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Dinuclear [(TPyA)FeII(DBQ2-)FeII(TPyA)](BF4)2 possesses extensive
π−π interactions between the FeII dimers that give rise to a two-
dimensional supramolecular sheet structure. The magnetic sus-
ceptibility shows a room-temperature spin-crossover behavior;
however, thermal hysteresis is not observed.

Spin-crossover materials have attracted much attention
because of their potential use as a switch or sensor and for
data recording.1 Many FeII spin-crossover materials have been
studied extensively,2 and dinuclear FeII complexes that
usually display antiferromagnetic coupling also have been
reported to exhibit spin crossover,3 albeit at low temperature.
For example, [Fe(phen)(NCS)2]2(µ-bpym) (phen) 1,10-
phenanthroline; bpym) bipyrimidine;Tc ) 170 K).4 Thus,
it is a challenge to obtain materials with spin transition
temperatures around room temperature with hysteresis,
although a few FeII compounds have shown spin-crossover
behavior at∼290 K and over 325 K.5

Metal compounds with 1,4-dihydroxybenzoquinonediide
(DHBQ2-) and chloranilate (CA2-) ligands have been studied
because of their redox behavior and magnetism due to the

delocalizedπ system.6 These compounds mainly exhibit weak
antiferromagnetic coupling. However, we recently prepared
[(TPyA)FeII(CA)FeII(TPyA)]n+ [TPyA ) tris(2-pyridylmeth-
yl)amine;n ) 2, CA ) CA2-; n ) 1, CA ) CA•3-] bridged
with CA2- and spin-bearing CA•3- ligands, and they unexpec-
tedly showed intradimer ferromagnetic coupling.7 2,5-Di-
tert-butyl-3,6-dihydroxy-1,4-benzoquinone (H2DBQ) with the
electron-donatingtert-butyl group was targeted as a bridging
ligand. Herein we report [(TPyA)FeII(DBQ2-)FeII(TPyA)]-
(BF4)2 (1) and its room-temperature spin transition.

1 was synthesized from a MeOH solution (50 mL) of [Fe-
(OH2)6](BF4)2 (232 mg, 0.688 mmol) being added to MeOH
solutions (10 mL) of TPyA (200 mg, 0.688 mmol) and of
H2DBQ (87 mg, 0.344 mmol). The solution turned dark
green, NEt3 (0.10 mL, 0.688 mmol) was added for neutral-
ization, and the solution was stirred for 1 h atroom temper-
ature. After filtration, the solution was concentrated to
approximately one-third of the original volume and allowed
to stand in a refrigerator for 2 days, whereupon dark-brown
microcrystals formed that were collected by filtration, washed
with methanol, and dried in vacuo (yield: 200 mg, 52%).8
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Brown block-shaped crystals of1 suitable for X-ray
analysis were obtained by Et2O diffusion into an acetonitrile
solution. The X-ray data were collected at 208 and 298 K,
and the ORTEP drawing of1 is shown in Figure 1.9 The
structure of the [(TPyA)FeII(DBQ2-)FeII(TPyA)]2+ cation
shows a distorted octahedral geometry by coordination with
the four N atoms of TPyA and the two O atoms of DBQ2-

in the cis positions. The average Fe-O and Fe-N bond
distances are 1.930(2) and 1.955(1) Å at 208 K and 1.955-
(1) and 2.006(1) Å at 298 K, respectively. The latter is longer
than the former by 0.025 and 0.051 Å because of the increase
of the fraction of high-spin FeII ions as the temperature was
increased from 208 to 298 K (vide infra). The cell volume
also increases by 150 Å3 (2.9%) with increasing temperature.
The bond distances relating to Fe-L at 208 K are similar to
those found for low-spin FeII complexes.10 The average C-O
bond distances of DBQ2- are 1.272(3) Å at 208 K and 1.273-
(2) Å at 298 K. The average C-C bond distances (C1-C2

and C4-C5) of DBQ2- are 1.523(4) Å at 208 K and 1.524-
(2) Å at 298 K, indicative of single-bond character, and 1.396
Å at 208 K and 1.399 Å at 298 K (C2-C3, C3-C4, C5-
C6, and C6-C1), showing that the bonds are delocalized.
Based upon the bond distances, the DBQ2- ions at two
different temperatures are nearly identical with each other
and confirm dianion-bridged ligands, not spin-bearing DBQ•3-

as described in [(TPyA)Co(CA)Co(TPyA)]+.11 The bond
distances of Fe-L depend on the temperature, while those
of the DBQ2- dianion are temperature-independent.

The pyridyl groups of TPyA ligands and the benzene ring
of DBQ2- are involved in C-H‚‚‚π and offset face-
to-face π-π interactions between the FeII dimers,12 in
which the complex gives rise to a two-dimensional supramo-
lecular sheet structure. At 208 K, herringbone structure:
H‚‚‚centroid, 2.64 and 2.73 Å;∠C-H-centroid, 159.20 and
160.40°; centroid‚‚‚centroid, 4.88 and 4.98 Å; dihedral angle,
70.87 and 75.93°. Offset face-to-face: separation, 3.49(
0.05 and 3.23-3.84 Å; centroid‚‚‚centroid, 3.92 and 3.98
Å; dihedral angle, 2.24 and 13.44°.

