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Preface to the First Edition

A majority of chemical reactions are carried out in solution. The use of a solvent as
reaction medium makes it easy to control reaction conditions such as temperature,
pressure, pH, rate of mass transfer and concentration of reactant. Water is the most
popular solvent. However, by using appropriate nonaqueous solvents, substances
that are insoluble in water can be dissolved, substances that are unstable in water
remain stable and chemical reactions that are impossible in water become possible.
The reaction environments are markedly wider in nonaqueous solvents than in
water.

The widespread use of nonaqueous solvents, especially dipolar aprotic solvents,
began in the 1950s in various fields of pure and applied chemistry and has con-
tributed greatly to advances in chemical sciences and technologies. From the very
beginning, electrochemistry in nonaqueous solutions has played an important role in
exploring new chemical possibilities as well as in providing the methods to evaluate
static solvent effects on various chemical processes. Moreover, many new electro-
chemical technologies have been developed using nonaqueous solvents. Recently,
electrochemistry in nonaqueous solutions has made enormous progress: the
dynamic solvent effects on electrochemical processes have been greatly elucidated
and solvent effects are now understood much better than before. On the other hand,
however, it is also true that some useful solvents have properties that are problematic
to human health and the environment. Today, efforts are being made, under the
framework of ‘green chemistry’, to find environmentally benign media for chemical
processes, including harmless nonaqueous solvents, immobilized solvents, ionic
liquids, supercritical fluids, aqueous systems and even solventless reaction systems.
For electrochemical purposes, replacing hazardous solvents with harmless solvents,
ionic liquids and supercritical fluids appears to be promising.

This book was written to provide readers with some knowledge of electrochem-
istry in nonaqueous solutions, from its fundamentals to the latest developments,
including the current situation concerning hazardous solvents. The book is divided
into two parts. Part I (Chapters 1-4) contains a discussion of solvent properties and
then deals with solvent effects on chemical processes such as ion solvation, ion
complexation, electrolyte dissociation, acid-base reactions and redox reactions. Such
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Preface to the First Edition

solvent effects are of fundamental importance in understanding chemistry in
nonaqueous solutions; furthermore, their quantitative evaluations are often carried
out by means of electrochemical techniques. Part II (Chapters 5-12) mainly deals
with the use of electrochemical techniques in nonaqueous solutions. In Chapter 5,
the fundamentals of various electrochemical techniques are outlined in preparation
for the following chapters. In Chapters 6-9, the applications of potentiometry,
conductimetry, polarography, voltammetry and other new electrochemical techni-
ques in nonaqueous solutions are discussed by focusing on the chemical informa-
tion they provide. Chapters 10 and 11 examine methods of selecting and purifying
the solvents and electrolytes of electrochemical importance. Finally, in Chapter 12,
some practical applications of nonaqueous solvents in modern electrochemical
technologies are discussed. These include their use in batteries, capacitors and
display devices, and such processes as electrolytic refining, plating, synthesis and
polymerization. The applicability of ionic liquids and supercritical fluids as envir-
onmentally benign media for electrochemical technology is also dealt with.

Most chemists are familiar with chemistry in aqueous solutions. However, the
common sense in aqueous solutions is not always valid in nonaqueous solutions.
This is also true for electrochemical measurements. Thus, in this book, special
empbhasis is placed on showing which aspects of chemistry in nonaqueous solutions
are different from chemistry in aqueous solutions. Emphasis is also placed on
showing the differences between electrochemical measurements in nonaqueous
systems and those in aqueous systems. The importance of electrochemistry in
nonaqueous solutions is now widely recognized by nonelectrochemical scientists —
for example, organic and inorganic chemists often use cyclic voltammetry in aprotic
solvents to determine redox properties, electronic states and reactivities of electro-
active species, including unstable intermediates. This book will therefore also be of
use to such nonelectrochemical scientists.

I obtained most of the information included in this book from the publications of
many scientists in this field. I would like to express my sincere thanks to all of them.
I also would like to thank my coworkers for their cooperation, the editorial and
production staff of Wiley-VCH for their help and support and my wife for her
assistance and patience.

