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Designing and constructing three-dimensional (3D) coordi-
nation polymers with well-defined pores is of current interest
for the creation of new zeolite-type materials with potential
applications in catalysis, gas storage, chemical separation, and
ion exchange.[1±3] Up to now, a great many porous three-
dimensional coordination polymers have been synthesized
and characterized.[4±6] However, the synthetic focus in this
rapidly expanding area of research has been centered on
monometallic porous coordination polymers,[1±6] while the
chemistry, as well as the synthetic strategy toward porous
heterometallic coordination polymers has received much less
attention.[7±9]

It is well known that heterometallic coordination poly-
mers have potentially interesting physical properties, such as
conductivity or magnetic ordering, that result from interac-
tions between two distinct metal centers connected by a
suitable linker.[10, 11] Moreover, the structural preference of
different metal centers in a mixed-metal system often leads to
a broader palette of polymer structural motifs than can be
achieved with monometallic systems, and thus makes the
obtained structures more diverse.[7a] In particular, the incor-
poration of different metals may enhance the catalytic
properties of the coordination polymers. By using this
approach, we now report the syntheses and crystal structures
of three 3D lanthanide±transition metal coordination poly-
mers of the form [{M2(Cu3(iminodiacetate)6)}¥8H2O]n, where
M¼La (1),Nd (2), and Eu (3). Investigation of the thermal
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stability of the coordination polymers shows that their
frameworks retained their stability when the guest molecules
were removed.

The synthetic strategy of this study is to use a metal-
loligand to construct the coordination polymers.[7a,12] As
shown in Figure 1, the iminodiacetate anions form complexes
with copper(ii) centers, in which four noncoordinated oxygen
atoms can act as potential donors for other metal ions. If these
donors do coordinate with another metal ion, an assembly
process will occur, which leads to the formation of a
heterometallic coordination polymer.

Compounds 1, 2, and 3 were obtained by the reaction of
LaCl3¥9H2O, NdCl3¥9H2O, or EuCl3¥9H2O, respectively, with
a mixture of iminodiacetic acid and Cu(NO3)2¥3H2O in a 2:6:3
molar ratio in aqueous solution, at a pH value of 5±6. X-ray
diffraction analysis[13] reveals that the three compounds are
isomorphous. In 1, the copper(ii) ion is chelated by two
iminoacetate ligands to form the metalloligand (Figure 1),
which acts as a tetradentate ligand, with each of the
uncoordinated oxygen atoms coordinating to one La(iii) ion,
which leads to the formation of an infinite band-like structure,
as illustrated in Figure 2. Connection of the bands in C3

symmetry through sharing LaIII ions gives rise to an edge-
shared 3D structure with a chair-shaped hexagonal channel
along the crystallographic c axis, as shown in Figure 3. Each
channel in 1 is formed by six CuO4N2 polyhedra and six LaO9

polyhedra. The diameter of the hexagonal channels is 16.8 ä,
with lattice water molecules located within the channels. To
the best of our knowledge, the pores in 1 are the largest
among heterometallic coordination polymers reported to
date.

Each copper(ii) ion in 1 is six-coordinated in a distorted
octahedral geometry by four oxygen atoms and two nitrogen
atoms from iminoacetate ligands, while each LaIII ion is nine-
coordinated through interactions with carboxylate groups
from six metalloligands; three ligands exhibit bidentate
chelation, while the remaining three chelate in a monodentate

fashion. The bond lengths of Cu�N, Cu�O, and La�O are
2.022(3), 1.960(3)±2.373(3), and 2.449(3)±2.775(3) ä, respec-
tively, which is comparable to those bonds found in the
lanthanide±copper(ii)±iminoacetate complex previously re-
ported.[14] The shortest Cu¥¥¥Cu, Cu¥¥¥La, and La¥¥¥La separa-
tions in 1 are 6.370, 4.640, and 7.461 ä, respectively.

The crystal structures of 2 and 3 are very similar to that of
1. In 2, the Cu�N bond length is 2.009(3) ä, while the length
of the Cu�O bonds range from 1.950(3) to 2.378(2) ä, and the
Nd�O bond lengths are between 2.397(2) and 2.741(3) ä. The
shortest Cu¥¥¥Cu, Cu¥¥¥Nd, and Nd¥¥¥Nd distances are 6.071,
4.594, and 7.335 ä, respectively, slightly shorter than those of

Figure 2. A schematic of the infinite band-like structure, with Cu-
(iminodiacetate)2 anions connected to LaIII ions. The bold lines repre-
sent carboxylate groups of iminodiactate units that bind to a LaIII ion
in a bidentate fashion, while the narrow lines represent carboxylate
groups that exhibit a monodentate binding mode.

