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In Memoriam

Vinod Kumar Pillai
(1968-1997)

Dr. Vinod Kumar Pillai was born in Tiruvalla, India on January 13, 1963.
He attended St. Xavier School in Delhi, India. In 1990 he received his B.S.
degree in chemical engineering at the Indian Institute of Technology, Delhi,
India. Subsequently, he came to the University of Florida as a graduate
student and worked in Professor Dinesh O. Shah’s research group from
1990 to 1995. During the course of his Ph.D. thesis research, he worked on
nanoparticles of magnetic materials and superconductors, and investigated
the role of interfacial rigidity and chain-length compatibility on the reaction
Kinetics in microemulsions. After receiving his Ph.D. in 1993, Virod com-
pleted one year of postdoctoral work at McMaster University in Canada.
He then returned to Professor Shah’s laboratory as a postdoctoral associate
in 1996.

He was the coordinator of the International Symposium on Micelles,
Microemulsions, and Monolayers: Quarter Century Progress and New Ho-
rizons hosted by the Center for Surface Science and Engineering at the
University of Florida August 28-30, 1995. Unfortunately, he passed away
on March 10, 1997. This book is dedicated to the memory and invaluable
scientific contributions of Dr. Vinod Pillai, who was a dear colleague,
ideal student, enthusiastic postdoctoral associate, and really good friend to
everyone who knew him.



Preface

This book is based on the plenary and invited lectures presented at the
International Symposium on Micelles, Microemulsions, and Monolayers:
Quarter Century Progress and New Horizons, which was hosted by the
Center for Surface Science and Engineering at the University of Florida
August 28-30, 1995. The papers presenteq at this symposium reviewed the
progress achieved in the past 25 years (1970-1995) and described the new
horizons for future research on micelles, microemulsions, and monolayers,
as well as their technological significance.

The chapters cover the new insights into the dynamic properties of
interfaces and the kinetics of micellization in relation to foaming, emulsifi-
cation, wettability, detergency, and solubilization phenomena. Several
chapters describe the key advances in the use of microemulsions in techno-
logical areas such as preparation of nanoparticles, enzymatic reactions, and
pharmaceutical and drug delivery systems, as well as polymerization of
microemulsions to produce microlatexes. The symposium also covered the
major developments in self-assembled and insoluble monolayers at the gas/
liquid and liquid/liquid interfaces as well as Langmuir-Blodgett films.

The Center for Surface Science and Engineering is most grateful to the
National Science Foundation, the University of Florida, and the following
companies for their generous support of this symposium: ALCOA, Inc.;
Alcon Laboratories; ICI Surfactants; Kimberly-Clark Corporation; Kraft
General Foods; LG Chem Ltd.; LG Cosmetics & Household Products;
Lonza, Inc.; Milliken Research Corporation; Noven Pharmaceuticals;
Procter & Gamble Company; and Rhéne-Poulenc, Inc.

Each professor is grateful to his mentor and his students for their
contributions to his academic endeavors. The influence of my late profes-
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vi Preface

sor, Jack H. Schulman, on everything that I have accomplished during the
past 25 years cannot be overlooked. My involvement in the research on
micelles, microemulsions, and monolayers, and many other areas of surface
and colloid science, are directly linked to what I inherited as a student in
Professor Schulman’s laboratory.

I would like to thank all participants of the symposium, including
plenary and invited speakers, as well as session chairs and cochairs for their
invaluable contributions. I am also most grateful to my colleagues at the
University of Florida and the members of the local arrangement committee
for making all the detailed arrangements for this symposium. I am also
grateful to our students, postdoctoral associates, research scholars, col-
leagues, and secretarial staff for enthusiastically completing numerous
tasks related to this symposium.

I would like to conclude with a poem written by Nobel Laureate
Indian poet Ravindranath Tagore (L§6]—l94l ).

When the Sun went down in lhe'zve'ning.

The Sun asked everyone on earth,

“Who will take up my responsibility of providing light?”
No one replied.

However, a candle in a log cabin said,

“My Lord, I can not light up the whole universe as you do,
But I'll do my best to light up this small room.”

