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One-dimensional coordination polymer of [Ru,(piv)4(/t-
CN)W(CN);1,2"~ (Hpiv = pivalic acid) has been synthesized
in the presence of PPhy™. The X-ray crystal structure reveals
an alternating arrangement of ruthenium(ILIII) dimers and
[W(CN)g]*>~ ions in a 1-D chain. The magnetic susceptibility da-
ta (4.5-300 K) shows a ferrimagnetic behavior of this complex.

Dinuclear ruthenium carboxylates with “paddle wheel”
structures have been subjected to intensive study for the past
three decades because of their unique properties.! These dinu-
clear ruthenium carboxylates, especially, mixed-valent ruthe-
nium(ILIII) dimers exhibit two axial labile sites as well as a
higher spin state of three unpaired electrons (S = 3/2) that might
be available for enhanced magnetic properties.> On the other
hand, cyanometalates have attracted much interest due to their
useful applications in the field of molecule-based magnetism.®
Therefore, Ru, carboxylates and cyanometalates make a good
combination for supramolecular assembly to produce new coor-
dination polymers with unique structures and interesting mag-
netic properties. As the first stage of such studies, we prepared
metal-assembled complexes of Ru, ™ pivalate dimer with hexa-
cyanometalate ions [M(CN)g]*>~ (M = Fe and Co) and found a
ferrimagnetic behavior for [Ruz(piv)4]3[Fe(CN)6].Sa The analo-
gous systems with ruthenium(ILIII) acetate, [Ruy(CH3COO)4]3-
[M(CN)¢] (M = Cr, Fe, Co, and Mn) were characterized mag-
netically.*®>¢ In order to fully utilize the magnetic potentialities
of Ru,™ dimers in combination with cyanometalates and de-
velop this type of molecule-based magnetic materials, we have
examined octacyanometalate building blocks for our systems.
The [M(CN)g]>~/4~ ions (M = Mo and W) were successfully
used for the self-assembly of supramolecular 0-D, 1-D, 2-D,
and 3-D coordination compounds.” Herein, we report the
synthetic strategy, structure, and magnetic properties of the
Ru, ™MWV chain system formed in the reaction of [Ru, (piv),]*
and [W(CN)g]*~ precursors.

When the reaction was performed under an equimolar stoi-
chiometry of Ru,:W, we obtained green precipitate which could
not be crystallized. The IR spectrum exhibited a weak V(CN)
band of [W(CN)g]’~ together with strong v, (COO) and
V5(COO) bands of [Ru,(piv)4]T, suggesting a very low ratio of
W:Ru, for this sample. Therefore, we treated [Ru,(piv)s-
(thf),|BE4 with excess amount of K4[W(CN)g]-2H,O in water
in the presence of PPhy™, resulting in the deposition of orange
microcrystals.® The analytical data were consistent with the
formulation of heterometallic (PPhy);[Ru,(piv)s(u-NC)W-
(CN)7]-5H,0 (1-5H,0). The introducing of nonstraightforward
Ru,:W stoichiometry (1:10) together with appropriate counter
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Figure 1. ORTEP drawing for the asymmetric part of the unit
cell of 1:0.5H,0 showing 30% probability ellipsoids. H atoms
are omitted for clarity. Selected bond distances (A) and angles
(°): Rul-Ru2 2.2852(6), Rul-01 2.035(4), Rul-04 2.035(4),
Rul-05 2.028(4), Rul-07 2.015(4), Rul-N26 2.273(5), Ru2—
02 2.029(4), Ru2-03 2.016(4), Ru2-06 2.002(4), Ru2-08
2.026(4), Ru2-N21 2.266(4); Rul-Ru2-N21 172.2(1), Ru2—
Rul-N26" 174.3(1), Rul-N26'-C26" 164.0(5), W1-C26-N26
177.9(5).

cations (PPh, ") allowed the self-assembly process to the desired
alternating Ru,—W 1-D chain structure.

