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A binuclear iron(III) complex bridged by trans-1,2-bis(4-
pyridyl)ethylene, [LFeIII(vibpy)FeIIIL](BPh4)2, showed a gradu-
al two-step spin crossover behavior, where H2L is bis(3-
methoxysalicylideneaminopropyl)methylamine and BPh4

� is
tetraphenylborate. The single-crystal X-ray analysis at the
intermediate state revealed that one of the two FeIII ions of the
binuclear complex is in the high-spin (HS) state and the other
is in the low-spin (LS) state. The HS and LS sites independently
form layers and these HS and LS layers alternately stack.

The spin crossover (SC) between the low-spin (LS) and
high-spin (HS) states is induced by an external perturbation,
such as temperature, pressure, or light irradiation.1 While the
SC behavior is essentially the phenomenon of a single molecule,
the interaction between the SC sites is an important factor to
govern the SC properties, such as the steepness of the spin tran-
sition, hysteresis, and LIESST (light-induced excited spin state
trapping) effect.1 The binuclear SC complex is the simplest mod-
el compound in order to investigate the synergic effect of intra-
molecular and intermolecular factors.2 Though binuclear FeII SC
compounds bridged by bipyrimidine derivatives have been ex-
tensively studied, these studies have focused on the correlation
between the intramolecular magnetic interaction and the SC
properties.2 In this study, we focused on the binuclear complex
exhibiting no intramolecular magnetic interaction. Because of
the lack of the intramolecular magnetic interaction, the present
binuclear SC complex can be a suitable compound to investigate
the synergic structural effect of intramolecular and intermolecu-
lar interactions.

The binuclear FeIII complex bridged by trans-1,2-bis(4-
pyridyl)ethylene, [LFeIII(vibpy)FeIIIL](BPh4)2, was obtained
by mixing the precursor FeIII complex [FeClL] and trans-1,2-
bis(4-pyridyl)ethylene in a mole ratio of 2:1 in methanol and
then by adding a methanolic solution of sodium tetraphenylbo-
rate. Recrystallization from acetonitrile and methanol gave black
plate-like crystals.3

The magnetic susceptibilities of the crystalline sample were
measured in the temperature range of 5–350K at a 1Kmin�1

sweeping rate under a 0.5 T applied magnetic field. The sample
was quickly cooled from room temperature to 5K, and the mag-
netic susceptibility was first measured in the warming mode
from 5 to 350K. Subsequently, the magnetic susceptibility was
measured in the cooling mode from 350 to 5K. The �MT vs T
plots are shown in Figure 1, where �M is the molar magnetic sus-
ceptibility per 2Fe and T is the absolute temperature. There is no
difference in the cooling and warming modes. The �MT curve
revealed a gradual two-step spin transition. At 350K, the �MT

value of 7.70 cm3 Kmol�1 is slightly smaller than the expected
value of 8.75 cm3 Kmol�1 for existing independently two HS

species (S ¼ 5=2, g ¼ 2:00), suggesting that two FeIII sites are
mainly in the HS and HS states. Upon lowering the temperature
from 350K, the �MT value gradually decreases and reaches an
intermediate state around 140K, and then more gradually de-
creases to 2.96 cm3 Kmol�1 at 5K. The �MT value at the inter-
mediate state is ca. 4.7 cm3 Kmol�1 in the region of 140–125K,
whose value is close to the value of 4.75 cm3 Kmol�1 expected
for the HS and LS state. Even at 5K, the value of �MT = 2.96
cm3 Kmol�1 is much larger than the value of 0.75 cm3 Kmol�1

expected for the LS and LS state, indicating an incomplete SC in
the lower temperature region. The second SC in the lower tem-
perature region is much more gradual than the first SC in the
higher temperature region. Since the magnetic susceptibilities
of the SC complex sometimes strongly depend on the crystalline
states, the magnetic susceptibility measurements of this complex
were carried out by using different samples with different crys-
talline states (ground powder and crystals without crush). The
magnetic behaviors are essentially the same for each of them.

