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Preface

The purpose of this text is to present thermodynamics from a chemical-engineering viewpoint.
Although the laws of thermodynamics are universal, the subject is most effectively taught in
the context of the discipline of student commitment. This is the justification for a separate text
for chemical engineers, just as it has been for the previous five editions, which have been in
print for more than 50 years.

In writing this text, we have sought to maintain the rigor characteristic of sound thermo-
dynamic analysis, while at the same time providing a treatment that may be understood by the
average undergraduate. Much is included of an introductory nature, but development is carried
far enough to allow application to significant problems in chemical-engineering practice.

For a student new to this subject a demanding task of discovery lies ahead. New ideas,
terms, and symbols appear at a bewildering rate. The challenge, ever present, is to think topics
through to the point of understanding, to acquire the capacity to reason, and to apply this
fundamental body of knowledge to the solution of practical problems.

The first two chapters of the book present basic definitions and a development of the
first law. Chapters 3 and 4 treat the pressure/volume/temperature behavior of fluids and certain
heat effects, allowing early application of the first law to realistic problems. The second law
and some of its applications are considered in Chap. 5. A treatment of the thermodynamic
properties of pure fluids in Chap. 6 allows general application of the first and second laws, and
provides for an expanded treatment of flow processes in Chap. 7. Chapters 8 and 9 deal with
power production and refrigeration processes. The remainder of the book, concerned with fluid
mixtures, treats topics in the unique domain of chemical-engineering thermodynamics. Chap-
ters 11 and 12 provide a comprehensive exposition of the theory and application of solution
thermodynamics. Chemical-reaction equilibrium is covered at length in Chap. 13. Chapter 14
deals with topics in phase equilibria, including an extended treatment of vapor/liquid equilib-
rium, and adsorption and osmotic equilibria. Chapter 15 treats the thermodynamic analysis of
real processes, affording a review of much of the practical subject matter of thermodynamics.
Finally, Chap. 16 presents an introduction to molecular thermodynamics.

Xvii



xviii

The material of these 16 chapters is more than adequate for an academic-year under-
graduate course, and discretion, conditioned by the content of other courses, is required in
the choice of what is covered. The first 13 chapters include material thought necessary as
part of any chemical engineer’s education. Where only a single-semester course in chemical-
engineering thermodynamics is provided, these 13 chapters represent sufficient content.

The book is comprehensive enough to make it a useful reference both in graduate courses
and for professional practice. However, length considerations make necessary a prudent selec-
tivity. Thus, we have not been able to include certain topics worthy of attention, but of a
specialized nature. These include applications to polymers, electrolytes, and biomaterials.

We cannot begin to mention the many persons to whom we are indebted for contributions
of various kinds, direct and indirect, over the years during which this text has evolved, edition
to edition, into its present form. To all we extend our thanks.

J. M. Smith
H. C. Van Ness
M. M. Abbott
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Chapter 1

Introduction

1.1 THE SCOPE OF THERMODYNAMICS

The science of thermodynamics was born in the nineteenth century of the need to describe the
operation of steam engines and to set forth the limits of what they can accomplish. Thus the
name itself denotes power developed from heat, with obvious application to heat engines, of
which the steam engine was the initial example. However, the principles observed to be valid
for engines are readily generalized, and are known as the first and second laws of thermody-
namics. These laws have no proof in the mathematical sense; their validity lies in the absence
of contrary experience. Thus thermodynamics shares with mechanics and electromagnetism a
basis in primitive laws. ‘

These laws lead through mathematical deduction to a network of equations which find
application in all branches of science and engineering. The chemical engineer copes with a
particularly wide variety of problems. Among them are calculation of heat and work require-
ments for physical and chemical processes, and the determination of equilibrium conditions
for chemical reactions and for the transfer of chemical species between phases.

Thermodynamic considerations do not establish the rates of chemical or physical pro-
cesses. Rates depend on driving force and resistance. Although driving forces are thermody-
namic variables, resistances are not. Neither can thermodynamics, a macroscopic-property for-
mulation, reveal the microscopic (molecular) mechanisms of physical or chemical processes.
On the other hand, knowledge of the microscopic behavior of matter can be useful in the calcu-
lation of thermodynamic properties.! Property values are essential to the practical application
of thermodynamics. The chemical engineer deals with many chemical species, and experi-
mental data are often lacking. This has led to development of “generalized correlations” that
provide property estimates in the absence of data.

The application of thermodynamics to any real problem starts with the identification of
a particular body of matter as the focus of attention. This body of matter is called the system,
and its thermodynamic state is defined by a few measurable macroscopic properties. These
depend on the fundamental dimensions of science, of which length, time, mass, temperature,
and amount of substance are of interest here.

1An elementary treatment is presented in Chap. 16.



