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Novel FeII complexes with N4O2 donor sets having ex-
tended �-conjugated aromatic rings, [Fe(qnal)2].CH2Cl2 and
[Fe(qnal)2], show abrupt spin transitions at 220 and 265K,
respectively. Both complexes show LIESST effects below 80K.

A spin-crossover phenomenon together with a light-induced
excited spin state trapping (LIESST) effect is one of the most
fascinating research topics in coordination chemistry.1 The most
extensively studied spin-crossover system is the FeII d6 system
owing to the largest change of the spin-value S from 0 in the
low-spin (LS) state to 2 in the high-spin (HS) state and to the
availability of Mössbauer spectra to detect the electronic state
of the FeII ion. Among them, those exhibiting abrupt spin tran-
sitions2,3 especially attract considerable attention because an
abruptness of the transition together with a wide hysteresis are
both important factors to utilize them as memory devices in fu-
ture applications. Recent developments indicate that weak inter-
actions such as hydrogen bonding2 and/or �–� interaction3 be-
tween neighboring molecules are key factors to show abrupt spin
transitions. In order to obtain novel spin-crossover systems with
more pronounced abrupt spin transition and wider hysteresis,
we have introduced an extended �-conjugated ligand qnal
(Hqnal = N-(80-quinolyl)-2-hydroxy-1-naphthaldimine) to form
a FeII complex. Here we report abrupt spin transitions together
with LIESST effects observed for a novel FeII complex
[Fe(qnal)2].CH2Cl2 (1.CH2Cl2) and its desolvated analogue.

The iron(II) complex 1.CH2Cl2 was synthesized under
argon atmosphere by mixing a methanol solution of Hqnal
(59.6mg, 0.2mmol) and a dichloromethane solution of iron(II)
tetrafluoroborate (33.8mg, 0.1mmol). Black, needle-shape crys-
tals suitable for X-ray analysis were obtained by slow diffusion
of two solutions in a glass tube.4 The structure of 1.CH2Cl2 was
determined both at 123 and 293K, which correspond to the LS
and HS states, respectively.5 An ORTEP drawing of 1.CH2Cl2
is shown in Figure 1a with atom numbering scheme. Two qnal
ligands show almost planar structures: dihedral angles between
quinoline and naphthalene moieties are 11.9� (qnal-A) and
1.7� (qnal-B) at 123K. Each qnal coordinates to a FeII ion
through its NNO donor set in a meridional fashion. Average
bond lengths around the FeII ion at 123K are 1.94(1) and
1.942(4) Å for four Fe–N bonds and for two Fe–O bonds, respec-
tively. Those at 293K are 2.16(3) and 2.016(4) Å, respectively.
The increases of 0.22 Å for the average Fe–N bond and of
0.074 Å for the average Fe–O bond are comparable to those re-
ported for FeII spin-crossover systems in FeN6 or FeN4O2 coor-
dination environments.1,6 Since a planer qnal ligand has a rather

stiff geometry, elongations in Fe–N bond lengths cause a severe
deformation of FeII coordination geometry: the angle =�N1–Fe–
O1 of 161.1� at 293K indicates a bent structure compared to that
at 123K (176.0�). Both the elongation and the deformation re-
duce the t2g–eg energy separation in a simplified electronic struc-
ture, giving a HS state as a ground state. As shown in Figure 1b,
there are rich �–� interactions between quinoline and naphtha-
lene moieties of neighboring molecules. A detail inspection of
the connectivity of the �–� interaction indicates the complex
forms one dimensional chain structure with ���[A:Fe:B][B:Fe:
A][A:Fe:B]���, where [A:Fe:B] represents a [Fe(qnal)2] complex.
The shortest C���C distances are 3.280 Å for Aq���An and 3.328 Å
for Bq���Bn, where suffixes q and n represent quinoline and naph-
thalene moieties, respectively. The small difference in these dis-
tances indicates that the system can be regarded as a quasi one-
dimensional system. The connectivity of�–� interaction togeth-
er with the molecular packing are somewhat resembled to those
of [FeIII(qsal)2]NCE (E ¼ S and Se),7 where qsal is anion of N-
(80-quinolyl)-2-hydroxy-1-salicylaldimine. The �MT–T plot of
1.CH2Cl2 is shown in Figure 2a. At low temperatures below
214K, 1.CH2Cl2 is diamagnetic indicating a LS ground state.
With increasing temperature, the �MT value increased suddenly
at 217K and reached 3.73 cm3 Kmol�1 at 222K, indicating a
spin transition to a HS state. The transition occurred within a nar-
row temperature range of 5K. When temperature was decreased,
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Figure 1. (a) ORTEP drawing of [Fe(qnal)2].CH2Cl2 and (b) a
side view of the 1-d chain connected through �–� interactions
between neighboring molecules in [Fe(qnal)2].CH2Cl2. Hydro-
gen atoms are omitted for clarity.
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the �MT value decreased from 3.78 cm3 Kmol�1 at 222K to 0 at
214K. The critical temperatures T1=2" and T1=2#, which are de-
fined as temperatures at which a half of the spin transition has
completed for warming and cooling processes, are 219 and
217K, respectively. It should be noted that, on the contrary to
our expectation, the system showed a very narrow hysteresis
loop in spite of an abrupt spin transition.

