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(2-Methylimidazol-4-yl)methylideneamino-2-ethylpyridine
(HLMe) functions as either bidentate or tridentate ligand to FeII ion
to produce the 2:1 complex [Fe(HLMe)2](PF6)2 (1) and the 3:1
complex [Fe(HLMe)3](PF6)2 (2). Both complexes showed spin
crossover (SCO) behaviors; 1 exhibited a gradual SCO between
HS and (HS + LS)/2 and 2 showed an one-step abrupt SCO
between HS and LS.

Spin crossover (SCO) between low-spin (LS) and high-spin
(HS) states is one of the most spectacular and representative exam-
ples of molecular bistability,1 and extensive studies have been car-
ried out over the last two decades because of the potential applica-
tion in information storage and visual display.2 Interesting SCO
properties with wide hysteresis loop or LIESST (light-induced ex-
cited spin state trapping) effect have been found for FeII complexes
with a limited number of ligands like pyridine, pyrazole, and tria-
zole derivatives.1 In order to develop this important field, SCO
complexes with new ligand systems must be developed. We have
reported the metal complexes of multidentate ligands derived from
the condensation reaction of 4-formylimidazole derivatives and
various polyamines.3 Of these, iron complexes have been found
to be a new family of SCO with 1D and 2D extended network
structures constructed by hydrogen bond NH���N, NH���Cl�, or
NH����, and with the variety of SCO behaviors.4 In this study,
we focused on a ligand, (2-methylimidazol-4-yl)methylidene-
amino-2-ethylpyridine (see Chart 1, hereafter abbreviated as
HLMe) and synthesized two FeII SCO complexes with the different
stoichiometry. The ligand plays as either bidentate or tridentate li-
gand depending on the synthetic condition to give the 2:1 complex
[Fe(HLMe)2](PF6)2 (1) and the 3:1 complex [Fe(HLMe)3](PF6)2
(2). We report the syntheses, their SCO behaviors, and the crystal
structures.

The 2:1 (1) and 3:1 (2) complexes were prepared by mixing
the ligand, FeCl2.4H2O, and KPF6 with the 2:1:2 and 3:1:2 molar
ratios.5 The formulas of [Fe(HLMe)2](PF6)2 and [Fe(HLMe)3]-
(PF6)2 were confirmed by the elemental analyses and the crystal
structure analyses.6 Both compounds showed thermochromism
from yellow at ambient temperature to brown at liquid nitrogen
temperature at the solid states.

Magnetic behavior of crystalline samples for 1 and 2 is shown
in Figure 1, in the form of �MT vs T plots. The samples were
quickly cooled from 300 to 5K within a few seconds, and the
�MT was measured upon warming from 5 to 300K ( , ) and

then upon cooling from 300 to 5K ( , ) at the 1Kmin�1 sweep-
ing mode under an applied magnetic field of 0.5 T. Figure 1 shows
SCO behaviors of 1 and 2. 1 exhibits a gradual SCO between HS
and (HS + LS)/2. The �MT value of 3.5 cm3 Kmol�1 at 300–
200K is compatible with those of the reported HS FeII (S ¼ 2)
complexes. On cooling the sample temperature from 200K, the
�MT value decreases moderately from 3.4 cm3 Kmol�1 at 200K
to 1.9 cm3 Kmol�1 at 50K. At 50K, the �MT value is close to
the value of 1:1 = HS:LS. The magnetic behavior of 1 also shows
a frozen-in effect below 70K, as seen in the difference of the �MT
value vs T plots.

2 shows a complete steep SCO between HS and LS states
at T1=2 ¼ 155K without frozen-in effect and hysteresis. In the
higher-temperature region of 300–180K, the constant �MT value
of 3.7 cm3 Kmol�1 is compatible with the reported HS FeII

(S ¼ 2) complexes. In the lower-temperature region of 140–5K,
a plateau value of nearly 0.0 cm3 Kmol�1 is compatible with the
expected value for LS FeII (S ¼ 0) complexes. In the region of
140–170K, the �MT value changes steeply without hysteresis.

