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Spin-crossover (SCO) complexes are a fascinating class of
molecules that can be switched on the molecular level by the
use of temperature, pressure, or light.[1] For potential appli-
cations, these compounds should exhibit a cooperative spin
transition with a wide thermal hysteresis loop that is centered
at room temperature.[2] In the past few years, several
strategies were discussed as to how geometry changes
occurring during the spin transition can be transmitted
effectively through the crystal lattice, as these cooperative
interactions are the key factor for the appearance of wide
thermal hysteresis loops. One promising strategy is the use of
covalent linkers to form coordination polymers, as suggested
by Kahn et al.[2a, 3] However, no real breakthrough has
occurred in the last decade. This is not surprising considering
that we could demonstrate for the bridging ligand 4,4’-
bipyridine that different SCO properties are not based on the
covalent linker but are due to interactions (e.g. van der Waals
forces) between the polymer chains.[4]

Over the last few years, we have investigated the proper-
ties of several SCO complexes with N4O2 coordination
spheres.[5, 6] The properties of the spin transition curve
correlate well with the number and intensity of the intermo-
lecular contacts, and thermal hysteresis loops up to 18 K wide
could be obtained, owing to a 3D network of short van der
Waals contacts.[4] The widest hysteresis loops observed to date
for a structurally characterized SCO complex are about
40 K.[7] In both examples, this hysteresis arises from p–p

interactions between ligands with extended aromatic struc-
tures.[7] In other compounds with thermal hysteresis loops
70 K wide[8] or up to 92 K[9] wide, p stacking is also considered
to play a central role; however, no X-ray structure analyses
are available for these compounds. To date, we have not
succeed in applying this strategy to our N4O2 ligand system.[10]

Therefore, we decided to use hydrogen bonds as intermolec-
ular contacts, as these should be stronger than van der Waals
contacts but more flexible than covalent linkers. Although the

possibility to transmit cooperative interactions through
H bonds has not been drawn into questioned, to date
relatively few examples of H-bond-linked SCO complexes
are known.[11] Recently, indications were found that the 35 K
wide thermal hysteresis loop in the SCO coordination
polymer [Fe(NH2trz)3](NO3)2 (trz = 4-amino-1,2,4-triazole)
is due to a network of hydrogen bonds.[12]

The reaction of imidazole with the iron complex [FeL-
(MeOH)2] (Scheme 1) in methanol was first investigated by
M�ller et al.[13] and resulted in the formation of an iron

complex with the composition [FeL(HIm)1.80] that was
reported to display an incomplete spin transition (gHS = 0.1)
with a 4 K wide thermal hysteresis loop above room temper-
ature.[13] A hydrogen-bond network between the NH hydro-
gen atom of the imidazole unit and the OCOEt oxygen atom
of the equatorial ligand is made responsible for the cooper-
ative interactions; however, no further details are given, and
the composition of the powder sample differs between
literature references.[13, 14]

We therefore decided to investigate the reaction of
[FeL(MeOH)2] with imidazole in more detail. The general
route for the synthesis of 1 is given in Scheme 1 with the
abbreviations used. In contrast to the results from the
literature, a fine crystalline precipitate with the formula
[FeL(HIm)2] (1) was obtained.

The magnetic properties of 1 were determined by temper-
ature-dependent susceptibility measurements using a SQUID
magnetometer at two different field strengths (0.02 and
0.05 T). Figure 1 gives the temperature dependence of the
magnetic properties of 1 (cMT vs. T) analyzed in the temper-
ature range 200–350 K. The room-temperature value of cMT=

3.26 cm3 K mol�1 (295 K) is characteristic for an iron(II)
complex in the high-spin (HS) state. Upon cooling, this
value remains constant down to 250 K, where an abrupt
transition to the low-spin (LS) state is observed that is
centered at 244 K with a remaining magnetic moment of
cMT= 0.15 cm3 K mol�1 at 200 K. Upon heating, cMT remains

Scheme 1. Synthesis of compound 1 and the abbreviations used.
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constant up to 300 K (cMT= 0.31 cm3 K mol�1), where it
increases abruptly to cMT= 3.32 cm3 K mol�1 at 325 K. A
spin transition with a 70 K wide thermal hysteresis loop is
observed that can be repeated several times. Furthermore, the
SCO properties are resistant with regard to grinding effects.
This aspect is of great importance for potential applications.

Crystals suitable for X-ray structure analysis were
obtained from the same sample used for the magnetic
measurements, and the molecular structure was determined
at 275 K. An ORTEP drawing of the asymmetric unit is given
in Figure 2. Selected bond lengths and angles are summarized

in Table 1. The average bond lengths of the inner coordina-
tion sphere (2.08 � (Fe�Neq), 2.03 � (Fe�Oeq), 2.22 � (Fe�
Nax)) are in the region reported for similar HS iron(II)
complexes—in full agreement with the results of the suscept-
ibility measurements.[4–6] The observed O-Fe-O angle (1088),
the so-called bite angle of the ligand, is also in the region
typical for iron(II) HS complexes of this ligand type.[4–6] The
determination of the X-ray structure of the LS state was not
possible, as the crystals crumbled upon cooling.

