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The hydrothermal reaction of Cr(NO3)3, Ln2O3, and iminodiacetate
acid (H2IDA) in the molar ratio of 1:1:3 produced {[LnCr(IDA)2-
(C2O4)]}n (Ln ) Eu, 1; Sm, 2), which represent the first 3D 3d−4f
interpenetrating coordination polymers. In the reaction, the H2IDA
ligands partly decompose into oxalate anions (ox), which connect
LnIII ions to form 1D {Ln(ox)}n chains. Each of the CrIII ions is
tridentate-coordinated by two IDA ligands, which act as tetradentate
metalloligands to link {Ln(ox)}n chains to form 3D open networks.
The two open networks interpenetrate each other to form
nonporous products. 1 and 2 are thermally stable up to 327 and
360 °C, respectively. Both of complexes show normally para-
magnetic behavior. The luminescent results imply that the energy
transfers from LnIII to CrIII are strong.

The construction of three-dimensional (3D) coordi-
nation polymers has been a field of rapid growth in
supramolecular and material chemistry because of the
formation of fascinating structures and their potentially useful
ion-exchange, adsorption, catalytic, fluorescence, and mag-
netic properties.1 Consequently, a variety of 3D metal-
organic frameworks (MOFs) have been prepared through
taking certain factors into account, such as the coordination
nature of the metal ion, as well as the shape, functionality,
flexibility, and symmetry of organic ligands.2 Multicarbox-
ylate ligands are frequently chosen to construct a 3D MOF
because of their rich coordination modes.3 For example, a
series of carboxylate-zinc 3D MOFs with remarkable

methane- and hydrogen-storage properties have been pre-
pared by some groups.4 However, the syntheses of 3D MOFs
have so far been exclusively centered on monometallic 3D
coordination polymers,1-4 while the chemistry, as well as
the synthetic strategy toward heterometallic coordination
polymers, especially for these complexes containing rare-
earth ions, has received much less attention5 because of the
variable and versatile coordination behavior of 4f metal ions.
For example, there are only a few examples for discrete
molecules6 and even fewer examples for coordination
polymers7 of LnIII-CrIII complexes.

We have developed a series of 3D Ln-Mn zeolite-type
nanoporous materials under hydrothermal conditions based
on pyridine-2,6-dicarboxylic acid,5a and their luminescent
properties were further investigated.8 Very recently, we
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reported the first 3D Pr-Ni-Na heterotrimetallic coordina-
tion polymer based on pyridine-2,4,6-tricarboxylic acid.9

While the multicarboxylate ligand iminodiacetate acid (H2IDA)
was employed, we isolated two novel 3D 3d-4f coordination
polymers{[LnCr(IDA)2(C2O4)]}n (Ln ) Eu,1; Sm,2) under
hydrothermal conditions,10 which were structurally character-
ized by X-ray single-crystal diffraction.11 Both 1 and2 are
3D heterometallic interpenetrating structures, in which
H2IDA ligands are found to partly break into oxalate anions
(ox).

Once formed, the title compounds are stable in air and
insoluble in water or in common organic solvents. In the
reactions, part of the H2IDA molecules thermally decompose
into ox ligands and others coordinate with CrIII ions (Scheme
1). The ox ligands link LnIII ions to form one-dimensional
(1D) {Ln(ox)}n chains. The stability of the product and its
insolubility in the reaction medium are mostly responsible
for the breakage of the ligand and drive the reaction forward.

The single-crystal analysis reveals that1 and 2 are
isomorphous. In1, the CrIII ion is chelated by two IDA
ligands to form a tetradentate metalloligand, with each of
the uncoordinated O atoms coordinating to a EuIII ion. Each
EuIII ion is bidentately chelated by two ox ligands. As a
result, each CrIII ion is six-coordinated in a distorted
octahedral geometry by four O atoms and two N atoms, while
each EuIII ion is eight-coordinated through interactions with
carboxylate groups from four metalloligands and from two
ox ligands (Figure S1 in the Supporting Information). The
bond lengths of Cr-N, Cr-O, and Eu-O are 2.049, 1.978,
and 2.376-2.419 Å, respectively. The ox ligands link EuIII

ions to form{Ln(ox)}n chains, which are further connected
with the metalloligands to form one of two interpenetrating
3D networks (Figure 1). The shortest Cr‚‚‚Cr, Cr‚‚‚Eu, and
Eu‚‚‚Eu separations in1 are 10.799, 6.240, and 6.255 Å,
respectively. Therefore, the 3D network exhibits 1D channels
along thec direction with a dimensionality of 10.8× 10.8
Å2 (defined by the separation between the two nearest LnIII

ions). To our knowledge, this is the first CrIII -containing
heterometallic 3D coordination polymer.

