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A three-dimensional chiral-structured molecular magnet
based on a Co­W bimetal assembly, [CoII(H2O)2][CoII(py-
rimidine){(R)-1-(4-pyridyl)ethanol)}]2[WV(CN)8]2¢7.5H2O, is
synthesized. This compound exhibits a spontaneous magnet-
ization due to ferromagnetic ordering between CoII (S = 3/2) and
WV (S = 1/2) with a Curie temperature of 19K and coercive field
of 3600Oe.

One target in the field of molecular-based magnets is to
obtain multifunctional magnetic materials that combine different
physical properties1,2 such as a ferroelectric-ferromagnet.2 Be-
cause electric and magnetic polarizations coexist, one candidate
to study multiferroics is a molecular magnet having structural
chirality (called a chiral-structured molecular magnet)3 which
should exhibit various magnetoelectric effects, e.g., magneto
chiral dichroism (MChD)4a,4b and magnetic second harmonic
generation (MSHG).4c,4d Several methodologies have been used
to synthesize chiral molecular magnets: incorporating a chiral
coordinated (¦ or ª) metal complex,3h,3i e.g., [NBu4][Mn(¦)-
Cr(ª)(oxalate)3], penetrating a chiral molecule as a coordi-
nating ligand,3b­3g e.g., K0.4[Cr(CN)6][Mn{(S)-1,2-diamino-
propane}][(S)-1,2-diaminopropaneH]0.63c and [Cu{(S)-1,2-di-
aminopropane}H2O]4[Cu{(S)-1,2-diaminopropane}]2[W(CN)8]4¢
2.5H2O3d and introducing a chiral molecule as a guest molecule
in the interstitial site of the magnetic framework, e.g., Mn3-
(HCOO)6[(S)-2-chloropropan-1-ol].3j In this work, we employed
a synthetic methodology which involves a chiral aromatic
molecule as a coordinating ligand. Herein, we report the synthesis
of [CoII(H2O)2][CoII(pyrimidine){(R)-1-(4-pyridyl)ethanol)}]2-
[WV(CN)8]2¢7.5H2O, which exhibits ferromagnetic ordering with
a Curie temperature of 19K.

The target compound was prepared by slowly adding an
aqueous solution of Cs3[W(CN)8]¢2H2O into an aqueous solution
containing CoCl2¢6H2O, pyrimidine, and (R)-1-(4-pyridyl)ethanol
at room temperature. After stirring overnight, the reddish pink
powder was separated from the resulting dark magenta suspension
by filtration. Elemental analyses by inductively coupled plasma
mass spectrometry and standard microanalytical methods indica-
ted that the formula of the compound was [Co(H2O)2][Co(py-
rimidine){(R)-1-(4-pyridyl)ethanol}]2[W(CN)8]2¢7.5H2O.5,7

The single-crystal X-ray analysis showed that the present
compound crystallized in the C2 space group (a = 30.410(6)¡,
b = 17.909(3)¡, c = 10.567(2)¡, ¢ = 107.10(3)°, Z = 4).6

Figure 1 shows the coordination environments around W and
Co ions. The asymmetric unit consisted of [W(CN)8]3¹, [Co-
(H2O)2]2+, and [Co(pyrimidine){(R)-1-(4-pyridyl)ethanol}]2+.
The coordination geometries around W and Co sites were
bicapped trigonal prism and pseudo-octahedron, respectively.
Five CN groups in [W(CN)8]3¹ were bridged to cobalt ions (Co1,

Co2, and Co3), and the other three were not bridged. Co1 (and
Co2) was coordinated to one nitrogen atom of (R)-1-(4-pyridyl)-
ethanol, one nitrogen atom of pyrimidine, and four nitrogen atoms
of [W(CN)8]. The four equatorial positions of Co3 were occupied
by two cyanide nitrogen atoms and two nitrogen atoms from
pyrimidine molecules, while the two apical positions were
occupied by two oxygen atoms from water molecules. The
cyano-bridged Co1­W­Co2 layers along the bc plane were linked
by Co3. The electric polarization (a twofold screw axis) was along
the b axis (Figure 1c).

The present compound possessed optical absorption bands
around 360 and 500 nm, which were assigned to the ligand-to-
metal charge transfer (LMCT) of CN­WV (2B1 ¼ 2A2, 2E) band
and the d­d transition of CoII bands (4T1g ¼ 4A2g, 4T1g ¼ 4T1g),
respectively. Additionally, the temperature dependence of the
magnetic susceptibility (»M) was measured in an applied field of
5000Oe and a temperature range of 2­340K. Although the »MT
value at 340K was 9.8K cm3mol¹1, the extrapolated high-
temperature value was 8.9K cm3mol¹1. This »MT value agrees
with the expected spin-only value (8.9K cm3mol¹1) for three CoII

(SCo = 3/2) and two WV (SW = 1/2) assuming g values of 2.4 and
2.0 for CoII and WV, respectively. The »M

¹1 vs. temperature plots
showed a Weiss temperature (ª) of + 28K, supporting ferromag-
netic ordering.

In the field-cooled magnetization (FCM) curve at 10Oe,
spontaneous magnetization appeared at TC = 19K (Figure 2). The
zero-field-cooled magnetization (ZFCM) and remnant magnet-
ization (RM) curves supported this TC value. The magnetization
vs. external magnetic field plots at 2K indicated that the saturation
magnetization (MS) value was 8.4®B (Figure 2, inset). The
magnetic moment on CoII is (13/6)®B (gCoJCo = (13/3) © (1/2))
assuming only the ground Kramers doublet of octahedral CoII

is populated, while the magnetic moment on WV was 1®B

(gWJW = 2 © (1/2)). Using these two magnetic moments, the
estimated MS value for ferromagnetic ordering is 8.5®B for
the given formula. The agreement between the observed and
estimated Ms values indicates that the magnetic spins on CoII

and WV ferromagnetically interact. The magnetic hysteresis
loop exhibited a relatively large coercive field (HC) value of
3600Oe at 2K, which may be due to the magnetic anisotropy
of CoII.

In summary, we have prepared a three-dimensional chiral-
structured molecular magnet, [Co(H2O)2][Co(pyrimidine){(R)-1-
(4-pyridyl)ethanol}]2[W(CN)8]2¢7.5H2O, which displays TC =
19K and HC = 3600Oe. The synthetic methodology herein where
a chiral aromatic molecule ligand coordinates to metal ions in a
cyano-bridged metal assembly will be useful in the study of chiral
magnets. We are currently studying the interaction between
magnetic polarization and electric polarization due to structural
chirality, for example, MSHG.
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Figure 2. Field-cooled magnetization (FCM), zero-field-cooled magnet-
ization (ZFCM) curves in an external applied field of 10Oe, and remnant
magnetization (RM) curve. Inset shows magnetic hysteresis loop at 2K.
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Figure 1. (a) The coordination environments around W and Co.
Displacement ellipsoids are drawn at a 50% probability level. Light blue,
pink, gray, navy, and red spheres represent W, Co, C, N, and O atoms,
respectively. The green and orange colored molecules show (R)-1-(4-
pyridyl)ethanol with C*27 and C*37 as a chiral center, respectively.
Hydrogen atoms (except for the hydrogen atoms around the chiral atoms),
noncoordinated water molecules, and disordered atoms are omitted for
clarity. (b) Crystal structure along the c axis. Gray sticks represent the
framework containing C and N atoms. (c) Crystal structure along the b axis
and the enlarged view where chiral molecules are aligned along the twohold
screw axis represented by a red line.
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