This poem gives a profound message to everyone, including scientists. As
researchers, all that we can do is to contribute to a small area of science or
human knowledge. In our case, this is the very small area of surface and
colloid science.

During the past quarter century, our group at the University of Flor-
ida has conducted extensive studies on micelles, microemulsions, and
monolayers, and their technological applications. We hope that the scien-
tific content of this volume is enthusiastically received by present and future
researchers in the surface and colloid science community all over the world.

Dinesh O. Shah



Contributors

Dong June Ahn, Ph.D. Professor, Department of Chemical Engineering,
Korea University, Seoul, Korea

A. Albarici, M.S. Department of Macromolecular Science, Case Western
Reserve University, Cleveland, Ohio

Paschalis Alexandridis, Ph.D.* Assistant Protessor, Department ot Phys-
ical Chemistry 1, Center for Chemistry and Chemical Engineering, Univer-
sity of Lund, Lund, Sweden

Jean-Yves Anquetilt Charles Sadron Institute, Strasbourg, France

Abraham Aserin, Ph.D. Casali [nstitute of Applied Chemistry, The He-
brew University of Jerusalem, Jerusalem, Israel

R. Aveyard, Ph.D. Professor, School of Chemistry, University of Hull,
Hull, England

B. P. Binks, Ph.D. Doctor, School of Chemistry, University of Hull,
Hull, England

Current affiliations:

*Assistant Professor, Department of Chemical Engineering, State University of New York-
Buffalo, Buffalo, New York. .

TEngineer, Clariant Chemie SA, Trosly Breuil, France.

Xi



Xii Contributors

Houston Byrd, Ph.D.* Department of Chemistry, University of Florida,
Gainesville, Florida

Francoise Candau, Ph.D. . Director of Research CNRS, Charles Sadron
Institute, Strasbourg, France

Chien-Hsiang Chang, Ph.D.t Research Assistant, School of Chemical
Engineering, Purdue University, West Lafayette, Indiana

Huijuan Chen, Ph.D.1 University of Rochester, Rochester, New York

J. Chen, Ph.D. Department of Physics and Liquid Crystal Institute, Kent
State University, Kent, Ohio

X. L. Chu Department of Chemical Engineering, Illinois Institute of
Technology, Chicago, lllinois

Judy B. Chung, Ph.D.§ School of Chemical Engineering, Purdue Univer-
sity, West Lafayette, Indiana

W. Clemens, Ph.D.¥ Scientist, Research Center Jilich, Institute of Ap-
plied Physical Chemistry, Jiilich, Germany

J. A. DeRose, Ph.D. Postdoctoral Fellow, Department of Chemistry,
University of Miami, Coral Gables, Florida

Pulak Dutta, Ph.D. Professor, Department of Physics and Astronomy,
Northwestern University, Evanston, Illinois

Julian Eastoe, Ph.D., B.Sc. School of Chemistry, University of Bristol,
Bristol, England

D. Fennell Evans Department of Chemical Engineering and Materials Sci-
ence, University of Minnesota, Minneapolis, Minnesota

Current affiliations:

*Assistant Professor, Department of Biology and Chemistry, University of Montevallo, Mon-
tevallo, Alabama.

tAssociate Professor, Department of Chemical Engineering, National Cheng Kung University,
Tainan, Taiwan.

tResearch Scientist, Research Laboratories, Eastman Kodak Company, Rochester, New York.
§Clorox Co., Pleasanton, California.

{Professionelle Software GmbH, Bedburg, Germany.



Contributors xiil

P. D. L. Fletcher, Ph.D. Professor, School of Chemistry, University of
Hull, Hull, England

Elias I. Franses, Ph.D. Professor, School of Chemical Engineering, Pur-
due University, West Lafayette, Indiana

Nissim Garti, Ph.D. Professor, Department of Chemistry, and Head,
School of Applied Science, Casali Institute of Applied Chemistry, The
Hebrew University of Jerusalem, Jerusalem, Israel

M. Gritzel, Ph.D. Professor, Institute of Physical Chemistry, Swiss Fed-
eral Institute of Technology, Lausanne, Switzerland

F.-H. Haegel, Ph.D. Scientist, Research Center Jilich, Institute of Ap-
plied Physical Chemistry, Jiilich, Germany

