VOL XVII No 7 24 June 1966

Journal of the Society
of Cosmetic Chemists

Contents
Page
MEDAL LECTURE
The changing face of organic chemistry
Lord Todd of Trumpington, F.R.S.......ccciiiiiiiiee e 377
ORIGINAL PAPERS
IR spectroscopy of aqueous detergent solutions
N. A. Puttnam, B.Sc., Ph.D., AR.I.C., and B. H. Baxter, L.R.I.C........... 1
Analysis of aerosol propellants
R. J. Brook, L.R.I.C., and B. D. Joyner, ARIC......cccovvvvieiiiiiiieeecen, 401
SUBJECT REVIEW ARTICLE
The relation between structure and properties in plastics used in
packaging
A. Sharpies, B.SC., PR.D...ccuiiiiieiiee e 415
BOOK REVIEWS 429
SOCIETY OF COSMETIC CHEMISTS OF GREAT BRITAIN
Election of Honorary Member.........cccccoceeeiiiieeniineenee 436
SYMPOSIUM ON COlOUT ..cuuiiiiiiiieiiiie e s 436
1966/67 PrOQramITE ....coevueieiiieeeiitieesieeeesiteeesnteeesbeeesnbeeestreeesnneeesnneeas 436
(D] o] o]0 1 - B O o U1 Y- RO PPPP 438

INDEX TO ADVERTISERS .....ooiiiiiiiie e i



WInce.......made-p-measmejoryou rsuccess!

ragrance of outstanding beauty adds the distinctive character—

the individuality— that can bring success to a perfume or
cosmetic... or a complete line!

Givaudan’s demonstrated creative shill, itsunusual variety of
fragrant materials, its world-wide affiliations and its marbet
hnow-how are all co-ordinated to bring you fragrances of

unique new beauty and originality— made-to-measure for
yOUr Success.

ir C ty . jti.
WHYTELEAFE 1' SURREY 1 PHONE: UPPER WARLINGHAM 2241



Can your product keep her coming back?

Today's market-place is a highly competitive arena. PROPRIETARY
The consumer, faced with thousands of brands, has PERFUMES LTD
developed a highly sophisticated purchasing sense- International Perfumery Centre

marginal differences can mean success for one brand, ASHFORD KENT-ENGLAND
. Ashford (Kent) 2181 Telex 96129
failure for another.

O Fragrance is an important part of your product - it must

complementthe image your advertising and marketing . % 1 1 1 1
has set out to establish ; it must spark favourable (1

consumer reaction the second time around. ' At PPLwe

are concerned with the r/g'/rffragrance for your product.



INDEX TO ADVERTISERSI

Bush Boake Allen Ltd.

Antoine Chiris Ltd.

Croda Ltd.

Givaudan & CO. Ltd.

Glovers (Chemicals) Ltd.

Malstrom Chemical Corporation

E. Merck AG.

Proprietary Perfumes Ltd.

P. Robertet & ClE

De Trevise

Vitamins Ltd.

viii

. Inside Front Cover

Inside Back Cover

vii

.. Outside Back Cover

Vi



A new force enters the field of
perfumery. On July 1, 1966,

Bush Boake Allen Ltd will
commence operations. This
development follows the
amalgamation of three well known
suppliers to the perfumery and
cosmetics Industries:

W. J. Bush & Co. Ltd, A. Boake,
Roberts & Co. Ltd and Stafford
Allen & Sons Ltd. From July 1
these companies will cease
trading as separate organisations
and will merge their activities

into one major entity, which will
operate as a member company of
the Albright & Wilson Group.

As a result, Bush Boake Allen Ltd

will be able to provide a
comprehensive service which will
be one of the finest of its kind.
Moreover, with the pooled
resources of Bush Boake Allen Ltd,
customers will benefit from the
vast store of consolidated
knowledge and technical
facilities. Equally important,
there will be available a wider
and more versatile range of
products than has previously
been obtainable from a single
source. With the formation of
Bush Boake Allen Ltd all
customers are assured of an
improved and uninterrupted
service, and of the continued

availability of products formerly
supplied by the constituent
companies. A brochure will
shortly be circulated which will
give fuller information about

this Important amalgamation.

As a single company making a
range of products for the
perfumery and cosmetics
industries, Bush Boake Allen Ltd
will set new standards of

quality, research and service.
Enquiries should be addressed to:
Bush Boake Allen Ltd

Perfumery Division, Blackhorse Lane
Walthamstow, London E.17
Telephone: LARkswood 5454

Bush Boake Allen



Food and Cosmetics
Toxicology

Editor : L. Golberg
Assistant Editor : A. J. Cohen

This outstanding journal, published for the British Industrial
Biological Research Association, will be of great value and
interest to those scientists who need to be fully informed
of the current trends in food and cosmetics toxicology.
The subject is discussed under the following headings :

Research Section : contains original research articles that
will keep toxicologists and other scientists abreast of the
most recent advances in the field.

Review Section : provides information on papers dealing
with the biochemical, pharmacological, toxicological,
medical and veterinary aspects of the subject.

Information Section : divided into the following
sub-headings— Legislation : deals with world changes in
legislation relating to food additives and contaminants,
cosmetic and toilet preparations, etc.

Articles of General Interest :— discussions of more general
topics and of papers appearing in other journals reflecting
progress and opinion in toxicology.

Toxicology : Abstracts and Comments — These are more
than mere digests of papers published throughout the
world ; they are invariably more lengthy than orthodox
abstracts, containing all the salient facts to be found in the
original article plus the comments of the Editor and his
colleagues.

Summary of Toxicological Data
Letters to the Editor Book Reviews Forthcoming Papers

Bi-Monthly
Write now for Specimen Copy and details of subscription rates

PERGAMON PRESS

Headington Hill Hall, Oxford, England

44-01 21st Street, Long Island City, New York 11101, U.S.A.
6 Adelaide Street East, Toronto, Ontario, Canada



Natural Tocopherols
Ingrowing use
as anti-oxidants

Tocopherols are fast gaining favour as anti-oxidants for a wide range of
purposes, including ‘fatty base' cosmetics. When consideration of an
anti-oxidant is a problem, contact Vitamins Limited for the answer.

For the cosmetician: Mixed tocopherols concentrate containing 500
mg. mixed tocopherols per gramme:d-alpha tocopherol 50% - containing
500 mg. d-alpha tocopherol per gramme: Vitamins A&D?2 oils: Vitamin
D2 (calciferol); Vitamin B6 (pyridoxine hydrochloride) : pyridoxine
base: pyridoxine tripalmitate: wheat germ oil
0 Buk \itamins fram\itamins Limitsd
LEADERS IN DEVELOPMENT AND MANUFACTURE OF NATURAL TOCOPHEROLS

BULK PRODUCTS DIVISION. VITAMINS LIMITED, UPPER MALL. LONDON W6
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TALANTA

Editor-in-Chief: Dr. R. A. Chalmers, Department of Chemistry, University of Aberdeen,
Old Aberdeen, Scotland.

TALANTA was established as a medium for the rapid publication of papers dealing with all
aspects of analytical chemistry. As an international journal, contributions are expected to be
of avery high standard and to make definite contributions to the subject. Papers submitted
for publication must be new publications. They may be written in English, French

or German. Special importance is attached to work dealing with the principles of analytical
chemistry in which the experimental material is critically evaluated, and to similar fundamental
studies. Reviews in rapidly expanding fields, and reviews of hitherto widely scattered material,
are considered for publication, but should be critical. Original papers, short communications
and reviews are refereed. Preliminary communications are refereed urgently and accorded

priority in publication. Correspondence of interest to analytical chemists is welcomed by the
Editor-in-Chief at whose discretion it is published.
Monthly

Details of subscription rates and a specimen copy will be sent on request.
Please ask for our new CLASSIFIED LIST OF JOURNALS

PERGAMON PRESS

Headington Hill Hall, Oxford, England
44-01 21st Street, Long Island City, New York 11101, U.S.A.
6 Adelaide Street East, Toronto, Ontario, Canada.
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SINCE 1768 the House of Chins
has dedicated itself to the Fifth
Sense. In the development of
Fsential Oils, Floral Absolutes,
Chemical Isolates, Synthetic
Chemicals, and all those
creations and specialties which
combine industrial aromatics with
natural products and produce
fragrance, the House of Chiris has
a cherished history. Today Chiris
maintains laboratories headed
by experienced chemists who have
available to them not only the
accumulated knowledge of generations
of Chiris perfumers and chemists, but
also the research facilities of five modern
laboratories located in Grasse and Paris,
Replica ofperfume bottle London, Sao Paulo (Brazil), and New York
ved in the year 1768 City. Whether Essential Oils, Isolates, or
combinations thereof are used as fragrance
constituents by the perfumery, soap, cosmetics or
allied industries, we are happy to be consulted.
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Calculating females

They all are. And you have to keep up with
them, produce new ideas in cosmetics,
re-vamp the old.

The good supplier takes a lot of worry off
your shoulders. You are probably working
on one of the trend-setters right now:
maybe a clear gel or a moisturising lipstick.
Both are Croda specials. Crodafos, Volpo
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organic

The 1966 Medal Lecture by PROFESSOR LORD TODD OF
TRUMPINGTON, F.R.S., University of Cambridge, delivered before the
Society of Cosmetic Chemists of Great Britain on 3rd March 1966, with
Ronald Clark, President of the Society, in the Chair.

The Chairman: | would like to welcome you all to this, the Society’s 2nd Medal
_ecture, and In particular give an especially warm welcome to our very distinguished
ecturer_tonight- Lord Todd of Trumpington. We_are indeed most honolred to
have with us, in this context, a man whose contribution to science has been marked
by a Nobel Prize in 1957 and whose, contribution_to public as well as academic life
was acknowledged by a Life Peerage in 1962. Tonight, amongst the audience | know
there are several rpeople who were fortunate enough to have had Professor Todd as
heir mentar of organic chemistry at Cambridge. aw others, like myself, have not
had tlwe prlvlleg% of enjo mg éuch an experience. However, | know that we all
eagerly await to'hear Lord Toda.

Synopsis—The development of organic chemistry from its early days as a science is reviewed
and the changes in direction leading to the present new phase in the subject are discussed.
The problems now facing organic chemistry in its drive towards biology are considered and
possible future developments outlined.

o ~am indeed greatly honoured to be the recipient of the Society’s
Silver Medal this year and to be privileged to give this lecture. But when |
began some time ago to consider what I should talk about I found myself
in some difficulty. ~ | fear | have made no direct contribution to cosmetic
chemistry - if indeed | have made any contribution at all it must be an
indirect one.  The possibility of such an indirect contribution | cannot
wholly rule out since, altholgh my interests have lain primarily in the
general area of structure and function of natural substances of physmlo?lcal
importance, this area does have points of contact with some aspects of
cosmetic chemistry, and, of course, organic chemistry is our common
discipline. To speak on a topic d|r_ec_tl¥ in the field of your professional
interest would be for me - anon-specialist - highly dangerous if not actually

317
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|mPertment;to discuss in fine chemical detail a topic wholly unrelated might
well bore you, And so | came finally to a much broader topic - the changing
face of or_?anlc chemistry.  For science, like everything in this world, never
stands still and it is no bad thing to stand back from time to time and have
a look at it to see if we can discern from what has already occurred a
possible pattern for the future,

~ Organic chemistry is one of the most remarkable of all the sciences, and
is usually regarded by the layman as one of the most abstruse and remote
from everyday life and thought. This view is, perhaps, based on it
content of jargon and its use of abbreviated molecular formulag as a kind
of h|er0glzph|c script. It is difficult to believe, however, that a science can
properly be described as abstruse which permeates almost every material
aspect of modern civilization, which stands as the bridge which links the
Physmal with the biological sciences, and which is poss I¥ the blﬁgest of
hé sciences in its factual content and in the number of its adherents.
O_r?amc chemistry is, perhaps, the most logical of the sciences, and in its
history of about 150 years it has suffered fewer theoretical upsets than other
sciences. It is a remarkable fact that the whole towering edifice of the
subject rests essentially on three hasic concepts propounded in the third
quarter of the nineteenth century, namely Frankland’s concept of fixed
combining power or valence, the Kekule-Couper theory of the tetravalency
of carbon, and the cz#)a(:lty of carbon atoms to #om together into chains and
rings, and van’t Hoff and” Le Bel’s theory of the tetrahedral carbon atom,
which gave us stereochemistry.  All these concepts were purely empirical,
but they have stood the test of time, and on them the whole of modern
organic chemistry rests; advances in theory have occurred since they were
first enunciated, but these have been essentially refinements glvmg more
precise meaning to them, and have in no way upset or destroyed their
validity. 1 doubt whether the same claim could be made of any other
Science.

There have been two definitions of organic chemistry. - The first, that of
Berzelius, was that it was “the chemistry of substances found in I|V|n(%
matter.” The second, commonly ascribed to Gmelin, anea_red abou
fifty years later when more was known about the Pecu jarities of the
subistances found in living matter, and described it simply as “the chemistry
of the carbon compounds.”  Each of these definitions iS5 valid; but neither
is wholly satisfactory, since the first is too restricted and the second is in
certain respects too general. A very large number of known carbon com-
pounds are of purely synthetic origin and do not, so far as we are aware,



THE CHANGING FACE OF ORGANIC CHEMISTRY 319

occur in living matter; but it is undoubtedly true that the study of sub-
stances which are found in living organisms has ﬁrowded most of the major
stimuli to the advance of organic chemistry throughout its history, and
there is little reason to believe that this will not continue to be the case,
After all, it was Pasteur’s work on the tartaric acids from wine that led to
the van't Hoff-Le Bel theorK, the anthraguinone dyestuffs stem from
Graebe and Liebermann’s work on alizarin from madder root, and work on
polymerization and plastics ?oes back to the studies of Harries on natural
rubber.  Many other examples could be quoted, but I shall mention only
one other because it is probably not very well known, It was the work of
Windaus on the isomeric sterols that Influenced Hiickel to develop his
theoretical studies on stereoisomerism in fused ring systems and through
this developed in the fullness of time a realization of the deep significance of
conformational analysis in reduced ring systems - beginning with Hassel
and developed by Barton and others - and with it the concept of a new
dynamic asPect of stereochemistry which has in recent years exerted a
profound influence over a very large area of organic chemistry.