It is interesting to note that two 3D networks are
interpenetrated, which results into a nonporous crystal
product (Figure 2). Viewing along thec direction, each
{Ln(ox)}n chain in one 3D network occupies the 1D channel
of another network, while each Cr center alternatively
arranges for two different networks. From a topological view,
each Cr and Ln center can be considered as four- and six-
connected nodes, respectively. The first 3D 3d-4f inter-
penetrating topology is shown in Figure 3.

The phase purities of the bulk materials of1 and2 were
confirmed by a comparison of their powder diffraction
patterns with those calculated from the single-crystal study.
Thermogravimetric analyses of the polycrystalline samples
of 1 and 2 were performed in the temperature range 25-
800 °C (Figure S2 in the Supporting Information). Both
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Scheme 1 a

a Color code: red, O; blue, N; gray, C; purple, Cr; green, Ln.

Figure 1. One of two interpenetrating 3D networks along thec direction.
Color code: purple, Cr; green, Ln.

Figure 2. Space-filling view shows the open channel (left) and 2-fold
interpenetrating networks (right) along thec direction.
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compounds showed high thermal stability, and the first
weight loss began at 327 and 360°C for 1 and 2,
respectively. Decomposition of the organic ligand took place
up to 530°C. After being heated to 800°C in air, both solids
were converted to black powders.

Informative magnetic susceptibility measurements of1 and
2 have been performed on a Quantum Design MPMS-5S
superconducting quantum interference device (SQUID) mag-
netometer in the 4-300 K temperature range, with an applied
field of 1000 Oe. The diamagnetic correction was evaluated
by using Pascal’s constants. As shown in Figure 4, theøMT
value is equal to 3.41 cm3 K mol-1 at room temperature.
The magnetic susceptibility of EuIII is expected to be zero
in view of the ground state7F0, but the observedøMT value
of 1 is larger than the CrIII -only value. This is due to the
fact that a certain amount of the magnetic moment is
contributed from the excited states7F1 and 7F2. The øMT
values for1 decrease with decreasing temperature, which
attributes to the thermal depopulation of these excited levels.
At 4 K, the øMT value is 1.73 cm3 K mol-1, which is close
to the expected CrIII -only value, ca. 1.8 cm3 K mol-1 at 4 K.6d

For complex2, the observedøMT value at 300 K is 2.19
cm3 mol-1 K, higher than the calculated value of 1.96 cm3

mol-1 K for one free CrIII ion and one isolated SmIII ion
with a ground state of6H5/2. This may be due to the non-
negligible population of excited states such as6H7/2 of the
SmIII ion.12 Upon cooling, theøMT slightly decreases and
reaches 1.85 cm3 mol-1 K at 4 K. The linear fit viaøM )
C/(T - θ) reveals a Curie-Weiss behavior over 4-300 K
with C ) 2.16 cm3 mol-1 K and θ ) -4.03 K. The de-
population of SmIII ions from excited states, antiferromagnetic
interactions between the neighboring paramagnetic centers,
and/or the expected effect from a zero-field splitting of the
CrIII ions may influence the magnetic behavior in this way.

Generally, EuIII and SmIII complexes exhibit a character-
istic sharp luminescence.8 However, the microcrystalline
samples of1 and2 did not show obvious sharply character-
ized emission bands at room temperature. Because the ligand
field absorption band envelope for the CrIII chromophore
overlaps with the spectral range of the narrow emissions of
EuIII and SmIII , the efficient quenching occurs in the LnIII

luminescence, resulting from the resonance between the LnIII

excited levels and the broad ligand-field state of the CrIII

ion (Figure S3 in the Supporting Information).13 Therefore,
the maximum emission peaks at 733 nm of1 and2 can be
attributed to2E f 4A2 of the CrIII ions. The peak positions
and relative intensities are a little different between1 and2.
This quenching behavior is compared with that of other Ln-
Cr complexes,6d which implies that energy transfer from LnIII

to CrIII is highly effective.
In summary, the first 3D Cr-containing heterometallic

coordination polymers were synthesized. The H2IDA ligands
were found to partly break into ox ligands in the reaction,
which connect LnIII ions to form 1D{Ln(ox)}n chains. Two
3D open networks interpenetrate each other to form the first
3D 3d-4f interpenetrating structure. The CrIII-LnIII interac-
tions in the compounds are very weak in magnetic interac-
tions but are strong from the viewpoint of energy transfer.
The systematic and detailed investigation of magnetic and
luminescent properties of Ln-Cr 3D coordination polymers
is currently underway.
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Figure 3. Color code: purple, Ln; cyan, Cr; yellow and green lines,
connectivity between metal centers by bridged organic ligands.

Figure 4. Thermal dependence of theøMT and øM
-1 curves: 1 (0);

2 (], 4).
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