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The reaction of MnCl2.4H2O with a tetradentate ligand
yielded a dinuclear manganese(II) complex of [MnII2(H2L)2-
Cl2] (1) (H3L = N-(2-hydroxy-5-nitrobenzyl)iminodiethanol).
The magnetic susceptibility measurement revealed that 1 has
an S ¼ 5 spin ground state due to an intramolecular ferromagnet-
ic interaction.

In recent years manganese cluster chemistry is of great inter-
est from view points of bioinorganic and physical chemistry. Di-
nuclear manganese complexes were used as models of a Mn cat-
alase,1 and tetranuclear complexes were known to exist at the
active center for photosynthetic water oxidation.2 In a field of
magnetic materials, polynuclear manganese complexes with
large spin multiplicity and uniaxial magnetic anisotropy have at-
tracted an attention for solid-sate properties such as superpara-
magnetism and quantum spin tunneling.3 A family of dodecanu-
clear Mn(III, IV) clusters have been proven to be single
molecule magnets.4 From the viewpoints of constructing such
compounds, ferromagnetically coupled dinuclear manganese
compounds are considered to be not only the simplest models
for understanding magnetic interactions between metal centers,
but also paramagnetic building units of polymeric architectures.5

Numerous dimeric manganese(II) complexes have been synthe-
sized,6 but ferromagnetically coupled ones are relatively rare.7

Herein, we report synthesis, structure, and magnetic property
of a ferromagnetically coupled dinuclear manganese complex
with tetradentate ligand.

The ligands H3L were obtained by following literature pro-
cedures.8 MnCl2.4H2O (0.25mmol) in MeOH (5mL) was slow-
ly added to the mixture of H3L (0.25mmol) and NEt3 (0.25
mmol) in MeOH (10mL). Yellow crystals of [MnII2(H2L)2-
Cl2] (1)

9 were obtained by slow diffusion of acetone into the re-
action mixture.

Structure of 1 is displayed in Figure 1. 1 crystallized in tri-
clinic space group P�11 composed of a dinuclear unit and has an
inversion center. Coordination geometry about each mangane-
se(II) ion is a significantly distorted octahehedron with N1O4Cl1
chromospheres provided by a chloride ion and tetradentate mon-
oanionic ligands (H2L

�), in which alkylalcohol groups are pro-
tonated. The valence of each manganese ion is 2+, which is con-
firmed by the coordination bond lengths (2.163(2)–2.476(1) �A)
and the valence sum calculations. The bond lengths between
manganese ion and phenoxy groups (Mn–O1 = 2.167(2), Mn–
O1� = 2.163(2) �A) are slightly shorter than those between man-
ganese ion and alkylalcohol oxygen atoms (Mn–O2 = 2.223(3),
Mn–O3 = 2.214(3) �A). The remaining coordination bond
lengths are 2.337(3) �A for the Mn–N bond and 2.476(1) �A for
the Mn–Cl bond, respectively. The two manganese(II) ions are
doubly bridged by the phenoxo groups with the Mn���Mn separa-

tion of 3.443(2) �A.
Temperature dependence of magnetic susceptibility with ap-

plying magnetic field of 0.1 T was measured down to 1.8K for 1,
and the results are depicted in the form of a �mT vs temperature
plot (Figure 2). The �mT value at 300K is 8.73 emumol�1 K,
which is close to the value expected for uncorrelated two man-
ganese(II) ions (8.75 emumol�1 K for g ¼ 2). Upon cooling,
the �mT values gradually increased to a maximum value of
9.64 emumol�1 K at 15K, which is indicative of ferromagnetic
interactions occurring between two manganese(II) ions. A sud-
den decrease of �mT values below 14K is due to intermolecular
antiferromagnetic interactions. Magnetization data for 1 were
collected as a function of applied magnetic field up to 5 T at
1.9K. The M=N�B values increased with increasing magnetic
field and reached a value of 9.53 at 5 T, which suggests an S ¼
5 spin ground state for 1. The magnetic susceptibility data were
analyzed by a two spin model with a coupling constant J (H ¼
�2JS1 � S2).10 The least squares calculation by using the data
above 26K gave the best fit parameters of g ¼ 1:988ð4Þ, J ¼
þ0:31ð3Þ cm�1. Although the ferromagnetic interactions were
observed in some alkoxo and phenoxo-bridged manganese com-
plexes, Mn2LX2 (L = Robson-type macrocyclic ligands, X =
N3

�, Cl�, or Br�),7 the antiferromagnetic intractions were gen-
erally propagated via phenoxo bridges.6 Magnetic interactions
between manganese ions occur by superexchanges through phe-
noxo-oxygen atoms, which give ferromagnetic and antiferro-
magnetic contributions. It is difficult to predict the magnetic in-
teractions by using structural parameters, however, Mn–O1–Mn
bond with the angle of 105.35(7)� diminish overlaps between
oxygen p� and manganese d� orbitals and might be responsible
for the occurrence of the ferromagnetic interactions in 1.

In summary, we prepared ferromagnetically coupled dinu-
clear manganese(II) complex 1, and structure and magnetic
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Figure 1. ORTEP diagram of 1. Selected interatomic distances
( �A) for 1: Mn–O1 2.167(2), Mn–O1� 2.163(2), Mn–O2 2.223(3),
Mn–O3 2.214(2), Mn–N 2.337(3), Mn–Cl 2.476(1). Key to sym-
metry operation of *: �xþ 1, �yþ 1, �zþ 2.
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property were studied. In 1 further deprotonation of the ligand
may give an opportunity to build larger alkoxo-bridged manga-
nese clusters.
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Figure 2. �mT–T plot for 1.
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