The original impetus to natural product chemistry - and, indeed, the
move to divide chemistry into inorganic and organic sections - undoubtedly
came from medicine and the use of natural drugs in its practice, and was
partly scientific and partly commercial in character. Al_ready in the
eighteenth century what we may describe as scientific medicine was under
way, and drugs such as extracts of Digitalis and Cinchona Were being used
rationally; again in connexion with medical work, the animal product
cholesterol was isolated and described by Poulletier in 1780. First the
pharmacists and then the chemists, actuated by cur|_05|t¥ or by the prospect
of financial reward, began to busy themselves with the etraction and
purification of natural drugs known to be of value, and to study their
chemlstrY. But this turned out to be far from easy, and indeed the decision
to put all such things into a separate section of the science to be called
organic chemlstr,}_/f was little more than a confession that the natural
products were ditferent from, and much more complicated than, the in-
or(ianlc substances of the mineral world. One thing soon became clear-the
natural products were all compounds of carbon and contained few other
elements beyond hydro%en, oxygen and nitrogen: and until a lot more was
known about carbon chemistry, both theoretically and practically, little
progress was likely to be made.” So it was that the nineteenth century saw
relatively little progress in the natural product field, such progress as there
was being largely confined to the last two decades of the century. First
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the general theory of organic chemlstr¥ was developed, and then the
experimental methods necessary for structural elucidation and sYnthe5|s of
organic compounds, these latter stemming in part from the development of
the organic chemical industry, notably inGermany, towards the end of the
nineteenth century, But let us not forget that it'was from work aimed at
natural products’in the shape of colouring matters that the dyestuffs
industry developed. Nor should_ one fquet the continuous and often
unrewarding effort of the workers in the field of phy5|o[0H|cal chemistry in
the second half of the nineteenth century-work which has provided a
base-line for much more recent organic chemical studies, and which also
gave birth to the now flourishing Science of biochemistry. And here let
me note in passing that organic chemistry and biochemistry are comple-
mentary, and indeed merge Into one another in the natural products field,
s0 that distinction between them is at times rather artificial.

One cannot, of course, put precise dates to changes in scientific patterns,
but round about the beginning of the twentieth century natural product
chemistry suddenly started to come into the forefront of organic chemistry.
One reason for thiS was, no doubt, the appearance of some Scientific giants
in the field - Perkin, Willstatter and Fischer, to mention but three.” But
there was, | think, more to it than that.  Organic chemistry had, by that
time, progressed to a loomt where it had the experimental fechniqués and
the back?round Know ed(%e necessary to ensure real progress in the study
of complex natural materials. Furthermore, the rise of the organic
chemical industry and the growing outlets for new materials encouraged
work on natural materials with the aim of Broducm? synthetic analogues
which might at once have their virtues and be free of their defects, just as
the synthetic dyes had in many cases proved better than their natural
counterparts. |naII%/, the steady development of scientific medicine
and the opening up of tropical colonial territories by the mzﬂor powers had
provided a further stimulus to the search for new natural drugs and their
synthetic analogues as well as to the study of bodily components, both
normal and pathological, Be that as it may, the fact of the development
of natural product chemistry is not in doubt, and it became an increasingly
Prpmlnent feature of organic chemistry during the first twentyfive or
hirty years of this century.

_ Nat only science as awhole, but also individual sciences, tend to advance
irregularly “on a broad front, and_during any one phase of development
there are‘always individual investigators who stand' apart and who break
new ground or'who see new vistas or horizons not apparent to others at the
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time, For this reason it is difficult - especially with recent events - to put
precise dates to changes in scientific patterns. But in broad terms it
seems to me that during the first thirty years or so of the present century
most organic chemists dealing with natural products were preoccupied
almost entirely with the structure of compounds, while the biochemists
were interestéd essentially in their function. During this period the
organic chemists developed their methods of de%rao_latlon and synthesis
to a,hl?h degree of perfection and, aided by the introduction”of new
physical methods of analysis, they have since taken them to the point at
which the synthesis of molecules as complex as cholesterol, strychnine,
chlorophyll, and a number of the coenzymes, has been realized. However,
since the mid-thirties, slowly at first, but later with increasing rapidity.
interest has been moving to a study of structure in relation to function
among natural products, 1t is thi$ which has taken organic chemistry
much closer to biology than it has ever been before. Equally, of course,
it is the increasing realization that function must be considered in relation
to structure that is bringing the biochemists closer to their or?anl_c chemical
colleagues, to the advantage of both. What brought about this change?
In a sense, | believe it originated in the movement of hiology, spurred on
by biochemical work, away from purely taxonomic and descriptive studies.
A major influence was exerted by the work on accessory food factors or
vitamins.  The study of nutritional Broblems by Eijkmann, Hopkins,
McCollum, and others had reached, by the nineteen-twenties, a point
at which it was realized that these mysterious vitamins could actually be
isolated as chemical individuals capable of structural investigation”and
eventual S_Ynthesw. The opportunity was seized uBon by the chemists,
and with it the very similar opportunity presented by the sex hormones.
Structures were worked out, and soon synthetic vitamins and, later,
hormones became available. But it was inevitable that the chemists who
entered this field should find themselves fascinated by the further problem
which turned up- why and how do the vitamins and hormones act, and what
is the secret of their specificity? And so the advancing front of the subject
beggp to take a definite orientation towards the solution of hiological
problems. _

When one looks back over the past thirty or fort Kears the most
spectacular results in organic chemical research appear fo have been in or
associated with research on natural products. But it would be wrong to
think of natural ﬁroduct studies as the only advancing front in the subject.
Major advances have also occurred on the side of theory, and particularly



382 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

in our understanding of the intimate mechanism of organic chemical
reactions.  Through them it has been possible to rationalize many experi-
mental observations and, by this provision of a firmer basis for prediction
of reactivity, to add to_the power and precision of synthetic methods.
And not least, perhaps, it has lessened somewhat the task of the student
in assimilating the essentials of the subject. Theoretical advances must
of course, keep pace with the experimental side of any science if overall
pro%ress is to De satisfactory. We may recall that lack of adequate theory
In the mid-nineteenth centdry got organic chemistry into acute difficulties
which were only resolved by the advent of Frankland, Couper, Kekule and
others, and also, | believe, 1t is reasonable to attribute the relative decline
of German organic chemistry from its pre-eminent position at the opening
of the twentieth century tolack of attention to theoretical aspects of the
subject. At that time the German orPamc chemists, backed by a powerful
industry reared on their experimental work, were all too ready to ignore
the young science of physical chemistry through which were, “indeed, to
%_orlge many of the theorefical ideas which in due course illumined their own
ield.

Great strides have been made, too, in what might be called the chemistry
of synthetic carbon compounds - the area on whose development industrial
organic chemistry largely depends.  True, a substantial part of the stimulus
in this vast area came initially from work on natural products, but in its
development it has moved in"many cases far from them. Thus, for ex-
ample, the oldest organic chemical _mdustrY - the dyestuffs industry - began
bty seeking to make natural materials, but it has long since progréssed to a
stage where it operates in areas chemically remote from the natural colour-
ing matters used in the past. On the other hand several of the more
recent industries, such as the petrochemical industry, have had little or no
contact with the natural product field in the ordinary sense of that term
either in outlook or in method. It Is, of course, developments in industrial
chemistry that have made the greatest impact on our everyday life and have
virtually revolutionized the material aspects of our civilizafion. From it
have come a bewildering array of products - dyes, drugs and deterpents,
fibres and fungicides, plastics and pesticides, and' many another. The future
seems to hol ?_romlse of almost unlimited advance and we are likely, in
due course, to find ourselves using entirely new materials in all aspects of
our daily life, each fashioned to meet some Specific need and each represent-
ing a further triumph of synthesis by the organic chemist.

But let me return to the field of natural product chemistry for not only
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is it my own field of work but I believe that it will remain one of the main
spearheads of advance in the future as it has been in the past. When one
looks hack over its development during this century one is struck by the
fact that in many cases the appearance of new techniques have determined
its advance. It does exemplify very clearly the German saying, “Jeder
Fortschritt der Wissenschaft ist ein Fortschritt der Technik.” Early
examples are to be found in the development of microanalysis by Pregl and
others, which enabled the chemist to work with substances obtainable onl

in amounts which would have been useless if the older analytical methods
had to be used; again refined distillation procedures greatly promoted
certain aspects of your own field of natural cosmetic substarices. Later
techniques, have included chromatography in all its aspects - column,
paper, thin-layer, vapour phase, and ‘ion-exchange - electrophoresis
countercurrent distribution and perhaps above all the immensely powerful
analytical tools of ultraviolet, infrared, nuclear magnetic resonance and
mass spectroscopy, and X-ray crystallographic analysis, to mention only
those ph}/SlcaI methods of particular value in organic structural work.
Without these much of the more widely acclaimed work of the past twenty
years would have been literally impossible. These techniques have
enormously simplified the problems of structural elucidation of organic
compounds and there are many e_xamﬂles where the structure of a new
compound has been worked out using them along without resorting to the
classical degradative methods of organic chemistry. There are, indeed
some who say that these methods have rendered the organic chemist and
even his subject obsolete or at least obsolescent.  To my mind anyone who
holds that view has a totally wrong idea of the position. ~Certainly, if a
chemist approaches the study of natural products as a pure exercise in
degradative chemistry - that 1s in the spirit of a man solving a crossword
Puzzle- then it is trle that these new methods will remove much of his
un. But the determination of the structure of a natural product has
never been anend initself. 1t has only been of value in relation to function,
to its origin in nature or as a preliminary to synthetic work aimed at some
practical” goal. Organic chemists have always avidly accepted any
methods which will"remove drudgery from structural Studies and they
gladly accept these new physical methods which, especially with complex
molecules, enable them to concentrate more readily on the issues in the
chemistry of living matter from whose study they have hitherto been
barred by the sheer complexity of the materials with which they would
have to deal. To me these new methods give a hope of getting to grips
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with the problem of chemical specificity in biological systems; this problem
of specificity or, _|f_¥ou like, the relation between chémical structure and
physiological activity if we could solve it, would open up enormous new
vistas, many of practical significance. _ _
_This problem of specificity is one which has long interested me - indeed
it has been in many respects the main driving force behind mK own work
and that of my many colleagues ever since | went to Edmbur? in 1934 at
the invitation of George Barger to try my hand at the structure and
SYntheSB of vitamin Bj, or thiamine, as it 15 now generally called. The
study of vitamin Bxwas in a sense decisive, for it led me in the first instance
to search for and to study other vitamins- vitamins E and B2 for example
- and then to interest myself in the reasons for their importance. This
interest led me to the coerizymes and from these naturally to the nucleotides
and the nucleic acids. ~ All'this work kept me in contact with its offshoots
and art|cularl){ with the attempts o link the increasingly detailed
structural knowledge which emerged with chemotherapy. Chemotherap
in the original sense of the treatment of disease due to living organisms wit
synthetic chemical agents is, of course, only a part of the general field of
treatment of diseases of all types with synthetic (or natural% drugs. From
the practical standpoint there have been great advances in the development
of drugs for the treatment of disease durlnq the present century - advances
which have improved the general health of human belngs enormously and
have greatlz improved man’s expectation of life. | need not enlarge’upon
this here: the revolution wrought in the practice of medicine by chemistry
in recent times is universally known an reco%mzed. And yet it must be
admitted that these advances have been achieved by largely empirical
methods and that there has been little in the way of a sound" theoretical
basis for the production of new synthetic drugs.” The most widely used
apProac_h in recent years has been based upon the idea of cpm_Petmve
antagonism which has owed much to studies on vitamins and anti-vitamins.
The 1dea behind this approach can be readily understood by (%_uotln(r; the
original work of Woods and Fildes in 1940 on the mode of ‘action of sul-
phanilamide. It is known that -aminobenzoic acid is, required by micro-
organisms (and also animals) for_growth and that it is indeed one of the B
group vitamins, Now it is possible to offset the action of sulphanilamide
on micro-organisms by giving large amounts of A-aminobenzoic acid, and it
is equally possible to negative the effect of *-aminobenzoic acid by adminis-
tering sulphanilamide. ~ The inference drawn is that ”-aminobenzoic acid
is essential to the proper functioning of some enzyme system in the micro-
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bial organism and that sulphanilamide competes with it for its place on the
enzyme protein or, alternatively, displaces it from the protein. It was
suggested that this successful competition was bound up with the geo-
metrical, and possibly the physicochemical, similarity between sulphanila-
mide and -aminobenzoic acid.  Since the work of Woods and Fildes this
concept of antagonism, of mterferlng with the functioning of substances or
of enzyme sg{stems, has formed the basis of what has been described as the
first rationa arpproach to chemotherapy. In_this approach the synthesis
and testing of fsosteres and analogues of vitamins and coenzymes has
P_Iayed a large part, but it must be admitted that, although many indica-
lons have been obtaingd that the idea is sound, few successful drugs have
emerged from its application. The reason for this is clear anough - we
know far too little about the way in which enzgme sYstems_ function, and
about the factors which govern specificity, to enable us to fashion antagonists
on any rational basis with a_n;(_ certainty of success. Until we have much
more nowled(l;e about the intimate méchanisms of the cell the discovery
of commercially successful drugs or pest control chemicals will continue to
have about it a considerable element of luck.

0 o b= 0-

CH2(CHOH )3 CH20 —P —0 —P —0 ch2ch choh
OH OH
Flavin-adenine-dinucleotide
Figure 1

L et us take one or two simple examples tg illustrate my point. It can
be shown in laboratory experiments with mlcro-or?anlsr_ns that the well-
known antimalarial drug mepacrine can act as an antagonist to the vitamin
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riboflavin, and one might argue that this is because of a superficial geo-
metrical resemblance in the formulae of the two compounds {Fig. 1). But
riboflavin_functions in enzyme systems mainly as the coenzyme flavin-
adening-dinucleotide.  If, then, we are to proceed from mepacrine we are
certamlr hampered by the fact that we do not know whether the antagonist
acts at the stag_e of the synthesis of riboflavin, the conversion of ribgtlavin
to the active dinucleoticle, or in the carrying out of reactions by the co-
enzyme.
xamples of this type could be multiplied. And yet there is clearly

something in the idea. 5-Fluorouracil, and its deoxyribosice, have been
used in the treatment of certain forms of cancer, and they a gear to act by
interfering with thymidine synthesis and incorporation, and 5-bromouragil
has been Shown to be incorporated into phage nucleic acid within bacteria,
thereby greatly lowering the infectivity of the new phage produced. But
with 5-flugrouracil one ‘is using an inefficient blunderbuss method for it
does not discriminate between one tybpe of rapidly dividing cell and another
- between, say, cancer cells and bone-marrow cells- and so it is too
generally toxic to be a really effective theraFeutlt_: agent.

|f we are to get any further along these lines it is obvious that we must
?et to know much more about enzymes themselves - not {ust what reactions
hey catalyse (which has hitherto'been the major interest of enzymologists)
but how they carry out these reactions and what structural features are
responsible for their substrate specificity. This is a subject which is now
attracting the attention of chemists, biochemists and molecular biologists,
and some quite remarkable progress has already been made.

