
1

Infinite
onduction.

terphase

INTERPHASES

3.2 Definition of the Electrochemical Potential
3.3 Separability of Chemical and Electrical Terms

4. TWO CASES OF SPECIAL INTEREST

4.1 Equilibrium of a Species Between Two Phases in Contact
4.2 Two Identical Phases Not at Equilibrium

5. COMPONENTS OF THE MEASURED POTENTIAL

5.1 A Cell with Two Different Electrodes

5.2 The Metal-Solution Potential Difference at Redox
Electrodes

8

10
12

15

15
16
16

19
21

22

24

Xi



1

xii CONTENTS

5.3 A Cell with the Same Redox Reaction on Different
Electrodes 26

6. THE MEANING OF THE NORMAL HYDROGEN
ELECTRODE (NHE) SCALE

6.1 Thermodynamic Approach 27
6.2 Which Potential Difference Is Defined as Zero? 29
6.3 The Modified Normal Hydrogen Electrode (MNHE) Scale 30

C. FUNDAMENTAL MEASUREMENTS
IN ELECTROCHEMISTRY 33

7. MEASUREMENT OF CURRENT AND POTENTIAL

7.1 The Cell Voltage Is the Sum of Several Potential Difference 33
7.2 Use of a Nonpolarizable Counter Electrode
7.3 The Three-Electrode Measurement
7.4 Residual iR Potential Drop in a Three-Electrode Cell

8. CELL GEOMETRY AND THE CHOICE OF
REFERENCE ELECTRODES

8.1 Types of Reference Electrodes

8.2 The Use of Auxiliary Reference Electrodes for the
Study of Fast Transients

8.3 Calculation of the Uncompensated Solution iRs Potential
Drop for a Few Simple Geometries

8.4 Positioning the Reference Electrode

8.5 Primary and Secondary Current Distribution

D. ELECTRODE KINETICS: SOME BASIC CONCEPTS

9. RELATING ELECTRODE KINETICS
TO CHEMICAL KINETICS

9.1 The Relation of Current Density to Reaction Rate
9.2 The Relation of Potential to Energy of Activation
9.3 Mass Transport versus Charge-Transfer Limitation

33
34
35

37

38

39
44

47

51

51
53
55



CONTENTS

The Effect of pH on Reaction Rates

sotope Effects Depend on the Mechanism
The Stoichiometric Number

The Enthalpy of Activation
Some Experimental Considerations

SPECIFIC EXAMPLES

The Hydrogen Evolution Reaction on Mercury
The Hydrogen-Evolution Reaction on Platinum

Hydrogen Storage and Hydrogen Embrittlement
Possible Paths for the Oxygen Evolution Reaction
The Role and Stability of Adsorbed Intermediates
Catalytic Activity: the Relative
Importance of i0 and b
Adsorption Energy and Catalytic Activity

ONIC DOUBLE-LAYER CAPACITANCE Cd,

RIES OF DOUBLE-LAYER STRUCTURE

Phenomenology
The Parallel-Plate Model of Helmholtz
The Diffuse-Double-Layer Theory of Gouy-Chapman

The Stem Model
The Role of the Solvent in the Interphase
Diffuse-Double-Layer Correction in Electrode Kinetics
Application of Diffuse-Double-Layer
Theory in Plating

Modem Instrumentation for the Measurement of C,

H. ELECTROCAPILLARITY

17. THERMODYNAMICS

17.1 Adsorption and Surface Excess
17.2 The  Gibbs Adsorption Isotherm

144
148
149
150

154

161
164
169
172
177

179
182

185

185
188

190
195
200
205

211
213

225

225
228



CONTENTS . . .
x111

9.4 The Nemst Diffusion Layer Thickness

10. METHODS OF MEASUREMENT

57

10.1 Potential Control versus Current Control 61
10.2 The Need to Measure Fast Transients 64
10.3 Polarography and the Dropping Mercury Electrode 72
10.4 The Rotating Disc Electrode (RDE) 82
10.5 Further Aspects of the RDE and Similar Configurations 91

E. SINGLE-STEP ELECTRODE REACTIONS 101

11.1 Definition and Physical Meaning of Overpotential 101

11.2 Types of Overpotential 106

12. FUNDAMENTAL EQUATIONS OF
ELECTRODE KINETICS

12.1 The Experimental Tafel Equation
12.2 . The Absolute Rate Theory
12.3 The Equation for a Single-Step Electrode Reaction
12.4 Limiting Cases of the General Equation

