How does Toluene Dissolve Low-
Molecular-Weight Polystyrene?
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Fig. 1: Left: Simulation box after 60 ns atomistic molecular dynamics
simulation. Polystyrene chains are shown in red, toluene molecules in
blue. Highlighted are the solvated polystyrene molecules and the
toluene molecules that diffused in the polymer matrix. Right: Schematic
description of the sequence of phenomena taking place. The simulation
box on the left represents the atomistic snapshot of the Outside-In
mechanis.

Introduction

Many industrial applications, like nanolithography, gas
separation based on membranes, plastic recycling and drug
delivery, rely for their performance on a deep knowledge of the
mechanisms involved in polymer dissolution. When a solvent
gets in contact with a polymer, two distinct processes occur: (I)
the solvent diffuses into the polymer and (ll) the polymer chains
at the surface get solvated. The diffusion of the solvent and the
consequent formation of a swollen layer (i.e. a layer with a lower
polymer density due to the presence of the solvent) favour the
detachment of the chains from the surface.

Recent studies have shown how polymer dissolution can be
relevant also for wetting properties. Even if much is understood
about the wetting of non-soluble substrates, much is still to be
understood in the case of soluble substrates.

Due to the experimental difficulties, the penetration of solvent in
thin polymer films is rarely investigated. However the molecular

level details of polymer surfaces are accessible also by computer
simulations.

Methods

We investigated with atomistic simulations[1] the swelling of low-

molecular-weight polystyrene induced by toluene, a solvent for
polystyrene. The simulation box is shown in the left panel of
Fig.1. We overcome the intrinsic difficulties of obtaining an
equilibrated atomistically detailed polymer surface structure
with a hierarchical simulation approach. Based on a low-
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resolution model[2] for polystyrene we have obtained
polystyrene chain conformations and chain packing at the
surface, which are independent from our initial setup[3]. With an
inverse-mapping procedure[4] we then obtained the high-
resolution atomic-scale picture of the polymer.

Results

In our simulations we were able to track the real time evolution
of the processes involved when a glassy polymer substrate is
brought in contact with a solvent. We observed in our
simulations that the polymer chains detach from the surface
within a few nanoseconds, during which the solvent enters a
nanometer thick surface layer. This, extremely rapid, surface
swelling is probably favoured by the roughness of the disordered
polymer surface. After this initial swelling, both the dilution of
the chains due to the penetration of the solvent in the polymer
film and the detachment of the chains from the surface take
place concurrently[5]. The schematic time sequence is shown in
the right panel of Fig.1.

Outlook

An accurate quantification of the kinetics of dissolution is at the
atomistic scale however not possible. In order to obtain a better
statistics and to investigate the dissolution on longer polymer
chains, simulations with low-resolution models are necessary.
We are currently developing models[6], which keep the original
relative dynamics of the atomistic system. These models will
then be used to quantify the kinetics of dissolution.

Reference

[1] B. Hess, C. Kutzner, D.V. van der Spoel, and E. Lindahl (2008),
GROMACS 4: Algorithms for Highly Efficient, Load-Balanced, and Scalable
Molecular Simulation. Journal of Chemical Theory and Computation 4:
435-447. https://doi.org/10.1021/ct700301q

[2] D. Fritz, V.A. Harmandaris, K. Kremer, and N.F.A. van der Vegt (2009),
Coarse-Grained Polymer Melts Based on Isolated Atomistic Chains:
Simulation of Polystyrene of Different Tacticities. Macromolecules 42:
7579-7588. https://doi.org/10.1021/ma901242h

[3]1 V. Marcon, D. Fritz, and N.F.A. van der Vegt (2012), Hierarchical
modelling of polystyrene surfaces. Soft Matter 8: 5585-5594.
http://dx.doi.org/10.1039/C2SM25342A

[4] D. Fritz, C.R. Herbers, K. Kremer, and N.F.A. van der Vegt (2009),
Hierarchical modeling of polymer permeation. Soft Matter 5: 4556-4563.
https://doi.org/10.1039/B911713])

[5]1 V. Marcon V. and N.F.A. van der Vegt (2014), How does low-molecular-
weight poly-styrene dissolve: osmotic swelling vs. surface dissolution
Soft Matter, 10: 9059-9064. https://doi.org/10.1039/C4SM01636)

[6] G. Deichmann, V. Marcon, and N.F. A. van der Vegt (2014), Bottom-
up derivation of conservative and dissipative interactions for coarse-
grained molecular liquids with the conditional reversible work method ).
Chem. Phys., 141: 224109. https://doi.org/10.1063/1.4903454

printed 09. Mar 2026 - 13:23 https://www.hkhlr.de/projects/300 page 2 of 3

JUSTUS-LIEBIG-
=] UNIVERSITAT
\ 1/ GIESSEN

st UNIKASSEL Philipps
L7 DARMSTADT VERSITAT

\‘.| Universitdt
/' Marburg


https://doi.org/10.1021/ct700301q
https://doi.org/10.1021/ma901242h
http://dx.doi.org/10.1039/C2SM25342A
https://doi.org/10.1039/B911713J
https://doi.org/10.1039/C4SM01636J
https://doi.org/10.1063/1.4903454
https://www.hkhlr.de/projects/300

Last Update: 2022-07-08 11:08

printed 09. Mar 2026 - 13:23 https://www.hkhlr.de/projects/300 page 3 of 3
JUSTUS-LIEBIG- A TecHniscHe UNIKASSEL Phili nivers
Tosse™ @ i vERSITRT D) e



http://www.tcpdf.org
https://www.hkhlr.de/projects/300