Enzymes are essentially large proteins, and in general it must be as-
sumed that each enzyme has an “active site” (or sites) to which the sub-
strate gets attached in some way (together, presumably, with the coenzyme
in those cases where one is necessary) in order that reaction may occur.
One approach to enzyme studies is thérefore to search for active sites. It is
now a number of years since Sanger, through his brilliant studies on amino-
acid sequences in polypeptide chains, was able_ to establish by chemical
means the structure of the relatively small protein insulin, - Since then he,
and his colleagues, have refined their methods so that quite large proteins
can be dealt with - for example, Hartley has defined the residue sequence
in_the proteolytic enzYme chymotrypsin which contains some 259 amino
acid residues in its molecule. ~Very mterestln% work has been done by the
same(t;roup on determining the active site in ¢ ymotrrpsm. A very useful

inhibitor of this enzyme is the substance diisopropyl phosphorofluoridate
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(DFP) (chio2p  which reacts stoichiometrically with it to give an in-

active monoghosghorylated ch[zmo_trypsm._ By using DFP, _cont_alnmg
radioactive phospnorus as a marker, it 1s possible to degrade the inactivate
product and to show that the phosphorylation occurs on one particular
serine residue and to locate that residue in'the chymotryPsm chain, Onecan
conclude that this serine residue is part of, or very close to, the active site of
the enzyme.  This is not the place to go into detail on the various reagents
used, but it will be enough to say that by using other reagents, and especially
carefully_deagned synthetic bifunctional compounds, as inhibitors o locate
other residues involved in the active site a picture is now b_undln(t; up of the
Part of chymotrypsin which is actually involved in carrying out the reac-
ons it catalyses. &I should point out, of course, that one cannot simply
S%P{ on the basis of the DFP reaction that only the residues immediatel
adjacent to the reactive serine in the polypeptide sequences are involved;
the enzyme has a complex secondary structure in which the chain is looped
up in a rather complicated fashion'so that some amino acid residues far
removed from one ‘another in the sequence are in fact in close spatial
proximity at the active site.) - _ o

~ Perhaps the most remarkable recent finding in the field of active sites
is that of Phillips who by X-ray analysis has worked out the structure of
one of the group of enzymes known as lysozymes. In this enzyme the
Eplypeptlde chain is looped up into a Iargle three-dimensional lump with a
Kind or cleft or gully in‘it at one side. He has further treated it with an
inhibitor, a%aln_examlned the inactivated material by X-ray methods, and
shown that the inhibitor molecule is sitting s_nu%l){ in the cleft of the original
lysozyme. 1t certainly looks as if this is direct location of the active Side,
and everyone is V\_/altlnﬁ for a further refinement of the present X-ray
diagrams to the point where Phillips may be able to show exactly what the
active site is chemically, and how substrates and inhibitors get attached to
it. | think | need hardly elaborate on the importance of such studies and
their implications for future developments in the drug field and elsewhere.

It is certain, of course, that in determining substrate specificity and in
bringing about reaction, the secondary structure of the macromolecular
protein must be important. There is plenty of evidence to Support the
view that conditions can be quite different on the surface of the macro-
molecule from what they are in the main bulk of the solution in which an
enzyme reaction is carried out in vitro. - The function of the enzyme is in



388 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

part to remove the substrate from the macro-medium,of the solution to a
micro-medium in the immediate vicinity of the protein, where conditions
can_be quite different from those which mlght be fuqlged to exist on the
basis of pH measurements made in the bulk of the solution.  The secondary
structure of a protein p_resumabl;r depends primarily on its size and amind
acid sequence, and it is certainly remarkable how specific this is in an
enzyme from a given species in all cases that have been studied. When
one thinks of it, it is astonishing that there should be such precision in
making these very large protein molecules all with a rigidly defined sequence
M"Ch' |s_tadher§ to even through successive generations of living cells.
oW is it done?

d
Here a%am we have no complete answer but we are, | believe, on the
way to getting it and already we know a good deal. The picture as we now
see it is In general terms something like this. It involves the nucleic acids,
the chemistry of which has long been a subject of research in my own
|aboratories. ~ Since the_ establishment of their general structure nearly
fifteen years ago geneticists and molecular biologists have established that
the primary genetic material - the genes which are responsible for the
transmission of hereditary characteristics - are deoxyribonucleic acids
(DNA), long chain polynedcleotides made up of several thousand simple
nucleotides (normally four in number) linked together through their
|Qhosphate q_roups._ We know two major functions for the genic DNA.

irst, it replicates itself by a synthetic process in the cell nucleus in which
the existing molecule acts as a kind o temPIate for building up the new
ong.  Secondly, it acts again as a template for producing smaller but still
macromolecular ribonucleic acids (RNA)-the “messenger RNA’S” in which
the sequence of nucleotide residues provides a code which controls the
synthesis of a specific protein, i.e. determines the precise sequence in which
amino acids are joined together. What is more we now Know what this
code is- it is one in which a triplet of nucleotides in the messenger RNA
corresponds to one Partlcular amino acid. Since the amino acids are
brought to the site of synthesis themselves attached to small_polynucleo-
tides (each specific for one of the twenty or so amino amds% it is clear that
we are here dealing also with a template method of synthesis. It is by
means of this mechanism that orqanlsms, ensure, or seek to ensure, absolute
constancy in the composition of all the vitally important enzymes and other
proteins which they synthesize and on which their existence depends. It
IS of some interest to Speculate a little here on the possibility of cells making
occasional mistakes in these replication syntheses. One would imagine
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that in a process such as that used by cells for protein synthesis there would
be a small but finite chance of error in the selection of amino acids.  Where
the enzyme protein being produced is only concerned with some process of
intermediary metabolism, ‘an error will have no serious ponse(%uence since
it will be confined to very few molecules of only transient importance.  But
if the error occurs in making an enzyme protein concerned in the series of
reactions leading ultimately to the “production of fresh genetic material,
the situation is very different; for the error may be "passed on and,
especially in animals” which are long-lived and confain a vast number of
individual cells acting in concert, the_cell will change gradually and
ultimately its capacity to grow and divide may cease. " It Is concelvable
that somé such Frocess is responsible for the process of ageing in animals,
although | would emphasize that, however attractive such a hypothesis
may be, it is wholly speculating. But perhaps it warrants experimental
study. _ .

We have still far to go before we really understand the chemistry of
genetic control and mechanisms such as thoe | have mentioned for protein
synthesis. - Only now are people trying to develop techniques for determin-
ing the residue Sequence in nucleic acids - a fantastically difficult problem
but one whose solution is essential to further progress. | think you will
agree that the Progress already made gives grounds for believing that we
are perhaps not too far away from an understanding of what goes on in
living orﬁvanlsms which will revolutionize our approach to many diseases and
may well permit us also deliberately to alter the characteristics of ||V|ng1
creatures by chemical methods - with all which that implies in the way o
dangers as well as benefits for mankind.

These developments to be expected from the researches | have discussed
are primarily biological. But there are features of them which are potenti-
ally of purely chemical importance, and which perhaps foreshadow deveI_oP-
ments of considerable practical moment. One possibility lies in the field
of catalysis,  Enzymes are_remarkabllz efficient catalysts as well as being
highly s?euﬁc_ ne of their drawbacks, when considered for use in many
chemical reactions, is that they are soluble, and thus operate only in
aqueous solution.  In recent years there have been some studies b
Ka_chalsk}/ inwhich by various means he was able to attach non-hydrophilic
residues to enzyme proteins, thereby rendering them soluble in" non-
aqueous solvents without destroying their activity. Such a development
has Rosslbllltles, but perhaps more promising would be the synthesis of
synthetic enzymes by incorporating active sites into large” polymeric
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molecules. This might be done by synthesizing an “active site” as a small
molecule and then building up a polymer around it. _

It is interesting that nature uses a template mechanism for the S}/n-
thesis of nucleic acids and proteins.  This tyRe of procedure has nat in the
past been applied in organic chemistry, but the chance discovery of stereo-
specific Folym_erjz_atlon In the pol?;olefme series indicates that it can be a
practica ,oossmllgt)(. | believe that one of the new ways in which the
plastic-polymer field will develop is anng such lines, and that template
mechanisms will not only yield new and exciting materials with novel
proPertles, but that their dse may lead to a kind of mechanization of
synthetic Brocesses in which molecules of any desired composition may he
produced by a fully automatic process. The p035|b|||tY of readly synthesis
of specific macromolecules which might also lead to the development of
artificial repair mechanisms for damaged tissues in animals might very well
have repercussions also in cosmetic ¢ er_mstrY. _

One could speculate further about things that may haﬁpen in the future
but perhaps | have said enough. One thing is certain; the new knowledge
that waits to be gathered by applying our growing arsenal of modern
research tools in fields such as | have mentioned will OPen up wholly new
vistas for the future - vistas which make me believe that organic chemistry
will remain as | have always known it - a vigorous and exciting science
Whoske_ fgrther progress will add materially to the welfare and happiness of
mankind.

[Received: 3rd March 1966)

The Chairman then presented the lecturer with the Society’s silver medal, amidst
applause from the audience.

Mr. A Herzka: In the unavoidable absence of our Vice-President it is m
Plea ant duty to ropfos? a formal vote of thanks. | feel cert%m that | am express-
ng the sentiments of all when | say what a nwlege It has been to listen to' suc
an authority on organic chemistry.” Thank you once again.
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Synopsis— The literature relating to the application of IR spectroscopy to the qualitative
and quantitative analysis of aqueous detergent systems has been briefly summarized. The
information that can be obtained directly by IR spectroscopy, using either transmission or the
Attenuated Total Reflection technique, coricerning the nature of components in such systems
has been described and a comparison of the two techniques made. The direct approach
could only be applied to relatively concentrated systems; concentrations greater than 0.5%
for transmission and greater than 4-5% for ATR. " It was concluded that the ATR approach
was more suitable to the analysis of raw materials, intermediates and finished detergent
products and examples are quoted of the determination of sodium xylene sulphonate, in
commercial solutions of this sulphonate, and sodium dodecylbenzene sulphonate in a light
duty detergent product, with a relative accuracy of £ 2%.

Introduction

A considerable number of reports have been published on the appli-
cation of IR spectroscopy to the qualitative and ti]uantltatwe analysis of
aqueous detergent_s?{s_tems. In most instances, these reports have des-
cribed methods which involved isolation of the detergent from the agueous
media. Jenkins and Ellis (%_carrled out this isolation by evaporation of a
solution on to KBr and recording the spectrum as a KBr disc; by this method
they were able to identify sodium odec?;lbenzene_ sulphonate at the 10
ppm level.  An alternative procedure for the identification of alkylbenzene
sulphonates, and alkyl sulphates, was described by Jenkins and Kellenbach
(2 inwhich the anignic was precipitated as the barium salt and the spectrum
recorded in a KBr disc.

"Research and Development Dept., Colgate-Palmolive Ltd., Manchester, 5.
301
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For the determination of very low levels of alkylbenzene sulphonate in
water, especially waste waters, the isolation and purification was carried
out by adsorpfion on to carbon followed by desorption with alkaline
benzene-methanol and extraction of the 1-methylheptyl ammonium salt
of the sulphonate with chloroform.  To determine the amount of sulphonate
Present, he chloroform was removed by evaporation and the intensities of
the IR absorptions at 9.6 (1040 cm-1) and 9.9 (1010 ¢cm-1) then measured
in carbon tetrachloride or carbon disulphide solution (3). ~ Ogden et al (4)
modified this procedure for the determination of biologically "soft” and
"hard” alkylbenzene sulphonates in sewa%e. In their procedure the total
sulphonate was determined at 9.9 f (1010 cm-1) and the “hard™ alkyl-
benzene sulphonate content determined from the intensity of the absorption
at 7.31p (1365 cm-1); the “soft™ sulphonate content emg obtained by
difference. They found that the sensitivity of the method could be
increased by using the wheptyl ammonium salt instead of the 1-methyl-
hep(tjyl ammonium salt.  This'method was also employed by these workers
to determine the “hard” and "soft” sulphonate contents of powdered
detergent products, An alternative method for the determination of the
relative amounts of “hard” and "soft” alkylbenzene sulphonates in sewage
based on the ratio of the intensities of the absorptions at 1367 and 1410
cm-1, has been described by Frazee and Crisler (5). In this case the sul-
phonate was isolated as the _l-methYIheptyI ammonium salt and then
converted to the «octyl ammonium salt, prior to the IR determination, in
order to avoid an additional methyl branch absorption in the analytical
region. The application of IR spectroscopy to the determination of
residual alkg/lphenol ponethOX){Iates in the river die-away test has also been
described é_). The poIYet_hoxy ates were examined in carbon tetrachloride
or carbon disulphide solution after isolation by adsorption chromatography,
solvent extraction or foam stanlng. _ _

Recently two groups of workers have applied IR spectroscopy directly
to aqueous detergent systems.  This is now possible with the development
of new cell materials, which, while still reasonably transparent to IR
radiation, are unaffected by such systems. Kullbom and Smith (7) de-
termined the sulphonate content of ¢a.40% aqueous solutions of sodium or
ammonium toluene and xylene sulphonates.  The determination, carried
out by transmission through a 0.024 mm Irtran 11 cell, was based on the
intensity of the sulphonate absorption at 1175 cm-1,whichwas found to be
insensitive to isomeric variations. These workers extended this method
to the analysis of detergent sulphonate slurries (8). The total sulphur
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content of the slurry was determined by an X-ray fluorescence procedure
and the alkylbenzene sulphonate content determined from the |n_ten5|t)( of
the IR absorﬁtlon_ at 1172 cm-1, the sodium sulphate content being calcu-
lated from the difference in the sulphur content. The other group of
workers employed the Attenuated Total Reflectance technique, which
Produces spectra from hulk samples equivalent to those obtained by
transmission through thin films, for the identification of the routing
ingredients of light duty liquid deter?ents_ and shampoos (9).  This work
was extended to the quantitative determination of sulphated alcohols in
shampoos and alkyl benzene sulphonates in all purﬁose cleaners (10).
The purpose of this communication is to show the type of information
that can be obtained from agueous detergent systems By the direct appli-
cation of IR spectroscopy, without any prior isolation, Using either trans-
mission or the ATR technique and to compare the two approaches.

Experimental

The transmission and ATR spectra were recorded on Unicam SP100
and SP200 IR spectrometers with increased slit width and %aln.

The transmission spectra were recorded in fixed path-length cells
(0.025 mm) which were fitted with KRS-5 or Irtran Il windows, and the
reference beam was attenuated to ﬁlve an absorbance reading of ca. 0.1
at a wavelength where the sample showed no absorption.

