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J r ir a g r a n c e  o f  o u t s t a n d in g  b e a u t y  a d d s  tk e  d is t in c t iv e  c k a r a c t e r -  

tk e  i n d i v id u a l i t y —  t k a t  c a n  k r in g  s u c c e s s  t o  a p e r f u m e  o r  
c o s m e t i c  . . .  o r  a  c o m p l e t e  l in e !

G i v a u d a n 's  d e m o n s t r a t e d  c r e a t iv e  s k i l l ,  its  u n u s u a l  v a r ie t y  o f  

f r a g r a n t  m a te r ia ls ,  its  w o r ld -w id e  a f f i l ia t i o n s  a n d  its  m a r k e t  

k n o w - k o w  a re  a ll  c o - o r d i n a t e d  t o  b r in g  y o u  f r a g r a n c e s  o f  
u n iq u e  n e w  b e a u t y  a n d  o r i g i n a l i t y —  m a d e - t o - m e a s u r e  f o r
v o u r  s u c c e s s .

( ^ M O u J q a i +

WHYTELEAFE • SURREY • PHONE : UPPER WARLINGHAM 2241



. here a re not enough lilies-of-the-valley . for every woman in the world 
' 0  wear this scent if she wished. For this reason, Haarmann + Reimer has 

eveloped a new speciality with a fine aromatic note, H + R Mugoflor. 
lis component is being used as the base of many fragrances now 

.njoying world-wide success. You, too, can profit from H + R Mugoflor.
Let our aromatic specialist show you how.

Haarmann + Reimer GmbH, Holzminden/Germany
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MOISTURIZERS
a m e r c h o l ® —  s t e r o l  e x t r a c t s .  
A m e r c h o l s  s u c h  a s  L - 1 0 1 ,  C A B .  
C ,  H - 9  a n d  B L  a r e  a  f a m i l y  o f  
h y p o a l l e r g e n i c  l a n o l i n  d e r i v e d  
p r o d u c t s  d e s i g n e d  t o  p r o v i d e  a  
w i d e  r a n g e  o f  m o i s t u r i z i n g  a n d  
o t h e r  v a l u a b l e  e f f e c t s .  A m e r c h o l  
L - 1 0 1 , f o r  e x a m p l e ,  is  a  s u p e r b  
e m u l s i f i e r ,  e m o l l i e n t ,  s t a b i l i z e r ,  
a n d  a  p o w e r f u l  f r e e  s t e r o l  d e ­
p r e s s a n t  o f  i n t e r f a c i a l  t e n s i o n .  

A M E R L A T E ® P  —  i s o p r o p y l  l a n o -  
l a t e .  E m o l l i e n t  e s t e r  o f  l a n o l i n  
f a t t y  a c i d s .  A  p a r t i c u l a r l y  e f ­
f e c t i v e  c o n d i t i o n e r ,  l u b r i c a n t  
a n d  s o f t e n e r .  F u n c t i o n s  a s  a  
m o i s t u r i z e r  b y  h o l d i n g  w a t e r  
t o  t h e  s k i n  i n  e m u l s i f i e d  f o r m .  
M e l t s  a t  b o d y  t e m p e r a t u r e  t o  
f o r m  a  n o n g r e a s y  p r o t e c t i v e  
f i lm .

SOLUBILIZERS
s o l u l a n ® — e t h o x y l a t e c f  d e r i v a ­
t i v e s .  W a t e r  s o l u b l e ,  y e t  e m o l ­
l i e n t !  S o l u b i l i z e r s  o f  g r e a t  g e n ­
e r a l  u t i l i t y .  I m p a r t  e x c e l l e n t  
p l a s t i c i z i n g ,  l u b r i c a t i n g ,  c o n d i ­
t i o n i n g  a n d  p i g m e n t  w e t t i n g  
q u a l i t i e s  a t  l o w  c o n c e n t r a t i o n .

SOFTENER
A C ETU LA N ®  —  a c e t y l a t e d  l a n o ­
l i n  a l c o h o l s .  N o n o i l y  h y d r o -  
p h o b i c  l i q u i d  e m o l l i e n t .  S o f t ­
e n s  a n d  l u b r i c a t e s ,  l e a v i n g  a  
p e r s i s t e n t  v e l v e t y  a f t e r f e e l  t h a t  
is  t r u l y  r e m a r k a b l e .

