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This book encompasses our current understanding of the use of non-equilibrium thermodynamics
to describe transport in complex, heterogeneous media. The authors apply the thermodynamic
description in terms of excess densities, developed by Gibbs for equilibrium, to non-equilibrium
systems. The treatment is restricted to transport into and through the surface. The book identifies
several distinct themes. Some more elementary topics have been included in order to make the
book self-contained. The book is destined to be a standard text for graduate students, but it will also
serve the specialist-researcher in this fascinating field. It is an excellent treatise on non-equilibrium
thermodynamics, providing a description of the irreversible processes occurring at the surface.

The book has three parts. The first part concerns the background of the theory and concludes with
an appendix concerning the partial molar phases. The second part (Part A) introduces a general
theory and the third part (Part B) develops some applications. A more detailed description of the
contents of the book is as follows.

The first part, Chapters 1–3, comprises three chapters.
The first chapter is concerned with preliminary and introductory topics which relate to the basic

and relevant physical processes associated with the theory of transport for heterogeneous systems.
The theory is an extension of non-equilibrium thermodynamics for transport in homogeneous
phases, a field that was established in 1931 and developed during the 1940s and 1950s. The
foundation to describe transport across surfaces in a systematic way was laid in the 1980s. In this
chapter, the authors put the theory in context and give perspectives on its application.

The second chapter, “Why non-equilibrium thermodynamics?”, explains what the field of non-
equilibrium thermodynamics adds to the analysis of common scientific and engineering problems.
Accurate and reliable flux equations can be obtained. Experiments can be well defined. Knowledge
of transport properties gives information on the system’s ability to convert energy.

The third chapter, “Thermodynamic relations for heterogeneous systems”, gives thermodynamic
relations for heterogeneous systems that are in global equilibrium and discusses the meaning of
local equilibrium in homogeneous phases, at surfaces along three phase contact lines.

The second part, Chapters 4–10, comprises seven chapters.
The fourth chapter, “The entropy production for a homogeneous phase”, gives a derivation of

the entropy production in the volume element in a homogeneous phase for transport heat, mass,
charge, and chemical reactions. The entropy production determines the conjugate fluxes and forces
in the phase. Equivalent forms of the entropy production are given.

In the fifth chapter, “The excess entropy production for the surface”, the authors derive the
entropy production for a surface area element. The forms of entropy contain finite differences of
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intensive variables into, out of, and across the surface as driving forces.
In the sixth chapter, “The excess entropy production for a three phase contact line”, the authors

derive the excess entropy production for exchange of heat and mass with a straight three-phase
contact line. The entropy production determines the conjugate thermodynamic forces and fluxes.
The authors formulate an extension of Young’s law for surfaces that are not in equilibrium with
each other.

The seventh chapter, “Flux equation and Onsager relations”, presents the flux equation that
follows from the entropy production on a general form. Onsager’s proof for the reciprocal relations
is discussed. The validity of the Onsager relations assures that, in the absence of constraints, the
system relaxes to equilibrium. The Second Law leads to restrictions on the transport coefficients.
In the stationary state, it is advantageous to write the forces as functions of fluxes. The meaning
of the Curie principle is discussed for surfaces and contact lines.

In the eighth chapter, “Transport of heat and mass”, flux equations for transport of heat and mass
are presented in simple heterogeneous systems. The transport coefficients for homogeneous phases
have been measured or modeled. We give the Onsager coefficients in terms of such coefficients.

The ninth chapter, “Transport of heat and charge”, concerns transport of heat and charge. The
authors give the basic equations for such transport across two homogeneous conductors, joined
together by a surface. They show how thermal energy can be used to produce electric power.

The tenth chapter, “Transport of mass and charge”, involves the exploration of the flow equations
for transport of mass and charge in an electrochemical cell. The Onsager coefficients in terms of
measured coefficients are given, as are expressions for electrode potential jumps. The authors
show how power production is related to the coupling coefficients.

In the third part, Chapters 11–23, dealing with non-equilibrium processes, various applications
are treated.

