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CURRENT RESEARCH ACTIVITIES:

Supramolecular chemistry - 'chemistry beyond molecule' - is an interdisciplinary field of research focus-
ing mainly on self-organisation of molecules into well-defined chemical structures by reversible intermo-
lecular interactions, such as coordination and hydrogen bonds, pi-stacking and others.

Our core specialties are 1) metal-organic frameworks and 2) supramolecular chemistry of anions.

Metal-organic frameworks (MOFs) are crystalline coordination compounds with regular arrays of nano-
scopic voids (such as cavities, channels, etc.) in their crystal structures. The porosities and functionalities
of MOFs can be easily fine-tuned for multiple applications, such as gas storage (especially H,, CH,, and
CO,), separation processes, drug delivery, ion exchange, sensor technology, non-linear optics, magnetism,
luminescence, and many others. We are particularly interested in developing conducting MOFs (in col-
laboration with researchers from MIT) for a wide variety of applications, including fuel cells, batteries, su-
percapacitors, catalysts, sensors, thermoelectrics, etc. In another line of research, we are also interested
in catalytic processes inside the nanoscopic voids of MOFs. Our recent accomplishments in this field in-
clude the first successful immobilisation of olefin metathesis catalysts inside MOFs (in collaboration with
the group of prof. K. Grela), the first incorporation of enantioselective hydrogenation catalysts into MOFs
‘ ’ as well as the development of exquisite MOF catalysts for aerobic oxidation of alcohols to aldehydes.
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On the other hand, the development of molecules that are able to strongly and selectively bind anionic
species is also of great importance in various fields, due to a range of important roles anions play in many
chemical, biological, medicinal and environmental processes. Such molecules (receptors) could be useful
as sensors and transporters able to facilitate anion transport through biological membranes. We also
exploit anions as templates for the construction of complex, topologically non-trivial nanostructures,
such as catenanes, rotaxanes, helicates, and grids.

For example, we have recently discovered a family of simple, easy-to-make and remarkably active ani-
on transporters. In a major methodological contribution, we have developed the first direct method to
study the transport of a variety of biologically relevant anions through lipid bilayers. Using this method,
we have discovered the first artificial receptors able to transport amino acids through biological mem-
branes. In another recent project, we have constructed the first photoswitchable ion-pair receptor. This
major accomplishment has been published in the prestigious Journal of the American Chemical Society".
For the most recent accomplishments, follow our webpage: www.mchmielewski.pl

Synthetic transporters for biologically active anions:
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