EMOLLIENT
M o d u l a N ®  —  a c e t y l a t e d  l a n o ­
l i n . -5' S k in  p r o t e c t i v e  e m o l l i e n t  
w i t h  d e c i d e d  a d v a n t a g e s  o v e r  
l a n o l i n .  H y p o a l l e r g e n i c ,  a l m o s t  
o d o r l e s s ,  n o n t a c k y .  o i l  s o l u b l e ,  
a n d  h y d r o p h o b i c .  E x c e l l e n t  f o r  
e m u l s i o n s ,  s o a p s ,  b a b y  o i l s ,  a n d  
b r i l l i a n t i n e s .

ENRICHERS
VISCOLAN®  —  d e w a x e d  l a n o l i n .  
S u p p l i e s  a l l  t h e  n a t u r a l  b e n e ­
f i t s  o f  l a n o l i n  i n  i n t e n s i f i e d ,  
c o n v e n i e n t  l i q u i d  f o r m .  O i l  
s o l u b l e ,  l o w  o d o r  a n d  c o l o r .  

W A X O L A N ® — l a n o l i n  w a x  f r a c ­
t i o n .  A d d s  g l o s s  a n d  g r o o m i n g  
e f f e c t s .  S t a b i l i z e s  e m u l s i o n s .  I n ­
c r e a s e s  m e l t i n g  p o i n t ,  v i s c o s i t y  
a n d  c o n s i s t e n c y .

C H O L E S T E R O L  U S P  —  p u r e  w h i t e  
a n d  p r a c t i c a l l y  o d o r l e s s .  S u i t ­
a b l e  f o r  t h e  m o s t  e x a c t i n g  u s e s  
i n  p h a r m a c e u t i c a l s  a n d  c o s ­
m e t i c s .

UNSATURATES
PO L Y L A N ®  —  e s s e n t i a l  p o l y u n ­
s a t u r a t e .  L i q u i d  w a x  e s t e r .  C o m ­
b i n e s  t h e  n a t u r a l  b e n e f i t s  o f  
l i n o l e i c  a c i d  w i t h  t h e  s o f t e n i n g ,  
p r o t e c t i v e ,  a n d  c o n d i t i o n i n g  
p r o p e r t i e s  o f  l a n o l i n ’s  m o s t  a c ­
t i v e  c o m p o n e n t s .

R IC IL A N ®  —  l a n o l i n  r i c i n o l e a t e s .  
P r o v i d e  v a l u a b l e  n e w  s k i n  o r i ­
e n t e d  p r o p e r t i e s .  U n u s u a l  c o m ­
b i n a t i o n s  o f  s e l e c t e d  l a n o l i n  
a l c o h o l  a n d  c a s t o r  o i l  c o m ­
p o n e n t s  d e s i g n e d  e s p e c i a l l y  f o r  
l i p s t i c k s .

ANS WE RS
waiting for problems
AmerchoT lanolin derivatives have been developed for specific 
functional effects in formulations, and we have these shelves 
of finished, tested preparations which may be the answer to 
your formulation problem.
If the answer to your particular problem isn’t here, we are 
prepared to put our extensive experience in formulating with 
Amerchol lanolin derivatives and other cosmetic raw materials 
to work for you. There is no cost or obligation for this con­
fidential service.

( # merchol
Technical data and samples available 
from D. F. Anstead Ltd., exclusive 
sales agents in the United Kingdom.

A M E R I C A N  C H O L E S T E R O L  P R O D U C T S ,  I N C .

A m e r c h o l  P a r k E d i s o n ,  N e w  J e r s e y
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P e r f u m e  

C o m p o u n d s

F O R  A L L  P U R P O S E S

Essential Oils— English distilled and terpeneless 

Verarom es— fixative blenders 

Ground Gums

F O R  Q U A L I T Y  O R D E R  F R O M

'A

SfáffordflllenS
STAFFORD ALLEN & SONS LTD 

Wharf Road, London, N .l . 

T e leph one :  CLErkenwell 1 0 0 0

Telegrams: Stafalens, Nordo, London

T A S / A L .680
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Lipsticks cause a stir through

Special solvent for lipstick dyes, particularly for acid dyes based on fluoresceine (eosinic acid etc.);
water-free;
neutral reaction; dissolves all eosinic dyes 
concerned as free acid dyes,without any 
chemical reaction taking place;

is characterised by a simplified working 
method, because it combines in itself 
practically all necessary constituents for 
dissolving, dispersing, and homogeneous 
stick formation;

high colouring efficiency; 
no sweating out; 
easily perfumed;

non-irritant and compatible with the skin 
and mucous membranes; 
dermatologically and clinically tested.

