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AbstracL - Following the description of a classification scheme for fluid phase diagrams 
in two-component systems, based on boundary lines in pressure-temperature space, the 
three-dimensional features of several important classes of pressure-temperature- 
composition (PTX) phase diagrams for two-component mixtures at high pressures (up to 
100 kbar) are described. The discussion includes two-and three-phase equilibria between 
gas, liquid and solid phases, with emphasis on the qualitative effects of pressure on these 
systems and the picture of continuity between different types of critical and three-phase 
phenomena that has emerged from studies at high pressures. 

INTRODUCTION 

The variety and complexity of phase behavior observed in early experiments, even in two- 
component systems of relatively simple molecules, seemed, at first, chaotic. The discovery of the 
phase rule by Gibbs in 1875 brought a measure of order by providing a framework for the 
interpretation and classification of phase diagrams, and led to a period of intense experimental 
study, lasting until about 1915. During this period most of the known types of fluid phase diagrams 
were discovered; however, much of this knowledge gradually disappeared from the literature of 
physics and chemistry. A revival of interest occurred in the second quarter of this century, 
sparked by the growth of chemical engineering technology, especially in the natural gas and 
petroleum industries, and many properties of multi-component phase diagrams were rediscovered 
and further explored by chemical engineers. Concurrently, the development of high pressure 
techniques led to systematic studies, by physicists and engineers, of the effects of pressure on phase 
equilibria in pure substances and mixtures. The study of pressure effects, especially on critical 
behavior and three-phase separations in binary mixtures, has brought new insights into the 
relationships between the three types of two-phase equilibria--liquid-liquid, gas-liquid, and gas- 
gas--that occur in fluid systems. Experiments of the last several decades, especially those of G .  M. 
Schneider, have shown that there are continuous transitions between these three types (ref. 1-3 
and other references therein). Streett and co-workers (ref. 4-7) began to explore the effects of 
pressure on the equilibria between solid and fluid phases, reaching pressures of 10 kbar, and more 
recently the elegant experiments of Schouten and his colleagues (ref. 8-10) have extended the 
pressure range to 100 kbar through the use of diamond anvil cells. A picture of the unity and 
continuity of critical and three-phase phenomena in binary fluid mixtures has emerged, bringing 
a greater order to the classification and interpretation of many types of phase behavior that 
previously seemed unrelated, and gas-gas phase separations in highly supercritical fluid mixtures 
have been observed at pressures up to 100 kbar. More recently the equilibrium between solid and 
fluid phases at high pressures has been studied in several two-component systems. 

PHASE DIAGRAMS FOR TWO-COMPONENT SYSTEMS 

In experimental studies of phase diagrams the properties most commonly measured are pressure, 
temperature and composition (P, T, X) a combination of two field variables, P and T, each of which 
has the same value in all coexisting phases at equilibrium, and one generalized density variable, X, 
that in general has different values. From the phase rule it follows that a two-component system 
can be completely described by a three-dimensional diagram, and here we use PTX diagrams for this 
purpose. In these diagrams a homogeneous single phase is occupies a volume in PTX space, and the 
conditions of two-, three- and four-phase equilibrium give rise to pairs of surfaces, triplets. of lines 
and quadruplets of points, respectively. An important geometrical constraint imposed by the use of 
two field variables requires that these surfaces, lines and points have common projections on the PT 
plane. Each pair of surfaces representing two coexisting phases projects as a single surface, each 
triplet of lines representing three coexisting phases projects as a single line, and each quadruplet 
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