Evaporation and condensation constitute the first topic of the applications section. In Chapter
11 the authors study the conditions at the liquid-vapor interface during stationary evaporation
or condensation. A pure fluid is described first. The equations that determine the temperature
profile and the variation in the chemical potential are given. The description of evaporation and
condensation of a mixture follows. The reader can find resistivity coefficients for the surface
obtained using non-equilibrium molecular dynamics and compare them with values found using
kinetic theory.

The twelfth chapter, “Multi-component heat and mass diffusion”, develops component mass and
heat transport in heterogeneous systems. First, a general introduction to the homogeneous phases
is given; then the Maxwell-Stefan equations for multi-component diffusion in the presence of a
temperature gradient are discussed. Multi-component diffusion in the homogeneous phase using
various frames of reference is studied.

In the thirteenth chapter, “A nonisothermal concentration cell”, the authors describe how electric
energy is derived from thermal as well as chemical sources. The goal is to find the electric potential
profile across a concentration cell that is exposed to a gradient in temperature when a direct current
passes through it. A procedure for determining this electric potential is therefore developed.

The fourteenth chapter, “The transported entropy”, describes how the transported entropy can
be determined by measuring the Seebeck coefficients of an electrochemical cell. Selected values



of the transported entropies are presented.
The fifteenth chapter, “Adiabatic electrode reactions”, describes energy conversion during syn-

thesis or removal of solid AgCl on a silver electrode in an adiabatic cell. The goal is to find the
temperature and electric potential profiles across a cell when the reaction rate or the current density
is sizeable.

The sixteenth chapter, “The liquid junction potential”, describes a concentration cell with two
aqueous electrolytes at constant temperature. The authors determine the magnitude and origin of
the liquid junction potential.

The seventeenth chapter, “The formation cell”, describes a conversion of chemical energy into
electrical energy in a formation cell. The authors find the electric potential profile across the cell
from the corresponding variations in chemical potential and/or temperature at zero electric current
density.

The eighteenth chapter, “Power from regular and thermal osmosis”, describes transport of heat
and mass across membranes in regular osmosis and thermal osmosis. The equations are, for
instance, relevant for salt power plants. The authors discuss how concentration and temperature
differences can be used to produce power.

The nineteenth chapter, “Modeling the polymer electrolyte fuel cell”, contains a description of
the heterogeneous polymer electrolyte fuel cell by the sets of equations for its five subsystems.
The transport equations are solved for a one-dimensional cell in the stationary state. Information
is obtained about the concentration profiles, temperature profiles, and electric potential profiles
across the cell. The local entropy production and the total entropy production are described.

In the twentieth chapter, the authors describe experimental methods which can be used to find
transport properties for ion-exchange membranes.

In the twenty-first chapter, the authors derive the impedance of an electrode surface. The authors
introduce the chemical potential of a surface dipole in order to be able to describe storage,
depletion, and redistribution of charges in the surface. An equivalent circuit is predicted and
compared with experimental results.

The twenty-second chapter, “Non-equilibrium molecular dynamics simulations”, deals with a
computer simulation that is designed to study transport processes. The authors describe how they
can find transport coefficients in one-phase fluids and heterogeneous systems from non-equilibrium
molecular dynamics simulation. They present this useful technique, drawing especially on the work
of Hafskjold and coauthors, among others (see the book’s references).

Finally, in the twenty-third chapter, “The non-equilibrium two-phase van der Waals model”,
the authors use a non-equilibrium version of the van der Waals square gradient model to obtain
the surface excess densities, following Gibbs, and show that these obey the condition of local
equilibrium. The surface as described by excess densities is therefore autonomous, i.e. it behaves
like a separate thermodynamic system.

This textbook may serve as a basis for an introductory course on the theory of non-equilibrium
thermodynamics in heterogeneous media. It will appeal to both mathematicians and mathematics
graduate students. The reader will find useful complementary materials included: a large number
of good examples and exercises are solved for the benefit of the reader.

The reviewer highly recommends this book as a basic reference on the non-equilibrium thermo-



dynamics of heterogeneous systems.
Reviewed byChristian Dogb́e
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