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Towards the creation of complex hierarchical structures starting from metal-organic
frameworks (MOFs) or metal-organic polyhedra (MOPs) as initial buildingblocks
Presentation Abstract:

Porous materials are ubiquitous and indispensable in daily life. The discovery of a new microporous
material with unique properties arising from intrinsic nanosized space is scientifically and
technologically topical. In particular, the creation of a more complex porous system with
multicomponent, hierarchical architectures, or disordered structures, over the multiple length scales
is current scientific challenge. Over the last two decades, a new class of microporous materials known
as metal–organic frameworks (MOFs) have attracted much attention because they have displayed
surprising and unprecedented phenomena. In order to emerge advanced functions beyond simple
crystalline MOFs, a greater focus is needed on the question of how these materials can be used to
create higher complex system.
One approach is to use the suitable nanopores of MOFs for polymerization of accommodated
monomers to control the structure of resulting polymers. In addition, transferring the shape pattern
from MOF host materials is a simple yet powerful method to control the morphology of polymer guest
particles because size and shape of the initial porous building block can be easily tune using capping
additive. We have recently demonstrated that the orientation of unsubstituted polythiophene (PTh)
chains was not disturbed during the isolation process from the host, resulting in the PTh particles with
ordered chain alignment and increased electron conductivity compared to bulk PTh (Fig. 1A). In
addition, control on the orientation and alignment of the resulting polymer particles could be achieved
through (i) the tuning of particle aspect ratio or (ii) a vortex-flow-induced alignment method. This could
lead to various materials with macroscopic anisotropic properties with possible application in
optoelectronic devices.
Another approach will be to take advantage of the flexibility of metal-organic polyhedra
(MOPs), as one of the smallest porous building unit, in order to reach more complex hierarchical
structures thanks to their solubility and processability. Recently, we have reported a synthetic
approach that lead to the fabrication of soft, flexible gel materials with permanent porosity. Using
robust MOPs as molecular building unit (monomer), we were able to designed micro- and
mesoporosity in an amorphous coordination material via a supramolecular approach. Time-resolved
dynamic light scattering has revealed the dynamic of gel formation and bring better understanding on
the mechanism of gelation and architecture of gelling clusters (Fig. 1B). The effect of MOP
concentration on the gel kinetic and its mechanical properties were investigated as well as different
trigger for the gelation to occurs (temperature, pH, light…). Furthermore, we take advantages of such
hierarchical nature of colloidal gels to generate spatial heterogeneity and gradients within the porous
materials that could lead to advanced materials function such as separation, catalysis or energy storage.

Figure 1. Two different approaches to create hierarchical structure starting from (A) MOFs as template
for controlled polymerization reaction and shape transfer to the resulting polymers and (B) MOPs as
building block for the formation of colloidal gel networks through supramolecular polymerization
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