The temperature dependence of the Mössbauer spectra of 1
and 2 was investigated in the 4.2–298K. For 1, the spectra at
298, 200, and 150K are similar and each spectrum consists of a
doublet assignable to HS FeII species and impurity probably due
to FeIII species. Upon lowering the sample temperature from
150K, relative intensity of the HS doublet decreases, while that
due to LS FeII species increases. For example, at 40K, the doublet
due to HS species (isomer shift � ¼ 1:11mms�1 and quadruple
splitting �EQ ¼ 2:50mms�1) and the doublet due to LS species
(� ¼ 0:53mms�1 and �EQ ¼ 0:48mms�1) are observed. The
Mössbauer results demonstrated that ca. 50% of FeII species
converted from HS to LS state, being consistent with the result
from the magnetic susceptibility.

The Mössbauer spectra of 2 are nearly the same in the warm-
ing and cooling modes, being consistent with no frozen-in effect.
At 78K in the LS state, the spectrum consists of a doublet assign-
able to LS FeII (� ¼ 0:50mms�1 and �EQ ¼ 0:22mms�1). At
298 and 200K in the HS state, the spectrum consists of a doublet
assignable to HS FeII species (� ¼ 1:07mms�1 �EQ ¼ 1:10
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Chart 1.

Figure 1. Magnetic behaviors of crystalline samples for 1 and 2, in the
form of �MT vs T plots.
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mms�1 at 200K). At the SCO temperature region, the spectrum
consists of two doublets assignable to the LS and HS FeII species
(for example at 150K, LS FeII (� ¼ 0:49mms�1, �EQ ¼ 0:21
mms�1) and HS FeII (� ¼ 1:04mms�1, �EQ ¼ 1:45mms�1)).

The crystal structure of 1 consists of two crystallographically
independent FeII molecules and four PF6

� anions, where cations
and anions showed no disorder. As seen in Figure 2, each FeII

ion is octahedrally coordinated by N6 donor atoms of two triden-
tate ligands HLMe, in which an imidazole, an imine, and a pyridine
nitrogen atoms per ligand participate into the coordination. The
Fe(1)–N distances in the range of 2.166(5)–2.230(5) Å and the
Fe(2)–N distances in the range of 2. 179(6)–2.214(5) Å are consis-
tent with the values of the HS FeII complexes with the similar
nitrogen donor atoms. There are no noteworthy intermolecular
interactions to produce an extended structure in this complex.

The crystal structures of 2 were solved at 200 and 123K, in
order to reveal the structures in the HS and LS FeII states. The
space group C2=c does not change during the spin transition.
The cation and anions showed no disorder. As shown in Figure
3a, FeII ion is octahedrally coordinated by N6 donor atoms of three
bidentate ligands to give a chiral molecule (clockwise or anticlock-
wise molecule), in which an imidazole and imine nitrogen atoms
per ligand participate into the coordination but pyridine nitrogen
is free from coordination. The Fe–N distances at 200K are in the
range of 2.159(2)–2.246(3) Å, typical for HS FeII bound to N6 do-
nors, and the Fe–N distances at 123K are in the range of 1.990(2)–
2.007(2) Å, typical for LS FeII. The average Fe–N distance

decreases from 2.189 Å at 200K to 1.998 Å at 123K by 0.19 Å,
which is comparable with the value of the previously reported
SCO complexes (ca. 0.2 Å). The N–Fe–N bond angles at 123K
are closer to a regular octahedron than those at 200K. The crystal
packing diagram of 2 is shown in Figure 3b. The most striking
structural feature is 1D structure constructed by the intermolecular
NH���N hydrogen bond between an imidazole group of a molecule
and a pyridine nitrogen of the adjacent molecule, where the hydro-
gen-bond distance of N(1)���N(8) is 2.876(4) Å at 123K. One of
three imidazole groups per molecule participates into the construc-
tion of the 1D chain, and the remaining two imidazole groups are
hydrogen bonded to the two PF6

� ions. A steep SCO behavior can
be attributed to the 1D chain.

In summary, a ligand, 2-methylimidazol-4-ylmethylidene-
amino-2-ethylpyridine, functions as either bidentate or tridentate
ligand to FeII ion to produce the 2:1 and the 3:1 complexes, which
are selectively synthesized by adjusting the molar ratio of FeII and
ligand. These two complexes showed SCO behaviors with the
extended structure, demonstrating that iron complexes of the
ligand have fascinating features in giving a variety of structures
and SCO behaviors.
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Figure 2. Molecular structure of 1 at 200K. One of two Fe sites is shown.

Figure 3. (a) Molecular structure of the cationic part of 2 at 123K. (b) 1D
structure constructed by the NH���N hydrogen bond between imidazole
and pyridine.
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