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A novel porous material constructed from p-sulfonatocalix-
[4]arene molecules and a AgI coordination polymer has been
structurally characterized. The porous supramolecular com-
plex features a bilayer arrangement of p-sulfonatocalix[4]-
arene molecules linked by a AgI–hmt (hmt: hexamethylene-

Introduction
Much research has been dedicated to the assembly of

coordination complexes into porous materials, which are
held together either by strong metal–ligand bonding or by
weaker bonding forces such as hydrogen-bonding and π–
π interactions.[1,2] Meanwhile, calixarenes, as an interesting
family of macrocyclic molecules, have been attracting atten-
tion due to their potential application in material science
and biological science.[3] New functional porous materials
can be created with the use of calixarenes as building
blocks. Indeed, calixarenes as building blocks have been
widely used in the field of coordination chemistry and
supramolecular chemistry.[4,5] However, self-assembly of
metals and calixarenes into porous materials have been ra-
rely reported, probably because of their convergent func-
tional groups that would mainly be suitable for host–guest
complexation and have limitations in forming metal-coordi-
nated polymers or huge cyclic arrays.[6–8]

In the present communication, p-sulfonatocalix[4]arenes
were used as building units to construct a new porous mate-
rial. p-Sulfonatocalixarenes have been the most widely
studied members of the calixarene family because of their
versatile architecture and interesting biological behav-
iour.[3c,4b,4c,9,10] Nevertheless, research on porous materials
based on sulfonatocalixarenes has been very limited.[5c,11,12]

Synthesis of new porous materials based on p-sulfonato-
calixarenes continues to be an attractive area of research.

[a] State Key Laboratory of Rare Earth Resource Utilization,
Changchun Institute of Applied Chemistry, Chinese Academy
of Sciences,
Changchun 130022, P. R. China
Fax: +86-431-85698041
E-mail: hongjie@ciac.jl.cn

[b] Graduate School of the Chinese Academy of Sciences,
Beijing, P. R. China
Supporting information for this article is available on the
WWW under http://www.eurjic.org or from the author.

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2008, 1756–17591756

tetramine) coordination polymer through metal–ligand bond-
ing, hydrogen bonding and host–guest interactions.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

The title complex we report here is a porous structure
based on p-sulfonatocalix[4]arene and a AgI–hmt coordina-
tion polymer. Actually, there are only a few examples in
which calixarenes of any sort participate in self-assembly
with AgI-coordinated polymers.[13] In this work, we choose
a labile coordination centre, silver, and the weakly alkaline
ligand hmt. The hmt group successfully acts as a secondary
ligand forming a new layered coordination polymer with
AgI atoms instead of being protonated by the hydroxy
groups of the p-sulfonatocalix[4]arene. The resulting porous
complex comprises a bilayer arrangement of p-sulfonato-
calix[4]arene molecules linked by the AgI–hmt coordination
polymer with guest molecules inside the pores.

Results and Discussion

Complex 1 belongs to the monoclinic crystal system,
crystallizing in the space group P21/c. Figure 1 shows the
basic unit of 1, which indicates the coordination about each
Ag centre. The packing structure along the a axis (Figure
S1) indicates that the whole structure is made up of p-sulfo-
natocalix[4]arene bilayers alternating with AgI-based coor-
dination polymer layers. The basic building block of the
title complex (Figure 2) displays the bonding of the Ag1
atom of the coordination polymer layer to the O8 atom of
p-sulfonatocalix[4]arene (the bond length is 2.576 Å). At the
same time, host–guest interactions exist between coordi-
nated acetonitrile (N19) and p-sulfonatocalix[4]arene: these
are CH···π interactions in which the smallest CH···aryl
centroid distance is 2.584 Å. One water molecule (O17) that
is coordinated to the Ag5 atom extends toward the four
hydroxy groups of the p-sulfonatocalix[4]arene molecule in
the opposite layer, which results in the formation of hydro-
gen bonds between the coordinated water (O17) and the
hydroxy group (O2) of the p-sulfonatocalix[4]arene mole-
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cule opposite it, as shown in Figure 2. The distance between
O17 and O2 is 2.717 Å, and the angle O17–H···O2 is 166.9°,
which indicates the presence of a strong hydrogen bond
here. In addition, the coordinated water molecule (O17)
also forms a hydrogen bond with the oxygen atom (O13) on
the sulfonate group of its neighbouring p-sulfonatocalix[4]-
arene (bond length O17–O13 2.788 Å and bond angle O17–
H···O14 110.6°). The coordinated water molecule (O17)
therefore links the neighbouring and opposite p-sulfonato-
calix[4]arene molecules together to create a porous structure
surrounded by a bilayer of p-sulfonatocalix[4]arene and the
Ag-based polymer layer. Typically, neighbouring bilayers of
p-sulfonatocalix[4]arenes are in so close proximity that π–
π-stacking interactions have been proved to be ubiquitous
in bilayered arrays of calixarenes.[14] In the present example,
however, the neighbouring and opposite p-sulfonatocalix[4]-
arene molecules, which are bridged up together by a coordi-
nated water molecule (O17) through hydrogen bonds (Fig-
ure 2), have no obvious interactions, with the nearest aro-
matic centroid–centroid separation of 5.032 Å. The Ag-
based polymer layers control the arrangement of p-sulfona-
tocalix[4]arenas, keeping the neighbouring and opposite
calixarenes oriented away from each other and forming a
void space to construct the porous material (Figure 2 and
S2). In addition, hydrogen bonds are also formed between
the other coordinated water O18 and sulfonate group (O14)
of the calixarene (bond length O18–O14 2.853 Å and bond
angle O18–H···O14 149.8°). Although hydrogen atoms of
dissociative O19 and O20 were not located, hydrogen bonds
with the neighbouring sulfonate groups of p-sulfonatocalix-
[4]arene are implied by short O···O contacts.