J. H. LITTLE &  CO. LTD. lando House, 43, Bartholomew Close, London E.C.1
Distributors of
Henkel International GmbH DUsaeldorf Germany
Dehydag Products
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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 I 1101, U.S.A.



A N Y  
R E S E M B L A N C E  
T O  T H E  
O R IG IN A L  
IS  D E F IN IT E L Y  
IN T E N T IO N A L !

Once you could stand and admire this glorious bronze of Aphrodite only 
in the precincts of the British Museum. Today you may well come across 
her any where! Modern plaster cast techniques have enabled man to make

perfect facsimiles of many of 
the Greek and Roman antiqui­
ties, even imitate the subtle 

colouring created by the passage of time. In the field of 
perfumery, Bush have long been masters in re-creating 
fragrances which are amazingly true to those created by 

Nature herself. Such skill is the result of pains­
taking research and experiment—backed by over 
a century's experience. Today, the authority 

which we command in the 
realm of aromatics is acknow­
ledged by customers far and 

wide. No wonder that Bush 
is the ally of so many of the 
finest creative perfumers.

P e r f u m e r y  B a s e s  • E s s e n t i a l  O i l s  • I s o l a t e s
W.J. Bush & Co. Ltd-Ash Grove, Hackney, London-Tel: CLIssold 1234-Member of the Albright & Wilson Group of Companies
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•F ANSTEAO LTD.
V I C T O R I A  ROAD,  R O M F O R D ,  E S S E X

Telephone: Romford 44216-7 Cables : Anstchem, Romford
U.K. Agents for Whittaker, Clark & Daniels, Inc., New York



fo r  B a c t e r i c i d e s  . .

Morpan
Quaternaries. Morpan C H S A  (Cetrimide B.P.) Morpan B.B.

(Benzalkonium Bromide B.P.)

Collone
Quaternary  S e lf-em u ls ify in g  W ax. Collone Q .A . (Cetrimide

Emulsifying W ax— B.P.C.)

Amphionic and Ambiteric
Amphoterics and Betaines. Synergists for Quaternary and Pheno­

lic Disinfectants.

Texofor
Iodine Solubilising Agent. Texofor IS & ISU for lodophor

Manufacture.

Exonics
Bactericidal Scrub Bases. Exonic OP2 for Surgical Scrub Formula­

tion.

6L0VERS (CHEMICALS) LTD.
W O R T L E Y  L O W  MILLS,
W H IT E H A L L  R O A D , LEEDS 12
Tel. 63-7847/8/9. Grams. “ Glokem, Leeds”

IX



An important 
Pergamon Press Book

K e r a t i n  a n d  K e r a t i n i z a t i o n  

A n  E s s a y  i n  M o l e c u l a r  B i o l o g y
Winner of the Literature Award of the American Society  of Cosm etic Chem ists
by E H Mercer, Head o f Electron Microscopy Unit, The John Curtin School o f Medical 
Research, The Australian National University, Canberra

Gives an account of the biological function and properties of keratinized tissues in 
terms of their molecular and macromolecular structure as revealed by recent electron 
microscopy and X-ray diffraction work. The fine structure of the cells of the germinal 
layer of the epidermis, which gives rise to the keratinizing system, is described in detail. 
The various steps In the synthesis of fibrous proteins In these cells are discussed in 
molecularterms followed by an account of the biochemical and structural changes 
involved in keratinization. Special attention Is paid to the role of cellular adhesion both 
during the early phases of growth and differentiation and during keratinization. 
Contents inclu d e :
Keratin and Molecular Biology — Macromolecules and biology; Types o f fibrous proteins 
and their classification; The differentiation o f  surface organelles; The phytogeny o f  
keratinization.
The Keratinized T issues — The epidermal fam ily o f cells; The specialized appendages; 
Other possibly keratinized structures.
Differentiation and Protein Synthesis— The cytology o f  keratinizing cells; The synthesis 
o f protein in epidermal systems; The supermolecular organization o f fibrous tissues 
(tertiary structure).
The Growth of Epidermal Structures — The epidermis as a grow ing organ; Patterns o f  hair 
growth and con tro l; A llom etric growth.
Molecular and Macromolecular Structure— The elastic properties and the structure o f 
hair; Current crystallographic analysis; The non-crystalline fraction; Feather keratin.
The Keratinization P ro cess— The hard keratins; Soft keratinization; The hair cuticle; 
Keratinized cysts and epidermal tum ours; Pigmentation.
“ The treatment throughout is at a high level and concentrates on recent developments, 
modern views and techniques. Extensive references are given. P rin ting and illustrations are 
excellent and the book can be recommended to all who are interested in molecular biology, 
the study o f  natural high polymers, or the fundamental aspects o f  structure and reactivity 
which form the basis o f  the technologies concerned with fibrous proteins." —
Science Progress
“ The scope o f the book is very wide and includes not merely an account o f the physical and 
chemical properties and molecular organization o f  the various keratins, but also describes 
the cells and tissues that form them, the process that leads to keratinization and the 
structure o f  keratinized products such as hair, nails and feathers. This well-produced mono­
graph w ill occupy a prom inent position in the expanding group o f  books which provide a 
scientific basis for studying skin diseases. It deserves a place in every medical library." — 
Transactions o f the St John's Hospital 
316 pages, 70s ($12.00)

