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During the last two decades, metal-organic frameworks (MOFs) have evolved 

towards one of the most intriguing materials of current science, thanks to their 

versatile nature being composed of inorganic and organic building blocks and their 

ability to be tuned towards high-tech applications [1]. A huge number of MOFs have 

been synthesized, but the true challenge consists in designing materials with the 

desired functional behavior.  Furthermore it is important to account that the function 

is highly dependent on the operating conditions.  Within this talk, I will address how 

molecular modeling at operating conditions, in close synergy with experimental 

observations, plays a pivotal role to meet this challenge.  

Due to their hybrid nature, modeling MOFs requires simulation techniques at the 

crossroad of molecular and solid-state modeling [2,3,4]. Furthermore, the materials 

possess inherent defects and structural disorder, which may be exploited for 
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beneficial purposes, but which may also compromise the stability of the materials 

[5,6]. To obtain molecular level insight into this intriguing and inherently dynamic 

behavior, an ingenious combination of ab initio based and force field-based methods 

as well as thermodynamic models are required. To properly model the dynamic 

behavior of MOFs, it is essential to mimic experimental conditions as closely as 

possible. To this end we try to map the free energy surface at operating conditions 

using enhanced sampling molecular dynamics simulations. The dynamic behavior 

may be related to the flexible behavior of the framework upon external triggers such 

as temperature, mechanical pressure or adsorption [7,8,9], but also an intrinsic 

dynamic flexibility related to changes in the coordination numbers may occur upon 

adsorption or activation [6]. The latter is especially important to create active sites 

for catalysis [4,10]. Within this talk, I will show how advanced sampling techniques 

may be used to assess phenomena taking place at various time scales and to follow 

in situ and operando the molecular behavior of the materials. During this talk, I will 

illustrate with various case studies, which were performed in close synergy with 

experimentalists, how the rich computational toolbox may help to unravel the 

properties and intriguing dynamic behavior of MOFs.  
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