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Methodology: Barostats to control the pressure in MD simula�ons

Application: Pressure-induced breathing in MIL-53(Al)

Valida�on: Cell parameters of the large‐ and narrow‐pore structures of MIL‐53(Al) 
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Instantaneous internal pressure fluctuates during
an NPT MD simula�on of MIL‐53(Al) at 300 K

and 10 MPa, with �me constants of 
0.1 ps (thermostat) and 1 ps (barostat).

Choice of barostat

correct 
fluctua�ons?

determinis�c?

no

no

yes

yes

Berendsen [1]

Langevin [2]

Martyna‐Tuckerman‐
Tobias‐Klein (MTTK) [3]

Observa�on

How does this affect
the dynamics?

Case study: MIL‐53(Al)

Breathing behavior:
reversible deforma�on 
between two structures

Force field based MD [4]

0 400 800

3

0

‐3

Running average

Narrow poreLarge pore

Berendsen Langevin† MTTK† Sta�c [4] Exp [5]

a [Å]

b [Å]

c [Å]
α [°]

β [°]
γ [°]

V [Å3] 

Berendsen Langevin MTTK Sta�c [4] Exp [5]

a [Å]

b [Å]

c [Å]
α [°]

β [°]
γ [°]

V [Å3] 

T

μ

P

16.84

6.64

12.80

90
90
90

1430

17.05
6.59

12.91

90.00
90.00
90.63

1450

a

c

a

c

Table: Unit cell dimensions of the large‐pore structure of MIL‐53(Al). Table: Unit cell dimensions of the narrow‐pore structure of MIL‐53(Al). 
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†Only the ini�al 5 ps of the simula�on are considered, since Langevin and MTTK always collapse to np.
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These transi�ons are rare events, 
and hence Poisson distributed

'High' mean transi�on �me

Mean �me for the lp to np transi�on in 
MIL‐53(Al) as a func�on of the applied pressure.
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Lp to np transi�ons are driven
by pressure fluctua�ons

These transi�ons are frequent events, 
and hence Gaussian distributed

'Low' mean transi�on �me

Lp to np transi�ons are driven
by the average pressure
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