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Flexible metal-organic frameworks (MOFs) form an interesting category of porous 
materials. The unique structural flexibility, so called breathing effect, is the key factor 
in the selective uptake of target gas molecules. Such structural transformation 
behavior may be applied in several domains such as gas separation, sensors, 
molecular recognition and drug delivery. The objective of this work was to synthesize 
new flexible MOFs and study the structural transformations upon gas, vapor and 
solvent sorption. 

,  Sarah Couckb,  Matthias Vandichelc,  Maciej Grzywa,d Karen Leusa, 

Shyam Biswasa, Dirk Volkmer,d  Jorge Gascone, Freek Kapteijne, Joeri F. M. 

Denayerb,  Michel Waroquierc, Veronique Van Speybroeckc, Pascal Van Der Voorta,*  
a Dept. of Inorganic and Physical Chemistry, Ghent University (BE); b Dept. of 

Chemical Engineering, Vrije Universiteit Brussel (BE); c Center for Molecular 

Modelling, Ghent University (BE),d Institute of Physics, Augsburg University (DE), e 

Catalysis and Engineering, Delft University of Technology (NL) 

 

In this work, we report on new MOF structures 
bearing a VIV–carboxylate coordination unit and 
exhibiting flexibility under mild conditions. These 
new MOFs feature an extended MIL-47 structure, 
VIVO(NDC), denoted as COMOC-1 1 ; and  
VIVO(BPDC), denoted as COMOC-22

 

, (NDC2-= 2,6-
naphthalene dicarboxylate, BPDC2- = biphenyl-4,4’-
dicarboxylate, COMOC = Center for Ordered 
Materials, Organometallics and Catalysis, Ghent 
University). COMOC-2 shows a distinct breathing 
effect towards certain guest molecules. It shows a 
highly selective adsorption of CO2 over CH4 at workable temperatures (Fig.1). When 
the COMOC-2 structure contains mixed VIII/VIV oxidations states, rather than solely 
VIV it becomes more difficult to trigger the flexibility in the framework.  We have 
calculated the free energy profile as a function of the pore angle and found a tri-
stable behavior of the material. Apart from a regular narrow pore form, also an 
overstretched narrow pore configuration was found theoretically. 
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Figure 1. Adsorption isotherms of 

COMOC-2 for CO2 and CH4 at 265K. 


