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First we give with a survey of the basic theory of ionization equilibria which is fundamental for nearly all thermophysical properties of plasmas. Starting with the fundamental ideas of Eggert, Saha, Planck, Brillouin and Larkin we proceed to recent exact results of quantum statistics. We analyze the contributions of bound and scattering states, analyze divergencies and compensation effects and show how Saha-type equations and  partition functions can be derived. Further we discuss several analytical and numerical  methods to proceed to higher densities. Problems connected with numerical procedures for estimating ionization equilibria and thermodynamic functions as solving Saha equations or minimizing the free energy are discussed. Next we discuss the problem of thermodynamic stability for the simplest plasmas like hydrogen, alkali plasmas,  helium and noble gas plasmas. Plasma phase transitions in dense plasmas at high pressures and mediate temperatures are analyzed  in comparison  to recent experimental findings. Further we discuss transitions to metal-like states in hydrogen etc. at low temperatures and very high pressures. 
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