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The intense interest in the photophysical properties of lanthanide
ion complexes has been stimulated strongly since Lehn1 proposed
that such complexes could be considered as light conversion
molecular devices (LCMDs), creating the term “antenna effect” to
denote the absorption, energy-transfer, emission sequence involving
distinct absorbing (the ligand) and emitting (the lanthanide ion)
components, thus overcoming the very small absorption coefficients
of the lanthanide ions. The rapid development may result from the
wide applications of efficient LCMDs in many areas, such as
luminescent probes in biomedical assays and time-resolved mi-
croscopy, fluorescent lighting, luminescent sensors for chemical
species (H+, O2, halide ions, OH-), and so on.2 Furthermore, several
successful fluorescent chemosensors have been employed to
determine the concentration of species such as H+, Ca2+, Zn2+,
and Cl-.3 Therefore, the design of efficient lanthanide complexes
has become an important goal in recent years, and many intriguing
complexes were reported.4 However, most of them contain only
lanthanide metals rather than d-f mixed ones and display discrete
molecules rather than multidimensional porous polymers. To our
knowledge, there has been no report thus far of any investigations
of the luminescent properties of d-f mixed metal-based coordina-
tion polymers, although a few examples of 3D coordination
polymers based on 3d-4f mixed metals have been reported.5

Much experience was accumulated in designing and synthesizing
d-f metal-based 3D polymers in our group.5a,b As a continuation,
taken into account the intriguing luminescent properties of Eu3+

and Tb3+, two 3d-4f heterometallic coordination polymers{[Ln-
(PDA)3Mn1.5(H2O)3]‚3.25H2O}∞ with 1D channels were further
synthesized under hydrothermal conditions (PDA) pyridine-2,6-
dicarboxylic acid; Ln) Eu (1); Ln ) Tb (2)). They exhibit high
symmetry of C6 and high thermal stabilities. Importantly, the
investigations on their luminescent properties in DMF solvent show
that the emission intensity of complexes1 and 2 increased
significantly upon addition of Zn2+, while the introduction of other
metal ions caused the intensity to be either unchanged or weakened.
The case implies that1 and2 could monitor or recognize Zn2+ to
some extent and be considered as luminescent probes.

Complexes1 and 2 are isomorphous. The structural analyses6

revealed that they were fabricated from two types of building blocks,
Ln(PDA)3 and MnO4(H2O)2 (see Supporting Information). Each
Ln3+ chelated to three PDA anions as tridentate (ONO) ligand: six
O atoms and three N atoms completed the nine-coordinated
environment of Ln3+. The octahedral geometry of Mn2+ was formed
by four carboxyl O atoms and two water molecules. Each PDA
anion chelated to Ln3+ combined with two Mn2+ by carboxyl O
bridges, thus six Mn2+ as the nearest neighbors exist around each
Ln3+, while each Mn2+ has four Ln3+ in its vicinity. The adjacent
Ln and Mn atoms were connected by carboxyl bridges, and most
importantly, each carboxyl group also bridges a Mn-OCO-Ln unit,
which is assembled into a highly ordered 3D structure with 1D
channels of about 1.8-nm diameter (Figure 1). The section of the

channel displays a dodecanuclear heterometallic macrocycle of Ln6-
Mn6C12O24 with C6 symmetry, in which Ln and Mn atoms
connected via O-C-O bridges are arrayed alternately.

The magnetic susceptibility measurements of1 show that, with
decreasing temperature, theøMT value of1 decreases gradually and
then drops rapidly in the lower temperature region (see Supporting
Information). Although theøMT value for1 smoothly decreases on
cooling, the nature of the magnetic coupling between adjacent Eu
and Mn ions could not be interpreted as antiferromagnetic interac-
tion due to the existence of strong spin-orbit coupling for
lanthanide atoms.7 While theøMT value of2 slowly increases on
cooling and reaches a maximum of 18.81 cm3 K mol-1 at 110 K,
this behavior indicates ferromagnetic coupling between Tb3+ and
Mn2+, which is observed for the first time in Ln-Mn systems. Then
the øMT value dramatically drops on further cooling owing to the
decrease of theøM

TbT value for Tb3+ itself, which further confirms
that the ferromagnetic coupling between Tb3+ and Mn2+ is
predominant above 110 K.8

The emission spectrum of1 (Figure 2) at room temperature in
DMF solution excited at 287 nm exhibits the characteristic transition
of the Eu3+ ion: 5D0 f 7FJ (J ) 0, 1, 2, 3, 4). The symmetric
forbidden emission5D0 f 7F0 at 580 nm can be found in1. It is
well-known that the5D0 f 7F0 transition is strictly forbidden in a

Figure 1. Backbone of the 3D nanoporous in1. The lines between Eu and
Mn atoms stand for carboxyl bridges. Eu: cyan; Mn: gray.

