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Preface

Thermodynamics, one of the central subjects of science, is based on laws of universal
applicability. The justification for presenting the subject from a chemical-engineering viewpoint is
our conviction that it is most effectively taught in the context of the discipline of student
commitment.

Although introductory in nature, the material of this text should not be thought simple. Indeed,
there is no way to make it simple, and a student new to the subject will find that a demanding task
of discovery lies ahead. New concepts, words, and symbols appear at a bewildering rate, and here
memory plays a part. A far greater challenge is the necessity to develop a capacity to reason and to
apply thermodynamic principles in the solution of practical problems. While maintaining the rigor
characteristic of sound thermodynamic analysis, we have made every effort to avoid unnecessary
mathematical complexity. Moreover, we encourage understanding by writing simple active-voice,
present-tense sentences. We can hardly supply the required motivation, but our objective, as it has
been for all previous editions, is a treatment that may be understood by any student willing to
exercise due diligence.

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. Chapters 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 equilibrium, and adsorption and
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osmotic equilibria. Chapter 15° treats the thermodynamic analysis of real processes, affording a
review of much of the practical subject matter of thermodynamics.

The material of these 15® 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 thermo-
dynamics is provided, these 13 chapters may represent sufficient content.

The laws and principles of classical thermodynamics do not depend on any particular model of
the structure of matter; they are free of any molecular considerations. However, the behavior
exhibited by matter—gases, liquids, and solids— does depend on its particulate nature, and in
Chapter 16° we present an introduction to molecular thermodynamics, to which reference is
occasionally made in earlier chapters.

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 selectivity.
Thus, we do not include certain topics worthy of attention, but of a specialized nature. These
include applications to polymers, electrolytes, and biomaterials.

We are indebted to many individuals— students, professors, reviewers— who have
contributed in various ways to the quality of this seventh edition, directly and indirectly, through
question and comment, praise and criticism, over the 55 years and six editions of its evolution. To
all we extend our thanks.

J. M. Smith
H. C. Van Ness
M. M. Abbott
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F Faraday’s constant
g2 Fugacity, pure species i
2 Standard-sate fugacity
ﬁ Fugacity, species 7 in solution
G Molar or specific Gibbs energy = H — TS
G° Standard-state Gibbs energy, species
5,. Partial Gibbs energy, species 7 in solution
G*" Excess Gibbs energy =G — G"
G* Residual Gibbs energy =G — G'*
AG Gibbs-energy change of mixing
AG® Standard Gibbs-energy change of reaction
AG? Standard Gibbs-energy change of formation
g Local acceleration of gravity
g. Dimensional constant = 32.1740(1b)(ft)(1b) ' (s)
&g Degeneracy
H Molar or specific enthalpy = U+PV
H; Henry’s constant, species ¢ in solution
HP Standard-state enthalpy, pure species i
H ) Partial enthalpy, species i; in solution
HE Excess enthalpy = H — H“
HR Residual enthalpy = H — H*®
(H®),(H?)' Functions, generalized residual-enthalpy correlation
AH Enthalpy change (“heat™) of mixing; also, latent heat of phase transition
AH Heat of solution
AH® Standard enthalpy change of reaction
AHOe Standard heat of reaction at reference temperature 7T
AH ? Standard enthalpy change of formation
h Planck’s constant
1 Represents an integral, defined, e.g., by Eq. (6.62)
1 First ionization potential
K, Equilibrium constant, chemical reaction ;
K, VaporAiquid equilibrium ratio, species 7 = y/X,
k Boltzmann’s constant
L Molar fraction of system that is liquid
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Length

Equation-of-state interaction parameter, Eq. (14.97)
Mach number

Molar mass (molecular weight)

Molar or specific value, extensive thermodynamic property
Partial property, species ¢ in solution

NE Y-

Excess property = M — "
Residual property = M — M8
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Property change of mixing
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Standard property change of reaction
Standard property change of formation

Mass

Mass flowrate
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Number of chemical species, phase rule
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Avogadro’s number

Number of moles
Molar flowrate
Moles of solvent per mole of solute
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Number of moles, species i

Absolute pressure
Standard-state pressure
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Critical pressure

Reduced pressure
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Reference pressure
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Partial pressure, species i
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Saturation vapor pressure, species i
Heat
Rate of heat transfer

Volumetric flowrate

Parameter, cubic equations of state
Electric charge

RIS G e

Partial parameter, cubic equations of state

Universal gas constant (Table A.2)
Compression ratio
Intermolecular separation

Number of independent chemical reactions, phase rule
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Molar or specific entropy
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Partial entropy, species i in solution
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Excess entropy = § — SU



SR Residual entropy = § — §'®

{(S*Y, (™)' Functions, generalized residual-entropy correlation
Se Entropy generation per unit amount of fluid

SG Rate of entropy generation

AS Entropy change of mixing

AS® Standard entropy change of reaction
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v Standard entropy change of formation
Absolute temperature, kelvins or rankines
Critical temperature
Normal-boiling-point temperature
Reduced temperature

Reference temperature

Absolute temperature of surroundings

8

Saturation temperature, species i
Temperature, °C (or °F)

Time

Molar or specific internal energy
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Intermolecular pair-potential function

Velocity
Molar or specific volume
Molar fraction of system that is vapor

Partial volume, species i in solution
Critical volume

Reduced volume

m

Excess volume = V—pH

x

Residual volume =V—p®
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Volume change of mixing; also, volume change of phase transition
Work

Work rate(power)

Ideal work

(=9
g

Ideal-work rate

Lost work
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Lost-work rate
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Shaft work for flow process

SRS

Shaft power for flow process
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Mole fraction, species i, liquid phase or general

X Quality
Mole fraction, species i, vapor phase
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Z Compressibility factor =PV/RT

Z, Critical compressibility factor= PcV/RTc

z°,7 Functions, generalized compressibility-factor correlation

Z Partition function

z Adsorbed phase compressibility factor, defined by Eq. (14.104)
z Elevation above a datum level

Z Overall mole fraction or mole fraction in a solid phase Superscripts
Superscripts

E Denotes excess thermodynamic property

av Denotes phase transition from adsorbed phase to vapor

id Denotes value for an ideal solution

ig Denotes value for an ideal gas

1 Denotes liquid phase

v Denotes phase transition from liquid to vapor

R Denotes residual thermodynamic property

s Denotes solid phase

sl Denotes phase transition from solid to liquid

t Denotes a total value of an extensive thermodynamic property
v Denotes vapor phase

00 Denotes a value at infinite dilution

Greek letters

a Function, cubic equations of state (Table 3.1)
@ Polarizability

a,p As superscripts, identify phases

af As superscript, denotes phase transition from phase @ to phase B
B Volume expansivity

g Parameter, cubic equations of state

I Integration constant

b Ratio of heat capacities Cp/Cy

v Activity coefticient, species 7 in solution

o Polytropic exponent

& Constant, cubic equations of state

€ Well depth, intermolecular potential function
&y Electric permittivity of vacuum

& Reaction coordinate

n Efficiency

K Isothermal compressibility

17 Spreading pressure, adsorbed phase



