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Non-congruent (or incongruent) phase transitions (NCPT) are discussed as the most general 
form of 1st-order phase transformations in complex systems. One finds NCPT widely in 
terrestrial and astrophysical applications in all systems with two or more “globally 
conserved charges” e.g. in systems with two or more chemical elements in chemically 
reacting plasmas of chemical mixtures and products of high-temperature decomposition of 
compounds [1][2]. One meets NCPT also in more exotic situations, e.g. in “gas-liquid” and 
in quark-hadron (deconfinement) phase transitions in ultra-dense nuclear matter, that is 
relevant for interiors of neutron stars and for products of heavy-ion collisions (see e.g. [3] 
[4] [5]). The basic feature of NCPT is their ability to vary chemical composition of 
coexisting phases with no violation of total composition of whole two-phase system. As a 
result the non-congruence leads to essential change in properties of 1st-order fluid-fluid 
NCPT in comparison with standard van der Waals-like phase transitions in ordinary 
substances. Non-congruent phase transformation dynamics is defined as strong dependence 
of phase transition parameters on the rapidity of the transition, while the NCPT 
thermodynamics is the essential change in structure and topology of two-phase region 
boundaries including critical and end point(s). Several examples of NCPT are considered in 
the lecture. The basic case is non-congruent evaporation in high-temperature uranium–
oxygen system, which parameters up to the critical and end points have been studied 
thoroughly in frames of nuclear reactor safety problem  [1] [6]. The next case is non-
congruence of hypothetical “plasma” and “dissociative” phase transitions in planetary 
mixture H2+He [2] (more general – in the mixture H2/He/H2O/NH3/CH4) that is relevant to 
the physics of Giant and extrasolar planets. The next case is the non-congruent evaporation 
of the Earth and the Moon materials under artificial or natural high-energy bombarding, as 
well as under hypothetical huge impact via so-called Megaimpact scenario (Theia). Non-
congruent evaporation of silica (SiO2) (e.g. [7]) is discussed as simplified variant of the 
problem. Non-congruence in many other mixtures and compounds (e.g. metallic alloys, 
hydrides, molten salts etc are also discussed briefly in the lecture. 
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