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Preface to the Third Edition

When a book reaches the third edition, it must be assumed that (1) the work has
been useful to someone or (2) the publisher has lost its collective mind. As a simple
matter of ego, I must assume that reason 1 is true in this case. For that reason, I have
tried to maintain the same basic philosophy with regard to the style and content of
the book, while endeavoring to incorporate new material where indicated. A good
deal of the information presented is “old” in the sense that it represents work done
many years ago by the virtual founders of the science of surface and colloid chem-
istry. In the mid-1950s a few names stood out as the * gurus” of the field—today the
names are too numerous to mention, and the body of published literature is enor-
mous. Surfactants and their applications continue to fill books and patents.

Important advances in the tools available for studying the activity of surfactants
has significantly increased our understanding of what is happening at interfaces at
the molecular level in both model and practical systems, although there is still a lot
be learned. New knowledge obtained in the years since the publication of the
second edition has added greatly to our understanding of the nature of the molecular
interactions of surface-active materials and the consequences of their presence on
system characteristics and performance. The basic concepts and principles,
however, remain pretty much the same.

In this edition, some topics have been reduced or moved around and several new
themes added. Two cases, those of phase transfer catalysis (PTC) and aerosols, are
not directly related to surfactants, but their real or potential importance prompted
me to include some introductory material related to them.

Without changing the fundamental philosophy and goals of the previous edi-
tions, this third edition was prepared with three major ideas in mind: (1) to maintain
the basic content of the work, (2) to maintain the “readability” of the book for non-
specialists, and (3) to improve the book’s utility as a source of basic concepts con-
cerning surfactants and their applications. A limited number of problems are
provided at the end of each chapter (except Chapter 1) to illustrate some of the con-
cepts discussed. In some cases, the problems provided may not have a unique solu-
tion, but are posed to stimulate imaginative solutions on the part of the reader. Some
may also require some searching on the part of the problem solver to find missing
pieces. While exact literature references are not provided, the Bibliography at the
end of the book includes many of the better resources for more detailed information
on each specific subject. It should serve as a useful guide to more detailed coverage
for the interested reader.
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I would like to thank my two “best friends,” Adriana and Katrina, for their con-
stant love and support, and the crew at ALPHA C.I.S.A.—Lucho, José, Guillermo,
Lisandro, Gabriel, Soledad, Alberto, Carlos, Enrique, Rudi, and all the rest—for
putting up with my presence and my absence. Gracias por haber soportado mi pre-
sencia y mi ausencia.
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1 An Overview of Surfactant Science
and Technology

Rapid evolution in the chemical-based nature of our modern society has made it
increasingly difficult for scientists, engineers, regulators, and managers to remain
abreast of the latest in the technologies impacting their work. The scientific and
technical journals published worldwide number in the thousands, and this number
increases yearly. Paralleling the proliferation of the scientific literature in general
has been an apparent divergence into fields of “pure” science—studies in which
the principal goal is a general advancement of human knowledge with no particular
“practical” aim in mind—and “applied” science and technology, in which the
research is driven by some anticipated application, quite often, but not always,
profit-related. Few areas of chemistry have exhibited this growing dichotomy of
purpose more than the study of surface and colloid science, especially as applied
to surface activity and surface-active materials. Even the nomenclature used in dis-
cussing materials showing surface activity is widely varied, depending on the con-
text of the discussion. It is not surprising, then, that the world of surface activity and
surface-active agents, or surfactants, can appear complex and confusing to those not
intimately involved in it on a day-to-day basis.

When one considers the impact of surface science in general, and emulsions, dis-
persions, foaming agents, wetting agents, and other related compounds in particu-
lar, in our day-to-day routines, the picture that develops reveals the great extent to
which these areas of chemistry and chemical technology permeate our lives. From
the fundamental aspects of biological membrane formation and function in living
cells, which vividly illustrates the spontaneity and importance of colloidal phenom-
ena, to the more *“far out” problem of how liquids wet the walls of a rocket’s fuel
tank in a low-gravity environment, the physical chemistry of the interactions among
various phases at interfaces lies at the root of much of our modern lifestyle.

Industrial concerns, whose very lifeblood may be intimately linked to applica-
tion of the basic principles of interfacial interactions, often i gnore the potential ben-
efits of fundamental research in these areas in favor of an empirical trial-and-error
approach, which may lead to a viable process but that possibly could be better
understood and even significantly improved by the application of more fundamental
science. In many cases the prevailing philosophy seems to be, to paraphrase an old

Surfactant Science and Technology, Third Edition by Drew Myers
Copyright © 2006 John Wiley & Sons, Inc.



2 AN OVERVIEW OF SURFACTANT SCIENCE AND TECHNOLOGY

adage, “‘A dollar in the hand is worth two in the laboratory.” Unfortunately, such an
approach often results in more dollars down the drain than many management-level
decisionmakers care to admit. Academic researchers, on the other hand, are some-
times guilty of ignoring the potential practical aspects of their work in favor of
experimental sophistication and the “Holy Grail” of the definitive theory or
model. Neither philosophy alone truly satisfies the needs of our technological exis-
tence. Each approach makes its valuable contribution to the overall advancement of
human knowledge; however, it sometimes appears that a great deal is lost in the
communication gap between the two.