A TR-3 ATR unit, manufactured by Research_and Industrial Instru-
ments Co., Was used for the determination of the ATR sPectra. A KRS-5,
or Irtran 11 prism was employed as the analemg crystal and the spectra
were recorded at an angle bétween 33 and 40° with the reference beam
attenuated to give approximately 0.1 absorbance units at a wavelength
where the_samPIe showed no absorption. The sample was introduced
with a syringe through the filler ports, into the cell formed by fitting the
backing ‘plate to the prism mount. In the case of a viscous liquid this
was poured on to the back face of the prism, held in a horizontal position,
and the backing plate clamped in position. o

Quantitative analyses were carried out by comparison with calibration
curves. These curves were prepared by recording the spectra of a series
of standard samples, of known concentrations, and measuring the absor-
|bance of the characteristic peak in each spectrum, using a tangent base-
ing.

Results and discussion

It was necessary to employ KRS-5 or Irtran Il as cell and prism
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materials for two reasons. Firstly, to avoid precipitation of insoluble
salts by reaction of the detert{qent_ system with the optical material; such an
effect occurred with barium fluoride, which is commonly used for IR studies
of aqueous systems.  Secondly, the principle of the ATR technique ﬁl)
demanded that the prism material be of high refractive index,  Eitner
material could be used for the detergent systems studied except for highly
alkaline solutions where Irtran 11 was necessary, due to the formation of a
bright yellow film on KRS-5.

Figure 1 o .
Spectra of water and frequencies of characteristic absorptions

% ATR Wltp KRS-5 prism
ATR with_Irtran I] grlsm
¢ Transmission in ﬂOﬁ m?] KRS-5 cell
Asin (c) but with the reference heam attenuated

_InFig. 7are shown the ATR spectra obtained for water with a KRS-5
prism (ag and an Irtran I prism (b). Also shown is the transmission
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spectrum of water in a 0.025 mm KRS-5 cell (c) together with the same
spectrum after the reference beam had been attenuated; the dotted lines
are regions where there was no response on the recorder pen. It can be
seen immediately that virtually no information can be obtained from the
transmigsion spectrum unless’ the reference beam is attenuated. An
alternative procedure would be to place a variable cell, filled with water, in
the reference beam and to ad{ust the thickness of it until the water ab-
sorptions are compensated out.  Such a procedure is tedious due to the
almost complete lack of signal on the detector in the regions of very stron?
absorption. However, in"the ATR spectrum there is no waveléngth a
which the water absorption is complete; the complete absorption at 650
to 750 cm-1 in spectrum &b) IS due to the decreased transmission of the
Prlsm. This difference between the transmission and ATR spectra is due
0 the fact that in ATR the attenuation of the reflected radiation only
occurs in the first few microns of the sample and hence the resulting spec-
trum is equivalent to that which would be obtained by transmission
through an equivalent thickness. As it is a surface effect the actual
thickness of the sample is not important with the result that bulk samples
can be used.  This immediately eliminates the need to obtain reproducible
thin films and removes the experimental difficulties of filling, ver¥ short
path-length cells with_ viscous liquids and the troublesome “interference
patterns™ associated with such cells. Goulden and Manning (12) have
pointed out that the intensity of the 1640 cm-1 water absorption in an
ATR spectrum is equivalent to that obtained by transmission through a
5 kfilm.  However, since the depth of penetration is dependent upon the
closeness of the angle of incidence to the critical angle, which IS itself
dependent upon the refractive index of the sample and for an absorbing
medium this varies within the absorption bands, it is probable that the
actual depth of penetration varies througtr)wut the whole spectrum, being
least where the samPIe shows strongest absorptions and greatest at those
wavelengths where the sample shows no absorption. It follows directly
from the above, therefore, that the ATR spectrum of a solution will be
considerably weaker than the corresponding transmission spectrum.

~Also shown schematically in Fig. 1 are the frequencies of the character-
istic absorptions of components commonly encountered in aqéjeous deter-
gent systems. The C-H stretching vibrations at 2850 to 2950 cm“1 could
only be clearly detected for those components which possessed a relatively
large fatty alkyl grouP and were not usually detected for alkylbenzene
sulphonates and alkylphenol polyethoxylates. The relative intensities
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of the four ahsorptions shown by alkylbenzene sulphonates in the wave-
Ien?th range 1000to 1145 cm-1varied with the hydrocarbon fraction of the
molecule and these differences could be used to distinguish between
dodecylbenzene, xylene and toluene sulphonates. The weak absorption at
840 cm-1, which IS due to a L:4-disubstituted aromatic system, was only
shown Dy dodecylbenzene sulphonates. Straight and branched chain
dodecylbenzene sulphonates, at the concentrations encountered in finished
liquidproducts, showed differences in the wavelength range 1360 to 1420
cm-L which could be used to distinguish between them. " In the case of
fatty alcohol ether sulfhates, the “relative intensities of the sulphate
absorption at 1220 to 1250 cm-1 and the ether absorption at 1080 to 1110
cm-L gave an indication of the number of moles of ethylene oxide in the
component.  Similar information could be obtained for alkylphenol
po%yethox{vlates by comzparlson of the intensities of the absorptions at
080 to 1710 cm-1and 1240 to 1260 cm-1. It was found for a fatty alcohol
sulphate that the exact frequency of the absorption in the Wavelen(t;th
range 1050 to 1070 cm“] dependéd upon whether it was present as the
sodium, monoethanolamine "or triethanolamine salt. A" much higher
concentration was needed to obtain absorptions which could be correlated
with the presence of a cationic; for transmission work the concentration
had to be at least 5% while for ATR it needed to be considerably greater.
From the quantitative aspect, an ATR procedure has been developed,
based on the transmission method described by Kullbom and Smith (7),
for the analysis of commercial sodium xylene sulphonate solutions, utilizing
the sulphonate absorption at 1175 ¢cm-1~ The method, the relative accurac
of which was + 2%, was applicable to solutions containing more than 5%
w/w sodium xylene sulphonate and did not require knowledge of the isomer
distribution, which is necessary for any UV spectrophotomegtric procedure,
This accuracy was of the same’order as had been found earlier for the ATR
determination of IaurKI ether sulphate or sulphated fatty alcohals, in
shampoos (10). Another example of a quantitative application is the
determination’ of sodium dodecylbenzene sulphonate In a I|?ht dutr
detergent product. The analysis was based on the intensity of the sul-
ghonate absorption in a ATR 1spectrum usmdg a tangent base-line drawn
etween 990 and 1310 cm-1 The standard deviation of the method was
found to be + 0.4% at the 25% level of active ingredient.

Conclusion

It must be emphasized that the direct application of IR spectroscopy,
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either transmission or ATR, to aqueous detergent systems can only be made
for relatlvelx concentrated systems. In general terms, for concentrations
less than 0.5% some form of Concentration and/or isolation must be carried
out prior to any IR spectroscopic studies. Further, the ATR technique,
which eliminates the practical difficulties associated with the determination
of transmission spectra of aqueous solutions, required concentrations_of
at least 4-5% and is more suitable to the qualitative and quantitative
gxartnlnatlon of raw materials, intermediates and finished detergent pro-
ucts.

[Received: 1Ist September 1965)
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Introduction by Dr. Puttnam

First of all | would draw your attention to_our conclusion, namely that if the
concentration of the compaonent is less than 0.5% it is necessary to Carry out an
Initial concentration or isolation. Above this concentration, Ir” spectroscopy can
be a B|Ied directly to aqueous detergent systems.  For concentrations in the Tange
0.5-4.0%, the sample must be examiried by transmission. -~ For concentrations above
4%, which is usually the case in raw matérials, intermediates and finished products,
the sample can be examined by ATR, which eliminates difficulties associated with the
trangmission technique. o _

Secondly, since most are J)robably familiar with ir spectroscopy but not with
the ATR fechnique, | would like t0 describe the procedure for “recording _Such
i{)ectra and show you its simplicity. Fig. 2 is an optical drawing of the TR-3

TR unit. - The thee mirrors are pecessary to divert the beam, normally travellln%
th,roug;h the sample compartment of the Spectrometer, sothat it makes an angle at th
prism/sample interface. = The first steP IS to fit the,backlnﬁ]plate to the prism mqunt

Fig. 3), S0 forming a cell aepéaroxma ely 2 mm thick on fne back face of the prism.

he sa ,I[])Ie I then ntroduced. into this cell through the filler port (rig. 4) with the aid
of asyringe. In the case of viscous liquids theseare poured, as shown in Fig. 5, on to
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HHC ATR UNIT TR-3

SCHEMATIC RADIATION DIAGRAM

Figure 2.

the back face of the prism, held in a horizontal plane, and the backing plate is then
clamped in position. " _ _ o

_The prism mount is then placed in the ATR unit as shown in Fig. 6 and the angle
of incidence set (Fig. 7{. Atter the ATR unit has been placed (Fig, 8) in the sam?le
beam of the spectrometer, the reference beam must be attenuated™(Fig. 9), since the

transmission of the ATR unit is onliy Ie111pPrOX|matehy 60%. The mandal gain of the
Instrument is checked and the spectfum then recorded.

Figure 10. ATR spectra of toothpastes.
a) Glycerine humectant and phosphate abrasive.
h GI?/c,erm% humectant and carbonate abrasive.
¢) Sorbitol humectant and phosphate abrasive.
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Fig. 10, of various dental creams, indicates that it is possible to distinguish
between a cream which contains a carbonate as the abrasive and one contalnmﬁ a
{)hosphate. Examination of the absorptions close to 1000 cm-1 indicates whether
he humectant is glycerine or sorbitol.

Figure 11. ATR spectrum of grated soap sample.

Fig. 11 shows the ATR spectrum of a grated soap sample pressed on to the back
face of the prism.  Since there are no absorptions due to glycerine, we can assume
that the,h}/ roxyl absorption a ca. 3400 cm-1 is due solely’to moisture. ~ Since It 1s
not possible to gbtain reproducible contact between the sample and the prism in the
determination of moisture in soap, it i necessary to measure the ratio of inensity of
'[TP]IS_ absorption compared to that at 2800 cm-1, which IS due to the soap hydrocarbon
chain. L -

From the quantitative aspect, the accuracy of the method depends first of all on
the spectrophotometric accuracy of the spectrometer. Other factors which will
Influence the accuracy of the analysis are the area of the i)rl,sm in contact with the
sample; for liguids this is obtained by ensuring that the cell s completely filled, and
the reproducibility of the setting angle. We have found that the reproducibility of
an absorhance peak of 0.3 units 15t 0.004, i.e. the reproducibility is the same as
that obtained bz,tranf,mlssmn. , . ,
_Inthe analysis of I%UId products it should also be borne in mind that the calibra-
tion curve 1S prepared by dissolving known weights of the component being deter-
mined, e.g. the active material, in known, weighits of water. In the samplé thjs is
usually not strictly true, since a given welt%ht t sample will contain other dissolved
companents, so that the water content of the sample 1s not 100 minus the weight of
active material being determined, and hence a correction factor must be employed.

DISCUSSION . _
Dr. A R. Rogers: Would | be correct in concluding that experimentally the

ATR technique is no more difficult for handling liquid samples than conventional ir
methods, and that it is easy to learn ?
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Dr. Puttnam: Basically the ATR technique is much simpler.  For aqueous
sojutions the ATR spectrum’is equivalent to that which would be obtained by trans-
mission through a cell thickness of about 5/1. Figs, 1a and Ib show that there are no
wavelengths at which absorption 1s complete. The ATR technique eliminates the
need to attempt to Introduce, for example, a Ilqht duty detergent or a shampoo into a
cell of 25 Ja thickness. ATR also eliminates the froublesome Interference patterns
which arise from thin cells, and the difficulties of filling these cells with very viscous
liquids. For such liquids the method of filling is that shown in Fig. 5.
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aerosol
R.J. BROOK and B. D. JOYNER*

Presented at the Symposium on "Physical Methods,” organised by the Society
of Cosmetic Chemists of Great Britain, in Bristol on 17th November 1965.

Synopsis—Methods are described ior the analrsis of aerosol proEeIIan.ts of the chlorofluoro-
carbon type, including the analysis of aerosol packs. The methods include those used for
the estimation of boiling range and of inert gases, and of deleterious impurities such as water
and chloride ion, and the analysis of mixed propellants by gas chromatographic methods.

Introduction

The aerosol industry has continued to expand rapldlg{ during the
last decade. Excluding food products marketed in aerosol form, pro-
duction has risen from 6 million in 1955 to 110 million in 1964. "By
common u_sa%_e_ the term “aerosol” in this context has deviated from ifs
strictly scientific meaning, and in the packaging field is applied to any
product—solid, liquid or foam—which is expelled from its container by
a liquefied or compressed gas. o
A wide range of propellants is used, including inert gases such as
nitrogen, hydrocarbons such as butane and J)ropane and a number of
chlorofluorccarbons.  This paper is concerned with the analysis of the
latter compounds, both alone and when part of an aerosol formulation.
The chlorofluorocarbons are distinguished by a numbering system,
used throughout the world, which is related to their chemical formulae
(Table 1). - They are marketed In this country as Isceon and Ardon

Imperial Smelting Corporation Ltd., Avonmouth, Bristol.
401
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Table |
Properties of propellants
Propellant Chemical B.Pt.  Vapour pressure
ﬁo. ormula (°C) (A%m. aq 21°C)
h CECI3 23.8 0.91
12 CFXI2 -29.8 578
13 CF3ClL . -81.4 32.2
21 CHECI. 8.9 1.57
22 CHEXI -40.8 9.34
114 CFXLCFXL 3.6 1.88

and are the compounds which come nearest to Possessmg the ideal chemical
and physical properties required of an aerosol propellant, which are:
(1) Surtable vagour pressure,
(1) nonflammable, non-toxic and odourless, o
(1ii) high chemical stability over long periods of time in the presence of
bodh thle forméjlatlon and the materials of construction of the container
and valve, an

(Iv) satisfactory solubility characteristics.

The most commonly used chlorofluorocarbon &ogellants are 12
(OCIF 2, mixtures of 11 (CCIF) and 12, and 114 (CCIF2CCLF, either
alone or mixed with 12

_Propellants 11 and 12 are produced by reacting h_ydrp%en fluoride
with carbon tetrachloride in the presence of a catalyst in either a liquid
or vapour phase process and propellant 114 in a similar way but using
hexachlorethane instead of carbon tetrachloride, Hydrogen chloride is a
by-product of the reaction and in addition chlorofluorocarbons are obtained
containing more or less fluoring than the specified propellants.

Table I
Propellant specifications

Propellant 11 Propellant 12 Propellant 114

Metmmum water content
p.p.m. b

. y wt) 10 10 10
Mayimum boiling range
3(5&15%_85%)g ! 0.25 0.25 0.25
Maxi high boiling residue
EEvorﬂu‘% . y 0.01 0.01 0.01
Maximum oT- bsorbable gas
content on. %3 2.0 15

Chlorides (ppm by wt)) 0.5 05 0.5
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Thus the likely |mﬁur|t|es in the chlorofluorocarbon propellants are
h drO?en chloride ‘and hydrogen fluoride, inert gases such as air and other
chlorotluorocarbons of higher or lower bmlmq} point. The specifications
detailed in Table 11 are de3||gr_1ed to ensure the virtual absence of these
impurities. 1t can be justly claimed, because of the ver¥ rigid specifications
for these compounds, that they are among the purest organic chemicals
produced on a tonnage scale.

