
Spin-crossover Transition in a Mesophase Iron(II) Thiocyanate Complex
Chelated with 4-Hexadecyl-N-(2-pyridylmethylene)aniline

Yuya Oso and Takayuki Ishida�

Department of Applied Physics and Chemistry, The University of Electro-Communications, Chofu, Tokyo 182-8585

(Received March 10, 2009; CL-090244; E-mail: ishi@pc.uec.ac.jp)

The title compound was a high-spin molecule for a morph as
synthesized but exhibited a spin-crossover transition at 176K in
its mesophase after annealing above the mesophase transition at
353K. The hexyl derivative in place of the hexadecyl group
showed a reversible spin-crossover at 117K, while the unsubsti-
tuted derivative had a sturdy high-spin state.

Spin-crossover (SCO) phenomenon is a reversible low-spin/
high-spin transition by external stimuli such as heat.1 We often
find SCO in iron(II) compounds with an FeN6 octahedral config-
uration.2 Bistability with a wide thermal hysteresis, hopefully
near room temperature, is a key to future applications to memo-
ries and displays.3 Multifunctional materials are of increasing
interest,4 including liquid-crystalline SCO materials.4,5 We have
recently reported that [FeII(Lpy)2(NCS)2] showed a very wide
irreversible thermal loop (Lpy = 4-alkyl-N-(di-2-pyridylmethyl-
ene)anilines, Chart 1), when long alkyl chains were introduced
(�TC ¼ 90K for R = n-C16H33).

6 This system seems versatile,
as shown by the present results on a simplified family
[FeII(LH)2(NCS)2] (LH = 4-alkyl-N-(2-pyridylmethylene)ani-
lines). After being annealed, a derivative with R = n-C16H33

has a low-spin state stabilized (this work), whereas the corre-
sponding Lpy derivative a high-spin state stabilized.6

Ligands (LH) were easily prepared from condensation of
2-formylpyridine with alkylanilines.6–8 The complexation of
iron(II) thiocyanate with LH was conducted with a molar ratio
of 1/2 in methanol under a nitrogen atmosphere, according to
a method similar to that of known 1.7 The products were charac-
terized by means of elemental analysis and spectroscopic meth-
ods.9 The specimens did not involve any solvated molecules.
The IR spectrum showed absorptions characteristic of N-bonded
thiocyanates.7 The molecular structure is plausibly assumed as
illustrated in Chart 1, where the thiocyanates are located at a
cis position like analogous compounds.6,10

Magnetic study of powder specimens on a SQUID magne-
tometer revealed that 1 almost had a high-spin state (S ¼ 2)
down to 10K, being compatible with the previous report.7 On
the other hand, 2 exhibited SCO behavior (S ¼ 0 ! S ¼ 2) at
T1=2 ¼ 117K on heating (Figure 1a). Cooling from 400K
showed the inverse transition without any hysteresis. The data
on repeated measurements traced the same curve.

More interestingly, a thermal irreversible curve was drawn
in a similar experiment on 3 (Figure 1b). The first heating run
did not show any spin transition. After 3 was heated to 400K
and then cooled, clear SCO behavior was observed around
T1=2 ¼ 176K. Once the SCO appeared, repeated experiments
reproduced the SCO.

The elemental and spectral analyses of the specimen of 3
recovered from the above magnetic study clarified no decompo-
sition below 400K.9 The thermogravimetry of 3 supported the
absence of any solvated molecule in the as-synthesized form.

A phase transition was found to occur at 353K for 3, as in-
dicated by an intense and irreversible exothermic peak in differ-
ential scanning calorimetry (DSC; Figure 2a). Another peak was
found at 413K and attributed to a melting point. To clarify the
character of these phases, we measured the temperature-variable
powder X-ray diffraction (XRD) of 3 (Figure 2b). The XRD pro-
files were drastically changed across 353K; many diffractions
found at room temperature (296K) disappeared at 370K. In-
stead, new diffractions appeared at 2� ¼ 3:48 and 6.84�, corre-
sponding to an interlayer distance of 12.7 Å. This feature implies
that this specimen is in a mesophase such as a liquid-crystalline
state. The XRD profile remained almost the same after cooling
down to room temperature, supporting that the mesophase tran-
sition is irreversible. When the specimen was heated again to
420K, the diffractions completely disappeared in the XRD.

