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The first preparation of an Fe(II) spin-crossover complex
including a 1,3-dithiole ligand is reported. Crystal analyses
of both the low- and the high-temperature phases reveal that
short S…S contacts play a key role in an abrupt spin
transition.

Molecular switching materials have recently aroused a great
deal of attention in the field of materials science. Spin-crossover
(SC) complexes, which can exhibit a spin transition between the
low-spin (LS) and the high-spin (HS) states due to an external
perturbation such as temperature, pressure or light, belong in
this class of materials.1–4 Since the first discovery of the light-
induced excited spin state trapping (LIESST) effect in an Fe(II)
SC complex,5 the photo-induced magnetization of SC com-
plexes has been extensively studied, not only due to scientific
interest, but also because of the potential for optical magnetic
memory and display material applications. In order to realize
such a switching phenomenon in an SC complex, a hysteresis
loop and an abrupt change in the magnetization curve are
considered to be the most important requirements, because
these two phenomena can be assumed to be evidence that a
cooperative effect works throughout the solid. In general,
cooperativity in molecular solids is derived from intermolecular
interactions such as p–p interactions,6–9 hydrogen bonding,10,11

coordination bonding,12–14 and so on. It should be noted that the
unusually long-lived light-induced HS state in the Fe(III) SC
complex, [Fe(III)(pap)2](ClO4), was firstly observed on the
basis of such strong intermolecular p–p interactions,15 although
the difficulty in achieving the LIEEST effect in Fe(III) SC
complexes had been predicted theoretically.3 In this context, we
have focused our attention upon another intermolecular inter-
action, namely an inter-chalcogen-atom interaction, which is
often seen in molecular-based conductors. This interaction is
not only an attractive interaction but also has the potential to be
a path for an electrical current. Thus, we would like to introduce
a 1,3-dithiole (DT) ring into the ligand of the well-known
Fe(II)(L)2(NCX)2-type SC systems, where L is an N,N-
bidentate ligand. So far, several diazafluorenylidene derivatives
(DazfDTs) have been recognized as ligands that contain both a
1,3-dithiole and pyridine rings.16,17 However, these ligands
were generally insoluble in common solvents due to their rigid
planar structures. Therefore, we have designed DPyDT, which
stands for di(2-pyridyl)methylidene-1,3-dithiol-2-ylidene, as a
more flexible ligand for the Fe(II) SC complex. We report herein
on its preparation and of the abrupt SC behavior of the novel
complex, Fe(II)(DPyDT)2(NCS)2·0.5MeOH. To the best of our
knowledge, this is the first Fe(II) SC complex whose ligand has
a 1,3-dithiole ring. Furthermore, crystal structural analyses in
both the LS and the HS states clearly indicate cooperativity in
solid, which can mainly be attributed to the inter-chalcogen-
atom interaction in both the LS and HS states. The LIESST
effect was also studied in this complex.

The ligand molecule DPyDT was synthesized by a Wittig
reaction. That is, a 1,3-dithiolium salt in THF was treated by
tributylphosphine for 1 h at rt to form the phosphonium salt in
situ. The addition of di(2-pyridyl)ketone to this solution was
followed by treatment with BuLi at 278 °C to afford DPyDT in
43% yield as a pale yellow solid. All the spectral data of the new
ligand are in good agreement with its structure.† The Fe(II)
complex, Fe(DPyDT)2(NCS)2·0.5MeOH, was obtained as an
orange powder by adding a methanolic solution of KSCN to the
mixture of the ligand and the iron(II) chloride in methanol under
Ar atmosphere. Although we tried to measure the electrical
conductivity of the present complex, it proved to be an insulator.
On cooling with liquid N2, the color of the complex changed
from orange to red and on warming to rt the reverse color
change was observed, suggesting that a spin transition between
the HS and LS states might occur. Actually, at 300 K the
absorption maxima of the present Fe(II) complex was at 450 nm
in the visible region. On the other hand, at 6 K an additional
peak was observed at around 570 nm. In order to confirm the
spin-crossover phenomenon, the temperature dependence of
cMT (where cM is the molar magnetic susceptibility and T is
temperature) of a crystalline sample of this complex was
measured using a Quantum Design MPMS-5S SQUID suscept-
ometer, as shown in Fig. 1. At rt the cMT value is 3.1 cm3 K
mol21, indicating that the complex is almost all in the HS state.
On decreasing the temperature, a very abrupt change in cMT
was observed at around 130.5 K(T1/2–). This transition was
complete within 3 K. Afterwards the spin transition, cMT value
is almost 0, indicating it is in the LS state. On heating the
sample, the reverse transition occurred at 132.5 K(T1/2—),
resulting in a narrow hysteresis loop (about 2 K). However, this
abrupt spin transition and narrow hysteresis loop suggest that a
strong cooperative interaction between molecules exists in this
complex.