Masahiko Hara, Dr.Eng. Deputy Head, Frontier Research Program, The
Institute of Physical and Chemical Research (RIKEN), Wako, Saitama,
Japan

Krister Holmberg, Ph.D. Professor and Director, Institute for Surface
Chemistry, Stockholm, Sweden _

Toshio Imai, Ph.D. Emeritus Professor, Department of Organic and
Polymeric Materials, Tokyo Institute of Technology, Tokyo, Japan

D. Johnson, Ph.D. Professor, Department of Physics and Liquid Crystal
Institute, Kent State University, Kent, Ohio

K. Kalyanasundaram, Ph.D. Institute of Physical Chemistry, Swiss Fed-
eral Institute of Technology, Lausanne, Switzerland

Masa-aki Kakimoto, Ph.D. Professor, Department of Organic and Poly-
meric Materials, Tokyo Institute of Technology, Tokyo, Japan

Wolfgang Knoll, Prof.Dr. The Institute of Physical and Chemical Re-
search (RIKEN), Wako, Saitama, Japan, and Director, Department of Material
Science, Max-Planck-Institute for Polymer Research, Mainz, Germany

J. B. Lando, Ph.D. Professor, Department of Macromolecular Science,
Case Western Reserve University, Cleveland, Ohio



xiv Contributors

Robert G. Laughlin, Ph.D. Research Fellow, Research and Development
Department, Miami Valley Laboratories, The Procter & Gamble Company,
Cincinnati, Ohio

Kock-Yee Law, Ph.D. Technical Manager, Wilson Center for Research
and Technology, Xerox Corporation, Webster, New York

R. M. Leblanc, Ph.D. Professor and Chairman, Department of Chemis-
try, University of Miami, Coral Gables, Florida

Kangning Liang, Ph.D. Senior Research Associate, Department of Chem-
istry, University of Rochester, Rochester, New York

Bjorn Lindman, Ph.D. Professor, Department of Physical Chemistry 1,
Center for Chemistry and Chemical Engineering, Lund University, Lund,
Sweden

I. Lisiecki, Ph.D. Researcher, SRSI Laboratory, Pierre and Marie Curie
University, Paris, and DRECAM-SCM, C.E.N. Saclay, Gif sur Yvette,
France

Yihan Liu Department of Chemical Engineering and Materials Science,
University of Minnesota, Minneapolis, Minnesota

Isabel MacDonald, Ph.D. Exxon Chemicals Ltd., Abingdon, England

J. A. Mann, Jr., Ph.D. Professor, Department of Chemical Engineering,
Case Western Reserve University, Cleveland, Ohio

C. Manohar, Ph.D. Head, Interfacial Chemistry Section, Chemistry Divi-
sion, Bhabha Atomic Research Center, Bombay, India

Harden M. McConnell, Ph.D. Professor, Department of Chemistry,
Stanford University, Stanford, California

Karen Coltharp McGinnis, M.S.* Researcher, School of Chemical Engi-
neering, Purdue University, West Lafayette, Indiana

Fredric M. Menger, Ph.D. Candler Professor, Department of Chemistry,
Emory University, Atlanta, Georgia

Current affiliation:
*Process Engineer, Bayer Corporation, Addyston, Ohio.



Contributors XV

K. Monig, M.Sc., Ph.D. Research Center Jiilich, Institute of Applied
Physical Chemistry, Jiilich, Germany

L. Motte, Ph.D. Assistant Professor, SRSI Laboratory, Pierre and Marie
Curie University, Paris, and DRECAM-SCM, C.E.N. Saclay, Gif sur
Yvette, France

N. Moumen, Ph.D. Researcher, SRSI Laboratory, Pierre and Marie Cu-
rie University, Paris, France

Hisham A. Nasr-El-Din, Ph.D. Science Specialist, Laboratory Research
and Development Center, Saudi Aramco, Dhahran, Saudi Arabia

A. D. Nikolov, Ph.D. Research Professor, Department of Chemical En-
gineering, Illinois Institute of Technology, Chicago, Illinois

Ulf Olsson, Ph.D. Associate Professor, Department of Physical Chemis-
try 1, Center for Chemistry and Chemical Engineering, Lund University,
Lund, Sweden

