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A 2-dimensional (2D) noninterpenetrated flexible porous
coordination polymer, [Cu(HBTC)(4,4¤-bpy)]¢C6H11OH¢H2O
(1), has been synthesized and characterized using single-crystal
X-ray diffraction. The cyclohexanol guest molecules in 1 can
be removed upon soaking 1 in ethanol. Complex 1 undergoes
a single-crystal transformation to form an ethanol solvate,
[Cu(HBTC)(4,4¤-bpy)(H2O)]¢C2H5OH¢2H2O (2), and during
the process, the octahedral coordination of the copper cation in
1 converts to square-pyramidal coordination in 2.

In recent years, considerable efforts have been devoted
to the design and construction of new porous coordination
polymers (PCPs) or metal organic frameworks (MOFs). Besides
the efforts in rigid and robust PCPs, there is also growing
interest in flexible and dynamic PCPs, in particular, those
reversibly change their structures and properties in response to
guest exchange.1 This so-called “structural dynamism” would be
a key principle for high selectivity, accommodation, and
separation of specific molecules and, at present, is regarded as
the basis of the next generation of porous materials.2 Hence the
creation of a host framework that can interact with certain guest
molecules in a switchable fashion has implications to the
engineering of advanced materials with potential applications in
molecular sensing.3 Guest-induced structural transformation can
be expressed in several dynamic behaviors, e.g., sliding motion
of layers and breathing of 3-dimensional (3D) networks, rotation
or distortion of organic linkers, or change in geometry around
metal ions.4 During our search for new PCPs, we focused our
attention on the construction of PCP using mixed ligand systems
that facilitate the incorporation of functionality based on the
chemical modification in the ligands. It is well-known that
copper cations can be simultaneously coordinated by both
oxygen- and nitrogen-containing ligands in solution. With an
aim of studying the flexiblility of PCPs, we herein choose 1,3,5-
benzenetricarboxylic acid (1,3,5-H3BTC) and 4,4¤-bipyridine
(4,4¤-bpy) as ligands. 1,3,5-H3BTC has a rich coordination
chemistry, and it can be either partially or fully deprotonated
to generate H2BTC, HBTC2¹, and BTC3¹ at different pH’s,
effecting quite a few interesting supramolecular architectures
through the coordinative interactions and hydrogen bonding.
In the current paper, we present the synthesis, structure, and
guest-induced structural transformation of a copper complex,
[Cu(HBTC)(4,4¤-bpy)]¢C6H11OH¢H2O (1). To the best of our
knowledge, only one coordination polymer with an empirical
formula of Cu(H2BTC)2(4,4¤-bpy) has been reported to date.5

The reported structure was 1-dimensional (1D) chain-based, in
which the coordination sphere of copper can be described as a
square planar, whereas ours herein is a 2-dimensional (2D)

porous coordination polymer with copper adopting an octahedral
geometry.

After a solution of 1,3,5-H3BTC and 4,4¤-bpy in cyclo-
hexanol was carefully layered onto an aqueous solution of
Cu(NO3)2¢3H2O and allowed to stand for several days at room
temperature, blue crystals of 1 were grown on the interface of
the two solutions.6 X-ray single-crystal analysis reveals that 1
crystallizes in an orthorhombic space group Cmca and has 2D
non-interpenetrated layered frameworks.7 The asymmetric unit
of 1 consists of 1/2 unit of Cu(II), 1/2 HBTC, 1/2 4,4¤-bpy, 1/2
cyclohexanol, and 1/2 water molecule. The Cu(1) site has an
octahedral geometry and is coordinated by four oxygen atoms
from two carboxylate groups and two nitrogen atoms (Figure 1).
Each copper atom is linked by two BTC ligands to two
neighboring copper atoms to effect a 1D chain, and the adjacent
chains are further connected by bpy ligands to form a 2D layered
framework. The 2D layered structure can be regarded as the
fusion of rectangular (4, 4) topological layers. Within a layer,
there are large rectangular cavities and each is enclosed by two
BTC and two bpy ligands. The dimension of a rectangular cavity
is 11.0 © 9.3¡2. The effective cavity size in 1 after the removal
of van der Waals radii is ca. 8.2 © 5.5¡2. Owing mostly to such
large dimension and the fact that one carboxyl group in the BTC
ligand is free, two layered sheets are embedded in each other in
a face-to-face manner. As B is the 180° rotation of A, these
embedding segments adopt an ABAB sequence along the c axis
to form 1D rectangular channels with an effective size of
5.0 © 3.3¡2 (Figure 2). The rectangular channels are filled with
cyclohexanol and water molecules.