Offered for sale by Robert Maxwell and Com pany Limited 
International, university and industrial booksellers 
Waynflete Building, 1-8 S t Clem ents, Oxford
Pergamon Press books are distributed in the Western Hemisphere and the Philippines 
by The Macmillan Company, 60 Fifth Avenue, New York 11, NY
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M i l l i g r a m s  o r  K i l o g r a m s  w e ’r e  a t  h o m e  w ith  e i th e r

Two o f the special problems o f the Perfumery business are the enormous range o f 
quantities— from many kilos to a couple o f drops— that a Perfume formula 
demands, and the accuracy with which the required quantities must be measured 
out. On this Compounding floor at Ashford we believe we have the most accurate 
and the fastest system yet devised anywhere. From this battery 
o f stainless steel pipes, using a motorised weighing trolley, 
we can draw the main ingredients for a compounding order 
measured in tons. The accuracy here is no lower than at the 
bench alongside where a few very important grams o f costly 
materials are dispensed. Both will soon be ready on the despatch 
floor below for speedy shipment to anywhere in the world.

P R O P R IE T A R Y  P E R F U M E S  L IM IT E D
I n te r n a t io n a l  P e r fu m e r y  C en tre

A S H F O R D  • K E N T  * E N G L A N D  * Telephone: Ashford 2181. Telex: 89129
XI



“ p r m e m c l i

R a w  m a te r ia ls  f o r  p e r fu m e r y ,  
soaps a n d  cosm etics.

F ru it f la v o u rs  a n d  sp ec ia l essences  
f o r  fo o d  p ro d u c ts .

FIRMENICH & CIE. GENEVA, SW ITZERLAND

Paris Cologne New York Toronto  
Sydney N .S.W . Sao-Paulo Buenos-Aires  
Mexico D.F. Bogota Quito Caracas 

Lima Santiago-de-Chile

S o le  A g e n t in the U . K . : FIRMENICH & CO. LTD.,
414, London Road, Isleworth, Middlesex

Telephone: Isleworth 4044 5. Telegrams: Porthos, Isleworth-Hounslow.



S e n d  f o r  y o u r  c o p y  o f  o u r  n e w  c a t a l o g u e  GUIDE FOR THE PERFUMER t o - d a y
Sole selling agent fo r the United Kingdom and Eire

P .  T .  P e t l e y  &  C o .  L t d .

9 St. Cross Street, London, E.C.I
Telephone: HOLborn 4771 7 6  N I N T H  A V E . ,  N E W  Y O R K ,  N . Y .  1 0 0 1 1

for creative perfumery



SINCE 1768 the House o f Chins 
has dedicated itself to the Fifth 
Sense. In the development of 
Essential 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 o f generations 

of Chiris perfumers and chemists, but 
also the research facilities o f five modern 

"*' laboratories located in Grasse and Paris,
Replica o f perfume bottle London, Sao Paulo (Brazil), and New York
used 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.