Analysis of propellants

The methods used for the analysis of propellants var;{ from simple
tests in inexpensive equipment to gas chromatographic analysis requiring
solohls_ncate apparatus and a considerable amount of experience. The
following section describes the methods employed.

Water content

Many aerosol formulations are liable to deteriorate in the presence of
any appreciable (iuantlty of water. The amount of water in chlorofluoro-
carbon propellants, however, is far too low to cause any trouble of this
description.  The water content is often determined with an electrolytic
water analyser.  This instrument employs a phosphoric acid film to absorb
water from vaporized P_ropellant and the water absorbed is simultaneously
electrolysed from the film.  The current consumed is a direct measure of
the water content.  This e_Iectro_Igtlc method is used wherever possible for
routine analysis since it is rapid and convenient.  However, it is not
applicable to all chlorofluorocarbons, and then the Karl Fischer method is
used. This method is also used to standardize the electrolytic analyser.

Boiling range

This is determined in a “Goetz” flask, in which a 100 ml samPIe IS
evaporated to 15 ml and the temperature range recorded. Compliance
with this test ensures that the high-boiling an |0W-b0|||n% chlorofluoro-
carbon impurities do not amount to more than_about 0.1% by weight.
Any high-boiling residue is then determined by raising the remairiing 15 ml
to a temperature 30°C above the boiling point of the sample.

Non-ahsorbable gas content

(Gases such as air or nitrogen would, if present in substantial quantities,
lead to excessive and unreliable pressures in aerosol packs. To determine
these a test is carried out on the vapour phase of a cylinder by bubbling
the vapour through tetrachloroethylene and measuring the voltme of gas



404 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

not absorbed. _The vapour phase, as would be expected, contains a much
higher proportion of such gases then the liquid phase, so that this is a
Very sensitive test. -

Chloride

The original method required that chloride should not be detected on
the addition of a solution of silver nitrate in methanol to a solution of the
Bro ellant in methanol. However, the lowest level of chloride detectable
py this method is only about 5 ppm and an alternative method was devised,
in which a vaporized sample is bubbled through water which had been

first acidified, then neutralized with N sodium hydroxide to a pH of 45.

The chloride content is calculated from the quantity of alkali required
to return the pH to 4.5 after passage of the sample. The level of detection
is 0.1 ppm and normally the chloride content of chlorgflugrocarbon pro-
peIIanlt_s (IjS below this level, although an on-grade specification of 0.5 ppm
15 applied.

Analysis of propellants in aerosol packs

A more rapid and convenient method than those previously described
(1-3) has been established.  An accuracy of about +1% has been achieved
which is considered adequate, since it is greater than the accuracy of
filling the aerosol packs.

NNNNNNNN

The analysis is carried out by gas chromatography, using a Perkin-
Elmer 451 Vapor Fractometer fitted with a gas sampling'valve. = A thermal
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conductivity detector is empIoKed, and the higher sensitivity of thermistors
at low temperatures. makes them preferable to the hot wire type. The
({;as sampling valve is fitted with a 1 ml sample volume and connected
0 aﬂlass manifold (Fig. 1. _

The basis of the method is the injection of a sample directly from an
aerosol container into an evacuated glass flask by means of a suitable
adaptor, a hypodermic needle and a rubber serum'cap. The low-boiling
components 0t the sample vaporize almost instantaneously.  The adaptors
required for two of the common aerosol can valves are illustrated in Fig. 2.
ﬁhekneedle is a No. 1 “Hypo,” 2" long, to pass through the tap into the

ask.

(b) Additional adaptor for Newman-Green valves

There are a variety of methods available for calibration, the choice of
method often being ?overned by the tﬁpe of sample, and, in some cases,
by the type of sample valve fitted to the gas chromatographic apparatus.
For our present purpose calibrations were obtained from binary mixtures
of propellants 11/12 and 12/114 of known composition prepared in
cans from cans of the pure components. Adaptors to connect the cans
can be made from either two Newman-Green type control buttons, or from
a piece of ptfe rod drilled with a  hole, depending on which type of
aerosol valve is bemgz used. An empty or evacuated can is weighed and
a suitable weight of the propellant with the lower vapour pressure intro-
duced. The Second propellant is then injected until a mixture of the
required composition 1s obtained.
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The calibration procedure from this stage is as follows (Fig. 7):

1. Evacuate the flask and manifold with taps 1, 3 and 4 open and taps
2 and 5 closed.

2. Shake the aerosol pack if the formulation requires it. Connect the
adaﬂtor and needle in place of the control button and discharge sufficient
of t ? contents to ensure that the dip tube contains a representative
sample.

3. Push the needle through the serum cap and into the flask. Pump away
any residual volatile material.

4. Close taP 1 and inject the aerosol slowly until a pressure slightly in
excess of 10 cm is Obtained in the system (See noteF)).

D, Cl?se tap 4, open taps 1and 5 and pump out the manifold and sample
volume.

6. Close tap 1 and OFen tap 4 slowly to give a pressure of 10 +0.1 cm
in the system. Close tap 4.

7. Turn the sample valve to inject the sample into the glas stream passing
to the column. After 5 sec return the sample valve to its former
polsmon to allow maximum pumping time for the manifold and sample
volume.

Note: By using a || flask a reasonable sized sample may be taken with
a final pressure in the flask low enough to ensure that a negligible
quantity of propellant remains dissolved in any non-volatile com-
ponent of the aerosol formulation. _

Table 111 %IVGS the_conditions employed for the gas chromatographic
analysis and the retention times of the components sought. The recorder

Table 111
Conditions for gas chromatographic analysis
Column: 15 ft., .., 25% silicone oil on 70-80 mesh Celite.
Temperature: 40°C.
Inlf,t Pressure; 10 p.S}. ,
Helium Flow Rate: ‘43'ml/min.
Component Formula Retention time
Air 2! 22"
P-13 CFXL 2' 40!
P-22 CHECI 330
P-12 GEXL2 34"
P-114 CFXI.CFCL 4" 4p"
P-21 CHFC12 8' 00"
P-11 CFC13 10'42
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i run at a fairly high chart speed (24"/hr), and when the re(1u_ired settings
for the peak aftenuator have been determined, this control is preset for
eachindividual peak.  The peak width at half peak height is then measured
with a travelling microscope and the values obtained plotted against the
true peak height (Fig. 3), i.e. observed peak height multiplied by the
attenuation factor for each component. This is repeated with mixtures

y 04 o a8 0-386

0-197 0-198
0-170 0171

P-114 CORRECTED
P-114
0-136 0-136

10 15
TRUE PEAK HEIGHT (MILLIVOLTS)

Figure 3 Calibration graphs for propellants 11, 12 and 114

over a wide _range of composition of the propellants concerned. With a
high sensitivity detector, which permits the use of small samples, the lines
obtained will be almost horizontal and with the thermistor detector the
variation found was so small that a constant figure for the peak width
may be taken for the range of peak heights obtained. The areas of the
component peaks may then be obtained” directly from the peak heights.
The weight percenta%e of each component is given apprommateIY by the
area of the peak for that component expressed'as a percentage of the total
area of all the peaks. Using helium as the carrier gas this method gives
accurate results for mixtures of fropellants_ 11 and 12 but nof for
mixtures containing _proPeIIant 114, due to differences in thermal con-
ductivity. A correction factor for this effect may be calculated from the
results obtained on the standards, and the calibration re-plotted, for pro-
Fellant 114, 1t is normally found that this line is parallel to the original
Ine as shown in Fig. 3.
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Calibration lines having been obtained by this method for the three
most common propellants, some further binary mixtures of propellants
were made up and typical aerosol packs were prepared and analysed by
the above method. "The results obtained are given in Tables 1V™and V
and typical values for reproducibility, both for the same and for repeated
injections, are given in Table VI,

Table IV _
The results of the analysis of synthetic binary mixtures

% Propellant 12

Propellants Naunrglb%resOf

Actual Fn?gann% Range y
11/12 29.9 29.6 29.5-29.8 3
11112 50.9 515 50.9-51.9 4
11112 0.1 0.3 69.7-70.8 )
12/114 10.0 98 9.7-99 9
12/114 29.9 29.7 29.5-29.9 3
121114 50.2 51.0 50.9-51.3 3
121114 70.1 10.6 70.3-71.1 6
12/114 90.1 90.1 89.9-90.3 9

Note: % Propellant 11 or 114 = 100% propellant 12

Table V _
The results of the analysis of synthetic aerosol packs

Propellant . % Propellant 12
Type, of Propellant Number
¥ng TP & %%taect in propeannt mixture of

approx. %  Actual Found  Range  analyses
Hair lacquer 11112 60 50.9 50.4 2-51.
Al freshener 112 3 S A 7
[nsecticide 11112 15 5.1 52.1 90.7-54.1 1
TR N (O
Perfume C 12/114 50 30.3 299 29.8-29.9 3
Note: % Propellant 11 or 114 = 100% propellant 12

Table VI
Reproducibility of samples
% Propellant 12
Found Mean Actual

Replicates from flask 70.0, 70.6, 70.6, 70.3, 70.2, 69.5 70.2 70.0
Replicatfe Wection?
(Mean of three analyses) 50.6, 50.3, 49.6, 49.9, 50.0, 49.9 50.1 51.0
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Two points must be stressed.  Firstly, all glassware must be thoroughly
cleaned as any high boiling materials which do not pump away rapidly
may interfere with succeeding analyses. Kerosene from insectiCides and
|soprop¥l alcohol from some air fresheners are examples of this problem.
In the former case it was found necessary to take smaller samples (5 cc
or less) to obtain good results in series analysis.

Secondly, a stopcock gz_rease must be Used which does not absorb
proPe_IIants. The most satisfactory one found (4) uses the formulation,
dextrin, mannite and glycerol in & weight ratio of 7:3.5:18. These in-
?redlents are gently heated together until a clear solution is obtained,
hen brou?ht just to the boil and allowed to cool. This grease tends to
absorb water and alcohols, therefore it must be stored in an air-tight con-
tainer or a desiccator, and taps must be regreased frequently. Hot water
easily removes it from glassware.

Ratio of propellant to fill in aerosol packs

. The approximate ratio (to within a few per c_en_tg of propellant to fill
Is often required. The work described has been limited to hair sprays but
could be extended to certain other formulations. The principle of the
method is to pass the aerosol can contents through an aqueous calcium
chloride solution in which all but the propellant is retained. Water alone
was used initially but erratic results were obtained (Table V11). Suitable

Table VII

Comparison of water and calciug1 chloride solution
as separation media

Replicate analyses % propellant found
Separation Medium

Calcium chloride
W ater solution

Mixture (a)

Mixture (b)

oo
O~IOLOUTI O U
Sebsoor s REOIS
OUTOLOH U OO0

O 538 e

b) 47.5% wiwmethylated spirit
pr )257%5 ' \\/'vvl\\/’vvggnrgpe)i gnet lfpm
% wiw propellant 12 KO/ H et

" ulant 12
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weighings of the can and solution container enable calculation of the
Bropellant content to be made. The procedure has not been finalized
ut results accurate to +1% have been obtained.

The spray head of an aerosol can is modified b{ cutting a small notch
from the outlet orifice to the top and then inserted into a 3" length of
PVC tubing. - The other end of this tubing is connected to the inlet end
of a Drechsel bottle of 300 ml capacity. The inlet tube of the Drechsel
bottle is vertical, i.e. no right angle bend, and the end of the dip tube
is drawn out to a jet. The head of the Drechsel bottle is secured with
a spring.

Procedure

L Elatlgle 150 ml of a 10% ww calcium chloride solution in the Drechsel
ottle.

2. Pass about 3 g of propellant 12 through the bottle to purge the air
from the headspace. Weigh immediately.

3. Wei(]qh the aerosol pack to be analysed and connect to the Drechsel
bott ehtmakmg sure the aerosol valve is not actuated, keeping the can
upright.

4. Depress the can valve carefully, allowing sample to pass into the bottle
with a minimum of spray.

5. Allow 10-15 g of sample to pass, measuring the volume of gas leaving
the system as an indication of the weight taken,

6. Invert the aerosol pack and allow the liquid remaining in the PVC tube
to drain into the Drechsel bottle,

1. Detach the can leaving the spray head within the PVC tubing then
insert a plug of known weight in the inlet orifice of the spray head.
Weigh the can.

8. Warm the Drechsel bottle in a water bath at 30°C for 30 min to remove
higher boiling propellants. Cool to room temperature.

9. Pass about 3 g propellant 12 throu?h Drechsel bottle. Reweigh
mme&zhgtely. alculate propellant rafio from the weight changes
recorded.

Blank determination

As a check on possible loss during either the heating stage or during
the passage of propellant 12 in stage 9, the following test was carrie
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out. 6 g of the product of a PVP-based hair lacquer were placed with
150 ml of the calcium chloride solution in the Drechsel bottle and
passed throu%h stages 2, 8 and 9. The We_|g1ht losses in five experiments
ranged from 0.01 to 0.03 g which is negligible compared with the normal
gain in weight of 5-10 g,

Results obtained

“Table V11 gives the results obtained with two mixtures of meth?]/lated
spirits with propellants 11 and 12, one of which contained shellac.

arly results obtained with water as the separation medium are included,
delmtqnstratlng the better reproducibility obtained with the calcium chloride
solution.

When an attempt was made to analyse a commercial hair lacquer using
water as separation medium, it was noted that addition of calcium chloride
to the resultant solution caused effervescence, indicating that some pro-
pellant had been retained.

Table VIII
Analysis of hair lacquers

[lant

Control 61.8%
propellant

Unknown Can

SHHUIHGIS
COF—= OO O
oI oo
oHOOOHUIUT
—oARo oL

1
2
3
4
5
b

The procedure was checked with a commercial hair lacquer formulation
known to contain 61.8% of propellant and used to analyse six packs of a
roduct of unknown composition. - The results obtained are in Table V111,
ork on this method is continuing.
1
2
:

4

(Received: 13th September 1965)
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Introduction by Mr. Brook
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~ Mr. R J. Brook: hed%

Souse 1 R Brook: 1€ { Her matrgn of borlrné]{ran described in thi dﬁugaper

S ropellants during production
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Mr. A Herzxa: What sort of errors occur in gas chromatography and what is
their magnitude

Mr. R. J. Brook: TIPe err?rs referred to arise fr% t] res nc of hr hborlr
constétuent in aerosol formu tros Because of t vo tr It fesec
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ced Id ly not b f t it illary dip tub
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Mr. A. Herzka: Mr. Baxter mentioned that the vapour phase tap varies from
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The relation between structure
and properties In plastics used In
packaging

A SHARPLES*

Presented at the Symposium on “Physical Methods,” organised by the Society
of Cosmetic Chemists of Great Britain, in Bristol on 17th November 1965.

