* Contents

Interadiurtinn

Thermodynamics in relation to theoretical chemistry, /. Thermodynamics
and chemical engineering, 3.

Thermodynamic Observables

Temperature, 6. Heat, 13. Specific heat, 15. Work, 16. Work of ex-
pansion, 18. Equation of state, /9. Reversible work, 20.

First Law

Mathematical statement, 24. Internal energy, 25. General energy equa-
tion, 27. Enthalpy, 28.

First Law Applications

Isothermal expansion of ideal gas, 31. Adiabatic expansion of an ideal
gas, 32. Reversible ideal gas cycle, 35. Gay-Lussac coefficient, 37.
Joule-Thomson coefficient, 39. Heat of reaction, 41.

Second Law

Criterion of equilibrium, 45. Reversibility and irreversibility, 46. Work
analogy, 47. Carnotcycle, 48. Mathematical statement of second law, 53.
Measurement of entropy, 54. Equilibrium of chemical systems, 36.
Combination of first and second laws, 57.

xili

24

31

45



Xiv

/6.

7.

CONTENTS

Free Energy

Mechanical analogy for chemical systems, 59. Definition of free energy
function, 6. Definition of maximum work function, 64. Fugacity
function, 65.

: Fundamental Thermodynamic Relations

¥ ~ "' 3 . . .
Differential equations among thermodynamic functions, 68. Fundamental

criteria of equilibrium, 69. Variables of state in terms of thermodynamic
functions, 71. Maxwell relations, 73.

Measurement of Entropy Changes

Change of entropy with pressure at constant temperature, 76. Change of
entropy with temperature at constant pressure, 81. Change of entropy
for a phase transition, 83. Example of reversible and irreversible phase
changes, 84. Entropy change for mixing of ideal gases, 86. Entropy change
for mixing of electrolyte solutions, &88.

.Application of the Second Law

Change of internal energy with volume at constant temperature, 92.
Change of enthalpy with pressure at constant temperature, 94. Difference
between isobaric and isosteric heat capacities, 96. Change of isobaric
heat capacity with pressure at constant temperature, 98. Change of free
energy with pressure and temperature, 99. Change of fugacity with
pressure and temperature, 101.

. Generalized Charts of Thermodynamic Functions

Compressibility chart, 105. Residual volume, 09. Reduced molar
volume, 111. Temperature and pressure coefficients of compressibility,
112. Change of entropy with pressure at constant temperature, 713.
Change of enthalpy with pressure at constant temperafure, 1I8.
Difference between isobaric and isosteric heat capacities, 720. Change
of isobaric heat capacity with pressure at eonstant temperature, 122,
Fugacity chart, 123, Summarized analysis of charts, 126.

Introduction to Chemical Thermodynamics

Composition and concentration, /28. Chemical potential, 730. Functions
in chemical thermodynamics, 7133. Equation of existence for homo-
geneous systems in equilibrium, 735. Chemical potential related to
specific free energy, /38. Equations in terms of molar quantities, 142.

59

68

76

92

104

128



CONTENTS

A2. Homogeneous Equilibrium of Chemical Reaction

Mass and mol balance, I45. Free energy balance, /46. Fugacity and
the equilibrium constant, 147. Fugacity and partial pressure, 150.
Activity and the equilibrium constant, I54. Change of equilibrium
constant with temperature, 155.

Heterogeneous equilibrium

Definition of a phase, 160. Necessary conditions for phases in equili-
brium, J61. Conditions of a stable phase, 166. Geometric representation
of a stable phase, 172. Fundamental relationships, 780.

. The Phase Rule

Derivation from equation of existence, /83. Phase rule for systems
undergoing chemical reaction, 184. Applications of the phase rule:
invariant systems, /85. Application to monovariant systems, /89. Appli-
cation to divariant systems, 192. Application to azeotropic systems, /94.

. Experimental Determination of Chemical Potential

Activity coefficient and chemical potential, 199. Activity coefficient for
ideal solutions, 201. Activity coefficient changes with respect to pressure
and temperature, 204. Activity coefficient changes with respect to
composition, 207. Activity coefficient from vapor pressure, 215. Activity
coefficient from vapor composition, 218. Activity coefficient from osmotic
pressure, 221. Activity coefficient from other phenomena, 224. Appli-
cation to heterogeneous chemical reaction, 225.

. Application to Vapor-Liquid Equilibria

Basic relationships from the phase rule, 229. Relative volatility function,
234. Analytical solution of the Gibbs-Duhem equation, 241. Activity
coefficient series, 244. Analytical expression for the excess free energy,
247. Prediction of binary vapor-liquid equilibria, 249, Prediction of
multicomponent V-L equilibria, 256.

An Introduction to Irreversible Thermodynamics

The Onsager relationships, 262. Basic equations for thermoelectricity, 264.
Generalized basic equations, 271. Application to thermomolecular flow
of gases, 274. Application to chemical reaction rates, 279.

xXv



xvi CONTENTS

Problems 283
Appendix |. Ideal Gas Law 297

Appendix 2. Mathematical Relations Used in Thermodynamics 301

P Total differential, 301. Partial derivative interrelationships, 303. Multiple
functions, 304. Higher order partial derivatives, 304. Euler’s criterion of
integrability, 306. Multi-variable functions, 307.

Appendix 3. Graphical Calculus 308

Differentiation, 308. Integration, 310. Differential equations, 311,
Appendix 4. Partial Quantities
Appendix 5. Taylor’s Series Expansion

Appendix 6. Determinants

Properties of determinants, 328.

Index 331