Previously, we reported a family of mononuclear FeIII com-
plexes [FeIIIbL]BPh4, in which H2L is the same N3O2 pentaden-
tate ligand and b is a monodentate ligand such as pyridine and
imidazole derivatives.4 The FeIII complexes with pyridine deriv-
atives as the axial ligand showed a gradual, but complete SC be-
havior, the typical SC for isolated SC complexes. In comparison
with the mononuclear complex, the present binuclear compound
showed more gradual and incomplete SC behaviors, in addition
to the two-step SC.

The X-ray crystal structural analyses were performed at 296
and 125K in order to investigate the structural change during the
first SC spin transition.5 The magnetic susceptibility measure-
ments demonstrated that the two FeIII ions are mainly in the
HS and HS state at 296K and in the HS and LS state at 125K.
At the two temperatures, the complex assumes the same space
group P21, indicating that there is no phase transition during

Figure 1. �MT vs T plots of [LFeIII(vibpy)FeIIIL](BPh4)2 in the
warming ( ) and cooling ( ) modes.
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the spin transition. The molecular structure of the binuclear met-
al-complex cation at 125K is shown in Figure 2, together with
the selected atom numbering scheme.

There are two Fe ions, Fe1 and Fe2, in the crystallographi-
cally unique unit. Each FeIII ion is in an octahedral coordination
environment and coordinated by N3O2 donor atoms of the pen-
tadentate Schiff-base ligand and one N atom of the bridging
ligand. On the basis of the Fe–N and Fe–O bond distances, the
spin state can be identified. At 296K, the Fe–N and Fe–O bond
distances at the Fe1 and Fe2 sites are similar to each other, the
average bond distances (hFe1{Ni ¼ 2:146 �A, hFe1{Oi ¼ 1:916
�A; hFe2{Ni ¼ 2:128 �A, hFe2{Oi ¼ 1:921 �A) being consistent
with the fact that the two FeIII sites are in the HS states. On
the other hand, at 125K, the average bond distance at the Fe1
site (hFe1{Ni ¼ 2:142 �A, hFe1{Oi ¼ 1:911 �A) indicates that
the Fe1 site remains in the FeIII HS state, while the average bond
distance of the Fe2 site (hFe2{Ni ¼ 2:001 �A, hFe2{Oi ¼ 1:873
�A) is of the expected value for the FeIII LS state, indicating that
the Fe2 site converts from HS at 296K to LS at 125K. As shown
in Figure 2, the bis(3-aminopropyl)methylamine moiety suffered
from disorder. At 300K, this disorder is found in both the Fe1
and Fe2 sites, while at 125K, the disorder is found only in the
Fe1 site. This order–disorder might be related to the SC.

The crystal packing diagram at 125K is shown in Figure 3,
where the Fe1 moiety in the HS state is drawn in red and the Fe2
moiety in the LS state is drawn in blue. There is no intermolec-
ular hydrogen bond and �–� stacking. The Fe1 site in the HS
state (red) and the Fe2 site in the LS state (blue) are bridged
by vibpy. As shown in Figure 3, the HS species (red) form a layer
and the LS species (blue) form another layer. The red HS layer

and the blue LS layer alternately stack.
In summary, a binuclear FeIII complex shows a gradual

two-step spin transition that should be related to the alternately
arrayed HS and LS layers. The SC behavior of this series of
binuclear complexes is detailed by the magnetic, structural,
and theoretical studies in order to determine the details of the
SC behavior.
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Figure 2. Binuclear structure of [LFeIII(vibpy)FeIIIL](BPh4)2
at 125K with the selected atoms numbering scheme. Fe1 is in
the HS state and Fe2 is in the LS state.

Figure 3. Packing diagram of the HS and LS sites of
[LFeIII(vibpy)FeIIIL](BPh4)2 at 125K. The hydrogen atoms
and BPh4

� are omitted.
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