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We would like to understand how nature makes things, and how we can make things similarly, different and/or better. In many cases the process involves self-assembly. Bring together a set of objects and let them interact under constant or changing conditions and produce something non trivial with form and function. In some cases the end product is a single crystal in others a living organism.
A part of the puzzle is in understanding and controlling the interparticle interactions. For the atomic to the human length scale in which we are interested the fundamental forces are completely understood at the microscopic level. But as we start to assemble objects of shape, new features arise that that lead to new broken symmetries and diverse behaviors. Some of these emergent phenomena are well illustrated by considering “entropic” forces, or excluded volume effects, effective thermodynamic forces which depend on the shape of objects and their impenetrability. It is entropy and shape that we associate with the formation of liquid crystalline phases, where rotational entropy is sacrificed for translational entropy. Less well appreciated is the fundamental role that entropy plays in the freezing transition from liquid to crystal. In general the translational entropy of a system is largest when it adopts a structure which is an expansion from it’s densest packed phase. Since spheres pack to 74% on an FCC lattice while random packing is 64%, for a given density the “free volume” and hence the entropy is higher in the FCC/solid rather than the disordered/liquid. This is the reason simple liquids crystallize.
Not every object is spherical. The simplest deviation is ellipsoidal. Recently we have been studying the packing of ellipsoids and have found that their additional rotational degrees of freedom allow them to randomly pack denser than spheres. In this study we have also found that that the ellipsoid random packing density approaches the ellipsoid crystal packing density.  If random packing exceeds crystal packing we will have a thermodynamic glass.
Another part of the self-assembly puzzle is the relevant global dynamics. In the simplest case it is thermodynamics and the system tends towards equilibrium. In many other cases the dynamics is either driven, non thermal, or the system gets hung up in a metastable state and cannot reach equilibrium. Most of the interesting objects, materials, beings, that we see are (fortunately) not in their equilibrium states. The question arises; how does nature, or how do we, pick out the particular “interesting” states from the ensemble of totally available states. In some of the simplest cases these are new ordered phases, in many cases they are “glasses”. A useful way to study the reduction in phase space and it’s dependence on particle shape comes from the idea of “jamming”. Jamming involves completely constraining a system and can occurs and can be studied in a particle packings. To completely constrain a system only by interparticle contacts the number of touching neighbors should equal twice the number of degrees of freedom of each particle. This scheme maximally explores all of the possible touching configurations that it can - the fraction in accidentally aligned contacts is trivial. However, for the ellipsoid studies we find fewer contacts are needed to jam the random packing. The system does not explore all possible configurations. How it picks out this subset may lead us to a picture of how we get stuck in a glass on the way to a more ordered state. 
Jamming and it’s relation to thermodynamics is a step toward understanding how the simplest dynamics and shapes drop us out of equilibrium. A start toward understanding self-assembly.
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Packings of ball bearings and ellipsoids
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MRI of jammed M&M’s illustrating the lack of orientational order in the packing
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