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ABSTRACT

“Give me its Hamiltonian and I will give you the properties of the system” used to be
the mantra from our Physics teacher in graduate school. Buried in that assertion were the
fundamental principles underlying current molecular-based tools for the study of fluid
behavior. In simple terms, molecular approaches typically rely on Statistical Mechanics
fundamentals to connect the details of the interaction potentials of the constitutive species,
the equilibrium microstructure, and the resulting macroscopic (thermophysical) properties
of the system. Thus, a molecular-based approach is inherently predictive in nature. In
contrast, engineering approaches have been traditionally correlative or interpolative by
construction (e.g., EOS), and the incorporation of microscopic insights has often been
done in an ad hoc manner, though under the molecular-based banner.

A challenging aspect in the development of accurate molecular-based description of
the behavior of real fluids is the adequate formulation of simple configurational
Hamiltonians (or the Helmholtz free energy counterparts) able to account properly for the
underlying intermolecular forces and, simultaneously, to give a tractable mathematical
form amenable to engineering calculations.

Responses to that challenge come in a variety of forms including rigorous formalisms,
molecular simulation protocols, and theoretical modeling aimed at capturing the relevant
physics behind the observed behavior in terms of microscopic descriptors and being able
to find the intrinsic links between the microscopic pictures and the macroscopic
observables. These links are more than just correspondences, correlations, or conjectures,
but true cause-effect connections under the framework of Statistical Mechanics.

In this presentation, the author will discuss and illustrate his view on the molecular-
level study of fluid behavior in the context of Chemical Engineering, and finally argue
about the soundness of Sidney Harris’ humorous quotation included in the subtitle.
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