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The intense interest in the photophysical properties of lanthanide

ion complexes has been stimulated strongly since Lphoposed B
that such complexes could be considered as light conversion gl iy utli
molecular devices (LCMDs), creating the term “antenna effect” to loie e e e
denote the absorption, energy-transfer, emission sequence involving i e o
distinct absorbing (the ligand) and emitting (the lanthanide ion) s e
components, thus overcoming the very small absorption coefficients ‘::‘M—‘m""u‘:"_

of the lanthanide ions. The rapid development may result from the .-

e o .

wide applications of efficient LCMDs in many areas, such as TR TR

luminescent probes in biomedical assays and time-resolved mi-
crosgopy, f'uores‘?e”t_ lighting, luminescent sensors for chemical Figure 1. Backbone of the 3D nanoporousinThe lines between Eu and
species (H, O,, halide ions, OH), and so ort.Furthermore, several  Mn atoms stand for carboxyl bridges. Eu: cyan; Mn: gray.
successful fluorescent chemosensors have been employed to

determine the concentration of species such as G&#", Zn?", w

and CI .2 Therefore, the design of efficient lanthanide complexes LS

has become an important goal in recent years, and many intriguing Z ol

complexes were reportédHowever, most of them contain only s wf

lanthanide metals rather thar-timixed ones and display discrete % al

molecules rather than multidimensional porous polymers. To our 2wl

knowledge, there has been no report thus far of any investigations T oaf

of the luminescent properties of-@l mixed metal-based coordina- ol

tion polymers, although a few examples of 3D coordination ok

polymers based on 3e4f mixed metals have been reported. w0 o pr= - 5

Much experience was accumulated in designing and synthesizing Wavelength [nm]
d—f metal-based 3D polymers in our groBP As a continuation, Figure 2. Emission spectra of in DMF (102 M) at room temperature

taken into account the intriguing luminescent properties GfEu  (excited at 287 nm) in the presence-d—3 equiv of Zr¥* ions with respect
and TH*, two 3d—4f heterometallic coordination polymef&_n- teo ZLLJ,inespectlver: black, no addition; red, 1 equiv; blue, 2 equiv; green, 3
(PDA)sMn1 5(H,0)3]-3.25H,0} . with 1D channels were further auiv:
synthesized under hydrothermal conditions (PBAyridine-2,6- channel displays a dodecanuclear heterometallic macrocyclesof Ln
dicarboxylic acid; Ln= Eu (1); Ln = Tb (2)). They exhibit high MneC1,024 with Cg symmetry, in which Ln and Mn atoms
symmetry of Cs and high thermal stabilities. Importantly, the connected via ©C—O bridges are arrayed alternately.
investigations on their luminescent properties in DMF solvent show  The magnetic susceptibility measurementd show that, with
that the emission intensity of complexds and 2 increased decreasing temperature, thgT value of1 decreases gradually and
significantly upon addition of Z4t, while the introduction of other  then drops rapidly in the lower temperature region (see Supporting
metal ions caused the intensity to be either unchanged or weakenedinformation). Although the/y T value forl smoothly decreases on
The case implies thdt and 2 could monitor or recognize 2h to cooling, the nature of the magnetic coupling between adjacent Eu
some extent and be considered as luminescent probes. and Mn ions could not be interpreted as antiferromagnetic interac-
Complexesl and 2 are isomorphous. The structural analyses tion due to the existence of strong spiorbit coupling for
revealed that they were fabricated from two types of building blocks, lanthanide atom&While theyuT value of2 slowly increases on
Ln(PDA); and MnQ(H20), (see Supporting Information). Each  cooling and reaches a maximum of 18.813dtmol~! at 110 K,
Ln3* chelated to three PDA anions as tridentate (ONO) ligand: six this behavior indicates ferromagnetic coupling betwee# Emd
O atoms and three N atoms completed the nine-coordinated Mn2*, which is observed for the first time in AVin systems. Then
environment of LA™, The octahedral geometry of Minwas formed the ym T value dramatically drops on further cooling owing to the
by four carboxyl O atoms and two water molecules. Each PDA decrease of thgy™T value for TE" itself, which further confirms
anion chelated to L% combined with two MA" by carboxyl O that the ferromagnetic coupling between 3Thand Mr is
bridges, thus six Mf as the nearest neighbors exist around each predominant above 110 K.
Ln3*, while each MA" has four LR* in its vicinity. The adjacent The emission spectrum df (Figure 2) at room temperature in
Ln and Mn atoms were connected by carboxyl bridges, and most DMF solution excited at 287 nm exhibits the characteristic transition
importantly, each carboxyl group also bridges aM»CO—Ln unit, of the E@* ion: Dy — "F; (J = 0, 1, 2, 3, 4). The symmetric
which is assembled into a highly ordered 3D structure with 1D forbidden emissiofDy — "Fo at 580 nm can be found ih. It is
channels of about 1.8-nm diameter (Figure 1). The section of the well-known that theDy — “F, transition is strictly forbidden in a
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Figure 3. Luminescent intensity of complekat 618 nm in DMF at room
temperature upon the addition of Zn Ca*, or Mg?* ions (excited at 287
nm). Cations were added as ZpQCaCh, or MgCh.

