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An international collaboration network



Research is conducted 
by a multidisciplinary 
team of physicists, 

chemists, and 
engineers

Frontier research in six major areas
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Following complex chemical reactions with operandoin silico techniques 

Molecular dynamics

Zeolites
Metal-organic frameworks 

(MOFs)

Chemical transformations and catalysis in nanoporousmaterials

6



Inorganic chemistry Organic chemistry

Metal ions or clusters Organic molecules

Inorganic chemistry
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Metal-organic frameworks are hybrid materials
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Metal-organic frameworks are hybrid materials
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More than 10000 distinct MOF structures exist!



NU-110: 4.4 ml g-1 porevolume
7140 m² g-1 surfacearea

~ 40 g of NU-110 has the same surface area 
as all the 160 floors of the Burj Khalifa
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MOFs exhibit many attractive properties,
such as their high porosity

J. Hupp et al., J. Am. Chem. Soc. 134(36): 15016-15021, 2012
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This gives rise to a large variety of possible MOF applications



Chemical and physical processes in MOFs

Chemical processes

Physical processes



Experimental 
results

Exact results for 
given model

Theoretical 
predictions

How does molecular modeling fit in?

Perform
experiments

Run computer
simulations

Construct
approximate

theories

Test of models Test of theories

Real material Model material

M.P. Allen and D.J. Tildesley, Computer simulations of liquids, 1989

Explanation, prediction 
and design



MOF 
pellets

MOF
crystals

MOF
cells

bond
lengths
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Computational modeling at the nanoscale

The macroscopic properties of a material are determined
by the fundamental interactions on the nanoscale 
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The potential energy is a central quantity

The PES determines the energy of a system as a function 
of a well-chosen set of parameters, e.g. the nuclear coordinates
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Which path is the easiest?
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Which path is the easiest?



N = 1 N = 3 N = 30 N > 1000 !!

The complexity of the PES dramatically increases with the number of atoms

Oxygen
molecule

Water Benzene Small simulation cell

Number of atoms
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The PES is a highly dimensional function

RN:





Towards operando description
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