The IR spectrum of 1:5H,0 shows a sharp V(CN) band at
2148cm™! which indicates relatively high symmetry of
[W(CN)g]>~. The spectrum also contains two distinctive
V,s(COO) and v(COO) bands of syn-syn-bridging carboxylato
group at 1485 and 1417 cm™', respectively, confirming the pre-
serving of the [Ru,(piv)s]™ core.?® The diffuse reflectance spec-
trum of 1-5H,0 exhibits a §(Ru,) — §*(Ruy) transition band at
1039 nm with a red shift from that of [Ru,(piv)4(H,O),]BF4, be-
ing the result of the axial coordination of the nitrogen atom of the
cyano group.3b The red prismatic crystals of 1:0.5H,0, suitable
for X-ray crystallography, were grown by slow diffusion of
aqueous solutions of [Ru(piv)4(thf),]BFs and K4[W(CN)g]-
2H,0 with PPh,Cl in an H-tube over four days in the dark at
18°C.° A perspective view of the asymmetric part is presented
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Figure 2. Projection of zigzag chain of 1:0.5H,0 on bc plane.
PPh, " cations, water molecules, and H atoms are omitted for
clarity.
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Figure 3. Temperature dependence of effective magnetic mo-
ment (in red) and magnetic susceptibility (in black) of 1:5H,0.

in Figure 1. The coordination geometries of Ru (Rul and Ru2)
and W sites are axially elongated octahedron and square anti-
prism, respectively. The Ru-Ru bond length (2.2852(6) A) is
similar to those found for other ruthenium(ILIII) carboxylate
dimers. The W—C-N angles are nearly linear with a mean value
of 178.7° and maximum deviation from the linearity no longer
than 2.6°. The average values of W—C and C-N bond distances
are 2.17 and 1.14 A which are typical for cyano-bridged assem-
blies based on octacyanometalates. Two cyano ligands of each
octacyanotungstate(V) (N21-C21 and N26-C26) coordinate to
the adjacent Ru, clusters forming a 1-D zigzag chain propagat-
ing along [101] lattice vector (Figure 2). Both cyano bridges are
significantly bent (C21-N21-Ru2 angle = 152.8(4)° and C26/-
N26'-Rul angle = 164.0(5)°) and the closest intrachain metal-
lic distances, Ru--W are equal to 5.42 and 5.54 A, respectively.
Since these chains are separated from each other by bulky aro-
matic cations, the corresponding interchain distances (M---M)
are considerably longer with values exceeding 10 A. This is
the first example of structurally characterized cyano-bridged
polymer based on mixed-valent Ru,™™ dimers and octacyano-
metalate precursors.

The effective magnetic moment for 1:5H,O at 300K
(4.25 pug) is comparable to the expected spin-only value
(4.24 up) for uncoupled 3/2 (for Ru,™™) and 1/2 spins (for
WV). Upon cooling, the magnetic moment gradually decreases
to a minimum value of 3.59 up at 55K, then increases reaching
the maximum value of 3.77 ug at 20K, and upon further cool-
ing, it finally decreases (Figure 3). This type of it temperature
dependence indicates a ferrimagnetic behavior of 1:5H,0 with a
antiferromagnetic interaction between Ru,™ and WV centers
through the cyano bridge. The Curie-Weiss plot, xy = C/
(T — 60), above 100K forms a straight line with a negative Weiss
constant of @ = —57(1) K, supporting the ferrimagnetism. It is to
be noted that the increase in L. begins at 55 K when the tem-
perature is lowered, which is much higher than those (2.1 and
20K) for the 2-D and 3-D polymers of [Ruy(RCOO)4]s-
[Fe(CN)g] (R = CHj3 and (CHj3);C) having similar 3/2—1/2 spin
systems.> This may be due to the larger 6 value of 1-5H,0O
(cf. 0 = —34.8K for [Ru,((CH3);CCO0)4]3[Fe(CN)41%). The
stronger antiferromagnetic interaction could be induced by the
introduction of W(CN)g which has a large diffusion of the 5d
magnetic orbitals. The decrease below 20 K may come from
the large zero-field splitting of the present complex.

Further work on the construction of supramolecular systems
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based on Ru, clusters and octacyanometalates is now in
progress.
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