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Some Metal-organic frameworks (MOFs) show an intriguing flexible behavior, in 

which the pores can open or close upon external stimuli such as temperature, gas 

and liquid exposure, etc.  This breathing behavior has been most extensively studied 

to date for the MIL-53 type framework which was originally characterized by Férey 

and co-workers.[1] Recently, we developed an ab initio parametrized force field for 

the MIL-53(Al) framework, which enabled us to calculate the energy profile along the 

breathing mode of the empty material, which revealed the existence of two minima 

corresponding to the large and narrow pore phase.[2] Indeed Liu et al. showed 

experimentally the intrinsic bistable behavior of the material and also Walker et al. 

showed the existence of two minima by means of first principle calculations.[3,4]   

The MIL-53 series of materials has been synthesized with a series of cations at the 

nodal points (Al, Cr, Fe, Ga, Sc and In) and interesting differences in the breathing 

behavior of these materials were observed, which could not only be observed in 

terms of the hydration with trapped water molecules.[5-8] Clearly the size and the 

electronic structure of the metal play also a crucial role. To unravel these features, 

we calculated free energy profiles of the empty host along the breathing angle using 

Density Functional Theory calculations including an empirical dispersion term and 

using the Nudged Elastic Band methodology for MIL-53 materials bearing Cr, Al, Ga 

and In at the nodal points. In parallel we extended our force field to other metals 

which allowed us to also construct similar profiles. The latter simulations do have the 

advantage that they allow to provide insight into the relative magnitude of the various 

energy contributions (covalent, electrostatic, dispersion,…). This study gives a 

deeper understanding in the intrinsic bistable behavior of MIL-53 type materials.   
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