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Plasma technology is routinely used to functionalize polymers and enhance their

surface properties. In order to gain a better understanding of the effects of the plasma

on the polymer surface at the atomic scale, reactive molecular dynamics (MD)

simulations of oxygen and hydroxyl radicals impinging on an amorphous polyethylene

surface were carried out. Furthermore, nudged elastic band (NEB) simulations of

likely reactions between O and OH radicals and a decane molecule were performed

to calculate the potential energy barrier of these reactions, including hydrogen

abstraction, carbon-carbon cleavage and radical addition reactions on the decane

molecule as well as on reaction products of all considered reactions. The combination

of MD and NEB gives a clear insight into how the polyethylene surface becomes

functionalized.

Additionally, to investigate the effect of plasma treatment on the polyethylene surface

properties, MD simulations of water droplets on surfaces with various degrees of

functionalization were carried out as well. In particular, we focused on the influence of

the size of the water droplet, the type of functional groups implanted in the surface

and the functionalization depth.

Finally, MD simulations for the plasma polymerization of propanol were performed.

For this purpose, a zero-dimensional (0D) model was first employed to simulate a

propanol plasma, in order to elucidate which are the growth precursors for the plasma

polymerization, to be used as input in the MD simulations. This model gives key

insights into the types of species that are present in the plasma and which of the

reaction pathways play an important role in their production and loss reactions.

Furthermore, the dependence of the composition of the plasma phase on

experimental parameters, such as power deposition or gas temperature, can be

accurately predicted and validated by experimental results.
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