Matsumoto Kosuke Izutsu
December 2001



Preface to the Second Edition

The second edition consists of three parts: Part I (Chapters 1-4) is for electro-
chemical aspects of the fundamentals of chemistry in nonaqueous solutions, Part
I (Chapters 5-12) deals with the electrochemical techniques and their applica-
tions in nonaqueous solutions and Part I1I (Chapters 13 and 14) is concerned with
the electrochemistry in new solvent systems. Chapter 13 is on the electrochem-
istry in clean solvents and special emphasis is placed on supercritical fluids and
(room-temperature) ionic liquids. Chapter 14 is on the electrochemistry at the
liquid-liquid interfaces and, in addition to charge transfers at the interface
between water and organic solvents, those at the interface between water and
ionic liquid are also discussed. Since the publication of the first edition, consider-
able efforts have been made in pursuing green solvents that are benign to human
health and the environment. Especially, the movement in the field of ionic liquids
has been remarkable and the rapid progress is still continuing. Most of the ionic
liquids are nonvolatile, nonflammable, less toxic, chemically and thermally stable
and good solvents for both organic and inorganic materials. Due to their aprotic
properties, many ionic liquids can replace aprotic organic solvents, particularly for
use in electrochemistry. Moreover, the immiscibility of ionic liquids with water
makes possible their applications to the water/ionic liquid interfaces in various
ways, including electrochemical uses.

Besides the addition of the two new chapters, each of the Chapters 1-12 has been
updated and revised. Especially, the revision in Chapter 12 is considerable because
the use of nonaqueous solutions in modern electrochemical technologies is steadily
increasing.

Although some nonaqueous solvents that are hazardous to human health and the
environment cannot be used or should be used with great care, the needs for the
electrochemical use of less hazardous solvents, including supercritical fluids and
ionic liquids, are increasing. Thus, the knowledge of electrochemistry in nonaqu-
eous solutions is also increasing its importance.

Finally, I wish to thank the editorial and production staff at Wiley-VCH Verlag
GmbH, for their help and support in making this edition.

Musashino, Tokyo Kosuke Izutsu
August 2009
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Preface to the Second Edition

Books, reviews and data compilations on nonaqueous solvents and the chemistry,
especially electrochemistry, in nonaqueous solutions are shown below:

10

n

12

13

Lagowski, J.J. (ed.) (1966) The Chemistry
of Non-Aqueous Solvents, Academic Press,
New York, vol. 1; 1967, vol. 2; 1970, vol.
3; 1976, vol. 4; 1978, vol. 5A; 1978, vol.
5B. Includes many reviews.

Charlot, G. and Tremillon, B. (1969)
Chemical Reactions in Solvents and Melts,
Pergamon Press, Oxford.

Bard, A.J. (ed.) (1969) Electroanalytical
Chemistry, vol. 3, Marcel Dekker, New
York, p. 57; 1975, vol. 8, p. 281, etc.
Coetzee, ].F. and Ritchie, C.D. (eds)
(1969) Solute—Solvent Interactions, Marcel
Dekker, New York, vol. I; 1976, vol. II,
includes reviews.

Mann, C.K. and Barnes, K.K. (1970)
Electrochemical Reactions in Nonaqueous
Solvents, Marcel Dekker, New York.
Janz, G.J. and Tomkins, R.P.T. (eds)
(1972) Nonaqueous Electrolytes Handbook,
vol. 1, Academic Press, New York; 1973,
vol. 2.

Covington, A.K. and Dickinson, T. (eds)
(1973) Physical Chemistry in Organic
Solvent Systems, Plenum Press,

New York, includes reviews and data
compilations.

Fritz, J.S. (1973) Acid—Base Titrations in
Nonaqueous Media, Allyn & Bacon,
Needham Heights, MA.

Tremillon, B. (1974) Chemistry in
Nonagqueous Solvents, D. Reidel,
Dordrecht, the Netherlands.

(a) Meites, L. and Zuman, P. (eds)
(1977-1983) CRC Handbook Series in
Organic Electrochemistry, vols. I-VI, CRC
Press, Boca Raton, FL; (b) (1981-1988)
CRC Handbook Series in Inorganic
Electrochemistry, vols. [-VIII, CRC Press,
Boca Raton, FL. Compilations of
potential data.

Marcus, Y. (1977) Introduction to Liquid
State Chemistry, John Wiley & Sons, Inc.,
New York.

Burgess, J. (1978) Metal Ions in Solutions,
Ellis Horwood, Chichester.