Mössbauer spectra of 1.CH2Cl2 observed at 205K
10 showed

doublet peaks split with �EQ ¼ 1:20mms�1 at the isomer shift
(�) of 0.36mm s�1, indicating a LS FeII center. A fairly large
�EQ for a LS FeII center is ascribed to the N4O2 coordination
environment.8 These features converted at 250K to �EQ ¼
2:47 and � ¼ 0:93mms�1, which are typical values for a HS
FeII center.

A small increase of the �MT at around 265K in Figure 2a
suggested the presence of a small amount of another spin-cross-
over phase such as 1 without crystalline solvent. To check the
possibility thermogravimetric analysis was conducted. A gradual
decrease of sample mass occurred at ca. 120 �C and a total de-
crease of ca. 10.3% was observed at 190 �C, which corresponds
to a loss of CH2Cl2 from 1.CH2Cl2 (11.5%). The �MT–T plot of
1 without crystalline solvent is shown in Figure 2b, which exhib-
its a sharp spin transition at around 265K. The increase of T1=2
about 47K by removing crystalline solvent indicates a perturba-
tion of a molecular packing affects the T1=2 drastically. The at-
tempts to get the crystal structure of 1 without crystalline solvent
were unsuccessful.

When a microcrystalline sample of 1.CH2Cl2 was illumi-
nated at 5K with ca. 550-nm light (a Hg–Xe lamp with green
and blue filtered, 1.5mW/cm2) introduced into the SQUID sam-
ple chamber through an optical fiber, an increase of the �MT

value to 2.2 cm3 Kmol�1 was observed. After illumination was
turned off, the magnetization was measured with increasing tem-
perature at 2K/min. As shown in Figure 2a with open circles
( ), the �MT value showed a maximum of 3 cm3 Kmol�1 at
30K and decreased gradually to 2.7 cm3 Kmol�1 at 50K then
dropped sharply to 0 at around 80K. The characteristic LIESST
temperature TLIESST

9 estimated from the maximum variation of
the �MT–T plot after LIESST is about 71K. A similar behavior
was also observed for the complex 1 without crystalline solvent
as shown in Figure 2b with open circles, although the HS frac-
tion at 30K is almost half of the former. The characteristic
LIESST temperature TLIESST for 1 is about 57K.

In conclusion, two FeII spin-crossover systems having N4O2

donor sets, [Fe(qnal)2].CH2Cl2 and desolvated [Fe(qnal)2],
show abrupt spin transitions at around 220 and 265K respective-
ly. The abruptness of transitions is caused by rich �–� interac-
tions through qnal ligands. Both spin-crossover systems show
LIESST effects below 80K.
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Figure 2. �MT–T plots of [Fe(qnal)2].CH2Cl2 (a) and
[Fe(qnal)2] (b) with increasing ( ) and decreasing ( ) temper-
ature at 2K/min. Those after photoillumination at 5K (LIESST)
are indicated by open circles ( ). Insets show the enlargements
around each spin-transition temperature.

Chemistry Letters Vol.37, No.12 (2008) 1217

Published on the web (Advance View) November 1, 2008; doi:10.1246/cl.2008.1216


