
Preface, iii

Chapter 1 UNITS OF MEASUREMENT AND THE GAS LAWS, 1

1-1

1-2

1Units of Measurement,

Gases, 6

References, 15

Problems, 15

ChaDter 2 KINETIC THEORY, 17

2-1

2-2

2-3

2-4

2-5

The Kinetic Theory of Gases, 18

Energy, 20
Motion of Gas Molecules, 24

Distribution of Kinetic Energies and Molecular Velocities,

Brownian Motion, 36

References, 38

Problems, 39

30

ix



x CONTENTS

INTERMOLECULAR FORCES.Chapter 3 41

Failure of the Ideal Ga;s Law: Evidence for an Attractive Force, 41

The Van Der Waals Gas Law and Its Consequences, 44

The Nature of the Attractive Force, 48

Relation Between Intermolecular Forces and Physical Properties,

Chemical Bonds, 66

Weak Bonds in Biological Systems, 69

References, 76

Problems, 76

3

3

3

3

3

3

62

THE FIRST LAW,THERMODYNAMICS 79Chapter 4

4-1

4-2

4-3

4-4 95

Thermodynamic Laws, 80

The First Law of Thermodynamics, 81

Enthalpy or Heat Contents, 90

Thermochemistry-The Application of the Enthalpy Concept,

References, 110

Problems, 111

THE SECOND LAW OF THERMODYNAMICS,Chapter 5

5-1

5-2

5-3

5-4

The Second Law, 114

The Entropy Concept, 125
Evaluation of the Entropy of a System, 136

The Entropy of a Solution in Water: An Effect in Biological Systems,

References, 147

Problems, 148

FREEENERGV; 150Chapter 6

6-1

6-2

6-3

6-4

The Gibbs Free Energy, G, 151
Free E~ergy and the Equilibrium Constant, 163

Summary of Methods for Evaluation Thermodynamic functions:
Application of Free Energy and Biological Processes, 170

References, 183

Problems. 184

-1

-2

-3

-4

-5

-6



CONTENTS xi

SOLUTIONS OF UNCHARGED MOLECULES,Chapter 7 187

7

7

7

7

7

7

7

Methods of Describing Concentration, 188

The Chemical Potential, 189

Ideal Solutions, , 192

Colligative Properties, 196
Solution of Gases in Liquids, 209

Factors That Determine the Solubility of a Solid, 212

Partitioning- The Distribution of a Solute Between 'TWo Immiscible
Solvents, 214

Solutions at Thmperatures for which the Components Are Near the Melting
Points-ThePhaseRule, 217

Nonideal Solutions, 220

References, 228

Problems, 228

Chapter 8 SOLUTIONS OF ELECTROL YTES, 234

8

8

8

8

8

8

8

The Ionic Theory; 234

Need for a Theory of Solutions of Electrolytes, 238

The Concept of Activity for Electrolytes, 242

The Debye-Huckel Theory, 248

Other Considerations about Ionic Strength, 261

Hydration oflons, 263

Salting-Out Proteins, 267
References, 269

Problems, 269

Chapter 9 ACID-BASE EQUILIBRIA, 272

9-1

9-2

9-3

9-4

Dissociating Systems, 272
Acid-Base Mixtures, 281

Amino Acids and proteins, 296

Metal Ion {Coordination) Complexes, 307

RefeI:ences, 312

Problems. 312

- 1

2

3

4

5

6

7

- 1

2

3

4

5

6

7



xii CONTENTS

Chapter 10 ELECTROCHEMISTRY AND OXIDATION-REDUCTION

REACTIONS, 315

10-7

10-8

Review of Basic Electrochemical Concepts, 316

Electrochemical Reactions and Electrochemical Cells, 316

Reference Electrodes, 328

Standard Electrode Potentials and Thermodynamic Quantities, 330

Concentration Cells and Ion-Selective Electrodes, 336

Use of Reduction Potentials to Calculate Concentration at
Equilibrium, 340

Potentials of Biochemical Reactions, 342

The Terminal Oxidation Chain in Living Cells, 345

References, 346

Problems, 347

Chapter 11 CHEMICAL KINETICS, 349

11-

11-

11-

11-

11-

11-
11-1

The Concept of Reaction Mechanisms, 350

Rate Laws, Order, and Molecularity; 351

Rate Laws for Reactions of Different Order, and the Detennination of Their
Rate Constants, 354

Rate Equations for More Complex Reactions, 361

Fast Reactions, 367

Chain Reactions, 373

Effect of Temperature on the Reaction Rate, 374

Transition-State Theory; 376

Diffusion-Controlled Reactions, 379

Reactions Between Ions in Solution, 382

References, 384

Problems, 385

CATAL YSIS AND ENZYME KINETICS.Chapter 12 391

Catalysis, 391

Enzymatic Reactions,

References, 411

Problem~ 4. 11

12-1

12-2 399
.

10-1

10-2

10-3

10-4

10-5
10-6

11-1

11-2

11.-3

4

5

6

7

8

9
o



CONTENTS
xiii

Chapter 13 SURFACES, 413

13-1

13-2

13-3

13-4

13-5

13-6

13-7

Surface Tension orLiquids, 413

Surface Films and Monolayers, 421

Adsorption, 434

Practical Aspects of Adsorption, 448

Micelles and the Bilayer Model of Membrane Structure,

Detergents, 455

Flotation, 457

References, 459

Problems, 460

451

Chapter 14 ELECTRICAL AND TRANSPORT PROPERTIES OF

SURFACES AND MEMBRANES, 463

.14-1

14-2

14-3

14-4

A Precaution about Electrical Units, 463

Electrical Potentials across Surfaces, 464

Membranes, 471

Effect of Ions on the Conductivity of Charged Membranes,

References, 488

Problems. 488

483

Chapter 15 THE PROPERTIES OF MACROMOLECULES, 490

490Chemical and Physical Properties of Macromolecules,

Changes in the Structure of Macromolecules, 508

Movement of Ma<;romolecules, 525

Determination ofMolecular Weights, 540

References, 559
Problems. 560

15-1

15-2

15-3

15-4



xiv CONTENTS

LIGAND BINDING, 564Chapter 16

16

16

16

16

16

Molecules with One Binding Site, 565

Macromolecules with Several Binding Sites, 568

Cooperative Binding, .572

Allost~ry, 578
Experimental Methods to Measure Binding, 589

References, 594

Problems. 594

QUANTUM MECHANICS AND SPECTROSCOPy'Chapter 17

Origins of the Quantum Theory; 598

The New Quantum Mechanics, 606

Molecular Spectroscopy; 621

Fluorescence, 632

Proteins and Nucleic Acids, 639

References, 653

Problems, 653

PHOTOCHEMISTRY, RADIATION CHEMISTRY, AND

RADIOBIOLOGY, 656

ChaDter18

18

18

18

18

18

18-6

18-7

18-8

Light, 656
Absorption of Light, 658

Scattering of Light, 666

Photochemical Mechanisms, 670
Photochemical Damage to Biological Molecules and to Living

Organisms, 678

Ionizing Radiation, 682

Hit Theory; 700
Effect of the E~vironment on Radiosensitivity; 708

References, 710

Problems, 711
-

-1

-2

-3

-4

-5

17-1

17-2

17-3

17-4

17-5

-1

-2

-3

-4

-5


