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A novel one-dimensional chainlike organic–inorganic poly-
mer [Cu(en)2]3[Cu(en)2(H2O)]2{[Cu4(GeW9O34)2][Cu(en)2]}.
9.5H2O (en = ethylenediamine) has been synthesized by hydro-
thermal reaction in good yield, and characterized by elemental
analysis, IR, TG-DTA, EPR, magnetic properties, and single-
crystal X-ray diffraction. The diffraction analysis reveals that
the polymer represents the first high-dimensional organic–inor-
ganic hybrid based on the sandwich-type polyoxometalates
linked by transition-metal coordination cations.

Polyoxometalates (POMs) are metal–oxygen cluster species
with a diverse compositional range and an enormous structural
variety and the Keggin series has been the most studied,1

therefore structural design of novel POMs and derivation of
known POMs has provoked great interest for synthetic chem-
ists.2 Recent years, transition-metal- or rare earth metal-substi-
tuted polyoxometalates have been widely explored because of
their highly tunable nature, as well as their fascinating properties
resulting in potential applications in catalysis, material science,
and medicine.3,4 Within the class of transition-metal-substituted
polyoxometalates, the sandwich-type compounds represents the
largest subclass.1b And such species are of particular interest in
catalysis and magnetism. For another, hybrid organic–inorganic
compounds have attracted an increasing interest during the
possibility of combing the different characteristics of the compo-
nents to get unusual structures, properties, or applications. Nu-
merous hybrid compounds based on the typical heteropolyanions
or the vanadium/molybdenum isopolyanions have been
explored,5–7 but examples of high-dimensional POMs based
on the sandwich-type polyoxometalates are rarely observed.
Here, we report on the synthesis, crystal structure,8 and
properties of the compound [Cu(en)2]3[Cu(en)2(H2O)]2{[Cu4-
(GeW9O34)2][Cu(en)2]}.9.5H2O (1), which represents the first
example of the 1D chain-like organic–inorganic hybrid based
on the sandwich-type polyoxometalates linked by transition-
metal coordination cations.

X-ray analysis revealed that the crystal structure of 1
consists of 1 heterometallic cluster {[Cu4(GeW9O34)2]-
[Cu(en)2]}

10�, 3[Cu(en)2]
2þ, 2[Cu(en)(H2O)]

2þ coordination
cations, and 9.5 hydration water (Figure 1). In the polymer,
two neighboring building blocks [Cu4(GeW9O34)2]

12� are
linked by [Cu(en)2]

2þ coordination cations into one-dimensional
zigzag-shaped chains (Figure 2).

The most remarkable feature of compound 1 is that in the
heterometallic cluster {[Cu4(GeW9O34)2][Cu(en)2]}

10�, one
coordination cation [Cu(en)2]

2þ is supported by one [Cu4-
(GeW9O34)2]

12� which is rarely observed in the sandwich-type
transition-metal-substituted polyoxoanion families. The [Cu4-
(GeW9O34)2]

12� subunit contains two lacunary [B-�-GeW9-

O34]
10� Keggin moieties linked via a rhomblike Cu4O14 group

(Figure 1) leading to a sandwich-type structure, which bears
some similarity to that of the well-knownWeakly-type sandwich
polyanion [M4(H2O)2(XW9O34)2]

12�=10� (X = P, Si, As, and
Ge).6 The tungsten-oxo bond distances and angles within the
two fragments [B-�-GeW9O34]

10� in 1 are within the usual
ranges.9 In the Cu4O14 group, the Cu–O bond lengths are in
the range of 1.908(11)–2.438(12) Å, and the Cu–O–Cu bond
angles vary from 78.8(5) to 176.3(4)�.

