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RESEARCH DESCRIPTION:

In this research we intend to investigate and understand the behavior of molecules and

porous materials under the combined effects of applied pressure, spatial confinement and
constraints in morphology at the nanoscale . such a “hyperconfinement” regime will be
exploited to create supramolecular organization, new nanosystems of controlled
morphology and, at the same time, to extend the application range of a class of materials
of outstanding relevance for innovative technologies by improving their functional
properties.

The hyperconfined systems will be synthesized in the form of ordered arrays of nanosized
supramolecular aggregates, by adopting a simple bottom-up approach: molecular building
blocks, dissolved in a liquid medium, will be “injected” in zeolite cavities by applied
pressures up to 10 GPa. The peculiarity of zeolites of being crystalline pressure-resistant
nanostructured moulds will be exploited to achieve pressure-induced segregation and
organization of the molecular building blocks in shape-controlling arrays of nanosized
cavities. Achievement of these goals would lead to a set of practical strategies to produce
template- and pressure-driven synthesis of ordered architectures of nanosized
supersystems, where hyperconfinement effects might be thoroughly tested and

investigated. The physico-chemical characterization of these materials will be performed



by adopting a multi-technique approach based on the integration of experimental and
theoretical methodologies.

We will also study the pressure-induced effects on organic-inorganic hybrid microporous
materials currently applied in strategic areas, from sustainable energy technologies to
biomedical sciences. Specifically, we will focus on host-guest dye-zeolite L hybrids, where
the photoactive molecules are organized in one-dimensional nanostructures inside the
zeolite channels. The excellent optical properties, chemical stability and biocompatibility of
these composites make them key components of artificial antenna systems, sensors, light
emitting and bionano devices, such as in-vivo markers of tumor cells. Owing to the
relevance of dye-zeolite L hybrids for “environmental sustainability” and “human health we
will study their response to high pressure conditions. We plan to exploit irreversible
changes of the optical properties, which could improve their functionality, in order to
expand the applications of this technologically strategic class of materials. (research
project financed in the frame of FIRB FUTURO IN RICERCA 2012)
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2LABORATORIES OF THE DST IN USE:

Powder diffraction, Sinth
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