Figure 1. The coordination mode of the Ag centres.

As mentioned above, the noteworthy aspect of the title
complex is that when the bilayer structure is viewed along
the c axis, the whole framework forms pores constructed by
layers of p-sulfonatocalix[4]arene and AgI-based coordina-
tion polymer, which is clearly shown in Figure 3. The coor-
dination polymers in this structure show wavelike layers and
the p-sulfonatocalix[4]arene molecules fit in the concave
parts of the layers. In contrast to the common bilayered
calix[4]arene framework, in which placement of the next
layer fills up the voids of one layer, which should be the
optimum place for the next layer, in the present structure,
neighbouring layers line up face to face to each other
through their hydrophilic layers and enclose a larger void
space. In doing so, a hexagonal pore structure was formed
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Figure 2. Stick diagram down the c axis showing the hydrogen
bonding and hexagonal porous structure.

when viewed along the c axis (Figure 2). Four p-sulfonato-
calix[4]arene molecules set up four sides of the hexagon
pore, while the AgI-based coordination layers occupy the
other two sides. The solvent acetonitrile molecules are dis-
tributed in the pores of the materials.

Figure 3. The packing diagram down the c axis showing the porous
structure; the acetonitrile molecules are omitted for clarity.

It is interesting to contrast the structure of 1 with the
previously reported porous structure resulting from imino-
dicarboxylate resorcinarenes and metal ions.[8a] The com-
mon structural characteristic in both cases is that the lower
rims (the four hydroxy groups in complex 1 and the four
methyl groups in iminodicarboxylate resorcinarene) of their
calixarene framework have a head-to-head layout, which
leads to porous materials. In the title structure, the opposite
layers are interconnected indirectly through one water oxy-
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gen atom (O17) (provided by the Ag-based layer), which
simultaneously contacts two opposite p-sulfonatocalix[4]-
arene molecules with hydrogen bonds. In the previous
case,[8a] the arrangement of the iminodicarboxylate resor-
cinarene is controlled by metal cations, while in the present
case the structure of the p-sulfonatocalix[4]arene arrays is
determined by the coordination polymer.

In the AgI-based coordination polymer layer, there are
five crystallographically independent Ag atoms and four
crystallographically independent hmt molecules. The dif-
ferent Ag atoms and hmt molecules link up one another to
build an unprecedented netlike coordination polymer (Fig-
ure 1). The assembly of porous metal compounds relies on
the coordination ability of metal ions and the proper choice
of organic ligand. The AgI ions in this structure display
trigonal and tetrahedral configurations. The flexible coordi-
nation geometry of the AgI ions enables their coordination
with both the second ligand (hmt) molecules and solvent
molecules (water and acetonitrile) to form a layered struc-
ture that offers enough opportunity (including various
bond interactions) for p-sulfonatocalix[4]arene molecules to
form an array in one direction and line up face to face with
their lower rims. A novel porous material is finally formed
on the basis of p-sulfonatocalix[4]arene.

The crystal structure contains both dissociative and co-
ordinated water and acetonitrile molecules. The observed
mass loss (10%) (as shown in Figure S4 in the Supporting
Information) while heating up to 180 °C is attributed to the
loss of dissociative or coordinated water and acetonitrile
molecules, which is consistent with the ratio found by crys-
tallography: 11.37%. Then, the TGA curve reaches a pla-
teau in which the weight remains constant up to 212 °C,
demonstrating that the backbone of the framework keeps
intact. Upon further heating, the whole framework is de-
stroyed and fast weight loss is observed.

Conclusions

In summary, a novel porous material was constructed
from p-sulfonatocalix[4]arene bilayers alternating with lay-
ers of a new AgI-based coordination polymer. The structure
provides new opportunities for p-sulfonatocalix[4]arene to
be applied in the field of porous materials, for example, for
chemical separation and storing molecules. More novel ma-
terials can be expected to be formed from the flexible and
functional ligand p-sulfonatocalix[4]arene. Further investi-
gations on synthesis of novel porous materials based on ca-
lixarene are underway in our laboratory.

Experimental Section
Synthesis: A mixture of AgNO3, Na4 p-sulfonatocalix[4]arene and
hmt (5:1:4) was dissolved in a 1:3 (v/v) mixture of acetonitrile and
water. Colourless crystals of the title complex were obtained after
concentration at room temperature in the dark (yield 26%). Micro-
analysis (CHN) was not feasible because of the highly hydrated
nature of the complex.
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X-ray Crystallography: Complex 1 crystallized in the monoclinic
space group P21/n. C60H86Ag5N20O19.5S4, M = 2067.08, a =
15.5462(10) Å, b = 33.135(2) Å, c = 16.4944(10) Å, V =
8460.1(9) Å3, Z = 4, T = 193 K, λ = 0.71073 Å, Rint = 0.0553. A
total of 48857 reflections were collected in the range 1.38 � θ �

26.06, of which 16693 were unique. The structure was solved and
refined by full-matrix least-squares on F2 with the SHELXL-97
program.[15] Non-hydrogen atoms were refined anisotropically. The
final R1 value is 0.0885 (0.0587 after SQUEEZE) for 11359 inde-
pendent reflections [I � 2σ(I)]. The contribution from the dis-
ordered solvent was subtracted from the observed data by the
“SQUEEZE” method as implemented in PLATON.[16]

CCDC-664488 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Supplementary pictures, XRD patterns and TGA diagram.
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