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INTERFACESAND COLLOIDS: THE TWILIGHT ZONE

In 1915 Wolfgang Ostwald described the subject of interface and colloid science as that of a
"world of neglected dimensions." The reason for that description was the unique nature of interfaces
and related colloidal phenomena - they could not be readily interpreted based on “classical” atomic or
solution theories, and the regions of space involved were beyond the reach of existent experimenta
techniques. Since that time science has developed a firm theoretical and experimental understanding of
the nature of matter at its two extremes - at the molecular, atomic, and subatomic level, and in the
area of bulk materials, their physical strengths and weaknesses, their chemical and electrica
properties, etc. Legions of chemists, physicists, materials scientists, engineers, etc., are continuously
striving to increase that knowledge in academic and industrial laboratories around the world. Between
those two extremes still lies the “world” referred to by Ostwald, and even with the latest advanced
analytical and computational techniques, a great many mysteries remain to be solved. For that reason,
I like to think of the study of interfaces and colloids as entering the "twilight zone" - that “region” of
the material world that bridges the gap between chemical and physical phases. However, beyond the
theoretical aspects of the area we continually find that interfaces and colloids also play avita but often
unrecognized role in other areas of chemistry, physics, biology, medicine, engineering, etc.

Because of experimental and theoretical difficulties encountered in its study, our theoretical and
practical understanding of the nature of the interfacial region and the transformations that occur in
bridging from one chemical or physica phase to another has historicaly lagged behind that in many
other scientific areas. That is not to say that we are ignorant when it comes to interfacial and colloidal
phenomena. Great advances in the theoretical understanding of interactions at interfaces were made in
the late 19th and early 20th centuries. More recently, new analytical and computational techniques
have led to significant advances toward a better understanding of the unique nature of interfaces and
the interactions that result from that uniqueness.

Never the less, the unusual and sometimes complex nature of interfaces and their associated
phenomena, has hindered the development of a fully satisfying theoretical model. By "fully satisfying”
is meant a theory that produces good agreement between theory and experiment in situations that are
less than "ided" or "modd" systems.

The "satisfaction" obtained from a given theory is a subjective evaluation, of course, so that
there exists a great deal of controversy in many areas related to colloids and interfaces. For the surface
and colloid scientist (as in al science), such controversy is not bad, since it represents the fuel for
continued fundamental and practical research. However, for the scientist or engineer who needs to
apply the fruits of fundamental research to solve practical problems, such uncertainty can sometimes
complicate life to no end.

For every trained surface and colloid scientist in academia and industry, there are hundreds if
not thousands of scientists, engineers, and technicians whose work directly or indirectly involves some
surface and/or colloidal phenomena. And of those, only a relative few have probably been formally
introduced to the subject in more than a cursory way during their scientific training. It therefore
becomes necessary for them to learn enough of the subject "on the fly" to allow them to attack their
problems in a coherent way. The series of brief introductory articles on surface and colloid science to
follow are designed to provide a conceptua introduction to the subject without the “baggage’ of
significant theoretical or mathematical derivations. A Bibliography of current texts is provided for
anyone wishing to venture farther into the twilight zone.
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WHAT LIESIN THE TWILIGHT ZONE?

While it would be difficult to list al of the natural and technological processes that involve
interfacial and colloidal phenomena, a small taste can be had from the few representative examples
listed in Table 1.

Table. 1. Some common examples of interfacial and colloidal phenomenain industry and nature.

Surface phenomena Colloidal phenomena
A. Products manufactured as colloids or surface-active materias:

Soaps and detergents (surfactants) Latex paints
Emulsifiers and stabilizers Aerosols
(non-surfactant) Foods, e.g., ice cream, butter, mayonnaise, etc.
Herbicides and pesticides Cosmetics and topical ointments
Fabric softeners Pharmaceuticals
Inks

Lacquers, oil-based paints
Oil and gas additives
Adhesives

B. Direct application of surface and colloidal phenomena:

Lubrication Control of rheological properties
Adhesion Emulsions
Foams Emulsion and dispersion polymerization
Wetting and waterproofing Drilling muds

Electrophoretic deposition

C. Usefor the purification and/or improvement of natural or synthetic materials:

Tertiary oil recovery Mineral ore separation by flotation
Sugar refining Grinding and communition
Sintering Sewage and wastewater treatment