B R I D G E  H O U S E ,  
T A D W O R T H ,  S U R R E Y

GRASSE • PARIS • N EW  Y O R K  • SAO PAULO
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C ro d a 's  new  b o o k le t  on  
P o l a w a x  E m u ls i fy in g  W a x
b r in g s  you  u p - to -d a te  on 
e m u ls io n s  w i th  o v e r  100 
te s te d  fo r m u la t io n s  
w r i te  f o r  f re e  c o p y  and 
g e n e ro u s  te s t in g  s a m p le

C r o d a L o n d o n  N ew  Y o rk  
M i lan  D u s s e ld o r f

C ro d a  Ltd 
C o w ic k  Hall 
S n a ith  G o o le  
Y o rk s h ire  
T e l  S n a ith  277

I
c/>O



T e m p o r a r y  B i n d i n g  C a s e s

F o r  th e  c o n v e n ie n c e  o f  M e m b e r s  w h o  k e e p  th e ir  c u r r e n t  

n u m b e r s  o f  th e  Journal, th e  S o c ie t y  h a s  a r r a n g e d  fo r  a s u p p ly  o f  

s p e c ia l  b in d in g  ca s e s  t o  b e  m a d e  a v a ila b le .

T h e  ca se s , as i l lu s t r a te d , a re  o f  d u r a b le  g r e e n  le a th e r  c l o t h  

w it h  s t if f  c o v e r s ,  a n d  s u it a b ly  in s c r ib e d  in  g o ld - b lo c k e d  le t t e r in g  

o n  th e  s p in e . T h e y  w ill  h o ld  f ir m ly  a y e a r ’s issu es  o f  th e  Journal, 
w ill  o p e n  f la t  a t  a n y  p o in t ,  a n d  th e  c o p ie s  ca n  b e  in s e r te d  w it h o u t  

n e e d in g  t o  b e  p u n c h e d  o r  d e fa c e d , th u s  le a v in g  th e m  u n d a m a g e d  
f o r  p e r m a n e n t  b in d in g  i f  r e q u ir e d . M e m b e r s  w h o  r e ta in  th e ir  

Journals f o r  r e fe r e n c e  p u r p o s e s  s h o u ld  f in d  th is  b in d e r  o f  g r e a t  
s e r v ic e  as a  t e m p o r a r y  h o ld e r . P e r m a n e n t  b in d in g  c o v e r s  f o r  

c o m p le t e  v o lu m e s  o f  th e  Journal w ill  c o n t in u e  t o  b e  s u p p lie d .

T h e  c o s t  o f  th e  ca s e  is  1 6 s ., p o s t  p a id ;  o r d e r s , w it h  r e m it t a n c e s , 

s h o u ld  b e  s e n t  d ir e c t  t o  th e  m a n u fa c t u r e r s — E a s ib in d , L t d . ,  
4  U x b r id g e  S tr e e t , L o n d o n ,  W . 8 , a n d  N O T  t o  th e  S o c ie t y .
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The hormonal background of the skin: E. C. Dodds.
Journal o f  the S o ciety  o f  C osm etic C hem ists 16 431-446 (1965)
Synopsis—The dependence of the skin on the whole of the hormone- 
producing systems of the body is shown by reviewing the chief actions of 
the endocrine glands in health and disease. Synthetic compounds with 
hormonal activity similar to those of the oestrogenic and adrenal anti­
inflammatory steroids are mentioned in particular because of their 
importance as valuable therapeutic aids which have been made available 
only through the efforts of the synthetic organic chemist. The relation 
which exists between hair growth and hormones produced by the adrenal 
glands, ovaries and testes is discussed in detail, and attention is drawn to a 
recent paper which suggests that application of an ointment containing 1 % 
testosterone propionate might be capable of restoring hair growth in 
cases of baldness.

Hydrolysis of wax-esters in emulsions: C. A. Anderson and E. V. Truter. 
Journal o f  the S o ciety  o f  C osm etic Chem sists 16 447-463 (1965)
Synopsis—Determination of the interfacial tensions of benzene solutions 
of wax-esters against aqueous solutions reveals that the esters are not 
surface active. Moreover, ester/alcohol complexes are not formed at the 
interface. The experimental evidence suggests that the hydroxyl ion is 
adsorbed at the oil/water interface. The relevance of the interfacial 
measurements to the hydrolysis of wax-esters, and the hydrolytic mechan­
isms in o/w and w/o emulsions are discussed.

An approach to emulsion formulation: B. W. Burt.
Journal o f  the S o ciety  o f  C osm etic C h em ists 16 465-477 (1965)
Synopsis—Two series of experiments dealing with heterogeneous systems 
are reported ; the first concerns mixtures of cresols, soap and water and 
emphasizes the importance of phase identification. Original work with
o-, m- and /^cresols is reported. The second series concerns the stability 
of emulsions of oil, water and a pair of nonionic emulgents ; the results 
tend to confirm the usefulness of the HLB concept.

