Locally Preferred Structure in Liq uids

Mossa S.* and Tarjus G.**

*European Synchrotron Radiation Facility, BP220, F-38043 Grenoble, Cedex France, mossa@esrf.fr

**Laboratoire de Phisique Thorique des Liquides, Universite Pierre et Marie Curie, 4 Place Jussieu, Paris 75005, France, tarjus@lptl.jussieu.fr

A large body of experimental and numerical work on supercooled liquids has confirmed the tendency, increasing on lowering temperature, to form local icosahedral order. The competition between extension of local liquid order, different than that of the underlying crystal, and global constraints associated with periodic tiling of the entire space, gives rise to geometric frustration[1], which has been connected to the dynamic slowing down in the supercooled liquid state[2].

The nature of the local icosahedral order in bulk liquids is still unclear. Indeed, it is a well known result that for an isolated system of 13 atoms interacting via spherically symmetric potentials, like the Lennard Jones potential, the lowest energy configuration is not a close packed structure but the icosahedron. This is due to the fact that in an isolated cluster most of the energetics is related to the surface. This situation does not, of course, occur in bulk liquids.

We propose a method to determine the locally preferred structure in bulk liquids[3]. The latter is determined numerically as the ground state of the “effective” energy surface of small clusters embedded in a liquid-like environment. The effective energy is the sum of the intracluster interaction potential and of an external field that describes the influence of the surrounding bulk liquid at a mean-field level. In this way we minimize the surface effects present in isolated clusters without introducing full blown geometric frustration (which hinders the manifestation of icosahedral order).

We find that the locally preferred structure of the Lennard Jones liquid is the icosahedron and propose a general method to predict the local preferred configuration in molecular systems.

References [1] - J. F. Sadoc and R. Mosseri, Geometric Frustration (Cambridge University Press, Cambridge, England, 1999) [2] – F. C. Frank, Proc. R. Soc. London, Ser. A 215, 43 (1952) [3] - S. Mossa and G. Tarjus, J. Chem. Phys. 119, 8069 (2003)