The science and the technology of surfactants have possibly suffered a double
blow from the functional divergence of academic and applied research. Academic
interest in surfactants, while increasing, has generally concentrated on highly pur-
ified, homogeneous materials [quite often limited to a few materials such as sodium
dodecylsulfate (SDS), or cetyltrimethylammonium bromide (CTAB)] and elegant
analytical techniques. While providing a wealth of useful information related to
the particular system under investigation, the application of such information to
more complex practical materials and processes is often less than obvious, and is
sometimes misleading. The sad fact of life is that real surfactant systems are almost
always composed of mixed chemical isomers, contaminants, and added materials
that can dramatically alter the effects of a given surfactant on a system. High purity
is necessary for the interpretation of delicate laboratory experiments, but requires
the use of techniques that may be impractical at the industrial level.

In the results-oriented industrial environment, with some significant exceptions,
surfactant research is often carried out on a “Make it work and don’t worry about
why!” basis. The industrially interesting materials are usually complex mixtures of
homologs and structural isomers, or contain impurities resulting from chemical side
reactions, unreacted starting materials, residual solvents or byproducts, and so on.
Such ““contamination” of the desired product is not only common, but commonly
variable from batch to batch. For example, particularly significant surface property
changes can be induced by the presence of such impurities as inorganic salts or
long-chain alcohols remaining after processing. While the presence of such impu-
rities and mixtures will often produce superior results in practice, analysis of the
process may be difficult because of the unknown or variable nature of the surfactant
composition. Considering the limitations imposed by each school of surfactant
research, it is not surprising to find that a practical fusion of the two approaches
can be difficult to achieve.

The different views of surfactant science and technology have spawned their
own distinctive terminologies and literatures. While the academic or fundamental
investigator may probe the properties of surface-active agents, surfactants, tensides,
or amphiphiles, the industrial chemist may be concerned with the characteristics of
soaps, detergents, emulsifiers, wetting agents, and similar compounds. The former
group may publish their results primarily in the Journal of Physical Chemistry,
Colloids and Surfaces, Langmuir, or the Journal of Colloid and Interface Science,
the latter in the Journal of the American Oil Chemists Society, the Journal of
Dispersion Science and Technology, or one of the other technologically specialized
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publications aimed at specific areas of application (foods, cosmetics, paints, etc.).
All too often, the value of the results to each community can become lost in the sea
of manuscripts and the philosophical and operational gulf that sometimes develops
between the two, not to mention the almost impossible task of being abreast of all
the information published in all the relevant literature.

Before beginning a discussion of specific aspects of the chemistry of surface-
active materials and surfactant action, it may be useful to have some idea of the
history of surfactants and how their synthesis and use have evolved through the
years. Because of parallel developments in various areas of the world, the secrecy
of industrial research efforts, and the effects of two world wars, the exact details of
the evolution of surfactant science and technology may be subject to some contro-
versy regarding the specific order and timing of specific developments. In any case,
the major facts are (hopefully!) correct.

1.1. A BRIEF HISTORY OF SURFACTANT SCIENCE
AND TECHNOLOGY

The pedigree of the synthetic surfactant industry is reasonably well documented,
unlike that of the more ancient “‘natural’ alkali soaps. However, it is not an easy
task to pinpoint the exact time when the industry came into being. In a strictly che-
mical sense, a soap is a compound formed by the reaction of an essentially water-
insoluble fatty acid with an alkali metal or organic base to produce a carboxylic
acid salt with enhanced water solubility, sufficient to produce useful surface activ-
ity. Since the soaps require some form of chemical modification to be useful as
surfactants, they could be considered to be synthetic; however, custom dictates
that they not be classified in the same category as the materials prepared by
more “elegant” synthetic routes.

The alkali metal soaps have been used for at least 2300 years. Their use as arti-
cles of trade by the Phoenicians as early as 600 B.c. has been documented. They
were also used by the Romans, although it is generally felt that their manufacture
was learned from the Celts or some Mediterranean culture. Early soap producers
used animal fats and ashes of wood and other plants containing potassium carbo-
nate to produce the neutralized salt. As the mixture of fat, ashes, and water was
boiled, the fat was saponified to the free fatty acids, which were subsequently
neutralized.

The first well-documented synthetic (nonsoap) materials employed specifically
for their surface-active properties were the sulfated oils. Sulfonated castor oil, pro-
duced by the action of sulfuric acid on the castor oil, was originally known as
“turkey red oil.” It was introduced in the late nineteenth century as a dyeing aid
and is still used in the textile and leather industries today. The first surfactants
for general application that have been traditionally classified as synthetic were
developed in Germany during World War I in an attempt to overcome shortages
of available animal and vegetable fats. Those materials were short-chain alkyl-
naphthalene sulfonates prepared by the reaction of propyl or butyl alcohol with



