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A novel 2D cobalt(II)-organic framework, [Co2(l2-H2O)(hfipbb)2(py)3] � 2(py)]n (1) (H2hfipbb = 4,4 -(hexa-
fluoroisopropylidene)bis(benzoic acid), py = pyridine), has been synthesized under hydrothermal reac-
tion. Single-crystal X-ray diffraction revealed that 1 is a noninterpenetration (4,4) network based on
unique tetranuclear clusters and double stranded organic linkers. The powder X-ray diffraction and ther-
mogravimetric analysis of 1 have also been investigated.

� 2008 Published by Elsevier B.V.
Crystal engineering of metal-organic frameworks is currently
attracting significant attention not only for their potential applica-
tions as functional crystalline materials, but also for their fascinat-
ing topologies and structural diversity [1–2]. The most important
goal in the field is always to obtain tailor-made solids with the re-
quired structures and properties starting from well-characterized
inorganic and organic species. Particular attention has been
attracted to the isolation and characterization of 2D topologies that
contain three-, four-, five- or six-sided polygons with the features
as 44 square-grid, 63 honeycomb, 63 brick-wall, 63 herringbone,
3262 Kagomé lattice, 36 net, 3342 net, 4182 net, basket-weave,
helical-layer, and so on [3–10]. Moreover, the controlled syntheses
of 2D functional coordination polymers have also been well
investigated [11–15].

Along with our research of assembly of novel 2D metal-organic
coordination polymers [9,10], our current synthetic strategy is
extending to identify new multinuclear building blocks for the
construction of novel frameworks with unusual architectures.
Recently, polynuclear metal centres with substituted single metal
atoms have been used as potential nodes for high-connected
metal-organic frameworks [16]. Herein we employed a bent ligand,
4,40-(hexafluoroisopropylidene)bis(benzoic acid) (H2hfipbb) as
excellent candidate for the construction of targeted frameworks
based on the following considerations: (i) the synthesis of metal
clusters is usually by the controlled hydrolysis of metal salts with
the aid of carboxylate ligands, because the carboxylate group may
Elsevier B.V.
induce core aggregation and it should be feasible to link discrete
clusters into an extended network via its bridging ability; (ii) the
assemblies of extended solids from the long and bent arenedicarb-
oxylate linker are considerably less studied despite that they
would likely offer new topologies with channels and, consequently,
a great potential for the design and synthesis of functional materi-
als [17–22]. As expected, we successfully isolated a novel 2D Co(II)-
organic framework with H2hfipbb and pyridine as co-ligands,
[Co2(l2-H2O)(hfipbb)2(py)3] � 2(py)]n (1). Interestingly, compound
1 is a novel noninterpenetration (4,4) network based on tetranu-
clear clusters and double stranded organic linkers. The powder
X-ray diffraction and thermogravimetric analysis of 1 have also
been investigated.

The hydrothermal reaction of CoCl2 � 6H2O, H2hfipbb and pyri-
dine (ratio of 2:1:50) in aqua afforded pink crystals of 1 [23], which
are characterized by elemental analysis, IR spectra, and XPRD. Sin-
gle-crystal X-ray analyses [24] revealed that the compound 1 is
composed of a 2D polymeric structure with guest solvent mole-
cules. Its asymmetric unit consists of two cobalt atoms, two hfipbb
ligands, three coordinated pyridine co-ligands, one l2-bridged
water molecule, and two free pyridine molecules. As shown in
Fig. 1, all Co atoms locate in distorted octahedron, Co–O and
Co–N bond distances are in the range of 2.041(3)–2.212(2) and
2.154(3)–2.160(3) Å, respectively. Two Co atoms are bridged by
two carboxylate groups and one l2-bridged water molecule to
form a dinuclear unit. The Co���Co separation is 3.617 Å, and the
angle of Co–Owater–Co is 110.53(10)�. Two dinuclear Co units is
further bridged by two carboxylate groups to form a tetranuclear
moiety with a centre of inversion, which can be considered as
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Fig. 1. Ortep drawing of complex 1 shows the coordination atom-labelling scheme.
Displacement ellipsoids are drawn at the 50% probability level and H atoms are
omitted for clarity.

Fig. 3. Schematic representation of the (4,4) network of 1 based on double stranded
organic linkers.
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the secondary building unit (SBUs) for construction of the metal-
organic architecture of compound 1 (Fig. 2). Within the tetranu-
clear structure, the intramolecular O–H���O hydrogen-bonding
interactions play a key role in forming the novel SBUs. The l2-
bridged H2O molecules donate H atoms to the adjacent carboxylate
O atoms to generate strong O–H���O hydrogen-bonding interactions
(2.546(5) and 2.734(3) Å). Consequently, each tetranuclear cluster
unit links to another four neighboring tetranuclear clusters by
eight hfipbb organic ligands to result in a 2D layer network, as
shown in Fig. S1 and Fig. 3. The dihedral angles between benzene
rings of bent hfipbb ligands are 101.0 and 78.3�, respectively. In
1, the hfipbb ligands adopt two kinds of different coordinated
modes as l3-bridged and l4-bridged linkers. Interestingly, this
2D sheet can be described as a (4,4) network based on 4-connected
tetranuclear nodes and double stranded organic linkers. It is note-
worthy that this topology type is rarely reported to date, to our
best knowledge, the complex 1 is the first (4,4) network based
on tetranuclear cluster nodes and double stranded organic linkers
Fig. 2. The tetranuclear cobalt cluster units and interlinked modes of adjacent
clusters in complexes 1.
[25]. In addition, the guest pyridine molecules fill in the window of
layer and the void of interlayer.

XRD data of complex 1 was collected on a Rigaku D_max/3b dif-
fractometer with CuKa radiation (k = 1.5418 Å). The experimental
XRD patterns agreed well with the simulated ones generated on
the basis of the single-crystal analyses for 1 (Fig. S2), suggesting
the phase purity of the products. Thermogravimetric analysis
(TGA) experimental results indicate that 1 lost its isolated and
coordinated pyridine molecules from 50 to 360 �C. Then, the
remaining sample suffers incessant weight loss from 400 �C corre-
sponding to the removal of the organic hfipbb species (Fig. S3).

In conclusion, a novel 2D cobalt coordination polymer has been
synthesized under hydrothermal reaction. Compound 1 displays
the first noninterpenetration (4,4) network based on tetranuclear
cluster nodes and double stranded organic linkers. The successful
isolation of the 2D (4,4) network may spark a broad spectrum of
interest in the field of crystal engineering chemistry. We are cur-
rently extending this work into additional metal ions.
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Appendix A. Supplementary data

X-ray crystallographic file in CIF format, additional Figures,
PXRD patterns, and TGA diagram for complex 1. Supplementary
data associated with this article can be found, in the online version,
at doi:10.1016/j.inoche.2008.06.008.
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