There are five crystallographically unique Cu atoms in the
asymmetric unit (Figure 1): (1) the square pyramidal coordina-
tion Cu(1) and octahedral coordinated Cu(2), which are coordi-
nated by five and six oxygen atoms, respectively. Both of them
are located at the sandwich site of the building block
[Cu4(GeW9O34)2]

12�. The coordination mode are similar to
one of the largest transition-metal-substituted polyoxoanion
[M4(H2O)2(XW9O34)2]

12�=10� (X = P, As, Si, and Ge). The
only difference is that the Cu(2) is five coordinated and is not

Figure 1. (left) Molecular structure of compound 1, the H
atoms and hydration water are omitted for clarity; (right) ball
and stick representation of the central Cu4O14 fragment in the
subunit [Cu4(GeW9O34)2]

12�. Key: WO6 (gray), Cu (black), C
and N (gray).

Figure 2. The 1D chain-like framework of compound 1; Key:
WO6 (gray), Cu (black), C and N (gray). The isolated coordina-
tion cations are omitted for clarity.
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bound to another water oxygen partially due to the steric hin-
drance of the coordination cation bridge [Cu(3)(en)2]

2þ; (2)
the octahedral coordinated Cu(3) which links to four nitrogen
donors from two en ligands and two terminal oxygen atoms
from two centrosymmetric fragments [B-�-GeW9O34]

10� of
two neighboring subunits [Cu4(GeW9O34)2]

12� with the Cu–N
average distance of 2.025 Å and the Cu–O average distance of
2.433(8) Å; (3) the Cu(4) center is coordinated by four nitrogen
atoms from two en ligands and one water oxygen with the Cu–N
average distance of 2.011 Å and the Cu–O distance of
2.350(15) Å; (4) the last two are four-coordinated Cu centers
(Cu(5) and Cu(6)) adopting the square-planar geometry, and
both of them are defined by four nitrogen donors from two en
molecules with the Cu–N average distance of 2.028 Å. The other
copper centers Cu(10), Cu(20), Cu(40), and Cu(50) are centrosym-
metric to Cu(1), Cu(2), Cu(4), and Cu(5), respectively.

Compound 1 was obtained by hydrothermal synthesis10

based on the starting material of �-K8GeW11O39. But the prod-
uct is constructed of the subunit [Cu4(GeW9O34)2]

12�, thus we
may infer that the pH of the reaction system is very important
to the product.

The thermal evolution of the magnetic molar susceptibility
and the �MT product for compound 1 is displayed in Figure 3.
The �M increases continuously with decreasing temperature
and no maximum is observed. At high temperature (T >
120K), the susceptibility data are well described by Curie–
Weiss expressions, being Cm ¼ 4:75 emuKmol�1, � ¼ �78:1
K. The values of �MT at 300K is 3.746 emuKmol�1, which
is in good agreement with the presence of ten uncoupled CuII

ions (3.75 emuKmol�1, considering g ¼ 2). Additionally, when
the system is cooled down from 300 to 2K, the �MT product
decreases reaching values close to 1.48 emuKmol�1. This
behavior indicates the presence of relatively strong antiferro-
magnetic interactions between the CuII ions.

The X-band EPR spectra of compound 1 recorded at 300 and
110K both display one broad resonance centered at approxi-
mately 3200G (with g ¼ 2:12 and 2.13, respectively), as expect-
ed for copper(II) systems.

The TG curve of the compound 1 showed two weight loss
stages, giving a total loss of 15.05% in the range of 30–
900 �C, which approximately agrees with the calculated value
of 15.19%. The weight loss (3.14%) of the first step (30–
277 �C) corresponds to the release of the 9.5 crystal water and
2 coordination water molecules. In the corresponding DTA
curve, there is a strong endothermal peak at 298 �C, resulting
from the removal of coordination organic groups ethylenedi-
amine in compound 1. The exothermal peak observed at

795 �C in the DTA curve indicates the collapse of the polyanion
framework. All the data above illustrate that compound 1 retains
a comparatively good thermal stability.
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Sécheresse, Inorg. Chem. 2003, 42, 2102.

6 a) A. Dolbecq, P. Mialane, L. Lisnard, J. Marrot, F. Sécheresse,
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Figure 3. The thermal evolution of the magnetic molar suscep-
tibility and the �MT product for compound 1.
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