Synopsis—The recent developments which have taken place in our understandin? of the
crystalline structure of polymers are considered in relation to the effects which he?{ are
likely to have on dependent physical properties. The properties considered are those [ikely
to be of greatest relevance to film and blow-moulded products used in the packaging industry;
namely, thermal stability, optical properties, permeability, and mechanical behaviour.

Introduction

|deas on the solid state structure of polymers, which had remained
almost unchanged for the previous 20 years, uriderwent a revolution about
seven or eight years ago, stemming from the discovery of polymer single
crystals Sl). he consequences of these new concepts are now beginning
to"he better understood, and it is the purpose of this article to review the
present state of knowledge of polymer structure, with reference to the effect
It is likely to have on product properties; in (Partlcular, on those properties
which are of importance in the packaging industry.

Flexibility and the rubber-like state

Polymeric materials can be conveniently classified as follows;
(8) Structures with ordered covalent bonding in two or three dimensions,
eg. %ragmte and diamond. _ o
Structures with disordered, but extensive, covalent bonding, in
three dimensions, e.g. phenol-formaldehyde and urea-formaldehyde resins.

*Arthur D. Little Research Institute, luveresk, Midlothian.
415
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() Linear polymers, eg polyethylene, polyvinyl chloride, polystyrene,
with covalent bondlnlg In one dimension. _ ,

In the first two classes, because the covalent bonding extends in more
than_one dimension, the structures cannot be made more fluid, either by
melting or by dissolving and, as a consequence, predetermined shapes can
onlt;{]be obtained during the actual chemical s?/nthesw of these materials, by
a ermosettm(]; process. With linear polymers, however, the forces
between the molecules in two dimensions are only secondary in nature, and
so can be broken down, rever3|b[Y, by heat Or b% solvents, to enable
thermoplastic processes, such as film extrusion or Iow-mouldlnﬂ, to be
carried out. In addition to being thermoplastic, polymers of this type
Possess a property which is unique in the field of materials and which stems
rom the linear conflguratlon of the Polymer molecules,  This property,
which can be summed up loosely by the word "flexibility,” involves the
ability to undergo extension without rupture to the extent of at least 5%,
and in some cases to as much as 500%; and subsequently to recover, so
that the original dimensions are almost completely regained. It is this
Property which distinguishes polymers such as polYet ylene and nylon
rom other classes of materials, such as metals, molecular crystals, and ionic
crystals. It arises because individual chain molecules, or segments of them,
can take up avariety of configurations, which in the unstressed state can be
typified by the structure shown in Fig. 1(a). The application of a stress
causes the chain to tend towards the conf|g[urat|o_n shown in Fig. 1(b). As
this can occur simply by rotation about the intermonomeric linkages,
without any deformation of bond singles or distances, the free-energy

a
(&) Unstretched and (o) stre?c'ﬂg(rie s%ates of flexible polymer chain.
changte involves only an entropy component ; in an ideal system, the heat

or enthalpy comporient is zero. This is similar to the situation where an
ideal gas 1S subjected to a stress which compresses it to a smaller volume,
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and, in both cases, the removal of the stress enables the original, and more
probable, State to be regained. o _

__In order to observe this long-range elasticity in a polymeric system,
It Is necessary to choose a polymer where the forces between the chains are
small, so that the enthalpy of deformation is correspondln(ll_ly negligible,
and then to link the molecules together with occasional cross-links, in order
to enable the deformation to be maintained for a reasonable time.  This is
the cage of a lightly cross-linked natural rubberat room temperature, where
reversible extensions of several hundred per cent can be observed. In
polyethylene the interchain forces are too strong to enable such large
elastic effects to be observed at_room temperature, but if a cross-linked
sample is raised to more than 150°C elastic properties similar to those in
rubber can be observed. o _

The property of long-range elasticity is a hl(t;hly_ desirable one, and
constitutes oneof the main” reasons for the extensive use of plastics,
ﬁartlcularlY in packaging applications. . In the examples described so far,
nowever, it is necessarily associated with the disadvantageous character-
istic of low modulus.  Compared with a typical film-forming plastic such as
Folyethylene, a lightly-cross-linked natural rubber has a modulus at room
temperature which is"three orders too low, and consequently the material
is far too easily deformed.

The effect of crystallization

The process of crystallization increases the modulus of an initially
rubbery material by reinforcing the structure with what are essentially
cross-links, composed of crystalling regions. A similar increase in modulus
could be obtained by increasing the extent of chemical cross-linking, but
in this case an irrevérsible chemically-formed structure is involved, which
is no longer thermoplastic, as is a semi-crystalling ﬂol_ymer. Crystallization
ina Polymer can be obtained by the appropriate choice of polymer molecule
- polyesters, for example, which involve stronq interchain forces, yield
highly crystalling |oroducts, with only. a small residue of rubber-like
amorphous material; or a material which is rubber-like at room temperature
- for examBIe, natural rubber itself- can be cooled, until the increase in
secondary-bonding between the chains becomes sufficient to induge the for-
mation of stable crystalline re,rt;lons. Raw rubber at 0°Cincreases in crystal-
linity to such an extent that its modulus is raised by more than 100x 2).

_ The increase in modulus caused by the Bresence of crystalline regions
in a polymer, is unfortunately accompanied by a corresporiding decrease in
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the extent to which long-range eIasUmtz can occur.  The figure of several
hundred per cent typical of natural rubber is reduced to not much more
than 5% in semi-crystalline products, but nevertheless this is sufficient to
result in behaviour which is acceptable for most practical purposes; it is also
very much greater than the figure of 0.1% for the yield point extension of
typical low molecular weight materials.

The glassy state

The tough, but flexible behaviour of polymers which is so necessary for
the production of film and moulded articles, is thus a consequence of the
co-existence of I‘I(%Id crystalline regions, and rubbery amorphous ones,
linked together to Torm & coherent network. Before passmq to a consider-
ation of the nature of this structure, however, it is worthwhile pointing out
that the rubber-like state is not the only one possible for a wholly amor-
phous polymer.  Some products, usually vm;r pol¥me_rs whose sequences
of monomer units are not ordered - the ‘so-called atactic polymers formed
by free-radical ROl merization - are incapable of beln% c_r¥stalllzed no
matter how much the temperature is lowered. ~Such materials eventually
Pass Over into a glassy state, usually at a fairly well-defined temperature -
he glass or second-order transition point - whére the mobility of the chains
has Deen lost dug to the "freezing-in” of interchain forces. "The relatively
sudden increase in these forces with decreasing temperature is similar to the
process occurring on crystallization, One blg difference, however, is that
no rearrangement of the molecules is involve durln(% vitrification, so that
the volume change characteristic of a first order (crystallization) transition,
is absent. A typical sequence of events on heatln? and cooling is shown in
Fig. 2 for an amorphous, and a semi-crystalline P'O ymer.

Typical of the polymers which cannot crystallize are atactic polymethyl-
methacrylate and’ polystyrene; ponvaI chloride, also, has ‘a negligible
crystalline component: The glass point for all these materials isin” the
region of 80°C, S0 that at room temperature they are all in the glassy state.
As a result, rubber-like behaviour is almost completely absent, and the
modulus is even _hlqher than for a semi-crystalline product. A stiff (non-
flexible), near-brittle behaviour is thus observed. ~The strong secondary
inter-chain forces characteristic of this state can, of course, be reduced by
raising.the temperature, but a more_loractlcal approach to inducing flexi-
bilityis to incorporate a non-volatile solvent, or plasticizer. Products
prepared in this way from polyvinyl chloride can have properties which
simulate those of a semi-crystalline material. They suffer from the
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Figure 2

First and second order transitions (meltin andn%;,lass points) observed during the heating
and cooling of glassy (upper curve) and semi-crystalline (lower curve) golymers.

disadvantage, however, that the plasticizer can be leached out during use
because of its relatively low molecular weight,

Current concepts of crystalline structure

The crystalline re%mns_ in a semicrystalline polymer are normaIIY t0o
small to be detected by light mmroscopr, although as will be seen later,
these are often organiSed into polycrystalline aggregrates - spherulites -
which can themselves be observed. “In"1957, however, (1) it was discovered
that distinct single crystals of polymers could be isolated after slow
crystallization from very dilute solution. The conditions for preparing
these structures are completely different from those involved in any
commercial crystallization process, where the material is cooled from the
melt, and in fact much of the recent developments have been concerned
V\{Ith ttrymg to establish the relevance of single crystals to melt-crystallized
structures.

The picture which has emerged is roughly as follows. \When a molten
polymer is super-cooled to belowits meltgng point (Supercoolings of 10-20°C
are’usually necessary to result in appreciable crystallization rates), the two
component processes which constitute crystallization, namely nucleation
and growth, commence. Nucleation is génerally considered fo initiate at
heteroPenemes, and the subsequent growth is |n|t|_all?/ in the form of single
crystals, or a multilayer stacks of smgfle crystals. Single crystals in polymers
grown from dilute solution take the Tormof pyramidal, flat lozenges, with
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approx.
100 A

t

eup to Jj

Figure 3
Cross-section of a solution-grown, polymer single crystal.

lengths and breadths up to a few microns, and widths in the region of 100A.
Thé chains he perpendicularly to the narrow dimension, and as they are
usually much greater than 100A in length, they can only be accommodated
bY foldling (Fig. 3). During dgrowth from the melt, ome to the exception-
ally hqh wscosnrl of the medium, the crystal faces tend to become unstable
and cellulate, ultimately to form branched fibrillar structures which are
in effect single crystals which have developed by the dominant growth of
one axis (3). This situation is represented schematically in Fig. 4, where
It can be seen that the nucleus becomes a point from which a radiating
fibrillar structure develops, which, through branching of the fibrils, results
in a spherically symmetrical growth unit, known as a spherulite. The
spherulite, which s a polycrystalline agg%reqate, is the dominant form of
growth in polymers, and ‘the single-crystal-like fibrils develop within its
outline. - A microphotograph of spherulites developing in a polyethylene
oxide sample is shown in Fig. 5, and in this particular case it can be seen
that the growing bodies are quite large in size - up to 0.1 mm in diameter.
In polymers used commercially, however, such as polyethylene and
Polyethylene terththaIate,_the size is much smaller, and often the spheru-
0tes aré not resolveable microsco |caIIY. Diameters of less than Lj may
be involved, and at such levels of development, the growth unit may not
have had the opportunity to progress much beyond the single crystal

stage.

gDurlng? the later development of the spherulites, the constituent fibrils
may develop defects iFig. 4) which will constitute Part of the amorphous
component of the fully-solidified product. Most of the amorphous com-
ponent, however, arises from the fact that less readily crystallizable species
such as branched molecules and low-molecular weight™ fractions are re-
jected during growth, to become trapped between the fibrils, or ultimately



Figure 5

Spherulites growing in g super-cooled sample of molten poly-ethylene oxide. The spherulites
afe approx. 0. mnT In amnﬁjeter, an(? can be seen groangyat VXI’IOUS (f(epths in thg samptle.

Facing page 420
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GROWING
SPHELRULITE

Figure 4

Schematic representation of spherulite growth-units in a semi-crystalline polymer.

between the spherulites (3). 1t is important to recognize that this amor-
phous phase is continuous, and that as a result its rubber-like properties
are conferred to some extent on the solidified structure as a whole. In
contrast to other structural materials such as metals, this phase plays
not only an important but also a beneficial partin determmlng properties;
in addition it may constitute the major component, by weight

Control of properties

_In order to obtain control over final product properties, two factors are
of importance: Chemical structure and ph¥3|cal_ structure.

Chemical structure is of relevance, In that it is the chemical nature of
the polymer chain which determines whether it will crystallize strorg]gly,
weakly, ornot at all. Moleculeswith polar side- rou_?_s, capable of yielding
strong Interchain forces, allow the greatest probability of formlnq stable
crystalline regions, and this is particularly true if the groups are relatively
compact.  An example of this type of polymer is polythene terephthalate
which forms solid structures the Crystalline content of which is high, and the
crystallites of which have a high, melting point (ca. 270°C).  In polyethy-
lene, the interchain forces are individually very much lower, but because the
molecules can pack compactly, cooperative bonding is high, and high
crystallinities are again produced (>80% in some cases). In natural
rubber, the presence of a methyl side group, and the restriction to rotation
resulting from the presence of double bonds in the chain prevents
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the material from crystallizing at all above 20°C, although at reduced
temperatures, crystalllnlt¥_ does develop at a slow rate.  One of the b||ggest
factors, which applies particularly to yln)(]l polymers, is the stereoregularity
of the sequence of monomer units in the - (CHa- CHX)n- chain. Ir-
reqular or atactic arrangements, as found in the products of most free-
radical polymerizations, are not capable of yielding significant amounts of
cr){stalllne regions; this is the case with atactic polrmethylmethacrylate,
Po ystyrene, and Polyvmy_l chloride. ' The stereoregular praducts, however,
ormed from Ziegler and similar type catalysts, can crystallize, although, for
example, in the case of polystyrerie, the rafe is slow, owing to the presence of
the bulky side-group, and practical use cannot be made of the effect.

_Apart from the gross chemical composition of the material, relatively
minor differences, for example in the form of branches to the main, chain,
can also modify the ease of crystallization considerably. ~Cross-linking can
be _SImI|aI‘|Y effective in reducing the crystalline content in a given polymer
while copolymerization with a small amount of a different monomer iS also
frequently Used commercially. _ - _

_ Physical structure can be characterized quantitively in relation to the
picture given in Fi?. 4, in terms of such parameters as percentage crystalline
content, the size of the crystalline fibrils, and also the final average spheru-
lite size. Al of these quantities depend to some extent on the conditions
of crystallization - for example, lower temperatures, and hence higher rates
of crystallization tend to yield smaller spherulites - and in addition small
amounts of additives capable of acting as nucleating agents can influence
spherulite size. Molecular weight is also an important factor. Apart
from these readily-definable structural %arameters, however, there are less
recise features, such as the extent to which both fibrils and spherulites are
led together by common polymer chains, which are of considerable rele-

vance.
Al of these structural factors are of importance in determining proper-
ties, and it is because control over product behaviour can be obtained that
the subject of polymer crystallization is of such practical importance.

