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                Thereâ€™s good reason, then, to seek ways of manipulating grain boundaries to advantage. But itâ€™s challenging. The boundaries are high-energy locations in the (poly)crystal lattice, and will be eliminated by atomic rearrangements if a metal is heated, typically through a gradual coarsening process in which the grains grow larger, somewhat like the coarsening of the network of bubble junctions in a foam as it drains. In some nanocrystalline metals such coarsening can occur even at room temperature. But Li et al. recently found that the network of grain boundaries in nanocrystalline copper can relax to a structure that becomes unusually stable â€” in fact, metastable â€” against further rearrangement and coarsening, because the boundaries form a labyrinthine structure with minimal surface area3.
Here the analogy with soap films becomes particularly apt. The tendency of soap films to minimize their surface area when constrained to particular geometries has been long known: Leonhard Euler and Joseph Lagrange studied such â€˜minimal surfacesâ€™ mathematically in the eighteenth century. One of the striking properties of such surfaces is that they also acquire zero mean curvature at every point: the positive (hill-like) and negative (bowl-like) curvatures balance one another. In 1834, mathematician Heinrich Scherk showed that it is possible to construct such minimal surfaces that extend forever, without boundaries, by a periodic repetition of identical curved units. A few decades later, Hermann Schwarz found that one of the building blocks of periodic minimal surfaces may be the saddle-like shape of a soap film stretched across a tetrahedral framework. This shape can be assembled into three-dimensional structures with cubic symmetry (a P-surface), diamond-lattice symmetry (D-surface), or a more complex form called a gyroid (G-surface)4. All divide three-dimensional space into interpenetrating networks, and they have been reported in biological membranes and copolymer phases.
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