Sun Young Park, Ph.D.* School of Chemical Engineering, Purdue Uni-
versity, West Lafayette, Indiana

Thomas L. Penner, Ph.D. Senior Research Associate, Research and Ad-
vanced Development Laboratories, Eastman Kodak Company, Rochester,
New York

C. Petit, Ph.D. Researcher, SRSI Laboratory, Pierre and Marie Curie
University, Paris, and DRECAM-SCM, C.E.N. Saclay, Gif sur Yvette,
France

Lennart Piculell, Ph.D. Associate Professor, Department of Physical
Chemistry 1, Center for Chemistry and Chemical Engineering, Lund Uni-
versity, Lund, Sweden

M. P. Pileni Professor, SRSI Laboratory, Pierre and Marie Curie Univer-
sity, Paris, and DRECAM-SCM, C.E.N. Saclay, Gif sur Yvette, France

Current affiliation:
*International Paper, Tuxedo, New York.



xvi Contributors

Syed Qutubuddin, Ph.D. Professor, Department of Chemical Engineer-
ing and Macromolecular Science, Case Western Reserve University, Cleve-
land, Ohio

Brian H. Robinson, Ph.D. School of Chemical Sciences, University of
East Anglia, Norwich, England

Hussein Samha, Ph.D. Senior Research Associate, Department of Chem-
istry, University of Rochester, Rochester, New York

Robert S. Schechter, Ph.D. Professor Emeritis, Departments of Chemical
Engineering and Petroleum and Geosystem Engineering, The University of
Texas-Austin, Austin, Texas

M. J. Schwuger Professor, Research Center Jiilich, Institute of Applied
Physical Chemistry, Jiilich, Germany

Candace T. Seip, Ph.D. Department of Chemistry, University of Florida,
Gainesville, Florida

Dinesh O. Shah, Ph.D. Charles A. Stokes Professor of Chemical Engineering
and Anesthesiology, and Director, Center for Surface Science and Engineering,
University of Florida, Gainesville, Florida

Xuedong Song, Ph.D.* Research Associate, Department of Chemistry,
University of Rochester, Rochester, New York

David C. Steytler, Ph.D. Doctor, School of Chemical Sciences, Univer-
sity of East Anglia, Norwich, England

Daniel R. Talham, Ph.D. Associate Professor, Department of Chemiétry,
University of Florida, Gainesville, Florida

Kaoru Tamada, Ph.D.T Senior Research Scientist, Frontier Research Pro-
gram, The Institute of Physical and Chemical Research (RIKEN), Wako,
Saitama, Japan

J. Tanori, M.D. SRSI Laboratory, Pierre and Marie Curie University,
Paris, and DRECAM-SCM, C.E.N. Saclay, Gif sur Yvette, France

Current affiliations:

*Postdoctoral Fellow, National Laboratory, Los Alamos, New Mexico.

tSenior Research Scientist, Department of Molecular Engineering, National Institute of Mate-
rials and Chemical Research, Tsukuba, Ibaraki, Japan.



Contributors Xvii

Kevin C. Taylor, M.Sc. Laboratory Scientist, Laboratory Research and
Development Center, Saudi Aramco, Dhahran, Saudi Arabia

Fredrik Tiberg, Ph.D.* Assistant Professor, Department of Physical
Chemistry 1, Center for Chemistry and Chemical Engineering, Lund Uni-
versity, Lund, Sweden

H. Vithana, Ph.D. Department of Physics and Liquid Crystal Institute,
Kent State University, Kent, Ohio

William H. Wade, Ph.D. Professor, Department of Chemistry and Bio-
chemistry, The University of Texas-Austin, Austin, Texas

D. T. Wasan, B.S., Ph.D. Motorola Professor, Department of Chemical
Engineering, [llinois Institute of Technology, Chicago, Illinois

Hakan Wennerstrom, Ph.D. Professor, Department of Physical Chemis-
try 1, Center for Chemistry and Chemical Engineering, Lund University,
Lund, Sweden

David G. Whitten, Ph.D.T¥ Professor and Chairman, Department of
Chemistry, University of Rochester, Rochester, New York

Current affiliations:
*Manager, Forest Products Section, Institute for Surface Chemistry, Stockholm, Sweden.
tTechnical Staff Member, National Laboratory, Los Alamos, New Mexico.