Figure 2. Emission spectra of1 in DMF (10-3 M) at room temperature
(excited at 287 nm) in the presence of∼0-3 equiv of Zn2+ ions with respect
to 1, respectively: black, no addition; red, 1 equiv; blue, 2 equiv; green, 3
equiv.
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field of symmetry. Thus, the above result reveals that Eu3+ in 1
occupies sites with low symmetry and without an inversion center.9

Interestingly, the emission intensity of1 increased gradually upon
addition of 1-3 equiv of Zn2+ with respect to1. The highest peak
at 618 nm is at least twice as intense as the corresponding band in
the solution without Zn2+. To make a further understanding of this
phenomenon, the same experiments were performed for the
introduction of Ca2+ and Mg2+ into the system. Even the presence
of 5 equiv of Ca2+ or Mg2+ in DMF solution of1 has no effect on
the luminescent intensities either (Figure 3). While adding 1-3
equiv of Mn2+ to the solution of1, the luminescent intensities
decreased. Other transition metals such as Fe2+, Co2+, and Ni2+

quenched the luminescence of1.
The luminescent spectrum of2 (Figure 4) exhibits the charac-

teristic transition of Tb3+. The sharp lines are assigned to transition
between the first excited state5D4 and the ground multiplet7F6-3

for Tb3+,10 respectively. Although the lanthanide ions in1 and2
are different, the luminescent intensities of2 changed in an
extremely similar way to that of2 when transition metals were
added, namely, the introduction of Zn2+ increased the luminescent
intensities of2, and with the enhancement of Zn2+ concentration,
the luminescent intensities enhanced accordingly. While the
introduction of other metal ions such as Mn2+, Ca2+, Mg2+, Fe2+,
Co2+, and Ni2+ would cause the luminescent intensities of2 to be
either unchanged or weakened even if quenched (see Supporting
Information).

It is well-known that the luminescent intensity of the Ln3+ relies
on the efficiency of the energy transfer from the ligand to Ln3+

center.10aAccording to the above results, the energy transfer process
is more effective with the addition of certain transition metal
ions.11,12The reported Zn2+-sensitive luminescent lanthanide probe
operates through a photoinduced electron-transfer process.13 In this
contribution, the enhancement of luminescent intensity may result
from more effective intramolecular energy transfer from the PDA
ligand to the Ln3+.

As luminescent probes, the 3D coordination network possesses
high thermal stability, which is confirmed by thermal gravimetric
analysis (TGA) on crystalline samples of these compounds in the
range from 18 to 595°C. The TGA and EA results reveal that one
water molecule was absorbed per EuMn1.5 and TbMn1.5 unit,
respectively, due to the large channels existing in the polymers.
Both complexes did not decompose until 400°C (see Supporting
Information).

In summary, two luminescent 3D polymers with d-f mixed
metals were synthesized by hydrothermal methods, which is the
first example of the combination of unique luminescent properties
and intriguing nanoporous coordination polymers based on d-f
metals. Most importantly, the luminescence of both1 and 2
displayed high-performance selectivity for Zn2+, which implies that
they may be used as luminescent probes of Zn2+. These results
provide an opening into a promising new field of luminescent probes
based on nanoporous d-f heterometallic coordination polymers.
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Figure 3. Luminescent intensity of complex1 at 618 nm in DMF at room
temperature upon the addition of Zn2+, Ca2+, or Mg2+ ions (excited at 287
nm). Cations were added as ZnCl2, CaCl2, or MgCl2.

Figure 4. Emission spectra of2 in DMF (10-3 M) at room temperature
(excited at 296 nm) in the presence of∼0-3 equiv of Zn2+ ions with respect
to 2, respectively: black, no addition; red, 1 equiv; blue, 2 equiv; green, 3
equiv.
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