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150 years have elapsed since van der Waals proposed his now famous equation of state (EoS) which bears his name [1]. Since then these so-called cubic equations of state have gained significant attention and use in the engineering practice (esp. petroleum and chemical industries) and have also been developed and improved further via the so-called advanced EoS/GE mixing rules (Huron-Vidal, MHV2, PSRK, Wong-Sandler, LCVM,…) [2,3], where explicit activity coefficient models like UNIFAC are implemented in the equation of state via the mixing rules.  
In parallel, non-cubic equations of state were already available in the 70’s and 80’s and many of them were developed based on the so-called chemical, quasi-chemical (lattice) or perturbation theories. Many of these advanced models, which include dedicated terms for hydrogen bonding and other interactions, are summarized in recent textbooks [4-7]. The degree of sophistication of several of these models is quite high, as are the expectations about their performance! 

Such advanced models have by now been applied to a wide range of systems, ranging from those of interest to oil & gas and chemicals up to pharmaceuticals, electrolytes and polymers. Their applications are not restricted to phase equilibria but also include other properties (e.g. derivative and thermal ones) as well as interfacial & adsorption phenomena. 

It all looks quite impressive but where have so many decades with these advanced equations of state brought us ?  How much have we advanced science and engineering?  This is the central topic – question which will be addressed in this lecture using examples from both science and engineering.
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