The paper concludes with a discussion of the place of phase equilibria 
in the formulation and theory of emulsions.



Journal of the Society 
of Cosmetic Chemists

T h is  ed ition  is  p u b lish ed  f o r

THE SOCIETY OF COSMETIC CHEMISTS 
OF GREAT BRITAIN

by P erg a m on  P ress , L td ., H ea d in g ton  H ill  H a ll, O xford  

Editorial Office : Ashbourne House, Alberon Gardens, London, N .W .ll. 
©  19 6 5  S ociety  o f  C osm etic  C hem ists o f  G reat B rita in

VOL. XVI 22 JULY 1965 No. 8

GENERAL NOTICES
Publication dates: The “ Journal of the Society of Cosmetic Chemists”  is published every four weeks. 

Five issues for the Society of Cosmetic Chemists of Great Britain
by Pergamon Press Ltd., Headington Hill Hall, Oxford, England.

Six issues by the Society of Cosmetic Chemists
from 201 Tabor Boad, Morris Plains, N.J., U.S.A.

Two issues by the Gesellschaft Deutscher Kosmetik-Chemiker, e.V. 
from Hamburg-Grossflottbek, Beselerstrasse 1, Germany.

Issue No. Publication Date Country o f Origin
1 8th January Great Britain
2 5th February U.S.A.
3 4th March U.S.A.
4 1 st April Great Britain
5 29th April Germany
6 27th May U.S.A.
7 24th June Great Britain
8 22nd July Great Britain
9 19th August U.S.A.

10 16th September U.S.A.
11 14th October Great Britain
12 11th November Germany
13 9th December U.S.A.

Advertisements : All enquiries regarding advertisements in the British Editions of the Journal should 
be addressed to Mr. J. V. Robinson, Pergamon Press, Ltd., 4 & 5 Fitzroy Square, London, W .l.

Subscription : All members of the Society of Cosmetic Chemists of Great Britain receive one copy of 
each edition free. Further copies at non-member rates. Non-members: £10 per annum, 
post free, or £1 per issue, post free.

Missing Numbers : Journals are despatched at Printed Paper rate. Claims for missing numbers can 
be entertained only from subscribers in the country of origin of the particular issue, and must be 
made within 30 days from date of issue. Members and subscribers are urged to give notice of 
change of address to the Publication Offices.

Responsibility for statements published : The Society of Cosmetic Chemists of Great Britain and its 
Hon. Editor assume no responsibility for statement or opinions advanced by contributors to this 
Journal.

Lectures : The Society shall have the right of first publication of any lecture or address delivered 
before it, but does not undertake to publish any given matter.

Copyright : Reproduction of synopses, duly credited to the authors and T he J o u r n a l  of  t h e  So c ie t y  
of  Cosm etic  Ch e m ist s , is permitted. Digests of articles not exceeding 400 words may be 
published, duly credited to the author and T he J o u r n a l  of t h e  So c ie t y  of Cosm etic  Ch e m ist s . 
Reprinting or extensive copying (whole pages or articles) is forbidden, except by special permission 
in writing, from the Hon. Editor. Any republication must indicate the source of the original 
paper. The copyright of all papers published in the British Edition belongs to the Society of 
Cosmetic Chemists of Great Britain. Authors must obtain written permission from the copyright 
holder to reproduce illustrations or quotations from other sources.

Manuscripts : These should be in accordance with the “Directions for Preparation of Manuscripts,’’
copies of which are available from the Hon. Editor, Ashbourne House, Alberon Gardens, London
N.W.ll.



J. Soc. Cosmetic Chemists 16 431-446 (1965) © Society of Cosmeit Chemists of Great Britaii

The Hormonal Background of 
the Skin
The 1965 Medal Lecture by PROFESSOR SIR EL WARD CHARLES 
DODDS, Bt., M.V.O., F.R.S., The Courtauld Institute of Biochemistry, 
Middlesex Hospital Medical School, London, delivered before the Society of 
Cosmetic Chemists of Great Britain on 14th April 1965, with Alfred Herzka, 
President of the Society, in the Chair.