As illustrated in the G vs. T diagram (Figure 3), the irrever-
sible phase transition of 3 is attributed to a supercooling of the
mesophase, where we named the phases as S (a crystalline solid),
M (a mesophase), and L (an isotropic liquid). A mesophase tran-
sition temperature is denoted as Tm. The thermal cycle of 3
(Figure 1b) is interpreted as: Shs ! ðTmÞ ! Mhs on heating
and Mhs ! ðTmÞ ! Mhs ! ðT1=2Þ ! Mls on cooling.

In general, a solid phase possesses tighter molecular pack-
ing, a stronger ligand-field, and accordingly a lower-lying low-
spin state than a mesophase does. The present result of 3 appa-Chart 1. Molecular structures for [Fe(LX)2(NCS)2] (X ¼ py and H).

(a) (b)

Figure 1. The �molT vs. T plots for (a) 2 and (b) 3. Temperature scan
sequences are denoted with arrows. A static filed of 5000Oe was
applied.
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rently violates this trend. A possible explanation is that the
arrangement of the alkyl chains during annealing might settle
down into a coordination sphere that is conducive to the SCO.
The displacement of the alkyl groups is rather drastic
(Figure 2), leading to facile supercooling.

Kahn and co-workers introduced R ¼ Ph and PhC2 in LH

(Chart 1) and improved thermal hysteresis.11 While such rigid
aromatic groups increase intermolecular interaction and SCO
hysteresis widths, long alkyl chains have been proven to be use-
ful as well for development of wide thermal loops. Very recently
Gütlich et al. proposed three categories with respect to coupled
or uncoupled systems between SCO and liquid-crystalline phase
transitions.12 They intensively studied metallomesogens where
the mesophase transition was highly reversible.12,13 On the other
hand, 3 exhibited an irreversible mesophase transition, thus
forming a new class of bistable magnetic materials. A potential
utility might be, for instance, a write-once information storage
medium.

This work was supported by Grant-in-Aid for Scientific Re-
search (No. 19550135) from the Ministry of Education, Culture,
Sports, Science and Technology, Japan.

References and Notes
1 P. Gütlich, H. A. Goodwin, Spin Crossover in Transition Metal Com-

pounds I, II, and III, Springer-Verlag, Berlin, 2004; P. Gütlich, A.

Hauser, H. Spiering, Angew. Chem., Int. Ed. Engl. 1994, 33, 2024.

2 J. A. Real, A. B. Gaspar, M. C. Mun̈oz, Dalton Trans. 2005, 2062;

J. A. Real, A. B. Gaspar, V. Niel, M. C. Mun̈oz, Coord. Chem.

Rev. 2003, 236, 121; M. A. Halcrow, Polyhedron 2007, 26, 3523.

3 J.-F. Létard, P. Guionneau, E. Codjovi, O. Lavastre, G. Bravic, D.

Chasseau, O. Kahn, J. Am. Chem. Soc. 1997, 119, 10861; S. Hayami,

Z. Gu, H. Yoshiki, A. Fujishima, O. Sato, J. Am. Chem. Soc. 2001,

123, 11644; S. Cobo, G. Molnár, J. A. Real, A. Bousseksou, Angew.

Chem., Int. Ed. 2006, 45, 5786; E. Coronado, J. R. Galán-Mascarós,

M. Monrabal-Capilla, J. Garcı́a-Marthinez, P. Pardo-lbánez, Adv.
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Figure 3. Free energy diagram for 3.
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Figure 2. (a) DSC measurements on as-synthesized specimens of 3.
A small thermal cycle is shown with a dotted line. (b) The XRD pro-
files sequentially measured at 296, 370, 296, and 420K.
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