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Conclusions
For MIL-53(Al), the narrow-pore structure is the most stable at room temperature. 
The unit cell shape fluctuations during a molecular dynamics simulation are important for 
estimating a correct free energy profile. 

In thermodynamic integration, fixing the unit cell shape during simulations has a large, 
incorrect effect on the results. One should always use the correct ensemble. With these 
simulation parameters, metadynamics renders an equally accurate but more precise free 
energy profile with an increased computational efficiency. 
Normal mode analysis gives a precise but inaccurate estimate of the free energy. Finally, 
principal component analysis is very inaccurate and inefficient at calculating the free energy. 

Prospects
Is the effect of unit cell shape fluctuations equally large 
for bigger unit cells containing more nuclei?
What happens in other materials?  
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MIL-53 is a metal-organic framework.
It exhibits breathing behaviour:
      A transition between a narrow-pore (np) and a large-pore (lp) 
      configuration under adsorption of molecules or other stimuli. 

What is the stability of the structure at 300 K and at a given pressure?
      A free energy profile as a function of the volume V is needed.
      Three methods exist:
            1. Thermodynamic integration
            2. Normal mode analysis / Principal component analysis
            3. Metadynamics
How to treat the unit cell in simulations?
      Is the ensemble important?
What is the most efficient simulation method?

Studied material: MIL-53(Al) Research question Computational details 

We perform molecular dynamics
with a classical force field [1]
using the code Yaff [2].

We apply periodic boundary conditions
to a double unit cell
with a fixed number of particles (152),
a NHC thermostat (300 K) [3],
and a MTTK barostat [4]. 
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2. Normal mode analysis (NMA) [7] and principal component analysis (PCA) [8] 3. Metadynamics (MTD) [9]
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