Figure 1. Coordination environment of Cu(II) in 1. Guest
molecules and hydrogen atoms are omitted for clearity.

Figure 2. ABAB sequence along the c axis (left) and
rectangular channels with effective size of 5.0 © 3.3¡2 along
the b axis (right) of 1.
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The flexibility of 1 was examined by a guest-exchange
experiment. Upon soaking complex 1 in ethanol for 3 days, the
color of the crystal changes to light blue. The transformation
yield is about 40%. Single-crystal analysis suggests that 1
undergoes single-crystal transformation to form an ethanol
solvate, [Cu(HBTC)(4,4¤-bpy)(H2O)]¢C2H5OH¢2H2O (2). Com-
plex 2 crystallizes in a monoclinic space group P21/n and has
2D noninterpenetrated layered frameworks that encapsulate
ethanol and water molecules. The asymmetric unit of 2 consists
of one Cu(II) cation, one water molecule, one HBTC, and one
4,4¤-bpy coordinated to the Cu(II) cation, and one ethanol and
two water molecules as guests. Compared to the octahedral
geometry around the Cu cation in complex 1, the Cu(1) site in 2
has a square-pyramidal geometry and is coordinated by two
oxygen atoms from two carboxylate groups, one oxygen atom
from water, and two nitrogen atoms (Figure 3). Each copper
atom is linked by two BTC ligands to two additional copper
atoms to effect a 1D chain, and the adjacent chains are further
connected by bpy ligands to form a 2D layered framework. The
2D layered structure can also be regarded as the fusion of
rectangular (4, 4) topological layers. Within each layer, there are
large rectangular cavities and every one of them is enclosed by
two BTC and two bpy ligands. The dimension of a rectangular
cavity is 11.1 © 10.4¡2. The effective cavity size in 2 after the
removal of van der Waals radii is ca. 8.3 © 7.6¡2. The 2D (4, 4)
network extends along the ab plane, and adjacent 2D wave-like
layers are packed adopting an AA sequence parallel along the c
direction with a distance of 1/2b and show a relative off-set of
1/2c in the c direction. This stack fashion forms noninterpene-
trated 3D arrays with 1D rectangular channels with an effective
size of 5.7 © 4.3¡2 (Figure 4). The rectangular channels are
filled with ethanol and water molecules.

Although what is attributed to the structural transformation
from 1 to 2 is still unclear, the coordinative covalent bonding
and JahnTeller effect of the copper cation likely play a role. It is
noteworthy that after varying the solvent from cyclohexanol to
ethanol, complex 2 can also be obtained with a very low yield in
one step.

In conclusion, a flexible porous coordination polymer,
[Cu(HBTC)(4,4¤-bpy)]¢C6H11OH¢H2O (1), has been synthesized
and characterized using single-crystal X-ray diffraction. Com-
plex 1 converts to an ethanol solvate, [Cu(HBTC)(4,4¤-bpy)-
(H2O)]¢C2H5OH¢2H2O, upon soaking 1 in ethanol.
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Figure 3. Coordination environment of Cu(II) in 2. Guest
molecules and hydrogen atoms are omitted for clearity.

Figure 4. AA sequence along the c axis (left) and rectangular
channels with effective size of 5.7 © 4.3¡2 along the b axis
(right) of 2.
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