The cyclic voltammogram in acetonitrile displayed three
reversible one-electron-transfer waves atE1/2 ) +0.802,
+0.281, and-1.007 V vs SCE. The former two processes
correspond to two successive one-electron oxidations (12+/3+

and13+/4+) and the latter to a one-electron reduction (12+/+).
Thus,1 can be both chemically oxidized and reduced.

The IR spectrum of1 is temperature-dependent around
room temperature, consistent with magnetic data (vide infra).
That is, as the temperature decreases below room tempera-
ture, the 1501 and 1442 cm-1 νCO peaks decrease and
increase in intensity, respectively. At low temperature, a new
peak appears at 1467 cm-1. The opposite occurs when the
temperature is raised above room temperature. Hence, the
IR spectra exhibit an abrupt change at 20( 5 °C.

The 2-380 K magnetic susceptibility,ø, was obtained on
a SQUID magnetometer (Figure 2). At 380 K, the effective
moment,µeff [)(8øT)1/2], is 6.69µB/Fe2, which decreases with
decreasing temperature until it reaches a plateau at ca. 200 K
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1335 (s), 1160 (m), 1055 (multiple, br), 905 (m), 763 (s), 655 (m),
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using graphite-monochromated Mo KR (λ ) 0.710 73 Å) radiation.
The structure was solved by direct methods and refined by full-matrix
least-squares refinement using theSHELXL97programs.
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Figure 1. ORTEP (30% probable thermal ellipsoid) view of1. H atoms
and BF4

- are omitted for clarity. Relevant distances (Å) and angles (deg):
At 208 K, Fe1-O1 1.929(3), Fe1-O2 1.929(3), Fe1-N1 1.973(4), Fe1-
N2 1.934(4), Fe1-N3 1.959(4), Fe1-N4 1.953(4), Fe2-O3 1.928(3), Fe2-
O4 1.933(3), Fe2-N5 1.973(4), Fe2-N6 1.938(4), Fe2-N7 1.957(4), Fe2-
N8 1.955(4), C1-C2 1.519(6), C2-C3 1.394(5), C3-C4 1.403(5), C4-
C5 1.525(5), C5-C6 1.390(6), C6-C1 1.395(6), C1-O1 1.269(5), C2-
O2 1.275(5), C4-O3 1.273(5), C5-O4 1.269(5), O1-Fe1-O2 81.01(13),
O3-Fe2-O4 81.08(12). At 298 K, Fe1-O1 1.960(2), Fe1-O2 1.940(2),
Fe1-N1 2.014(3), Fe1-N2 1.970(3), Fe1-N3 1.988(3), Fe1-N4 2.004-
(3), Fe2-O3 1.944(2), Fe2-O4 1.976(2), Fe2-N5 2.036(2), Fe2-N6
1.980(3), Fe2-N7 2.003(3), Fe2-N8 2.012(3), C1-C2 1.518(3), C2-C3
1.404(4), C3-C4 1.400(4), C4-C5 1.530(3), C5-C6 1.400(4), C6-C1
1.390(4), C1-O1 1.272(3), C2-O2 1.280(3), C4-O3 1.272(3), C5-O4
1.266(3), O1-Fe1-O2 80.04(8), O3-Fe2-O4 79.98(8).

Figure 2. µeff(T) for 1 at 3000 Oe upon warming (×) and cooling (+).
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(1.99µB). Below 200 K,ø(T) is nearly constant until 30 K.
Furthermore, the magnetic moment did not recover to high-
spin FeII ions completely (ca. 93%,g ) 2) until 380 K and
showed a small residual amount of high-spin FeII ions (3.4%,
g ) 2) at 2 K. Thermal hysteresis, however, was not
observed. This is in contrast to [(TPyA)Co(DHBQ)Co-
(TPyA)]3+,13 which exhibits a thermal hysteresis that is
attributed to intermolecularπ-π interactions.1 also has
intermolecularπ-π interactions, but hysteresis was not
observed.

Remarkably,1 shows a spin transition at∼300 K as the
moment abruptly increases. This behavior is anomalous
because most metal complexes with DHBQ and CA exhibit
weak antiferromagnetic coupling between paramagnetic
species due to the long separation (∼8.0 Å) and do not
exhibit spin crossover.6 We have found that the substituents
of a bridged ligand (DBQ2-) are very important to inducing

a spin crossover, in which1 displays spin crossover due to
thetert-butyl groups. The spin crossover is reproducible. To
the best of our knowledge, this is the first example of a
dinuclear FeII complex bridged with a tetraoxolene ligand
exhibiting spin crossover around room temperature.

In conclusion, a dinuclear FeII complex that exhibits spin-
crossover behavior around room temperature is reported.
Further studies on the redox pressure dependence of the
compound and fabrication of new dinuclear complexes
showing a hysteresis at room temperature are ongoing.
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