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Metal-organic frameworks (MOFs) are porous crystals consisting of metal clusters
connected by organic linkers. The variety in the metal chemistry and the channel topology offer
a broad range of applications, from specific catalytic activity to gas separations for green
chemistry. A particularly interesting feature of some MOFs like the MIL-53 material, is their
ability to "breathe": under the influence of external stimuli like temperature or adsorbate
molecules in the pores, the crystal undergoes a large and reversible structural change with a
volume decrease of up to 40%. Such materials could be used for temperature-dependent
chemical sensors, for energy-efficient repetitive selective gas adsorption, or for chemical-
potential driven medicine release in the human body.

To fully exploit the capabilities of the flexible MOFs, a better understanding of the
material's behavior under external stimuli is necessary. We have investigated what is the most
stable shape of the empty unit cell using periodic DFT calculations that include dispersion
corrections. The effect of temperature has been estimated by adding an entropic contribution
based on the Einstein oscillator model. Moreover, the insertion of CO, and CH; adsorbate
molecules in the pores of MIL-53(Cr) is studied with a thermodynamic free energy model. This
has lead to a phase diagram (large-pore phase versus narrow-pore phase) as a function of the
external control variables.
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