Figure 3. Space-filling representation of the 3D structure of 1, viewed
along the crystallographic c axis. La: green, Cu: cyan, O: red, N: deep
blue and C: grey.

Figure 1. ORTEP diagram of the metalloligand.
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1. In 3, the Cu�N bond length is 2.019(3) ä, while the Cu�O
bond lengths range from 1.952(2) to 2.401(3) ä, and the
Eu�O bond lengths of between 2.339(3)±2.721(3) ä. The
shortest Cu¥¥¥Cu, Cu¥¥¥Eu, and Eu¥¥¥Eu distances are 6.064,
4.552, and 7.264 ä, respectively, slightly shorter than those
of 2.

Owing to the similarity of the structures for 1, 2, and 3,
compound 1 was selected for thermogravimetric analysis
(TGA) to examine the thermal stability of the complexes.
The TGA curve for 1 (Figure 4) displays an initial weight loss
of 11.16% between 50 and 141.6 8C, which corresponds to the
loss of lattice water molecules. Between 141.6 and 300 8C, 1
shows no weight loss, which is an indication of its stability up
to 300 8C, comparable to that of [Zn4O(O2C�C6H4�CO2)]n
(300 8C),[1e] and significantly higher than for [Cu3(TMA)2-
(H2O)3]n (240 8C, TMA¼ benzene-1,3,5-tricarboxylate)[2a] ,
and [Cu3(BTB)2(H2O)2]n (250 8C, BTB¼ 4,4’,4’’-benzene-
1,3,5-triyl-tribenzocarboxylate).[3a] The higher thermal stabil-
ity of 1 is mainly attributed to the coordination of cooper(ii)
ions, which solidifies the flexible organic ligand.

In light of the results of the TGA study of 1, we decided to
investigate the crystal structures of samples that had been
heated to 200 8C overnight under reduced pressure. Although
TGA proved such samples to be anhydrous, they were
extremely hygroscopic and, thus, the structure of an anhy-
drous sample of 1 could not be obtained. However, we were
able to collect and fully analyze data from structures of 1 that
were reloaded with water (hereafter named 1a) and 3
(hereafter named 3a). Structural characterization[13] reveals
that the frameworks of 1a and 3a are very similar to that of 1
and 3, respectively, but the number of water molecules in 1a
and 3a is significantly less than that in 1 and 3 ; both structures
now only containing five lattice water molecules per polymer
unit.

Interestingly, the TGA of 1a (Figure 4) shows that the
dehydration temperature for the reloaded water molecules in
1a (approximately 100 8C) is much lower than that in 1
(approximately 150 8C). Crystal structure analysis reveals that
the significant difference in dehydration temperature be-
tween the two samples can be attributed to different arrange-
ments of the water molecules in 1 and 1a. The O2Wand O3W

lattice water molecules in 1 form a Chinese-lanternlike water
cluster through water±water hydrogen bonds (Figure 5), with
the O1W water molecules forming weak hydrogen bonds with
the oxygen atoms of carboxylate groups. In contrast, the
lattice water molecules in 1a are hydrogen-bonded only to
oxygen atoms of carboxylate groups; there are no water±
water hydrogen bonds observed, as a consequence of the
O2W water molecules being absent in the structure of 1a.

In conclusion, we have reported the crystal structures and
thermal properties of three nanoporous 3D lanthanide±
copper(ii) coordination polymers. Since the coordination
polymers possess high thermal and structural stability, they
may be promising materials for applications in catalysis,
separation, gas storage, and molecular recognition. Inves-
tigations of molecular recognition, as well as potential
catalytic properties of the materials are underway.

Experimental Section
1: An aqueous solution of Cu(NO3)2¥3H2O (0.36 g, 1.5 mmol) was
added to an aqueous solution of iminodiacetic acid (0.40 g, 3.0 mmol).
After the pH value of the mixture had been adjusted to approx-
imately 6, an aqueous solution of LaCl3 (1.0 mmol) was added. The
resulting mixture was allowed to stand in air at room temperature for
one week. Blue hexagonal column-shaped crystals of 1 suitable for
X-ray crystallography were obtained in 83% yield. Compounds 2 and
3 were prepared in a similar way to 1, except that NdCl3 and EuCl3
were used instead of LaCl3.
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Figure 5. An ORTEP plot showing the Chinese-lanternlike water cluster
in 1.

Zuschriften

552 ¹ 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 0044-8249/03/11505-0552 $ 20.00+.50/0 Angew. Chem. 2003, 115, Nr. 5



Protein-Protein Interactions
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The design of low-molecular-weight ligands (< 750 Da) that
recognize protein surfaces and subsequently disrupt protein±
protein interactions is an area of intense research.[1] Current
strategies for identifying small-molecule protein-surface an-
tagonists primarily involve the use of combinatorial methods.
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