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PREFACE

In recent years, interest in exact statistical thermodynamic methods for the
description of the equilibrium behaviour of real gases and liquids has increased
considerably. Although no generally valid solutions to the problems have been
found so far, significant progress has been made in characterizing systems that consist
of simple types of molecules. Modern methods for the description of the behaviour
of fluids are scattered in many articles in journals and in monographs; this might
be a reason for the fact why the progress attained has not found its way adequately
into the minds of workers in closely related areas of research.

In this monograph we have attempted to outline an overall view of the problems
that may be encountered in the description of the state and the thermodynamic
behaviour of fluids when employing the radial distribution function.

The book is the result of studies and lectures held at the Institute of Chemical
Process Fundamentals of the Czechoslovak Academy of Sciences in Prague over
a number of years; it is intended for advanced university students and research
workers.

The contents have been divided into four chapters. The first chapter surveys
statistical thermodynamic relationships for the description of the behaviour of flyids;
the second outlines methods for the characterization of one-component systems,
which are based on integral and integro-differential equations for the distribution
functions. Perturbation methods for one- and multi-component systems are reviewed
in Chapters 3 and 4, respectively. The less common mathematical devices and the
purely mathematical parts of some treatments are given in the Appendices.

The Authors
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INTRODUCTION

The description and prediction of equilibrium behaviour of fluids and fluid
mixtures belong nowadays to the most challenging and perhaps also most significant
goals at the boundary between physical chemistry and physics. This is especially due
to the fact that a large proportion of chemical processes proceed in the liquid phase.
From the theoretical point of view, an exact description of fluids (i.e., real gases and
liquids) represents the next important stage of development following the statistical
thermodynamic interpretation of the behaviour of ideal gases and the perfect crystals.
From a practical point of view, a knowledge of the statistical thermodynamic de-
scription of fluids, with the corresponding prediction of their thermodynamic be-
haviour, appears to be essential for contemporary methods for the design and control
of processes in chemical technology.

A solution to the problem of the exact description of the behaviour of fluids
involves two aspects: the interpretation of the intermolecular interactions and the
determination of relationships between given intermolecular forces and the structure,
i.e., the spatial arrangement of particles in the fluid. Whereas the approximations for
intermolecular interactions are obtained by quantum-mechanical methods, the solu-
tion to the second problem requires statistical thermodynamics.

Most of the theories of fluids can be divided roughly into two basic groups. The
first group includes lattice theories, which start from an initially assumed structure
of the system and neglect entirely the effects of molecular properties on this structure.
A priori assumptions about the arrangement of the molecules then make it possible
to introduce simplifying approximations into the calculation of the partition function
that are analogous to those employed in the description of the perfect crystal. The
lattice theories of liquids (a survey of which can be found elsewhere®) became, in the
1930s to 1950s the most frequently employed and sutcessful method for the inter-
pretation of fluid behaviour. They are now little used, except in the special case of
their application to high-molecular-weight systems.

The second group includes theories that derive in a consistent manner the rela-
tionships that exist between the intermolecular forces and the structure of the system
described in terms of distribution functions. However, the problem of finding these
relationships is complicated, both conceptually and mathematically, so that it can
be solved only in stages which subsequently encompass an increasingly wider range
of systems (monatomic fluids, polar substances, molecular fluids, etc.) and enable
the description in an ever wider range of thermodynamic variables.



12 INTRODUCTION

The first stage in this development is the statistical thermodynamic description
of the behaviour of simple fluids, i.e., of systems composed of monatomic or small,
approximately spherical, polyatomic molecules whose intermolecular forces are of the
central type (i.e., they depend only on the distance between the centres of the indi-
vidual molecules).

The characterization of equilibrium behaviour is relatively simple for these
systems; it has been subjected to intensive study and constitutes the basis for formula-
tions of theories of polar substances®> and systems with complex molecules. The
significance of such studies is also emphasized by the fact that, empirically, the
character of the equilibrium behaviour of the simplest liquid and real gas systems,
e.g. rare gases, is not too different from that of more complex ones.

Since theories of simple fluids are still under development we cannot present
here a complete and fully logically built survey. In this monograph we have, therefore,
tried rather to outline the contemporary state of development, to pick out the main
concepts and to show the connections among them and the possibilities of the
individual treatments proposed for the simplest systems. Methods for treating more
complex systems are not dealt with as their formulation is still in the initial stages
and they are of insufficient generality.
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