


Catalysis in Micellar and
Macromolecular Systems

Janos H. Fendler
Eleanor J. Fendler

Department of Chemistry
Texas A & M University
College Station, Texas

ACADEMIC PRESS
New York San Francisco London 1975

A Subsidiary of Harcourt Brace Jovanovich, Publishers



CorYRIGHT © 1975, BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED,

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
111 Fifth Avenue, New York, New York 10003

United Kingdom Edition published by

ACADEMIC PRESS, INC. (LONDON) LTD.
24/28 Oval Road, London NW1

Library of Congress Cataloging in Publication Data

Fendler, Janos H
Catalysis in micellar and macromolecular systems.

Includes bibliographies and index.

1. Catalysis. 2. Polymers and polymerization.
3. Micelles. 1. Fendler, Eleanor J., joint author.
II.  Title.
QDS505.F46 541°.395 74-10208

ISBN 0-12-252850-6

PRINTED IN THE UNITED STATES OF AMERICA



Preface

Surfactants and macromolecules are increasingly being vtilized us
media. Rates, products, and, in some cases, sterco-hemistry
Analogies between siructures of globular proteins = & miceli
enzymatic, micellar. «nd macromolecular caraivses Lave b
some respects, these systems also provide modeis 1o membrane-mediated
processes. Many of tne affected reactions have potential industrial utility
i such varied ficlds as pharmacy, pharoeriph tion. and
polymerization.

The objective of this book is to provide a cormpichensive monograph on
the catalyses elicited by aqueous and nonaqueous micelies, synthetic and
naturally occurring poiymers, and phase-transfer catulyvsis, We have de-
lineated the principles involved in designing appioni catalytic systems
throughout. Additionally, an attempt has been m: ¢ i tabulate the available
data, to June, 1974, exhaustively. The more recen: research wori, (o Docen-
ber, 1974, is summarized in the Addendum. These data corpiiations should
facilitate comparisons of the catalytic efficacy of e
Details have been provided on the preparation and punfication ol suriacion
(Chapter 1), on the physical and chemical propertics or sorlactar: and
micelles (Chapter 2), on solubilization in aqueous micelir sveioms (Chepi

difierent system

3), and on the principles of micellar catalysis (Chaptes 4 W (Uit that the
availability of recently published books and reviews i o worrant equal
detailed treatments of the physical-chemical properties o the diferen
macromolecular systems. By no means should this be e mean that

macromolecules are inferior to micelles as cataivers or indeed a0 mode
systems since in many cases they are not.



Preface

Our book = aimed at the industrial and academic researcher regardless
of hig arty raniiv defined subfield, be it organic, inorganic, biological, colloid,
etc. The trentiment provid s guidance and stimulus to bioorganic, inorganic,

pharmaceuibical, colioid, physical, and polymer chemists as well as to those
who seek novel and unique catalysts in industrial processes. It can also serve

the basis of @ graduate course. Indeed, such courses have been given at
several invtitutions i the United States and abroad.
We are grateful 10 the authors and publishers of books and journals for

permission to reproduce original illustrations. Our sincere gratitude is
extended to our colleagues for their invaluable comments, their constructive
criticiem, and their wvitingness to provide information and manuscripts prior

to puls v To all oi our co-workers who directly and indirectly contribu-
ted to this work we wish to express our sincere thanks. Credit is particularly
due to Dr. Willie L. Hinze and Mr. Vernon Constien for their assistance in
compiling some of the tables in Chapter 11 and to Dr. Willie L. Hinze and
Mr. Pone-%u Sherh for assistance in proofreading the manuscript. Inevitably

some of the work reported is our own. Without the generous support from
the U.5. Atomic Energy Commission, the National Institutes of Health,
the National Science Foundation, the National Aeronautics and Space
Administration, and the Robert A. Welch Foundation, undoubtedly our
progress would have been much slower. At last, but certainly not least, we
sincerely thank Mrs. Grace R. Rufus for her superior competence in trans-
lating our almost illegible handwriting into a respectable manuscript.

Janos H. Fendler
Eleanor J. Fendler
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Chapter 1

Preparation and Purification of
Synthetic and Naturally Occurring
Surfactants

A. Synthetic Surfactants

Surfactants, surface active agents, or detergents are amphiphilic, organic,
or organometallic compounds which form association colloids or micelles in
solution. Amphiphilic substances, or amphiphiles, are molecules possessing
distinct regions of hydrophobic (water-repelling) and hydrophilic (lipophilic
or water-attracting) character. Since the polarity of the distinct regions of
these substances varies greatly, these substances have alsc been referred to as
amphipathic, heteropolar, or polar-nonpolar molecules.

Depending on the chemical structure of the hydroplilic moieiy bound to
the hydrophobic portion, the surfactant may be classed as cationic, anionic,
nonionic, or ampholytic (zwitterionic). Industrial preparations of cationic
(Jungermann, 1970) and nonionic (Schick, 1967) detergents have been recently
reviewed. Commercially available synthetic surfactants are often impure,
containing either starting materials and/or mixtures of homologs often in
unspecified proportions. Since accurate physical data on micellar properties
and physiochemical data on micellar systems containing reactive and inert
solutes are most reliable and comparable for highly purified surfactants, the
following discussion will present illustrative examples of the preparation and
purification of each type of amphiphile. Specific emphasis is placed on the
surfactants which have been used most frequently in kineiic :tudies of
micellar catalysis. Additionally, commercial sources (if available) and
references to methods of preparation and purification are given in Table 1.1