D. Physiologica applications:

Respiration Blood transport

Joint [ubrication Emulsification and transport of nutrients
Capillary phenomenain liquid transport Enzymes

Arteriosclerosis Cell membrane processes

The examples noted have been divided into four main categories, each of which is further
divided (somewhat arbitrarily, in some cases) into "colloida" or "interfacial" categories. Although more
precise definitions of what those two terms imply may be useful, for present purposes one can think
of "colloidal" as being a date of subdivision of matter in which the particle (or molecular) size of the
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basic unit involved varies from just larger than that of "true" molecular solutions to that of coarse
suspensions - that is between 10 and 10,000 nm. "Interfacial” phenomena may be defined, in this
context, as those related to the interaction of at least one bulk phase (solid or liquid) with another
phase (solid, liquid, or gas) or a vacuum in the narrow region in which the transition from one phase
to the other occurs. As will become apparent as one enters the “zone”, the two classes of phenomena
are intimately related and often cannot be distinguished. By examining each subdivision in Table 1, it
is apparent that interfacial and colloidal phenomena are ubiquitous. Our world, including ourselves,
simply would not function or even exist as we know it in their absence.

Somewhat surprisingly considering its obvious importance, this "neglected dimension” has
historically been shorthanded in terms of scientists and technicians formally trained in the theoretical
and experimental aspects of the discipline. As a result, one can speculate that large amounts of time,
money, and other resources have been wasted over the years smply because chemists, physicists,
biologists, engineers, and technical operators were ignorant of certain basic ideas about interfaces and
colloids that could have solved or helped solve many practical and theoretical problems.

Some important on-going areas of interface and colloid science research currently of interest
include:

Theoretical studies - Interfacial energy and bulk material characteristics, interfacial tensions of
solutions, thermodynamics of colloidal systems, electrical double layer theory, adsorbed polymer
layers and steric stabilization.

“Practical” Surface chemistry - Equilibrium and dynamic wetting and spreading processes,
adhesion, physical adsorption, chemisorption and heterogeneous catalysis, spectroscopic and
optical studies of surfaces, flow through porous media, rheological and electrophoretic properties
of colloids, demulsification and defoaming.

Inter-particle interactions and colloidal stability - Measurement of forces between surfaces,
atractive forces, hydrodynamic and solvation forces, repulsive forces, coagulation and
flocculation theory, emulsion stability, microemulsions, multiple emulsions, foam stability, the
effects of adsorbed polymers on stability and flocculation.

Chemical reactions - Heterogeneous catalysis, chemical and biological reactions at interfaces
and in colloidal systems, including those between body fluids and foreign surfaces.

Lyophilic colloids - Association colloids, gels, studies of polymers in solution and adsorbed at
surfaces, microgels, liquid crystals.

Aerosols - Methods of formation, stabilization, and destruction.

Biocolloids — Biologicd membrane activity, cell and particle adhesion, cell-antibody
interactions, drug delivery, drug and nutrient transport phenomena.

SERIES CONTENTS
While the series of articles presented covers a wide range of important topics in surface and
colloid science, it isin no way claimed to be or intended to be comprehensive in coverage or specific

content. The goal, more than anything, is to acquaint the reader with some of the basic terms and
concepts involved and facilitate access to more in depth material that may be useful, especially for the
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understanding and solution of practical problems in engineering and technology. In some cases
“approximate”’ explanations are given with the understanding that they are not theoretically exact, but
do serve as useful tools for visualizing what is or may be occurring under various circumstances.

Articlel Some General Concepts About Interfaces

Article2  Surfactant Structures and Surface Activity

Article3  Attractive Forces Between Atoms, Molecules, and Interfaces
Article4  Capillary Phenomena

Article5 The Nature of Solid Surfaces

Article6  Liquid-Fluid Interfaces

Article7  Adsorption at Surfaces

Article8 Colloids and Colloida Stability

Article9 Emulsions

Article 10 Foams

Article11 Aerosols

Article 12 Polymers At Interfaces

Article 13 Association Colloids: Micelles, Vesicles, and Membranes
Article 14 Solubilization, Micellar Catalyst, and Microemulsions
Article 15 Wetting and Spreading

Article 16 Friction, Lubriation, and Wear

Article 17 Adhesion
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