Gutmann, V. (1978) Donor—Acceptor
Approach to Molecular Interactions,
Plenum Press, New York.
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15

16

17

18

19

20

21

22

23

24

Kolthoff, .M. and Elving, P.J. (eds) (1979)
Treatise on Analytical Chemistry, 2nd edn,
Part [, vol. 2, John Wiley & Sons, Inc.,
New York, Chapter 19. Excellent reviews
on acid-base reactions in non-aqueous
systems.

Popovych, O. and Tomkins, R.P.T.
(1981) Nonaqueous Solution Chemistry,
John Wiley & Sons, Inc., New York.
Treats electrochemical aspects in detail.
Coetzee, J.F. (ed.) (1982) Recommended
Methods for Purification of Solvents and
Tests for Impurities, Pergamon Press,
Oxford. Reports from [UPAC.

Burger, K. (1983) Solvation, Ionic and
Complex Formation Reactions in
Nonaqueous Solvents, Elsevier,
Amsterdam.

Marcus, Y. (1985) Ion Solvation, John
Wiley & Sons, Inc., New York. Includes
large amounts of data.

Riddick, A., Bunger, W.R. and Sakano,
T.K. (1986) Organic Solvents, Physical
Properties and Methods of Purification, 4th
edn, John Wiley & Sons, Inc., New York.
Includes detailed data on solvent
properties and methods of solvent
purification.

Safarik, L. and Stransky, Z. (1986)
Titrimetric analysis in organic solvents,
Comprehensive Analytical Chemistry,

vol. 22, Elsevier, Amsterdam.

Izutsu, K. (1990) Acid—Base Dissociation
Constants in Dipolar Aprotic Solvents,
IUPAC Chemical Data Series No. 35,
Blackwell Science, Oxford. Data
compilation.

Krestov, G.A. (1991) Thermodynamics of
Solvation, Solution and Dissolution, Ions
and Solvents, Structure and Energetics,
Ellis Horwood, New York.

Mamantov, G. and Popov, A.IL (eds)
(1994) Chemistry of Nonaqueous Solutions,
Current Progress, Wiley-VCH Verlag
GmbH, Weinheim.

Galus, Z. (1994) in Advances in
Electrochemical Science and Engineering,
vol. 2 (eds H. Gerischer and C.W.
Tobias), Wiley-VCH Verlag GmbH,



25

26

27

28

29

30

31

32

33

34

35

36

37

Weinheim, pp. 217-295.
Thermodynamics and kinetics of
electrode reactions in nonaqueous and
mixed solvents.

Gutmann, V. and Resch, G. (1995)
Lecture Notes on Solution Chemistry,
World Science, Singapore.

Sawyer, D.T., Sobkowiak, A. and
Roberts, J.L., Jr (1995) Electrochemistry
for Chemists, 2nd edn, John Wiley &
Sons, Inc., New York. Useful references
on electrochemical techniques in
nonaqueous solutions.

Kissinger, P.T. and Heineman, W.R.
(eds) (1996), Laboratory Techniques in
Electroanalytical Chemistry, Marcel
Dekker, New York. Includes many
chapters on electrochemical techniques
in nonaqueous solutions.

Marcus, Y. (1997) Ion Properties, Marcel
Dekker, New York.

Tremillon, B. (1997) Reactions in
Solution: An Applied Analytical Approach,
John Wiley & Sons, Inc., New York.
Barthel, ].M.G., Krienke, H. and Kunz,
W. (1998) Physical Chemistry of Electrolyte
Solutions: Modern Aspects, Topics in
Physical Chemistry, vol. 5, Springer,
Berlin.

Marcus, Y. (1998) The Properties of
Solvents, John Wiley & Sons, Inc.,

New York.

Chipperfield, J.R. (1999) Non-Aqueous
Solvents, Oxford University Press, Oxford.
Aurbach, D. (ed.) (1999) Nonaqueous
Electrochemistry, Marcel Dekker,

New York. Mainly concerned with
lithium batteries.

