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Preface

The Pythagorean view of the formation of the universe from the commingling of
the elements—earth, air, fire, and water—notably omits oil. Oil and water are the
Yin and Yang—in molecular terms, the spatial separation of dichotomous groups
or segments, hydrophilic and oleophilic—underlying the formation of multitudes
of organized assemblies or microphases.

Monolayers, multilayers, micelles, microemulsions, bilayers, and vesicles are
an important set of interrelated states of matter. In particular, two-dimensional
closed membranes or liposomes, consisting of a bilayer(s) of phospholipid mole-
cules surrounding an aqueous core(s), form a reservoir for encapsulation and a dif-
fusion barrier. Vesicles exhibit many basic and applied phenomena, serve as a
model for the fundamental unit of biological structure—the cell membrane—and
are uniquely suited to bridge the biological and materials sciences. From an acad-
emic viewpoint, they are represented at the growing tips of such active topics as
self-assembly, self-organization, and complexity.

Reviews can serve a variety of functions, not the least of which is providing lit-
erature references sufficient to outline the development of a subject as well as its
most recent results. For newcomers who need to learn more about a field, reviews
fulfill a high form of education not available in formal courses. For the experi-
enced researcher there is the stimulation of critical surveys and fresh ideas. Finally,
for the authors, expository writing about a research area is a genuine form of sci-
entific activity (recall that Mendeleev discovered the periodic table while planning
an elementary chemistry textbook).

With the widening applications of vesicles and investigations to characterize
the systems themselves, a multiauthored comprehensive review would be ency-
clopedic. Rather, this volume presents selected topics as signposts indicating the
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scope and direction of vesicle research. According to the “80/20” rule of the Pareto
principle, named after the nineteenth-century Italian econorist Vilfredo Pareto,
80% of the value of a group of items is generally concentrated in only 20% of the
items. Hence, the average reader will probably be interested in only 20% of the
topics. Nevertheless, it is hoped that a synthesis of ideas drawn from different (but
related) subjects will create new and fruitful general conceptions. Often over-
looked is the serendipitous breakthrough of a given idea when transplanted to an-
other context. Undoubtedly, scattered among the diverse chapters lie solutions in
search of problems.

The book is divided into four sections covering some main topics in vesicle
research: physical and surface chemistry; methods; drug delivery; and diverse ap-
plications.

I thank the contributors for making this bock possible and hope that it will be
opened with expectation and closed with profit.

Morton Rosoff
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1
Physical and Surface Chemistry

The papers in this section represent some of the research being devoted to basic
vesicular properties.

Studies of lipid monolayers considered as half a vesicle bilayer provide insight
into the structure and dynamics of vesicles unobtainable through other techniques.
By reducing the dimensionality of the system, monolayer studies allow for simplifi-
cation of complex thermodynamics. The first chapter deals with the relationship be-
tween lipid bilayers in the form of vesicles and monolayers at the air-water interface.

In Chapter 2, a wide survey of liposomal topics is presented ranging from the
use of molecular acoustics for studying the mechanical properties of liposomes and
protein-lipid interactions to vesicle fusion, photochemistry, and energy transfer.

The next paper, Chapter 3, describes the correlation between the phase behav-
ior of vesicles and microemulsions. The importance of the HLB of the surfactant
for the formation of reverse vesicles is discussed and the methods for preparing
reverse vesicles by dispersion or spontaneous transition are described.

Chapter 4 reviews the phenomenon of phase separation in bilayers. The for-
mation of lipid and protein domains and its consequences, particularly for biology,
are examined from the viewpoints of thermodynamics and kinetics.

Interaction of surfactants or amphiphiles with vesicles is important for the
solubilization of bilayer membranes as well as their preparation. Additionally,
surfactant vesicle interaction serves as a model for the stability of vesicles in the
presence of foreign molecules. These matters and the effect of surfactants in the
sublytic concentration range are taken up in Chapter S.

The next contribution, Chapter 6, treats the statistical mechanics of membrane
conformational fluctuations. Both fluid and polymerized vesicles are discussed.
Shape instabilities may play a role in biological processes such as endocytosis and
cell recognition.
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The Relationship and Interactions
Between Lipid Bilayers Vesicles
and Lipid Monolayers at the
Air/Water Interface

ROBERT C. MACDONALD Department of Biochemistry, Molecular
Biology, and Cell Biology, Northwestern University, Evanston, Illinois

1. Introduction

II. Forces Operating in Monolayers and Bilayers

A. Surface pressure is a consequence of the lowering of the
tension of the air/water interface by surface active molecules

B. Surface tension is the resultant of internal pressures and
tensions

C. Several repulsive forces may operate on the molecular level,
in concert, to produce the macroscopic surface pressure

D. With the exception of an oil/air tension, the forces operating
in bilayers are essentially the same as those in monolayers

II. Surface Thermodynamics Relevant to the Study of Monolayers

and Bilayers

A. Basic thermodynamic relationships

B. The chemical potential depends on surface tension (pressure)
and surface concentration

C. Monolayer surface pressure can be expressed in terms of
surface phase water activity

D. The chemical potential of lipid molecules in monolayers

E. The chemical potential of lipid molecules in bilayers

F. Bilayers exhibit an elastic response around the equilibrium area
per molecule, whereas monolayers tend to expand at all areas

IV. Formation of Monolayers from Vesicles of Natural Membranes

V. Formation of Monolayers from Lipid Vesicles
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VI. Effects of Divalent Cations on Formation of Monolayers
from Vesicles 26

VII. Effects of Vesicle Size on the Magnitude of the Equilibrium
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XI. Determining When Monolayers Have the Same Surface Pressure
as Bilayers: Methods Based on Penetration by Enzymes and

Other Exogenous Molecules 34

A. Observations on enzymes 34

B. The theoretical analysis of surface pressure on enzyme

activities 36

C. Penetration by small molecules 39
XII. Determining When Monolayers Have the Same Surface Pressure

as Bilayers: Methods Not Involving Penetration 39
XIII. The Relationship Between the Organization of Lipid Molecules

in Monolayers and in Bilayers 42

References 46

. INTRODUCTION

There are several reasons for inquiring into the relationship between lipid bilayers
in the form of vesicles and monolayers at macroscopic interfaces, particularly at
the air/water interface.* Historically, the most important and perhaps still foremost
reason is that monolayers at the air/water interface allow measurements of inter-
action of membrane-active molecules with an array of lipids that approximates a
bilayer membrane in ways that are either not possible or are very difficult with the
bilayer itself. The most common such measurement is penetration by the foreign
molecule of the monolayer, the extent of which is easily monitored either as an in-
crease in surface pressure of the monolayer at constant area or an increase in area
of the monolayer at constant surface pressure. These measurements can be used to

*Although a bilayer is obviously composed of two monolayers, the latter term, unless specified other-
wise, implies a monolayer of lipid at the air/water interface.



