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            Abstract
The best understood crystal ordering transition is that of two-dimensional freezing, which proceeds by the rapid eradication of lattice defects as the temperature is lowered below a critical threshold1,2,3,4. But crystals that assemble on closed surfaces are required by topology to have a minimum number of lattice defects, called disclinations, that act as conserved topological chargesâ€”consider the 12 pentagons on a football or the 12 pentamers on a viral capsid5,6. Moreover, crystals assembled on curved surfaces can spontaneously develop additional lattice defects to alleviate the stress imposed by the curvature6,7,8. It is therefore unclear how crystallization can proceed on a sphere, the simplest curved surface on which it is impossible to eliminate such defects. Here we show that freezing on the surface of a sphere proceeds by the formation of a single, encompassing crystalline â€˜continentâ€™, which forces defects into 12 isolated â€˜seasâ€™ with the same icosahedral symmetry as footballs and viruses. We use this broken symmetryâ€”aligning the vertices of an icosahedron with the defect seas and unfolding the faces onto a planeâ€”to construct a new order parameter that reveals the underlying long-range orientational order of the lattice. The effects of geometry on crystallization could be taken into account in the design of nanometre- and micrometre-scale structures in which mobile defects are sequestered into self-ordered arrays. Our results may also be relevant in understanding the properties and occurrence of natural icosahedral structures such as viruses5,9,10.
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                    Figure 1: Defects and order in spherical assemblies.[image: ]


Figure 2: Emergence of icosahedrally coordinated defect â€˜seasâ€™.[image: ]


Figure 3: Icosahedral map projections and long-range order.[image: ]


Figure 4: Icosahedral order and finite size scaling.[image: ]
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Crystal healing
Crystallization of a liquid in two dimensions can be understood as arising from the annihilation of pairs of structural defects as the temperature is lowered. But if the surface is curved, some defects must always be present. For example, the ordered hexagons on the surface of a football require 12 additional pentagons ('defects') to complete the sphere. Given the impossibility of eliminating all defects on a curved surface, can crystallization from a liquid state even take place in such a system? The answer is yes, according to Rodrigo Guerra et al. Using a combination of experiments and simulations of charged colloidal particles bound to the surface of a sphere, they observe how order emerges from an initial liquid-like state as the system freezes. In particular, they note how the defects are gradually forced into 12 isolated pockets on the surface, analogous to the topology-preserving pentagonal defects on a football.
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