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We have synthesized a two-dimensional manganese(Il)
octacyanotungstate(V)-based ferrimagnet with a magnetic order-
ing temperature of 35 K. Single crystal analysis showed that Mn""
ion was axially capped by 3-cyanopyridines, forming a two-
dimensional structure. This bimetallic assembly showed ferri-
magnetic properties due to the antiferromagnetic interaction
between magnetic orbitals of d,- on WY ion and d,y on Mn'" ion
in the inside of the two dimensional layer.

There has been a great interest in the preparation of molecule-
based magnets in the last 15 years.!> Hexacyanometalates
[M(CN)e]"~ have been often used as a molecular building block
of molecule-based magnets. One of reasons of this is that a
magnetic structure can be rationally designed because of the
octahedral coordination geometry of [M(CN)s]"~.3 Octacyano-
metalates [M(CN)g]"~ (M = Mo, W; n=4,5) are also an
attractive building block.* They can take various coordination
geometries such as square antiprism (Day,), dodecahedron (D),
and bicapped trigonal prism (C,,).> In addition, their assembled
metal compounds could form various dimensional crystal
structures, e.g., zero-, one-, two-, and three-dimensional struc-
tures. We may obtain such a various structures by choosing
coordinated molecules. For example, in the system of cyano-
bridged manganese(Il) octacyano-tungstate(V) with a coordi-
nated molecule of H,O, a three-dimensional ferrimagnet
[Mn"s(H,0)g{WV(CN)g},-13H,0],, with a magnetic ordering
temperature (7.) of 54K was obtained.® In contrast, when a
coordinated molecule was an ethanol, a zero-dimensional
structural cluster {Mnlg[WV(CN)g]s-24C,HsOH} (S = 39/2)
was obtained.” In this paper, we report a two-dimensional
cyano-bridged  manganese(II)-tungsten(V)-based =~ magnet,
Cs'[Mn"(3-cyanopyridine),{WVY(CN)g}]-H,O (1), and its mag-
netic properties.

The compound 1 was prepared by mixing an aqueous solution
of Cs3[W(CN)g] and an aqueous solution containing MnCl, and
3-cyanopyridine.® In the IR spectra, two CN stretching peaks of 3-
cyanopyridine (Ve—y = 2246, and 2240 cm™!) and seven peaks
due to bridged CN ligands between WY and Mn! ions
(Ven = 2182, 2177, 2161, 2155, 2150, 2145, and 2140cm™")
were observed.””!! The single crystal X-ray structural analysis
showed that 1 consisted of a two-dimensional layer of cyano-
bridged manganese(IT)-tungstate(V) (Figure 1).!% In the inside of
layer, four CN ligands of [W(CN)g]*>~ bridged to Mn ion and other
four were free. In contrast, Mn ion was coordinated by six
nitrogen atoms of two 3-cyanopyridine molecules and four CN
groups. Cs! ion and H,O molecule intercalated between the
layers. The shortest W—W and W-Mn distances between the
layers were 9.33A and 11.25A, respectively. The average

Figure 1. The crystal structure of 1. (a) View of a layer
along the b* direction. (b) View of two layers along the a
direction. Large white, large gray, large black, small black,
small gray, and small white balls represent Mn, W, Cs, C, N,
and O, respectively. H atoms are omitted for clarity.

interlayer distance was 12.42 A. The coordination geometries of
W and Mn sites were bicapped trigonal prism (Cy,) and pseudo-
octahedron (D), respectively. The reason why the present
compound forms a two-dimensional layer is that the axial
positions of Mn ion are capped by 3-cyanopyridine molecules,
and only equatorial positions are available for bridging with
[W(CN)s]*~.

The magnetization vs temperature plots for 1 are shown in
Figure 2a. The spontaneous magnetization appeared at a 7. of
35 K. The magnetization vs external magnetic field plot showed
that the coercive field (H,) was about 1 G!3 and the saturation
magnetization (M) value was 4.1 g at 5 K (Figure 2b). This M
value is close to the expected saturation value of 4.0 (L5 assuming
that the present compound is a ferrimagnet. This result suggests
that an antiferromagnetic interaction operates between WV
(S = 1/2) and Mn"" (S = 5/2) ions in the inside of the layer'*
and a ferromagnetic interaction operates between the layers.

We considered the origin of the ferrimagnetism in this
compound, based on the results of DV-X« calculation'® of
W(CN)g and Mn(NC)4(3-cyanopyridine), units. For the calcula-
tion, the atomic coordinates determined by X-ray analysis were
used. A; (d,2) orbital is occupied by an unpaired electron of
[W(CN)s]*~ and five 3d orbitals (B, Bag, As,, and two Aj,) are
occupied by unpaired electrons of Mn'" as shown in Figure 3.
Although the molecular symmetrical axes of these metal ions are
twisted, the antiferromagnetic superexchange interaction (Jar) is
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Figure 2. (a) The magnetization vs temperature plots of 1: (H)
field-cooled magnetization obtained with decreasing temperature
(60K — 2K) in an external magnetic field of 10 G; (A) zero-field-
cooled magnetization with increasing temperature (2 K — 60 K) in
the applied magnetic field of 10 G after the temperature was first
lowered in zero field; () remanent magnetization obtained with
increasing temperature (2K — 60K) after the temperature was
first lowered in the applied magnetic field of 10 G. (b) Magnetiza-
tion vs external magnetic field plots of 1 at 5 K.
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Figure 3. Schematic illustration of 7r-like orbital interaction between
WV and Mn!' through the bridged cyanide (top), and the electronic
configuration on WY and Mn!! sites, based on the DV-X« calculation of
W(CN)g and Mn(NC)4(3-cyanopyridine), units (bottom).

expected to operate between the A; (d,2) magnetic orbital of WY
and Ay, (dyy) one of Mn'! through the cyano-bridge, resulting in
an antiparallel ordering of magnetic spins of WY and Mn"! in the
inside of the layer. In contrast, the dipole-dipole interaction may
cause a ferromagnetic interaction among layers.'®

In summary, we have prepared a new type of two-
dimensional cyano-bridged Mn—W molecule-based magnet with
a T. of 35 K. So far, we have prepared a zero-, two-, and three-
dimensional magnetic compounds in Mn-W cyano-bridged
system. The key of the strategy to control the dimensionality in
this system is the choice of an adequite coordinated molecule. It is
theoretically predicted that a spontaneous magnetization should
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not appear in the Heisenberg type of two-dimensional magnetic
materials. However, the interlayer distance is not large enough to
neglect the interactions operating between layers. If larger
organic molecules are used as a coordinated molecule in this
system, pure two-dimensional magnetic materials may be
obtained. Furthermore, the structural and dimensional flexibil-
ities of octacyanotungstate-based magnets allow us to design a
new  functional = magnet such as  photo-induced
magnetization.****!7 The works along this line are under way.
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