Fortunately, the crystal structures of the Fe(II) complex could
be determined in both the LS state at 103 K and the HS state at
160 K.‡ The space group did not change before and after the
spin transition. The molecular arrangement, with numbering of
the selected atoms at 160 K, is shown in Fig. 2. The coordination
mode of the isothiocyanate anion is the cis-conformation, as is
often seen in Fe(L)2(NCS)2 complexes. Remarkable differences
in the coordination bond lengths between iron and nitrogen
atoms and the intermolecular S…S distances between both
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phases are observed. The average coordination bond lengths
between Fe(II) and nitrogen atoms at ligands and isothiocyanate
anions are 2.191(3) and 2.107(4) Å at 160 K, and 1.996(4) and
1.965(5) Å at 103 K, respectively. These values are consistent
with those in the crystal structures of Fe(phen)2(NCS)2 in both
spin states.18 This clearly means that the complex is in the LS
state at 103 K and is in the HS state at 160 K. There are two
kinds of short S…S contacts at 160 K. The first of these is 3.542
Å between S(1) in the ligand and S(5A) in the isothiocyanate
anion and the second is found between ligand molecules
(S(2)…S(3), 3.689 Å), to form the one-dimensional chain-like
structure. On the other hand, a third short S…S contact appears
at 103 K. The first and second short contacts are in the same
relative positions as observed in the high temperature phase.
However, the second one is at 3.573(2) Å, which is much
shorter than it is in the high temperature phase. The third short
contact, S(4B)…S(6), at 3.689(3) Å was discovered between the
one-dimensional chains above mentioned. This means that a
two-dimensional S…S network is constructed in the low
temperature phase. In addition, no other interactions ever exist
in both phases. This fact suggests that these relatively strong
S…S interactions play a key role in the abrupt spin transition.

The LIESST experiment was carried out on a ground sample
of the complex with an adhesive transparent tape (Fig. 3). On
illumination with a YAG laser (532 nm) at 5 K, the cMT value
of the complex gradually increased, suggesting that the
metastable HS state could be trapped in this complex. Finally,
cMT reached a value of 3.0 cm3 K mol21, indicating the almost
complete conversion of the LS state into the metastable HS
state. In heating mode, the value of cMT began to decrease at 60
K, and then completely relaxed to the ground LS state at 70 K
(T(LIESST) = 66 K).

In summary, a novel Fe(II) spin-crossover complex including
a 1,3-dithiole ring was prepared. The cooperative phenomenon
was found to be derived mainly from short S…S contacts. In

order to introduce conducting properties into a spin crossover
system, further extension of the p-system on the ligand part is
currently in progress.
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Fig. 1 cMT vs. T plot for Fe(DPyDT)2(NCS)2·0.5CH3OH (a crystalline
sample). Cooling and warming rate is 1 K min21.

Fig. 2 Crystal structure of Fe(DPyDT)2(NCS)2·0.5CH3OH at 160 K.

Fig. 3 cMT vs. T plot for Fe(DPyDT)2(NCS)2·0.5CH3OH (a ground sample).
Cooling and warming rate is 1 K min21.
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