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I will present an introduction to a Statistical Mechanics description of the liquid state of matter focussing on “simple” molecular, ionic and metallic liquids.  A molecular level description is challenging, because liquids combine structural disorder and strong interatomic coupling (high density).

Short-range order (local molecular packing) controls the thermodynamic properties of liquids within a generalized van der Waals description of cohesion (equation-of-state, free and internal energy, …) as well as phase diagrams (condensation, demixing, freezing) while fluctuations determine the compressibility, heat capacity and dielectric permittivity.

Moving to dynamics, I will show the link between macroscopic transport (diffusion, thermal and electric conductivity, viscosity) and time-dependent correlation functions; the latter also determine quasi-elastic light and neutron scattering cross sections.  Static and dynamic correlation functions can be extracted from molecular simulation methods, like Molecular Dynamics and Monte Carlo. 

In the last part of my presentation I will briefly address some important specific aspects, including inhomogeneous liquids and interfaces, ionic liquids (molten salts), metallic liquids, and liquids under extreme conditions (supercritical behaviour).

