Modeling the mechanisms for formation of helices and perversions in elastic nanofilaments
through molecular dynamics

J.P.T. Lopes (1), F. Vistulo de Abreu (2,3), Ricardo Simoes (1,2,4)

(1) Institute for Polymers and Composites - IPC/I3N, University of Minho, Campus de Azurém, 4800-058
Guimaraes, Portugal, rsimoes@dep.uminho.pt
(2) 1I3N—Institute for Nanostructures, Nanomodelling and Nanofabrication, Portugal
(3) Department of Physics, University of Aveiro, Portugal
(4) Polytechnic Institute of Cavado and Ave, Campus do IPCA, 4750-810 Barcelos, Portugal, rsimoes@ipca.pt

Abstract

Helices made of elastic filaments have been the target of considerable and growing interest in past
years [1-3]. The formation mechanisms for such helices are still not well understood, but recent results
have indicated they may be due to buckling instabilities that naturally emerge when primary interactions
strength vary asymmetrically across the filament's cross-section. Several different treatments (e.g.
thermal, friction or radiation), can induce such asymmetry, which means this can be easily obtained in
practice [4-5]. In addition, these effects can be observed on filaments at different length scales; both
micro-filaments and nano-filaments also form this sort of structure.

In this work, we present coarse-grained molecular dynamics (MD) simulations performed using the
LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) platform. We will also discuss in
detail how perversions - regions where the helical handedness changes - occur. The simulations show it
is possible to replicate the formation of helices and perversions, within certain conditions. Finally, we
show how the helical radius can depend on the strength and the asymmetry of the interactions used, the
filament's aspect ratio, and the recovery velocity.

The occurrence of a perversion has attracted considerable interest in a number of theoretical works, in
which they are shown to occur in the stationary solutions of Kirchoff's equations [6-7]. However, the
possibility of creating more than a single perversion has been given much less attention [8].
Understanding and being able to control the formation mechanisms of helices and perversions could
enable many different practical applications. As next-generation nano-mechanical systems can be
obtained by nano-patterning of soft materials, these simulations can provide importance input for the
design of such systems.
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Figures

Fig.1 - Initial fiber configuration



Fig.2 - Final simulation configuration, exhibiting one perversion (D=5, L/D=100)

Fig.3 - Final simulation configuration, exhibiting several perversions (D=3 L/D=200)



