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We present results from extensive off-lattice simulations on packings of flexible linear chains of 

hard spheres in the bulk and under confinement. We employ a Monte Carlo scheme, built around 

advanced, chain-connectivity-altering moves, for the short- and long-range equilibration even for very 

long and definitely entangled systems, at very high concentrations near the maximally random jammed 

(MRJ) state and under extreme confinement [1]. Local environment and similarity to specific crystal 

structures are gauged through the crystallographic element norm (CCE) metric [2] which is able to 

distinguish between different competing crystal structures. The established crystal morphologies range 

from random hexagonal close packed ones with a single or varied stacking direction(s) to pure face-

centred cubic (fcc) and hexagonal close packed (hcp) crystals. We explain how the total entropy of the 

system increases as the local environment of the crystal phase becomes more symmetric and spherical. 

This entropic effect leads to the observed transition from the initial amorphous to the final crystal phase 

[3]. By extending the simulations to trillions of steps crystal perfection is observed in accordance to the 

Ostwald´s rule of stages in crystal polymorphism. 

In general, bond tangency of successive monomers along the chain backbone or the corresponding 

gaps affect profoundly the ability of chains to crystallize [4]. Based on these findings, by using simple 

geometric arguments, we explain the role of rigid and flexible constraints in the packing behavior 

(crystal nucleation and growth) of general atomic and particulate systems. 
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