridine, etc.), as is the situation for [Co
(Salen)]».'" Likewise, spin crossover of 1, above room
temperature is due to population of the quartet state
and depopulation of the doublet state. Both the
thermally populated singlet—triplet excitation of the
dimer leading to y7(T) approaching the Curie limit
at ~200 K and spin crossover to the quartet state at
higher temperature do not exhibit thermal hysteresis
(Figure 2). This temperature dependence has also been
reported for dinuclear Co,L(NCS), (L = C;gH,oNy)
with octahedral Co'' sites, which has lower J/kg of —17
K (=12 ecm™'; =23 cal/mol), and the crossover onset
occurs at ~200 K.'" Further work targeting spin cross-
over with hysteresis around room temperature is in
progress.

Supporting Information Available: DSC of 1, showing de-
composition. This material is available free of charge via the
Internet at http://pubs.acs.org.
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