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On the comparison of different barostat implementations
for the prediction of the breathing behavior in MIL-53 frameworks

Sven Rogge?, Louis Vanduyfhuys?, Toon Verstraelen®, Guillaume Maurin®, Veronique Van Speybroeck’

*Center for Molecular Modeling, Ghent University, Technologiepark 903, 9052 Zwijnaarde, Belgium
"Institut Charles Gerhardt Montpellier, Université Montpellier 2, Place Eugéne Bataillon, 34095 Montpellier, France

Methodology: Barostats to control the pressure in MD simulations

Choice of barostat

Case study: MIL-53(Al)
Force field based MD [4]

Breathing behavior:

Instantaneous internal pressure fluctuates during

an NPT MD simulation of MIL-53(Al) at 300 K
and 10 MPa, with time constants of
0.1 ps (thermostat) and 1 ps (barostat).
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Validation: Cell parameters of the large- and narrow-pore structures of MIL-53(Al)
Large pore Narrow pore
a =
> P -
U‘ ‘
C & | T ‘
&P R ——y
K —
-
_________________________________________________________________________________________________ Static [4]  Exp [5]  Berendsen Llangevin = MTTK  Static[4] Exp[5]
alAl 1697 1699 1697 1705 1684 alA] 1942 1949 1949 1957 2076
b[A] 659 660 660 659 664 b[A] 652 652 652 653 6.61
clA] 128 1280 1278 1291 1280 c[A] 652 639 638 625 7.06
af] 9000 8993 9000 9000 % al’l 90.20 2001 %000 8789 %
Bl %000  8.99 9000 9000 % Bl 83.79 . 83.99 2000 8943 %
yll 9022 9047 9022 9063 0 vl 2640 96.35 9641 27.15 113.58
V [A3] 1437 1431 1428 1450 1430 V [A%] 814.7 805.0 804.3 790.7 886.9

TOnly the initial 5 ps of the simulation are considered, since Langevin and MTTK always collapse to np.

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).

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

Mean time for the lp to np transition in

Low-pressure regime MIL-53(Al) as a function of the applied pressure.

High-pressure regime
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Lp to np transitions are driven *; i 1 Lp to np transitions are driven
by pressure fluctuations B by the average pressure
These transitions are rare events, = 0 ] o . These transitions are frequent events,
and hence Poisson distributed 10° 10* 102 103 and hence Gaussian distributed
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