1
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8 1. Preparation and Purification of Surfactants
1. Cationic Surfactants

Cationic surfactants have the geneal formula of R, XY™, where R
represents one or more hydrophohic chains, X is an element capable of
forming an “onium” structure, and Y 1~ the counterion. [n principle, X may
be N, P, S, As, Te, Sb, Bi, and the I icgens. Owing to the availability of
long-chain alkyl amines and halides as « 1= rting materials as well as the relative
ease of preparation and stability, nitiogen containing cationic surfactants
(R{N*X~) predominate over the 1 .cre infrequently used sulfoxouium
{R;S*X ). sullonium (R,S* X ), and phosphonium (R,P* X ™) compounds.
The hydrophobic alkyl or substituted -lkyl group may be bonded directly to
tre positively charged atom, e.g., hexadecy ltrimethylammonium bromide, o1
indirecily. e.g., p-octadecanoyl-N,N, V-trimzthylanilinium bromide. Common
bridging groups include benzyl, phenyl, pyridinyl, amido, and keto groups.
Alternatively the quaternary nitrogei atom can be part of a saturated,
unsaturated, or aromatic heterocyclic ring as in the case of alkyl pyridinium
halides. The hydrophobic portion of the surfactant may be a straight or
branched-chain alkyl or alkenyl group and may contain saturated and
unsaturated cyclic systems.

Long-chain alkyl ammonium halides can be convenient!y prepared in th:
laboratory by the reaction of sto.chiometric quantities of a secondary or
tertiary amine with a long-chain alkvl halide, usually in alcohol or diethyl
adizr. Thus, hexadecyltrimethylammonium bromide can be prepared by
reacting equimolar quantities of trirmethylamine and hexadecylbromide in
cthanlat - 3°C for 7 days (Attwood ¢z al., 1970). Decylmethyl-, decylethyl-,
and decylpropylammonium chlorides .nd the corresponding bromides can be
prepared similarly in diethyl ethes using at least 2 moles per mole excess
amine and quaternization with ammonium chioride or bromide, NH,Cl or
NH.Br (Geer et al., 1971). Quaternary n-alkylammonium chlorides and
brot ides of long-chain primary amires, e.g., dodecylammonium bromide,
can prepared anaiogously by reaction of the m-alkylamine with about

o twole per mole excess of ammonium chloride or bromide (NH,CI or
NH,Br) in hot methanol solution (Geer ez al., 1971 J. H. Fendler et al., 1972).
Alternatively, the n-alkylamine can be converted io the corresponding alky!
ammonium bromide by the addition of concentrated hydrobromic acid and
evaporation in vacue (Lindman et al.. 1970). In order to obtain pure sur-
factants, it is often necessary to purify the starting amine by distillation or
other techniques. The reaction mixture 's preferably worked up in such a way
as to remove all the unreacted bromices and amines; thorough triturating
(washing) with anhydrous ether 13 often vseful. Several recrystallizations are
necessary to obtain the required high ¢ a1y surfactani. Commercial practical-
grade hexadecyltrimethylammonium broide, for example, can be repeatedly
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washed’ with anhydrous ether until no amine is detected in the eluant,
recrystallized from methanol, and then recrystallized at least four times from
methanol with the addition of anhydrous ether. After pulverization and
drying in vacuo (P,0O;), the purified material melts with decomposition at
237°-239°C (Casilio et al., 1971; see also Mukerjee and Mysels, 1955;
Duynstee and Grunwald, 1959). ' '

Most simple long-chain ammonium halides can be satisfactorily purified
analogous!y using mixtures of methanol, ethanol, or acétone and ether. Due
to deéomposition at high temperatures and in some cases low melting points,

, dodecylammonium alkanoates, removal of traces of water is preferably
acwmphahed by pulverization of the recrystallized material and drymg in
vacuo over phosphorus pentoxide at room temperature.

Alkyl pyridinium halides can be prepared by reacting stcichiometric
amounts of pyridine with a long-chain alkyl halide. Dodecylpyridinium iodide
can be prepared, for example, by heating pyridine and dodecyl iodide in an
evacuated and sealed tube at 80°C for 24 hr. Alternatively, it can be pre-
cipitated from dodecylpyridinium chloride solution by the =ddition of
potassium iodide. In both cases, the crude product should be recrystallized
several times either from alcohol-water or from water until the critical
micelle concentration (CMC) remains constant and no minimum is observed
in the surface tension-surfactant concentration plot (Ray and Mukerjee,
1966). See Chapter 2 for a definition and discussion of critical micelle
concentration.

2. Anionic Surfactants

The most frequently used anionic surfactants are alkali or allaline earth-
metal salts of mono- or polybasic carboxylic (fatty) acids and of sulfuric,
sulfonic, and phosphoric acids containing a saturated or unsaturated hydro-
carbon substituent. '

Carboxylate surfactants are manufactured via the hydrolysis of fats and
oils followed by neutralization with the appropriate hydroxide when'the salt
is desired. Laboratory purificatior. of the free fatty acids can be achieved by
recrystallization from methanol or other polar solvents and thorough drying
in vacuo. In the case of liquids, especially those with high boiling points,
hvdrogenation is often useful to remove unsafurated homologs from other-
wise pure material (Almgren, 1972). The purity ofthe free acid, especially the
absence of other fatty acids, can be established réadilv by gas liquid chroma~
togrzphy of the ‘methyl or n-propyl ‘ester (de Lindemann; 1970). Other
analytical techniques, such as thin- layer paper. arv* column’ chromatography
¢an also be used (Ma, 1969).



