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Porous compounds have attracted much interest from view points
of gas separatioh,gas storagé,selective guest sorptichand
sensors. Recently, metatorganic open frameworks (MOFs),
coordination polymers with infinite structures, have shown intrigu-
ing physical properties such as solvent-induced ferri/ferromag-
netism® Especially, molecular systems, which show single-crystal-
to-single-crystal transformations that are associated with physical
property changes, are very important for applications in seffsors;
however, the number of such molecular systems is still limfited.
Iron(Il) complexes with tridentate 2,6-di(pyrazol-1-yl)pyridine (dpp)
ligands and their derivatives show thermally induced spin-crossover
(SC) between high-spin (HS) and low-spin (LS) stétkgroduction
of bulky groups to SC complexes may make large space in the
crystals, such as MOFs, which accommodate lattice solvent
molecules, and thus, there may be synergistic behavior due to
magnetism and solvent adsorption. We prepared a new tridentate
ligand with a bulky ferrocenyl group, and magnetic properties of
its iron(1l) complex, [Fe(dppFg)(BF4)2-2ELO (1-2E4L0, dppFc=
1-ferrocenyl-2{ (2,6-bis(pyrazolyl)pyridyl)ethyler}d, were studied.
Complex1-2EtO showed single-crystal-to-single-crystal transfor-
mation associated with release of crystal solvent molecules, and
its SC behavior was perturbed by release of solvent molecules.

The tridentate ligand dppFc was synthesized starting from 2,6-
di(pyrazol-1-yl)-4-hydroxymethylpyridinéReaction of dppFc with
Fe(BF),:6H,O in methanol, followed by recrystallization from
nitromethane/diethyl ether, yielded purple lozenge crystal$: of
2E%0 in the yield of 38%. X-ray crystal structure analysis for
2E%0 was performed at 110 Kand an ORTEP diagram of the
complex cation is depicted in Figure 1. CompleRELO crystal-
lized in the orthorhombic space grofud2, and the asymmetric
unit contained half of the complex cation, one anion and one diethyl lost one EfO molecule to yieldl-Et,0° (Figure 2, bottom). No
ether molecule. The central iron(ll) ion was coordinated by six significant loss of crystallinity was observed during the release of
nitrogen atoms from two tridentate dppFc, giving distorted octa- the solvent molecules, which might be due to the stable 3D
hedral coordination geometry. Coordination bond lengths of Fe  networks. Thermogravimetric measurements f&EtO showed
N1(pyridyl), Fe-N2(pyrazolyl), and FeN4(pyrazolyl) were 2.086(3),  a two-step weight loss at 50 and 12@, of which each step
2.161(3), and 2.185(3) A, respectively, which are characteristic of corresponds to the release of diethyl ether molecules (Figure S1).
typical HS iron(ll) ions. Distortion of the coordination geometry  X-ray structure determinations &fEt,O at 110 and 300 K showed

Figure 1. An ORTEP diagram of the cation molecule Ir2EtO.

Figure 2. Crystal packing ofl-2EtO (top) andl-Et,O (bottom).

from the ideal octahedron was quantified usiBgparameters
(=Z1(90 — 0)|(°), g = bite angles of the two coordinated ligands).
Larger 2 values, which signify larger distortions from the ideal

that the crystal system was the monoclinic space g@2/p,° and
the complex molecule was located on a 2-fold axis. Coordination
geometry about the central iron(ll) ion ibEt,O at 110 K was

octahedral coordination sphere, correspond to a weaker ligand fielddifferent from that in1-:2EtO. The average coordination bond

strength on an iron(ll) ioA% The X value for the central iron(ll)
ion in 1-2EtO was 144.7, which suggests that the iron(ll) ion is
in the HS staté.Figure 2(top) shows a crystal packing diagram of
1-2Et0. In 1-2E%0, the complex cations form a 3D network by
interacting with each other via BF, where interatomic distances
of the dpp hydrogen atoms with fluorine atoms of ,BRvere in
the range of 2.3622.687 A. Diethyl ether molecules are located
in the voids constructed by the complex cations and anions.
The single crystal of-2EtO, the same crystal used for the X-ray
structure analysis, was allowed to stand for a week, Ra&tL0
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length andX value were 1.952 A and 90.5respectively, which