Contents

In Memoriam 11
Preface v
Contributors X1

. Micelles, Microemulsions, and Monolayers: Quarter Century 1
Progress at the University of Florida
Dinesh O. Shah

MICELLES

[8S]

Quarter Century Progress and New Horizons in Micelles 53
Fredric M. Menger

3. Recent Advances in Aqueous Surfactant Phase Science: 73
Coexistence Relationships of the “Sponge” Phase
Robert G. Laughlin

4. Surfactant Self-Assembly Structures at Interfaces, in 101
Polymer Solutions, and in Bulk: Micellar Size and
Connectivity
Bjorn Lindman, Fredrik Tiberg, Lennart Piculell, Ulf
Olsson, Paschalis Alexandridis, and Hakan Wennerstrém

vii



viii

10.

11

12.

13

14.

15.

Contents

An Overview of Depletion and Surface-Induced Structural
Forces in Thin Micellar Films
D. T. Wasan, A. D. Nikolov, and X. L. Chu

Structure and Design of Abnormally Long Thread-Like
Micelles and Their Relation to Vesicles and Liquid Crystals
C. Manohar '

MICROEMULSIONS

Quarter Century Progress and New Horizons in
Microemulsions
Krister Holmberg

New Developments in Polymerization in Bicontinuous
Microemulsions
Francoise Candau and Jean-Yves Anquetil

Application of Microemulsions in Soil Remediation
K. Ménig, W. Clemens, F.-H. Haegel, and M. J. Schwuger

The Importance of Surfactant Hydrophobe Structure in
Microemulsion Formation
Robert S. Schechter and William H. Wade

The Role of Surfactants in Enhanced Oil Recovery
Hisham A. Nasr-El-Din and Kevin C. Taylor

Nanosized Particles: Self-Assemblies, Control of Size and
Shape

M. P. Pileni, I. Lisiecki, L. Motte, C. Petit, J. Tanori, and
N. Moumen

Microemulsions as Tunable Media for Diverse Applications
Syed Qutubuddin

Double Emulsions Stabilized by Macromolecular Surfactants
Nissim Garti and Abraham Aserin

Interparticle Forces from SANS Measurements of Frozen
Dispersions

David C. Steytler, Brian H. Robinson, Julian Eastoe, and
Isabel MacDonald

127

145

161

193

215

233

249

289

305

333

363




Contents

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

MONOLAYERS

Phase Transitions in Lipid Monolayers at the Air—Water
Interface
Harden M. McConnell

Surfactant Monolayers in Relation to Foam Breaking by
Particles
R. Aveyard, B. P. Binks, and P. D. I. Fletcher

Dynamic Adsorption and Tension of Spread or Adsorbed
Monolayers at the Air—Water Interface

Elias I. Franses, Chien-Hsiang Chang, Judy B. Chung,
Karen Coltharp McGinnis, Sun Young Park, and

Dong June Ahn

What X-rays Tell Us About Langmuir Monolayers
Pulak Dutta

Inorganic Extended Solid Langmuir-Blodgett Films
Daniel R. Talham, Houston Byrd, and Candace T. Seip

Formation and Control of Unit Aggregates of Squaraines
and Related Compounds in Langmuir-Blodgett Films
Huijuan Chen, Kangning Liang, Hussein Samha, Xuedong
Song, David G. Whitten, Kock-Yee Law. and Thomas L.
Penner

Protein and Molecular Assembly Monolayer and Multilayer

Film Studies with Scanning Probe Microscopy
J. A. DeRose and R. M. Leblanc

Self-Assembled Amphiphiles on Surface: “Surface Rheology”

Yihan Liu and D. Fennell Evans

Suprabiomolecular Architectures at Functionalized Surfaces

Wolfgang Knoll, Masahiko Hara, and Kaoru Tamada

Langmuir-Blodgett Films of Condensation Polymers
Masa-aki Kakimoto and Toshio Imai

387

395

417

437

447

463

481

509

519