Dependent properties
Thermal stability

The thermal stability that we are concerned with here is that of the
physical rather than_of the chemical structure. If a low molecular weight
crystalline solid is raised in temperature, its eventual transition to the liquid
state at the melting point is quite sharp. In a polymer, however, the
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crystallites are quite small (Fig. 4), and because of the associated high value
of the surface to volume ratio, their melting points are depressed.” As, in
addition, the crystallites are distributed in size, there is a corresponding
variation in melting point, leading to a meltlng range, In the overall sample
(Fig. 2), which may extend over as much as 100°C. In fact, meltm% tends
fo begin once the temperature is raised above the original temperature of
crystallization. . . -

Two important consequences arise from this fact. ~ First, if deliberate
attempts are made to control propertles (e.g. transparency), by encouragmgi
crystallization to occur at low temperatures ( g “quenching”), some_o
the crystalline regions may not be stable at ambient temperature durmg
the subsequent use of the product and in consequence its structure an
dependent properties may change with time. Secondly, although the
ultimate meltlng_io_omt of dne polymer may be (%reater_than that of another,
its thermal stability may be_less, if its crystallization temperature has
been lower. Polyethylene, in 3ﬂ|te of its “relatively low meItlngz oint
(120°C for the linear product), shows surprisingly ﬁood thermal stability
because it crystallizes so rapldIK, quite close fo"the melting point, and
certainly at lower supercoolings than do some of the high polyolefins.

Optical properties

Practical optical behaviour is usually broken down into gloss (a fine
structure surface effect), see-through (a coarser-textured surface effect),
and haze (a combination of surface and bulk effects). In the broadest
sense, all are scattering phenomena, and scattering arises when, in any
given direction, there are variations in refractive index on a scale within an
order of the dimensions of the wave-length of light (say 0.1 to 1X. These
variations can occur either from variations in orientation or in density.

In the glassy state, provided that there are no cracks or voids, scattering
should be at a minimum.  This is the case with atactic polystyrene, poly-
meth)(]ImethacryIate, polyvinyl chloride, and of course in “glass itself
(which is also apolymer).” A soon as crystallization sets in, however, the
conditions for enhanced scatter are present, owing to the attendant local
variations in orientation, and degree of packm?. High crystallinity in
itself does not nece,ssanI?/ result in a hazy product, as can be Seen fromi the
case of cellulose ém Cellophane film). "Here, the crystalline reglons are
small (approx. 100A) compared with the wavelength of light, and are not
o_r(t;anlsed into well-developed spherulites; as a result the clarity can be
little worse than in a glassy product, such as polyvinyl chloride. ~In poly-
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mer films generally, haze and poor see-through arise predominantly from
surface irreqularities, which themselves are associated with the sphérulitic
structure of the material. As the thickness of the product increases, until
we are dealing, for example, with blow-moulded bottles, the scattermg
contribution from the bulk increases, but in all cases clarity can be improve
if spherulite size can be reduced, or if the crystallinity within the spherulites
can be minimized.  The former can be achieved through the use of nuclea-
ting agents, which have proved to be so successful in the case of polypropy-
lene ; while crystallinity can be controlled, for example, throq?h the intro-
duction of branch-poinits, cross-links, or copolymerization units capable of
disrupting crystal’ structure. Copolymers of vinyl acetate can yield
extremely clear products, and the new poly-4-methyl pentene 1 probably
makes use of this effect.  The transparent “ionomers,” recently announced
by Du Pont, are also copolymers based on ethylene, but here the comonomer
i actually ionisable and can, in the presence of suitable cations, introduce
an ionic bond component, which is an additional factor likely to reduce
crystalinity, o

_ Finally, initial crystalline structure in a film, and its associated scatter-
ing,. can be modified considerably by the orientation process which occurs
durtljng atretchmg, and successful biaxially-oriented products have been
prodiced.

Permeability

Permeability in polymer films usually involves a solution/diffusion
process, and so'is Iargﬁly dependent on chiemical structure. It should be
mentioned, however, that the presence of a few defect pores can completely
alter the permeability characteristics of a film.  Similarity in chemical
nature between polymer film and the gas or vapour under consideration is
thus a rough guide to likely permeation rate, and, for example, with Roly-
ethylene, rionpolar vapours or liquids diffuse readily, whereas water shows
an extremely low permeation rate.  Physical structure for a given polymer
affects the permeation rate sli htIK, but significantly, and as the path for
the adsorbed vapour is through the amorphous regions, more crystalling
products are less permeable. _ _

Surface modification might aﬁpear to be a possible approach to altering
permeation behaviour, but %ra Ing on of fPolar molecules to non-polar
substrates does not achieve t e_ho,oed for effect to any appreciable extent.
This may be because in the thin layers involved, a suitably consolidated
physical structure is not laid down. Multilayer sandwichés of polymers
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with paper, metal, or other polymers, however, do constitute a very satis-
factory way of obtaining the best behaviour from each component.

Mechanical properties

The relation between structure and mechanical behaviour in any type of
material i usually the field about which least is known, and polymers are
no exception in this resBect._ The effect of crystallinity on modulus has
already been discussed, but it is in the field of ultimate’strength that the
greatest uncertainties exist. ~ In general, Rroducts formed under conditions
of slow crystallization are able to form the most perfect, and the largest,
fibrils within the spherulite outlines (3), and in consequence their brea mE
behaviour resembles more that of a brittle polycrystalline mass, with wea
forces between the component growth-units. "During rapid crystallization,
however, it is far more difficult for the chain molecules of the melt to arrange
themselves ideally in the solidified phase, and as a result, “tie-molecules”
tend to link the component spherulite together, and so to minimize brittle
failure.  This s Parucularly he case when the chains are long, as in a high
molecular weight product. ~ _ _

A further important factor is the concentration of low molecular weight
and other less readily cr¥stall|zable species, which are rejected during

rowth to become concentrated between the fibrils and the SEherulltes.

hese can constitute a source of weakness, and this is no doubt the explan-
ation for the deleterious effect of such constituents on environmental stress-
cracking resistance, in blow-moulded articles. That this is not the entire
story, however, is obvious from the fact that some polymers which contain
quite high concentrations of such species, .e.g. polypropylene, show no
evidence at all of environmental stress-cracking.

Conclusion

Qur present understanding of_Polymer crystal structure, and the effect
which chemical structure hason it, is now sufficiently advanced to enable
manP/ dependent physical properties to be satisfactorily interpreted. As a
result, new polymers can be assessed more readily with respect to their
potential uses, while the continuing ideal of being able to design polymers
with suitable combinations of desirable properties, becomes a more readily-
obtainable objective.

{Received: 2nd September 1965)
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DISCUSSION

Mr. A Moes: One generallv (consrgers that seIecArve ermeaPrIrt CpIastrcs to
fateranrf or non-p rou Va ouﬁ epenas y onte v l% r B rogertres
art %&ovmers reter other properties of plastics influ elr permea-
tion lour ?

The Lecturer: | t{ave tried to stress that ?hysrcal ?tructure JF often more
im ortantthancemrca structure [n the particular caseo ermea th/ OWEVer,
chemica stru)ctur% 8 you rlm X IS more rm ortant.  Seconda fanges can
Pever%eess e effected by alteri rPh sical str cture and one sould %over
00k that oresare extreme rm or £ etermrnrn whet eronegets nenc anced
rate of s vent or vapour ea rty at ough ost %ers Use ractrce

arer nmores Crys rs mportant; the ne reql saever
ﬁ a]nd 50 ermrtt rhusr no soIvent es r

hi [%mor ous nt]er]ts will therefore have hrg er permea tres hrs as
eene ablishe &Q %e ene.

The orl%anrsat on r st llites and amorphous regions at.a Q %her level to
g Ites leaves ar[( e amorphous om one ﬁntarne een the
rﬁrer tes Permeatro fa SI Jaace referentiall rPu this royte rather than

rou (Hr rulites themse es IS JS arw ent, for exalr) yo carr}/ ?
oxra % tvgaaono Peru litic rRaterraI hen the reaction takes’ place ee{
ggﬂgre tmasseen the spherulites so that you can isolate them from the origina

woes tlat are the vsrcal r chemical, rogertres of plastics which
e the suitah rt¥ (?E ]rne]r rnséoa ere t eacmtther How can
8ﬂ?tem %eren 7polymer ilms adhere 1t their hydrophilic or lipophilic properties are

The ecture N o material has ideal behaviour - J\)/artﬁular []esrstanceto hoth
Olar an non arv ous 0 1L 1S very go(%trt ith complementary
ropr%rtres Ca ecom (erouble Is-adhesion.

IE)ro em s eentck for manv 3/ ars, in the sense thatamat%rral Irg
CeIIoPha tanc %0 water ermeatron can

whrch 0es ot ave mu e fr]r
é R % %éputtrn on It In layer of the more ate{ roof nitrocell ugse,
% en a andar of wate roon CeIIoPhane r some time.  Ong
apdp %ac c ca verly o dt vour tea research-wise, som %B ears ago,
St 1(0 emrc attachin rentaert? & one ungemeat carr q
OH raftin reactros nre ent]trmes th enrto rs avo
?e franspires that to be? with you nee a Veryt rck grat 0y %r
t rhg/ou Wou v 0 r the ote IS that for t
reactron to be ¢ trvg rtshou fe othe sur ace rn act It occurs fo an
unexpected extent In the interior of the su srae
owadays It seems to emuc easier, t rou worr éprrrcal eﬁgoa hes

devrseﬁzrmglc’atronso uch materra as olg/\ or onrtrr
In"emulsion form, which can be used suc es fully as coatrngs ess strates

Dr.J. J. Mausner: How far can physical changes in a polymer alter its chemical
characteristics and to what extent? If polystyrene is attacked by a solvent, is it
possible to alter its resistance to this particular solvent by altering its physical
characteristics ?

determr
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The Le turer One chrevesthrsb corpg\ratrng MOre Cr ?tallrner grlg)nswhrch
are gene g eakrn ss roetoa ack alramount Qf work has been dOT
on the re ahr n ruct re and ease of chemical attack, put strange
%h usu at rom the p ohnt of usrn? ana eactron t
te US somet |n srfalsructure ra%hert an control]in srca struc ure
t et contro verc mica (]esrsta ce. [here seems no o fathcrz/sa
g ns are more resistant tﬁ mrca ttac Whatever the naturg t Ica
ction. E/ rmens wit pz rh ave shown that oxidation AS con ne
stexclusr to the reglons between the sp ruﬁr %rovvth u[trtf an :H/
muc FSS oxidation t eB nlace wrthrr(] the &rp erull % Simi da In ce uPsrc
aterrast‘tere S N0 doubt tha hrn acidic_hydfolysis the degradation takes place
almost exclusively in the amorphous regions.
r. A Herzka: How practical is it to alt]er thesf tructur %how £as anq)
cheap 'is it for the manufacttrer to e ectthesec anges Itt euser nst em nece Sary

The Lecturer: NOt mumta en done to try and etffct 1ghemrcal resistance.
Ph srcal stiucurf IS cop ro Jtetrm naLaresca 0 example In the
case 0 B et e The mtroui ranch Points pro uces a 1ar more
amor 0us tlrra which has com etegdr erentcaracte Istics Trom that
uced by the orv Eressue rOCess n
Humber of |gnrc nka es een the chains
ence depen ent properties.

{
el Dot o, i 2 ]

A Herzka: This than nPre umab lead to e‘rtfrc ties, hecause |tR/ou alter the
structurernordertoa ter chemical resist ce you also affect heprocessr gpropertres

The, Lecturer: Y s Totke recent e mple - themtroductronofnucleatrn
a ents into polg 10 ene |eTJ 5a etéer o Ui: In terms 0 |mp ct resistance a

ns arenc facturer 0e 8 e this eause tere Seems 10 g
ano (! mtenum ﬁnucler regerre wiich IS dirferent from that require
{0 p uce the maximum enhancement OF properties.

A W. Mrddleto How far do manufacturrnri condrtrons such as blow-
mouldrng or Injection mou {ding alter the degree of crystallization ?
Lecturer Verrc/1 much, % J)erha [nore im ortant tpan the degree of
cr stal rzathon Is the stability t cry talrrt There IS avYays a tendency,
whatever the crystal|ization emBerat re, for t eP{mer to melt-as soon as one
su se%uentg rF iSes the temperatlre a ovet e oridin stz“lrzatron temp?ratu[
|et or %amcp elts at 140° and staré to crystallize at% ed
so uf'it can be cooled v %rr{ much more rapidly so that most of t ecrystalrﬁ
; retain its ¢ IS

||sotnakenes (?Itce at a very mu owertem erature gt frirss ﬁpprﬁ 30’
Zysta Izal on tem eratug a ove

N {0 100 e er%t)g avea

Bevie untl you [E3EN 20proX he oriingl

the ¢ alsw omeIt | ouc%sta ﬁ ore slowly you would have a
productw wou esta Ietoacorespon Ingly higner temperature.
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erap %orr ative ahun ance? etween various P,(P 50 mstrH ents The
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|s ven of the rather imite FO eter mmgt e 1orization nQotentla enera
ods ffr derivin ?tem ecular formu aedlscusse % (Jnatlo of tels?]
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cyle collisions ang to the rejection of
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1unct|o[t r which polarization and ¢ 4 ygation m% atae Cla mg mechﬁmsms
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ypical aliphatic and aromatic hond fissions are t omprenensive

Attention l%tso IS gtven to I ‘ﬁ
P{ roFar ons and then. structures ¢ nmg r N hetero
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%%G'S?a?f A R A %R“‘r"sc?z"e/eé
gréheorgﬁn %erpengs and sterol slagge stees r% ] CI'[SS cr Fan %ratloe\?/e t Fr?aartparl
0 uctlst lcmlI ]bstance thatI %Wursn |lecantca0|% a\{\tlflernsI oltJ )
uch a criticism af the hook, as of the limitat nso our entkowle eo frag-
mth tlon mec anlsms that he I forced fo dwel o% e correlation of mass ?men
with known structures or achie Istinction hetween COP@SHQ? ots?T|1 | suc
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t rocar n. Suitable reductive processes an

e, Mass SQ ftrum ki e re? P/ 0
varlous Use Earameters are |sted nA ppencices
Curiously, this monograph pBars {0 complement, rather han su&plement
¢ tions on asspectroso that ﬁeed has corhtn Uted to o e WOrKS n act
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THE STRUCTURE OF LIPIDS. D. Chapman Pp X+ 323 +
1 (1965). Methuen & Co. Ltd., London. 635, UK
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summarizes much ent da WIe € as e as exposin
The three ma r ter dea |rsecr copy (Incl n Raman nuclear
antlc reso ce spe trosco ITfraction. Tere ar t eS|m| ar
shorter c apters on ec osco mass S ectroscoggl ectro?
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There | lr]s alsoa%hagter on Separation technrques AIthoH%h this is not Fart of the
ain them forfknor ’Tﬁerhaswntte with quite the same authority, it d oe?
t@? together a useful sumntary of the methods that must precede most structura
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tra SROS and the Frg 1191 tetex mud
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ADVANCES IN DRUG RESEARCH, Vol. 2. Editors: N. J.
Harper and A. B. Simmonds.  Pp. ix + 205 + 1 (1965). Acadenic