13. THE SYMMETRY FACTOR IN ELECTRODE KINETICS\

108
109
111
116

14. MECHANISTIC CRITERIA

127
14.2 Steady State and Quasi-Equilibrium 131
14.3 Calculation of the Tafel Slope 134
14.4 Reaction Orders in Electrode Kinetics 140



xv

ible

E RESULTS

e

ONS 261

DIATES

quations

Orders

mkin

230

238

241
248

249
252

261
266

271

273

276
280

291
293

296
303



xvi

J. ELECTROSORPTION

21. PHENOMENOLOGY.

21.1 What Is Electrosorption?
21.2 Electrosorption of Neutral Organic Molecules
21.3 The Potential of Zero Charge and its

Importance in Electrosorption
21.4 Methods of Measurement of Coverage

on Solid Electrodes

22. ISOTHERMS

22.1 General Comments
22.2 The Parallel-Plate Model of Frumkin
22.3 The Water-Replacement Model of Bockris,

Devanathan and Muller
22.4 The Combined Adsorption Isotherm of Gileadi
22.5 Application of the Gileadi Combined Adsorption

Isotherm to Electrode Kinetics.

CONTENTS

K. EXPERIMENTAL TECHNIQUES: 1

23. FAST TRANSIENTS

23.1 The Need for Fast Transients
23.2 Small-Amplitude Transients
23.3 The Sluggish Response of the

Electrochemical Interphase
23.4 How to Overcome the Slow Response of the Interphase
23.5 Analysis of the Information Content of Fast Transients

24. LARGE-AMPLITUDE TRANSIENTS

24.1 Open-Circuit-Decay Transients 374
24.2 The Diffusion Equation and Its Boundary Conditions 376
24.3 Single-Pulse Techniques 390
24.4 Reverse-Pulse Techniques 397

307

307
309

318

322

329
332

335
340

344

349

349
354

356
357
366



CONTENTS xvii

L. EXPERIMENTAL TECHNIQUES: 2 403

25. LINEAR POTENTIAL SWEEP AND
CYCLIC VOLTAMMETRY

25.1 Three Types of Linear Potential Sweep 403
25.2 Double Layer Charging Currents 405
25.3 The Form of the Current-Potential Relationship 409
25.4 Solution of the Diffusion Equation 410
25.5 Uses and Limitations of the Linear

Potential Sweep Method 414
25.6 Cyclic Voltammetry for Monolayer Adsorption 420

26. ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY (EIS)

26.1 Introduction
26.2 Graphical Representation
26.3 The Effect of Diffusion Limitation
26.4 Some Experimental Results

27. MICROELECTRODES

428
431
436
440

27.1 The Unique Features of Microelectrodes
27.2 Enhancement of Diffusion at a Microelectrode
27.3 Reduction of Solution Resistance
27.4 Single Microelectrodes versus Ensembles
27.5 Shapes of Microelectrodes and Ensembles

M. APPLICATIONS

443
445
447
448
453

455

28. BATTERIES AND FUEL CELLS

28.1 General Considerations 455
28.2 The Maximum Energy Density of Batteries 456
28.3 Types of Batteries 458
28.4 Design Requirements and Characteristics of Batteries 460
28.5 Primary Batteries 462



. . .
XVII1 CONTENTS

28.6 Secondary Batteries
28.7 Fuel Cells
28.8 Porous Gas-Diffusion Electrodes
28.9 The Polarity of Batteries

29. CORROSION

29.1 Scope and Economics of Corrosion

29.2 Fundamental Electrochemistry of Corrosion
29.3 Micro Polarization Measurements
29.4 Potential/pH  Diagrams
29.5 Passivation and Its Breakdown
29.6 Localized Corrosion
29.7 Corrosion Protection

30. ELECTROPLATING

30.1 General Observations
30.2 Macro Throwing Power
30.3  Micro Throwing Power
30.4 Plating from Nonaqueous Solutions

BIBLIOGRAPHY

LIST OF ACRONYMS

LIST OF SYMBOLS

470
476
484

488

430

492
499
502
513

5 1 9
526

538
540
552
558

565

579

581

589SUBJECT INDEX