The intermolecular interactions are of great significance
for an understanding of the magnetic properties of compound
1. The packing of the molecules in the crystals (Figure 3)
reveals two different hydrogen bonds between neighboring

molecules. One involves the NH hydrogen atom (H66) of the
imidazole unit and the OCOEt oxygen atom (O5) of the
equatorial ligand, as discussed previously,[13] while the second
one connects the NH hydrogen atom of the second imidazole
ligand (H4) with the coordinated carbonyl oxygen atom (O1)
of the equatorial ligand. The combination of the two hydro-
gen-bond types leads to an infinite two-dimensional layer of
linked molecules along the (10�1) plane. Furthermore, weak
contacts between an imidazole CH (H22) and a second
OCOEt oxygen atom (O4) of the equatorial ligand increase
the number of contacts between the molecules in the layer.
The single layers are linked by additional short contacts
between two aromatic CH hydrogen atoms of the phenylene
bridge and the OCOEt oxygen atom O3, leading in total to a
3D network of linked molecules. The details for all intermo-
lecular contacts are given in Table 2.

The described network, especially the 2D hydrogen-bond
network, is clearly responsible for the highly cooperative
interactions during the spin transition observed in compound
1. This thermal hysteresis loop is by far the widest in a
structurally characterized compound, and the transition even
takes place around room temperature. As a consequence, the
importance, or alternatively the very good suitability, of

Figure 1. Thermal variation of cMT of compound 1. The hysteresis loop
remains unchanged after being repeated three times.

Figure 2. ORTEP drawing of the asymmetric unit of compound 1 at
275 K.

Table 1: Selected bond lengths [�] and angles [8] of 1 within the first
coordination sphere at 275 K.

Fe�N1/2 Fe�O1/2 Fe�N3/5 O1-Fe-O2 N3-Fe-N5

2.088(3)
2.078(3)

2.011(3)
2.048(3)

2.198(4)
2.239(4)

108.04(11) 173.92(12)

Figure 3. Packing of compound 1 in the crystal at 275 K. Top: view
along [010]; bottom: excerpt of the 2D layer of hydrogen-bond-linked
complex molecules.
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hydrogen bonds for transmitting cooperative interactions in
SCO compounds must be reconsidered.

One last question to be addressed is the appearance of the
4 K wide hysteresis loop described by M�ller et al.[13] The
corresponding compound appears to be a second modifica-
tion of complex 1, which we were able to obtain if the complex
precipitates not at room temperature but at 4 8C. Results from
elemental analysis indicate a higher content of imidazole than
for 1—in agreement with results from Leibeling,[14] but in
contrast to the results of M�ller et al.[13] Both possibilities
(more or less imidazole in the crystals) would partially destroy
the H-bond network and thereby reduce the cooperative
interactions.

Herein, we have presented an SCO complex with the
widest known thermal hysteresis loop for a structurally
characterized complex around room temperature. The results
emphasize the high potential of H-bonds for transmitting
cooperative interactions during a spin transition.

Experimental Section
All syntheses were carried out under argon using standard Schlenk
techniques. Methanol was purified and distilled under argon before
use. [FeL(MeOH)2] was prepared as described in the literature.[15]

Imidazole was purchased from Alfa Aesar and used as received.
[FeL(HIm)2] 1: A solution of [FeL(MeOH)2] (0.56 g, 1.11 mmol)

and imidazole (3.8 g, 0.056 mol) in methanol (20 mL) was heated at
reflux for 5 min. After cooling, the fine crystalline black precipitate
was filtered off, washed with methanol (2 � 5 mL), and dried in
vacuum. Yield: 0.43 g (67%). Elemental analysis (%) calcd for
C26H30N6O6Fe (578.40): C 53.99, H 5.23, N 14.53; found: C 53.23,
H 5.09, N 15.07. IR (nujol): ñC=O = 1703, 1672, 1620 cm�1. MS (DEI+):
m/z : 68 (HIm+, 100%), 442 ([FeL]+, 64%). DTG (difference
thermogravimetry): up to 150 8C: �1.1% = loss of HIm in the crystal;
up to 220 8C: �12.6% = loss of 1 HIm (theory: 11.7%); at 240 8C:
decomposition.

Magnetic measurements were performed on a Quantum Design
MPMSR-XL SQUID magnetometer in a temperature range from 5 to
295 K at 0.02 and 0.05 T in the settle mode. Data corrections were
made using tabulated Pascal�s constants. Reflection intensities of 1
were collected on a Nonius KappaCCD diffractometer using graph-
ite-monochromated MoKa radiation. Data were corrected for Lorentz
and polarization effects. The structure was solved by direct methods
(Sir 97[16]) and refined by full-matrix least-square techniques against
F2

o (SHELXL-97[17]). The hydrogen atoms were included at calculated
positions with fixed thermal parameters. Cell parameters and refine-

ment results are summarized in Table S1 in the Supporting Informa-
tion.[18] ORTEP-III was used for structure representation.[19]
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