are characteristic of LS iron(ll) ions. Upon increasing the temper-
ature to 300 K, the crystal system dfEt,O did not change, but
obvious structural changes on the iron(ll) center were observed.
The average coordination bond length &hdalue for1-Et,O were
2.095 A and 138.9 respectively, at 300 K, and these changes
suggest that iron(Il) ion converts to HS at higher temperature. When
the single crystal of-Et,0O was exposed to diethyl ether, it adsorbed
one EtO molecule to bel-2EtO, of which crystallographic
parameters were identical to those for the inifis2EO.°
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Figure 3. ymT—T plots for 1-2E%O after storage for (a) 0 min, (b) 10
min, (¢) 1 h, and (d) 4 h.

Magnetic susceptibility measurements fo2ELO were per-
formed down to 1.8 K, and susceptibility changes upon losing
solvent molecules were investigated for the same sample in the
SQUID magnetometer (Figure 3)They,T values ofl-2ELO were
nearly constant (3.52 emu mélK, at 300 K) down to 150 K,
suggesting a HS iron(ll) ion. A sudden decrease inghEvalues
below 30 K is due to magnetic anisotropy of the HS iron(ll) ion.
Anomaly observed around 100 K is due to the structural changes
occurring in the central HS iron(ll) ion, which was confirmed by
Mdossbauer spectra (Figure S2)Jpon losing one solvent molecule
from 1-2Et0O, theymT values showed a different temperature profile
from the originall-2EtO, and after storing the sample at 300 K
for 4 h in the SQUID magnetometer, thg,T—T curve became
identical to that forl-Et,0.

The ymT value forl-Et,O is 3.55 emu molt K at 300 K, which
corresponds to the Curie constant for a HS iron(ll) ion. As the
temperature was lowered, theT value decreased gradually and
reached a value of 0.26 emu mdK at 20 K. The temperature
dependence of the, T values confirmed the occurrence of a thermal
spin transition to the LS state wiffi, = 230 K, which is in good
agreement with the X-ray crystallographic analyses. The nonzero
xmT values at lower temperature might be due to the small amount
of paramagnetic impurity. It should be noted that re-solvation was
achieved by exposing the sample to diethyl ether and that the
xmT—T curve for the initial1-2E£O was fully recovered (Figure
S3). It is also pointed out that the magnetic property of the non-
solvatedl, prepared by storind-Et,O at 400 K for 6 h in the
SQUID magnetometer, is similar to that d2Et,0.13

The iron(ll) ion in 1-2EL0 was in a HS state over the entire

temperature range measured, and upon losing one solvent molecule,

the complex showed SC behavior. Solvent molecules in the crystal

affects the SC behavior, and it has often been observed that the

loss of protic solvent molecules destabilizes the LS Stafthe
complex cation inl-Et,O had no intermolecular interaction with
the diethyl ether molecules, while2E4O had C-H:--r and C-H-

--O interactions between the complex and aprotic diethyl ether
molecules (Figure S4). Itis noted theREtLO has more organized
supramolecular structure, and this may affect spin-crossover
behaviors'® In addition, the close intermolecular contacts stress
the coordination environment around the HS iron(ll) ion, which is
reflected in the differenk values (144.7 and 137.97or 1-2Et0
and1-Et0, respectively). The small& value implies a stronger
ligand field leading to the stabilization of LS state, atdEt,O
exhibited SC behavior.

In summary, an iron(ll) complex df-2EtO was prepared, and

the presence of a unique single-crystal-to-single-crystal transforma-
tion with significant magnetic property changes was confirmed by
X-ray crystallographic analysis and magnetic measurements. Com-
plex 1-:2EtO has redox-active ferrocenyl groups; therefore, the
system should be active toward specific redox reactions in nanosized
space. Studies to introduce redox-active molecules into the space
are currently in progress.
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