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Figure 1: System setup for a coarse grained 130 nm × 130 nm phospholipid-bilayer (DOPC).

Hybrid-particle-field molecular dynamics (hPF-MD) is becoming an established method for simu-
lating large molecular systems at the coarse grained level [1]. In hPF-MD the non-bonded interactions,
which computationally is the most expensive part of MD, are modelled in a density-functional ap-
proach. Instead of computing forces between pairs, particles are subject to forces due to the densities
of the surrounding particles. This reduces significantly the communication needed for pair-lists in
ordinary MD, allowing for applications on large systems with optimal scalability with the number
of processors [2]. A particular success of this method has been its ability to model lipid bilayers,
with electron density profiles and area per lipid in good agreement with experiments and simula-
tions based on interacting particle potentials [3]. In fact, due to methodological limitations, so far
applications have been run under constant volume conditions. For lipid-bilayers this is problematic
as it does not ensure simulations under proper tensionless conditions obtained in constant pressure
simulations. This talk presents the extension of hPF-MD to constant pressure simulations. Using
the thermodynamic definition of pressure, pressure-contributions from the density-fields are derived.
By systematic parameterization of constants in the density-field terms, we obtain the correct overall
density of water and lipid-bilayers at 1 bar. The lipid-bilayers of previous NVT-simulations are found
to to have a net surface-tension, but by using an extra square-gradient term between the bilayer and
water [4], tensionless lipid-bilayers at the correct area per lipid are obtained. Finally, using the pa-
rameters giving tensionless lipid-membranes, applications on lipid-bilayers up to 100s of nanometers
are presented (Figure 1).
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