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A new 2D lanthanide-organic framework with 1D rod-shaped SBUs based on 4,6-dimethyl-5-nitroisophthalic
acid has been solvothermally synthesized. The uncoordinated 4,4′-bipy ligands, which are trapped in the
cavities by forming weak offset face-to-face pyridine–phenyl interaction with the wall of the cavities, play a
template role in the formation of the 2D layer. To the best of our knowledge, this is the first 2D lanthanide-
organic framework that synthesized by templated synthesis.
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Crystal engineering of metal-organic frameworks (MOFs) provides
a powerful tool for the design and synthesis of new crystalline
materials with unique physical properties [1]. In the past decades,
many functional metal-organic frameworks based on transitionmetal,
lanthanide ion or their combination with catalysis, gas adsorption and
separation properties have been synthesized and characterized
through various synthetic methods [2–4]. In particular, the use of
organic structure-directing agents as templates is an efficient strategy
on the construction of desirable compounds. The templated organic
molecules or hybrid metal ion can play different roles, including
framework support and/or charge balance to the hosts,which has been
widely used in the synthesis of zeolite, phosphates, and sulfates
system [5], but are still rare inMOF system [6]. Recently, the 3D porous
lanthanide-organic frameworks templated by organic molecules, such
as 4,4′-bipyridine, have been reported by Cahill group [7]. Hong and
coworkers have synthesized two 3D cavity lanthanide-organic
frameworks with trapped or bonded transition-metal complexes [8].
However, the 2D layered lanthanide-organic frameworks with cavity
that can trap organic molecules or templates are still rare. In this
communication, we report a layered erbium-organic framework,
Er2(H2O)(dmf) (dna)3·(bipy)0.5·2H2O·dmf (1) (H2dna=4,6-dimethyl-
5-nitroisophthalic acid, bipy=4,4′-bipyridine), with 4,4′-bipyridine
molecules as the template in the large cavity.
The solvothermal reaction of Er(NO3)3·6H2O, H2dna and 4,4′-
bipyridine in dmf resulted in the formation of a large amount of pink
crystals of 1 [9], which is structurally characterized by single crystal
X-ray diffraction [10]. The formula of Er2(H2O)(dmf) (dna)3·(bipy)0.5·
2H2O·dmf was further confirmed by elemental analysis and thermal
gravimetric analysis (TGA).

X-ray single crystal structure analysis reveals that complex 1
crystallizes in monoclinic P21/n space group. The asymmetric unit
consists of two erbium ions, three dna ligands, one coordinated water
molecule, one coordinated dmf molecule, half uncoordinated 4,4′-bipy
molecule, two uncoordinated water molecules and one uncoordinated
dmf molecule. There are two crystallographically independent erbium
ions (Er1 and Er2): Er1 is coordinated by seven oxygen atoms from six
dna ligands, while Er2 is coordinated by seven oxygen atoms from five
dna ligands, one coordinated water molecule and one coordinated dmf
molecule, with the average Er–O distance of 2.234 and 2.282 Å,
respectively. There are two types of dna ligands with different
coordination modes: a) each carboxylate group adopts bidentate
bridging mode to link two erbium ions (adna, Scheme 1a); b) one
carboxylate group adopts bidentate bridging mode to link two erbium
ions, whereas the other one adopts chelatingmode to coordinate to one
erbium ion (bdna, Scheme 1b).

Thus, Er1 andEr2 ionswere connectedby adna ligands along b axis to
generate a 1Ddouble helical chainwith infinite Er–O–C rods (Fig. 1). The
1D Er–O–C rods in 1 are slightly different from other reported results
[11]. The nearest Er–Er distance in the double helical chain is 4.608 Å.
The 1D double helical chains were further connected by bdna ligands to
result in the formation of a 2D layer with large cavities, in which the
uncoordinated 4,4′-bipymolecules reside (Fig. 2). The cavity consists of
eight dna ligands and is hydrophobic. Hence, there are no hydrogen
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Scheme 1. The coordination modes of dna in 1.
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bonding interactions between the 4,4′-bipy molecules and the wall of
the cavity. However, as shown in Fig. 3, the trapped 4,4′-bipymolecules
interact with two adna ligands through weak offset face-to-face
pyridine–phenyl interactions (dcentroid···centroid=3.947 Å), which is
different from other results containing uncoordinated 4,4′-bipy mole-
cules [12]. Thus, the uncoordinated 4,4′-bipy molecules may play the
role of template in the formation of the 2D layer framework. In the 2D
layer, all the coordinated dmf molecules and the nitryl groups of dna
Fig. 1. a) the 1D rod-shaped SBU; b) the

Fig. 2. a) The cavity with trapped 4,4′-bipy (blue rod); b) and c) the 2D layer viewed in d
ligandspoint outof the layer,whereas theuncoordinateddmf andwater
molecules locate above the windows of the cavities. The separation of
the 2D layers is 15.19 Å.

Thermogravimetric analysis has measured for complex 1. A TGA
study on an as-isolated crystalline sample of 1 shows a 10.2% weight
loss from 99 to 160 °C, corresponding to the loss of one uncoordinated
water molecule, one uncoordinated dmf molecule and two coordi-
nated water molecules (calcd: 9.6%). The second gradual weight loss
1D double helical chain existed in 1.

ifferent directions (the uncoordinated bipy molecules were shown in yellow color).

image of Fig.�2


Fig. 3. View of the 4,4′-bipy molecule trapped in the cavity, showing the weak offset
face-to-face pyridine–phenyl interactions between the pyridine groups and the dna
ligands.
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of 5.8% from 160 to 257 °C corresponds to the loss of one coordinated
dmfmolecule (calcd: 5.5%), and after 257 °C, the lost of uncoordinated
4,4′-bipy molecules starts, and following that is the decomposition of
the framework.

In summary, a new 2D erbium-organic framework with uncoor-
dinated 4,4′-bipy molecules as the template has been synthesized and
characterized. The 4,4′-bipy molecules have weak offset face-to-face
pyridine–phenyl interactions with the wall of the cavities. To the best
of our knowledge, this is the first example that 4,4′-bipy acts as
structure directing agent to template the formation of the layered
erbium-organic framework with large cavities. Further study will
focus on the assembly of other lanthanide-organic frameworks
through templated synthesis.
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Appendix A. Supplementary material

CCDC 809482 contains the supplementary crystallographic data
for compound 1. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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