Press, London and New York.
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INTERPRETATION OF NMR SPECTRA. R. H Bible. Pp. ix
¥ 150 + 111 (1965). Plenum Press, New York. $12.50,

ra trcala ication of nuclear magnetic resor] r&ce owes, much to rP
ctrons ro eoretr srcs but an a? equate knoui electromagnetic
theor agrﬁt Ifiar Jwrt orexamgen ear quadru oments and ma netl
susﬁ eptinility, shou t e requireq of tebus}/norarccemst cerne X
grmum use of a djiagnostic togl, any more than esou eex ecte
{0 underst nd ever¥ electronrc or vibration transition "i an H ﬁr Jr absarption
spectrum. T e hrs asic need. here s an empirical textboo esign asa
ﬁrash cgursesecr %al to teach the' rntergfet trono mrs ectra. Pror
nowle é) tJ trsas% e}rta ur retrc efmenthasbeeuavoe
It 1S co Sidered t eaut een a{% suc ess In his Intention to set
?t“tere evant fyn amentﬁs review comi) ons, |m|tat|ons and otentral rt
alls, and teTn Indicate metho sﬁftherr solution. I artrcu ar, tesectr
aseriuenceo 12drsu strtute ethanes showrng mcreas ng sRm attern mu trp rcrt
constitutes an excellent introd u on to complex coup |n e eatueo te
resentation rsaserrejs use summar tabe rnte Sperse oug t text:
ese are neatt(boxe for rar consultation an the author claims - wrt some
&ustrfrcatron hat the entrre DooK can be recapitulated by reading only these

ummaries

The monograph is replete with useful cha sandtbles artjcularly in connectign

with comp{exgorpunequg couBII H rhctron of s mpmu fl \rcrY secraﬂ
ecfivel ea sorpuH erved

helpful iare charts showin ﬁ he ¢o morgg
used solvents an acomgre ensrvepeent tion of t ecar ctegﬁgrncep{)srtrﬁnso

revaHet o?proton signals t6? It/IcRAreierred 0] tetr
atter chart Incorporates” muc a 3 spu] he compilatio ?
convgnrent er]Iar ment, 50 x 30 cm, ssug with the book, speatrar us

trated are rek to TMS Ernter { ce ari are run on the Varjan A
ectrometer esanHar arts t ere res three commoln s)/ used S stems
g N tatr n, alt Rmr afu eIt}a dimensionless scales cannqt
ectg rnter ated ere es oF 2 50 scan have tieene ?Ioe
sr rposes e.text co srstené used the c(s homeP ature alth %

SPr%rPs'Che?é“oh rtepaéh'at%tﬁé'sca et o Rnioa“gﬁtlg ot
e 10 INa (iltIOI’] More Cross

IHPEX 1S generaﬁ d euuate a? i US% .0né mrg%tr
re erte)nce or ex}lanat ﬁ‘ aln. text US @S an examﬁe th ere are a

SN
number of refer NCES eaq n %r 210 the existence of ne? Ve COU rng con-
itants Wlt out an)(SeXJ) ik flOﬂ { srgn rcance o re |ty or tnis COB pt]a ater

g t e reader re eré Fr 4 In t S connectron Vi
i rom ex, the @ﬁ) %tbw IS nof satls actor ﬁ

un tecor][ect
the coPtexto ddition to a short bibliogr. y nd some pracfica
notes oro eratrn%F eVarran A60 s ectrometer ter t gmﬁry Co rr rn
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encountered In the more Sop ticated nmr rterature
(1) Applications of nmr spectroscopy in organic chemistry (1959), Pergamon Press, New Y ork.
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SURFACE ACTIVE AGENTS. M Bell. Pp. 24 (1965). Glovers
[Chemicals) Ltd., Leeds. 5s.

This monogra es a concise accqunt of methods for the solation,
I rr:ﬂ %Pzat?l\r/r andvge¥e o ju ! I datr
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U RONATOGRAREY. "Eaters K vk and [ b, HLa.é\Y ;
?(508rk+ 8]% (1965).  Elsevier Publishing Co., Amsterdam-London-New
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repo san a consoljdatin |scu53|on e first section, simply entitled “Chromato-
o[ts, and ljdating di Thftt IttIdC
9am aers |so am re general character an occup|eﬁ out on%s of the
en Ith Per Sgp ports, hased on cellulose g\\/\llt o WI out
emlcal OdIfIC&tIP rgass e and jon- excqan ematnc(e1 eCGSSflrI wder
se ecélono materials fortic is discussed in the lon er Secon sect%on whilst 8 ions
deal wit statlonarH ul san abs rhent re nants. for paper an %
ayers respeﬁnv eneral problems a [partlcu [ 1 eoretlca as ecti thﬁ

stationary phase are the province of he ast grou dapers IS We
Rrodg ced. Bea[)s comprehensive within |és ate leld "and h EJa Impressive
umber %fc tributors Pbot Pa ers and discussions, athought 06es not
seem to nave been overtly well fepresented.  G. F. PHILLI

INTERPRETED INFRARED SPECTRA, Vol. 1 H A SZX
manski. Pp. vii + 293 + 111 (1964). Plenum Press, New York. $10.7

r. Szymanski pas et o tﬁ Presentatext which foes mo[ﬁ than either o{
thedira Itional.a Rroac es |ﬁta atonso‘emglrlcal orrefation t eswn? genera
g|anc§ ostic pitfalls, or more or less compref r(}swe catalq gues of Spectra

Serve yavarlet of sE)eetrosc opists in a glve Im. Tio assist
chemists to’learn to Itterpret their o fs(? %r and ma ethelr wn| enti catlonf
It IS an vanta e of thi apﬂroac rt erous (m]p es ?lven nogon
are the {{Oétat (Ianougafre ”e]rémes seen but |nte ering and all confirmatory bands

0 i in thls serles all common groups, of substances will be exam inedz_in
me acyclic, benzean] ggﬁ pflsow (}f

Ultimat

the flrs ) ch R a/ carbons are analysed.. . The
Ht or egms romteas? tlon t at ach Isolated structura ﬂrou ex |b|tsa
aracterl t,cth (r]uenc vibration.  Where mP

symmetri tra are submitted to co s e sma Ias reavlv |ec
eY/ N |V|dua? tsagerve% R

th s basls are deduce ;ﬁ%uen%(:lseﬁgﬂ nerou%i‘genség%e]%arg%ng% 0a| egraa'ﬂ’é
rangn tal)les[)are constructeg P i) srcor eJ va crfa yﬂ] rth(i

bl 'Cﬂve' O e es? e arre'vsé’af s that ar%en%%tn%h% ally consier 8

reila‘(mt] g e se? X %m}lt%d correlaftaionwtﬁmarestrlcte ser?/es oP coseﬁby

relate eClﬂs variet sectra Reu cmﬁmbers of th 5 S of su

stances eﬁ bitin E)aruc(]j ar % de cy are then presented, and features
) § gl Interpre

of epeci mtert 558
oo e mto aes 0f o mcreasm complexity; each cIass in trrn

. mpounds ar
IS consl ered In the man er ese ﬁ ab 0V spect um-1S Jiu at Un{ess
St Class

Ly m%segﬁa.aaaa Lt
arg analyse R 0n1 saturated ?/ rocaroon SgECtl’ |nc (? SUCCGSSR/G 01 S€S,
With mn? entnesis the num er Ol Specit ISCUYSSE comi)rlset ea
il e e
taken. ? &E’ oorectlon %rﬁa J

UBICIES In recl rocaI cm units, but for es\eecrtﬁgn%n fI ; dlfnssl!wonmﬁgrga t(l)Jsere
%Hrontan dpaperscarryata %ht% unetlon O%OWafyrtthlntggerslto 9&58
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Dr. Szymanski has ertt% or contrlbut d to, a wide variety of books on Ir
Spectrosco rangln asic theoretma Prmmﬁles to massive com %P la 0

Ieectra 'this. Series he offers a ﬁ ?qlc ext that V\f]u rea |ts rewar |n the
gterm education of t ?wor er earn to make diagnosis.

Book gtht %Bce for the first grocar on) volume, this clearly is not a eerence

User analyst who_ has gen er tlme no inclination to qualify as a
competent physical orgartic chemist. LIPS,



Society of Cosmetic Chemists of
Great Britain

ELECTION OF HONORARY MEMBER

A SPECIAL MEETING was held at the Royal SQCIetg of Arts, John
Adam Street, London, W.C.2, on Wednesday, 13th April 1966. 20 Members
and Associates were present. _

The Chair was taken by the President, Mr. R. Clark, who called on
Mr. G. A. C. Pitt to propose the motion that

F. ATKINS, B.Sc., F.R.I.C., be elected an Honorary Member of
the Society of Cosmetic Chemists of Great Britain.

Mr. A. Foster seconded the motion, which was put to the vote and carried
unanimously.

SYMPOSIUM ON COLOUR _

A Symposium on Colour, organised by the Society, took place on 26th
and 27th April 1966, at the Grand Hofel, Eastbourne. It was attended
byd9t3h p%rtéc'&pants, Including visitors from Germany, Holland, Norway
and the USA.

On the afternoon of the 26th April, the participants visited the labora-
tories of the School of Pharmacy, Brighton College of Technology, Moulse-
coomb, by kind invitation of Dr. E. A. Rawlins.

_ Participants also attended a Civic Reception at the Congress Theatre
given by the Mayor of Eastbourne, Councillor Mrs, K. J. Underhay, J.P.

1966-6/ PROGRAMME _

Lectures will be delivered on the following Thursdays:
6th October 1966 2nd Februar¥ 197
1st December 1966 4th May 1%
bth January 197

MEDAL LECTURE: Wednesday, 22nd March 19%7.

1967 DINNER AND DANCE: Saturday, 4th February 197, at the
Europa Hotel, Grosvenor Square, London, W.I.

436
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SYMPOSIUM ON PRODUCT TESTING

The Symposium on Product Testing will take place in Eastbourne,
Sussex, and not in Leamington Spa as previously announced, on 14th and
iSth November 1966.  Full details will be available at the beginning of

ugust.

MANAGEMENT SEMINAR

A working seminar on THE MANAGEMENT OF LABORATORIES IN
CONSUMER SUPPLY INDUSTRIES, with particular reference to the
needs of the cosmetic, toiletry, and allied industries, is to be held in
Buxton, Derb%s, from 6.00 p.m. Monday, 10th April 1967—6.00 p.m.
Thursday, 13th April,

Besic Pragamre: Eight sessions of lecture with discussion,

Four sessions of discussion by groups of eight
members dealing with specific set sub#ects,

Two sessions of discussions by groups of half the
members dealing with subjects chosen by the
group.

Languece: All lectures in English. Simultaneous translation
into French/German if sufficient number of par-
ticipants require it.

Mabership: Limited to 64.

Members will be supplied with a reading biblio-
graﬂhy before the seminar and given a synopsis
of the lectures on arrival at the venue. Lectures
and discussion will be published and will be
supplied to each member free of charge.

Fees: Including accommodation and all meals, but not
wines and spirits . . . Members of Societies of
Cosmetic Chemists affiliated to the 1.F.S.C.C.
... 35 guineas; non-members 45 guineas.

Participants should have some experience in the management of a
laboratory, and are expected to take an active part in the discussions in
order to get the maximum benefit from the seminar. .

Further information from Hon. Organiser, 33 Devereux Drive, Watford,
Herts., England.
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SYMPOSIUM ON PROCESSING AND MANUFACTURING

A Symposium on Processing and Manufacturln% will take place in
Royal Leamington Spa, Warwicks., on 13th and 14th November 1967.
Pogramre - Dr. J. J. Mausner, Helena Rubinstein Laboratories,
Ltd., Central Avenue, West Molesey, Surrey.

DIPLOMA COURSE

The course leading to the Diploma of the Society of Cosmetic Chemists
of Great Britain has been held at Brunei College since its foundation in
1957 In view of the revised charter of the college, the next course,
which is due to commence on the 16th September 1966, will be held at

BOROUGH POLYTECHNIC,
BOROUGH ROAD,
_ ~ LONDON, S.E.I

It is a one-year, part-time day-release course. There are three 3-hour
sessions per week, on Monday and Wednesday evenings and Wednesda
afternoons, for a total of 32 weeks in the year.” The examination, consist-
ing of two 3-hour papers, will be held in" June 197. .

The course is the only one of its kind and is designed to give a compre-
hensive training in all aspects of cosmetic science to Ferspns employed in
research or development work in the cosmetic and allied industries. The
minimum entry qualification is GCE “A” level, preferably in chemistry,
but young graduates will also find it a valuable introduction to industry.

ome of the lectures are from the college and some are from industry.
The foIIowm%tolf:chs are covered :
SURFACE CHEMISTRY
SPECTROSCOPY, CHROMATOGRAPHY
PHYSICAL CHEMISTRY (PRACTICAL)
EMULSION THEORY
CHEMISTRY OF OILS, FATS AND WAXES
MICROBIOLOGY
HAIR ; HAIR PRODUCTS
SKIN ; SKIN CREAMS
TEETH; DENTAL PRODUCTS
PACKAGING
PERFUMERY
_LIPSTICKS AND POWDERS
~ There is accommodation for only 24 students in the course. Enrolment
will be at Borough Polytechnic shortly before the commencement of the
course.



Don’t wait!

GLOVERS

have the BACTERICIDES
NOW

to cope with your problems

MORPAN QUATERNARIES

Morpan CHSA (Cetrimide BP.)

Morpan B.B. (Benzalkonium Bromide B.P.)

COLLONE QUATERNARY SELF-EMULSIFYING WAX
Collone Q.A. (Cetrimide Emulsifying Wax B.P.C.)
AMPHIONIC AND AMBITERIC

Amphoterics and Betaines o
Synergists for Quaternary and Phenolic Disinfectants

TEXOFOR IODINE SOLUBILISING AGENT
Texofor IS and I1SU for lodophor Manufacture

EXONICS. BACTERICIDAL SCRUB BASES
Exonic OP2 for Surgical Scrub Formulation

... always specify

GLOVERS (CHEMICALS) LTD.
Wortley Low Mills, Whitehall Road, Leeds 12
Tel: 63-7847/8/9 Grams: "Glokem, Leeds”



(INT1IS

PARS - (RASE - NEW YORK - TOKIO

FAE S5, AStE Bl a““&%%fur%"%meﬁ%eﬁg sk ‘fbf KON R R



	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1966 VOL.17 NO.7 JUNE
	Contents
	INDEX TO ADVERTISERS
	The changing face of organic chemistry 
	IR Spectroscopy of aqueous detergent solutions
	Analysis of aerosol propellants
	The relation between structure and properties in plastics used in packaging
	Book reviews
	Society of Cosmetic Chemists of Great Britain