05 -

290

75

Intensity [arb. units]

Wavelength [nm]

Figure 4. Emission spectra a2 in DMF (10~2 M) at room temperature
(excited at 296 nm) in the presence~e®—3 equiv of Zr#" ions with respect

to 2, respectively: black, no addition; red, 1 equiv; blue, 2 equiv; green, 3
equiv.

field of symmetry. Thus, the above result reveals that"Bo 1
occupies sites with low symmetry and without an inversion cénter.
Interestingly, the emission intensity dfincreased gradually upon
addition of 1-3 equiv of Zri#* with respect tdl. The highest peak

at 618 nm is at least twice as intense as the corresponding band in

the solution without ZA". To make a further understanding of this
phenomenon, the same experiments were performed for the
introduction of C&" and Mg into the system. Even the presence
of 5 equiv of C&" or Mg?" in DMF solution of1 has no effect on
the luminescent intensities either (Figure 3). While addineB1
equiv of Mr?* to the solution ofl, the luminescent intensities
decreased. Other transition metals such & ,Féc?t, and N+
guenched the luminescence bf

The luminescent spectrum &f(Figure 4) exhibits the charac-
teristic transition of TB". The sharp lines are assigned to transition
between the first excited stat®, and the ground multipletFs_3
for Th®+ 10 respectively. Although the lanthanide ionslirand 2
are different, the luminescent intensities &fchanged in an
extremely similar way to that o2 when transition metals were
added, namely, the introduction of Znincreased the luminescent
intensities of2, and with the enhancement of Znconcentration,
the luminescent intensities enhanced accordingly. While the
introduction of other metal ions such as MpCa*, Mg2+, Fe,
Co?t, and N#" would cause the luminescent intensitie2db be

either unchanged or weakened even if quenched (see Supporting

Information).
It is well-known that the luminescent intensity of the3‘relies
on the efficiency of the energy transfer from the ligand t&'Ln

centert@According to the above results, the energy transfer process
is more effective with the addition of certain transition metal
ions1112The reported Z# -sensitive luminescent lanthanide probe
operates through a photoinduced electron-transfer prég&sthis
contribution, the enhancement of luminescent intensity may result
from more effective intramolecular energy transfer from the PDA
ligand to the LA".

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 598C. The TGA and EA results reveal that one
water molecule was absorbed per EuMrand TbMn s unit,
respectively, due to the large channels existing in the polymers.
Both complexes did not decompose until 4WD (see Supporting
Information).

In summary, two luminescent 3D polymers with-timixed
metals were synthesized by hydrothermal methods, which is the
first example of the combination of unique luminescent properties
and intriguing nanoporous coordination polymers based -oh d
metals. Most importantly, the luminescence of bdthand 2
displayed high-performance selectivity forZnwhich implies that
they may be used as luminescent probes oftZithese results
provide an opening into a promising new field of luminescent probes
based on nanoporous-fl heterometallic coordination polymers.
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