Burgess, J. (1999) Ions in Solution, Basic
Principles of Chemical Interactions,
Horwood Publishing, Chichester.
Wypych, G. (ed.) (2001) Handbook of
Solvents, ChemTec Publishing, Toronto.
(a) Lund, H. and Hammerich, O. (eds)
(2001) Organic Electrochemistry, 4th edn,
Marcel Dekker, New York; (b)Lund, H.
and Baizer, M.M. (eds) (1991) Organic
Electrochemistry, 3rd edn, Marcel Dekker,
New York. Detailed treatment of
electrochemical techniques and electrode
processes of organic substances.
Marcus, Y. (2002) Solvent Mixtures:
Properties and Selective Solvation, Marcel
Dekker, New York.
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Buncel, E. (2003) The Role of the Solvent
in Chemical Reactions (Oxford Chemistry
Master 6), Oxford University Press,
Oxford.

Fawcett, W.R. (2004) Liquids, Solutions,
and Interfaces: From Classical Macroscopic
Descriptions to Modern Microscopic
Details, Oxford University Press, Oxford.
Reichardt, C. (2005) Solvents and Solvent
Effects in Organic Chemistry, 3rd edn,
Wiley-VCH Verlag GmbH, Weinheim.
Wasserscheid, P. and Welton, T. (eds)
(2008) Ionic Liquids in Synthesis, 2nd
edn, vols. 1-2, Wiley-VCH Verlag
GmbH, Weinheim.

Endres, F., Abbott, A.P. and MacFarlane,
D.R. (eds) (2008) Electrodeposition from
Tonic Liquids, Wiley-VCH Verlag GmbH,
Weinheim.

Examples of books dealing with the
fundamentals of electrochemistry:

1

Rossiter, B.W. and Hamilton, J.F. (eds)
(1986) Electrochemical Methods, Physical
Methods of Chemistry, vol. 11, 2nd edn,
John Wiley & Sons, Inc., New York.

(a) Brett, CM.A. and Brett, AM.O.
(1993) Electrochemistry: Principles,
Methods and Applications, Oxford
University Press, Oxford; (b) (1998)
Electroanalysis, Oxford University Press,
Oxford.

Koryta, ]., Dvorak, J. and Kavan, L.
(1993) Principles of Electrochemistry,

2nd edn, John Wiley & Sons, Inc.,
New York.

Oldham, H.B. and Myland, J.C. (1994)
Fundamentals of Electrochemical Science,
Academic Press, New York.

Galus, Z. (1994) Fundamentals of
Electrochemical Analysis, 2nd edn, John
Wiley & Sons, Inc., New York.
Rubinstein, 1. (ed.) (1995) Physical
Electrochemistry: Principles, Methods,
and Applications, Marcel Dekker,

New York.

Fisher, A.C. (1996) Electrode Dynamics,
Oxford University Press, Oxford.
Bockris, J.O’M. and Reddy, A.N. (1998)
Modern Electrochemistry, 2nd edn, vol. 1,
Ionics; Plenum Press, New York; (2000)
Vol. 2A, Fundamentals of Electrodics;
(2000) vol. 2B, Electrodics in Chemistry,

XV
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Engineering, Biology and Environmental
Science.

Bard, A.J. and Faulkner, L.R. (2001)
Electrochemical Methods: Fundamentals
and Applications, 2nd edn, John Wiley &
Sons, Inc., New York.

Bond, A.M. (2002) Broadening Electroche-
mical Horizons: Principles and Illustration
of Voltammetric and Related Techniques,
Oxford University Press, Oxford.

Bard, A.]. and Stratmann, M., et al.
(2002—2007) Encyclopedia of
Electrochemistry, vols. 1-11, Wiley-VCH
Verlag GmbH, Weinheim.

Bagotsky, V.S. (2005) Fundamentals

of Electrochemistry (The ECS Series of
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15

16

Text and Monographs), 2nd edn,
Wiley-Interscience, New York.
Savéant, J.-M. (2006) Elements of
Molecular and Biomolecular
Electrochemistry: An Electrochemical
Approach to Electron Transfer Chemistry,
John Wiley & Sons, Inc., NJ.

Wang, J. (2006) Analytical
Electrochemistry, 3rd edn, Wiley-VCH
Verlag GmbH, New York.

Compton, R.G. and Banks, C.E. (2007)
Understanding Voltammetry, World
Scientific, London.

Hamann, C.H., Hamnett, A. and Vielstich,
W. (2007) Electrochemistry, 2nd edn,
Wiley-VCH Verlag GmbH, Weinheim.
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