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OBJECTIVE: To design and synthesize new abiotic materials that mimic
the functional properties found in metalloproteins and are active
under non-biological conditions. Materials that rapidly and
reversibly bind 0,, NO, and CO are desired, which can be applied to
problems in gas storage/release and transport, chemical sensing, and
catalysis.

APPROACH: An interdisciplinary approach that combines synthetic
inorganic chemistry with template copolymerization techniques is used
to immobilize metal complexes in porous organic hosts. New methods
have been developed to make porous materials from structurally defined
molecular precursors. These include using inert metal complexes as
templates to ensure structural homogeneity of immobilized sites. The
immobilized metal complexes can be chemical modified to undergo
chemical reactions that are not normally observed in solution and can
be used for a variety of applications involving molecular recognition.

ACCOMPLISHMENTS: We have designed and synthesized a series of

cobalt (2+) complexes immobilized in porous organic hosts that
reversibly binding dioxygen under a variety of conditions (e.g.,
solid-gas, solid-solution). The template techniques developed for
these materials created immobilized sites, which have the correct
architecture to facilitate efficient dioxygen binding. The
architecture of the immobilized sites can be accurately probed by
changes in spectroscopic properties of the cobalt (2+) complexes— this
study is one of the first to probe these structural properties in
template copolymers. In one polymeric system developed in this study,
ninety percent of the immobilized cobalt sites reversibly bind
dioxygen (160 pumol of 0,/g of polymer)— this high dioxygen binding
capacity is the highest percentage reported for cobalt immobilized in
a porous host.

A material was also developed that selectively binds NO, an important
environmental and biological molecule. The binding of NO to the
immobilized complex induces a color change in the material that can be
used in sensor technology. This material is selective for NO over




other biologically relevant gases, such as CO, O,, and CO,. Moreover,
this NO containing material releases NO under biologically relevant
conditions (rabbit artery assay). At the submicrogram level of
material, > 80% change in the tension of a rabbit artery is observed.
This NO-releasing material also inhibits platelet formation. In
addition, a small modification of this material produces a NO
scavenging materials that can remove NO from a rabbit artery milieu,
which causes a constriction in the artery.

A luminescent polymers, containing Eu(III) complexes immobilized in
porous organic hosts, have also been developed. The luminescent
signals of the polymers are quenched when exposed to benzene.
Calibration studies indicate that the porous organic hosts have
significant effects on benzene binding. The binding and signal
process is completely reversibly.

CONCLUSIONS: These studies showed that template copolymerization is an
effective method for designing metal sites in porous organic hosts.
The use of substitution inert metal complexes allows for the synthesis
of immobilized sites, which are structural similar. The spatial
arrangement of ligand groups is relatively fixed within each site;
however flexibility in ligand arranges is observed. This flexibility
is proposed to occur from the connection between ligand and polymer
backbone. Materials made from this method are applicable to gas
binding, storage, and released. A large dioxygen binding capacity was
observed (160 umol of 0,/gram of polymer, which means that ~90% of the
immobilized metal sites are active. Modification of the immobilized
site architecture affords materials that reversible bind nitric oxide.
The binding is selective over other biologically relevant gases (e.g.,
CO, CO,, and 0,) and release is observed under physiological relevant
conditions to relax a smooth muscle.

SIGNIFICANCE: These results show that our method for immobilized metal
complexes in porous hosts produces functional materials for the
reversibly binding analytes. The dioxygen binding capacity for one
material developed in this studied is over three times larger than
that found for other composite materials, such as cobalt modified
zeolites. Storage and release of nitric oxide, a important medicinal
compound, shows the potential for developing materials for the
delivery of therapeutic agents. Fundamental spectroscopic studies on
the immobilized site architecture show that structure can be
maintained as designed and templated. These studies were directly
probing the inherent structure of the immobilized metal complexes.
Importantly, the immobilized sites share properties with their
molecular analogues, which bodes well for the further development of
materials for a range of applications including, catalysis, sensor
technology, and controlling dioxygen concentrations in fuel cells.
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