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A porous interdigitated 2D coordination framework
{[Zn(azdc)(bpy)]¢DMF}n (azdc: 1,6-azulenedicarboxylate; bpy:
4,4¤-bipyridyl; DMF: N,N-dimethylformamide) was synthesized
and structurally characterized. By comparing with its constitu-
tional isomer, [Zn(azdc)(bpy)]n showed stronger H2O interaction
which was induced by polarized azulene moiety.

In recent years, a number of coordination polymers with
permanent porosity; porous coordination polymers (PCPs) or
metal­organic frameworks (MOFs) have been synthesized.
They are providing a variety of properties such as molecular
adsorption, heterogeneous catalysis, magnetism, and electron/
ion conductivity.1­5 One ongoing challenge to construct the
frameworks is fine tuning of structures by systematic modulation
by metal ions or ligands.6­9 For instance, control of isomerism of
ligand or framework is regarded as a key to precise design of the
pore characteristics.10 Although there are various framework
isomers of PCPs such as conformational isomer and inter-
penetrated isomer, it has been difficult to synthesis isostructures
of porous framework by use of ligand isomers.

Recently, PCPs having a structural motif of 2D layer
stacking have been reported.11­14 These are constructed from 3d/
4d-metal ion, dicarboxylate having 120° coordination geometry
and linear pyridine-based linker. The frameworks show unique
gas adsorption properties that depend on its ligand.15­17 By use
of this structure platform, we tried synthesizing isostructure with
ligand isomers. One of the structures is [Zn(ndc)(bpy)]n (CID-3,
ndc: 2,7-naphthalenedicarboxylate; bpy: 4,4¤-bipyridyl) which
represents flexible pore structure and highly selective sorption
on CO2 from CO2/O2/N2 gas mixture.16 Azulene is an isomer of
naphthalene, but with different properties.18­22 Similar to naph-
thalene, it is a planar hydrocarbon possessing 10³ electrons, but
has a relatively large dipole moment of 0.8­1.08D due to its
asymmetric structure. In this study, we approached a synthesis of
isostructure of naphthalene-based framework by ligand isomer,
azulenedicarboxylate as a building block.

An azulene-containing porous interdigitated framework of
{[Zn(azdc)(bpy)]¢DMF}n (CID-13¸DMF) was prepared from
Zn(NO3)2¢6H2O, 1,6-azulenedicarboxylic acid (H2azdc), and
bpy in DMF/MeOH solution. H2azdc was synthesized by
Ziegler­Hafner synthesis as reported procedures.23­26

As shown in Figure 1,27 each Zn2+ atom of CID-13 is in a
distorted trigonal-bipyramidal geometry, being coordinated by

two bpy ligands at the axial positions and three oxygen atoms
from the carboxylates of both 5-membered ring and 7-membered
ring of azdc ligand in the equatorial plane. Because of the
symmetry, azdc linkages are disordered over two sites with equal
site occupancies and these are related to each other in mirror
reversed manner. The Zn2+ and azdc give 1D chain structures
along the c axis and the further linkages of these chains via bpy
ligands in the axial positions generate an infinite 2D neutral
layer. The azulene part locates both sides of the 1D chains in a
trans-arrangement, and these 2D layers run along the c axis
stack with the plane of azdc ligands of adjacent layers. The void
spaces are surrounded by azdc and bpy ligands and 1D, zig-zag
channels are created. The void volume calculated from PLATON
software is 22.9%.28 TGA profile of CID-13¸DMF indicates
that the guest-free phase is stable even at 250 °C under N2
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Figure 1. Perspective views of (a) the coordinating environ-
ments, (b) infinite [Zn(azdc)]n chain units, (c) two-dimensional
[Zn(azdc)(bpy)]n sheet, and (d) the layer stacking mode (green:
zinc, gray: carbon, blue: nitrogen, red: oxygen).
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atmosphere. Solvent guests in the as-synthesized form are
removed by evacuation at 150 °C overnight. Powder X-ray
diffraction pattern and TGA curve of guest-free CID-13 confirm
that it retains crystallinity after guest removal.

The constitutional isomers CID-13 and [Zn(ndc)(bpy)]
(CID-3) show similar structures, including space group and
cell parameters. Void volume of CID-3 is 25.8% and it is close
to that of CID-13. From the viewpoint of pore structure, CID-13
and CID-3 have the same 1D pore surrounded by “polar”
azulene and “nonpolar” naphthalene, respectively. To demon-
strate how polar ³ character of the azulene moiety makes a
difference in the host­guest interactions compared with CID-3,
we investigated gas adsorption behaviors of these compounds
for nonpolar CO2 (0D) and polar H2O (1.87D). As shown in
Figure 2a, both compounds reveal Type-I sorption behaviors for
CO2 at 195K with the same adsorption amounts.29 This indicates
that these compounds have similar gas-accessible void volumes.
On the other hand, adsorption isotherms for polar H2O exhibit
different behaviors in the isomer pairs (Figure 2b). CID-3 shows
Type-V sorption behavior for H2O, while CID-13 adsorbs H2O
in the low-pressure region. Type-V sorption isotherm of CID-3
indicates weak host­guest interactions as a consequence of the
hydrophobic pore surfaces, therefore, stronger host­guest inter-
action is expected in the case of CID-13 having azulene moiety.
Computational studies also estimated that the interaction energy
of azulene with H2O is stronger than that of naphthalene and the
present result experimentally supports the behavior.30,31 In the
high-pressure region, the adsorption amounts of H2O for both
compounds are almost the same because of the similar guest-
accessible void volumes as is the case with CO2.

In summary, a new 2D interdigitated porous coordination
polymer was synthesized and structurally characterized. By
utilizing the isomeric ligand, we successfully prepared the
constitutional isomer of PCP that showed the same interdigitated
framework previously reported. We carried out comparative
studies on gas adsorption and showed that these constitutional
isomers exhibited different adsorption behaviors for polar H2O,
suggesting its distinct surface character in host­guest interaction.
The use of ligand isomers for construction of PCP frameworks is
an effective approach for fine tuning of pore characteristics.
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Figure 2. Adsorption isotherms of CID-13 (red) and CID-3
(black) for (a) CO2 at 195K and (b) H2O at 298K.
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