Interfacial properties of square-well chains using molecular dynamics
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Fully-flexible chains formed from tangentially-bonded
monomeric units that interact through effective-type poten-
tials represent perhaps the simplest option retaining the ba-
sic microscopic characteristics of molecular chains: segment
connectivity, molecular flexibility, and attractive and repul-
sive interactions.Square-well (SW) potential is possibly the
simplest interaction accounting for both attractive and re-
pulsive interactions. However, its discontinuous functional
form makes it extremely difficult to be used in molecular
simulation, either Monte Carlo (MC) or Molecular Dynam-
ics (MD) methods. Chapela and Alejandre [1] used espe-
cial techniques in MD simulations to explicitly account the
impulsive forces generated in a system of SW chains with
a potential range of A = 1.50. The discontinuity in the
interaction forces makes unfeasible to simulate this interac-
tion potential with commercial MD programs such as GRO-
MACS [2] or LAMMPS [3]. Very recently, Zerén et al. [4]
have presented a parameterization of the SW potential that
allows its use for simulation packages since the intermolec-
ular potential and force are described by continuous math-
ematical functions. They determined the interfacial proper-
ties and the phase equilibrium of SW potentials of ranges
A = 1.25, 1.5 and 2.0 0 using GROMACS. The excellent
agreement of the obtained results with available experimen-
tal data pointed to the reliability of the reported continuous
form. Since the phase equilibrium and interfacial proper-
ties of SW molecular chains with different range of interac-
tion provide valuable information to discern whether differ-
ent microscopic theories, such as those based on the density

functional theory or equations of state, are capable of pre-
dicting this type of system, we extend here the study car-
ried out by Zerén et al.[4] to other ranges of attractive in-
teraction, in particular A = 1.5 and 1.75 ¢. Simulations for
A = 1.50 were conducted for chains of 4 monomers and
the results compared with the previously reported computa-
tional predictions] using distinct methodology. For the po-
tential range of A = 1.75 ¢, which had not yet been studied,
we considered systems comprising 4, 8 and 16 monomers
per molecule. Thus, the effect of the chain length is addition-
ally assessed on the calculated properties, namely density
profiles, coexistence densities, vapor pressures, temperature
and critical density and surface tension. Overall, liquid-
vapor interface sharpens with the increase in the chain length
due to an increase in the width of the envelope of the coex-
istence phase, and the resulting increase in surface tension.
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