T h e  C h a i r m a n  : L ast year th e C ouncil o f  th e  S ocie ty  agreed to  institute an  A nnual 
M edal L ecture, and it w as decided  th a t th e  recip ient o f  the A nnual M edal shall be  a 
leadin g person a lity  w h o  has m ade an ou tstan din g con tribu tion  to  science, pu b lic  life 
or th e arts. T h e lecture shall be  on  cosm etics or allied subjects.

W h en  con sidering possib le  nam es for  th e first lecture w e were fu lly  aw are o f  the 
respon sib ility  w hich  la y  u pon  us because the first le ctu re  m u st in ev ita b ly  set a 
preceden t for  th ose th a t fo llow  in future years. T h e ch oice  o f  the C ouncil fell on  
Sir E dw ard  Charles D od d s  and w e d o  in deed con sider ourselves v ery  h onou red  th at 
he has agreed to  de liver th is first lecture. Sir Charles is, as y ou  n o d o u b t know , P ro ­
fessor o f  B ioch em istry  in  th e  U n iversity  o f  L on d on  and if I  w ere to  enum erate his 
activ ities and  th e  h onours and  degrees th a t h ave been  bestow ed  upon  h im  I fear there 
w ou ld  b e  n o tim e a t all ton igh t for  an y  lecture. I  therefore  w ish to  lim it m y self to  
ju st a little  story . W h en  I  m et Sir Charles in  order to  discus .th is  lecture he stressed 
his great respon sib ility  tow ard s an audience w hich  w ou ld  vo lu n tarily  com e to  listen, 
as op p osed  to  u n iversity  students w h o  h ave  n o  op tion  w here lectures are con cerned . 
T h is clearly  illustrates Sir Charles, th e  m an.

The fo llow ing lecture, which was illu strated w ith lantern stides , was then delivered.

Synopsis— The dependence of the skin on the whole o f the hormone-producing systems of the 
body is shown b y  reviewing the chief actions of the endocrine glands in health and disease. 
Synthetic compounds with hormonal activity similar to  those of the oestrogenic and adrenal 
anti-inflammatory steroids are mentioned in particular because of their importance as valu­
able therapeutic aids which have been made available only through the efforts of the synthetic 
organic chemist. The relation which exists between hair growth and hormones produced by 
the adrenal glands, ovaries and testes is discussed in detail, and attention is drawn to  a recent 
paper which suggests that application of an ointment containing 1 '■(, testosterone propionate 
might be capable of restoring hair growth in cases of baldness.

I m ust thank  you , Mr. President, and you r C ouncil fo r  inv itin g  me 
to  g ive the first o f  these lectures. I also feel a certain  am ount o f  em barrass­
m ent at being presented w ith  the Silver M edal b y  a S ociety  to  w hich  I fear 
I have m ade no practica l con tributions. Y o u  k in d ly  a llow ed m e to  ch oose
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the title  o f  m y  lecture and I, rather naturally , selected the field  in w hich  
I have spent the greater part o f  m y  life ’s scientific w ork , nam ely  the stu dy  
o f horm ones. I  shall a ttem pt in the tim e at m y  d isposal to  ind icate to 
you  the potentia lities o f  app ly in g  som e o f  the princip les o f en docrin o logy  
to  a consideration  o f  the skin and I hope that I  shall b e  fortu n ate enough  
to  interest you rself and  you r colleagues in the possibilities o f  app ly ing 
endocrin olog ica l know ledge to  the science o f  cosm etics.

I understand that the m a jority  o f  the m em bers o f  you r S ociety  have 
m ain ly a chem ica l or physico-chem ica l backgrou n d  and, therefore, it w ill 
p rob a b ly  n ot be ou t o f  p lace if  I  d evote  a considerable part o f the tim e 
at m y  d isposal to  g iv ing y ou  a brief p icture o f  the endocrine system  o f  the 
hum an b od y . T o  undertake this in w hat am ounts to  a few  m inutes, is 
o f  course a difficult, i f  n o t im possib le, task, b u t I  h ope  that this brief 
accou n t w ill be a useful background  to  w hat w e are goin g  to  consider later.

In  the anim al b o d y  there are a series o f  glandular organs secreting 
fluids w hich  are co llected  in tubes, or ducts, as th ey  are called, and are 
em ptied  in to  the digestive or urinary tract. As exam ples o f these glands 
one can  q u ote  the salivary glands, the pancreas and, in the case o f  the 
urinary  system , the k idneys. A natom ists over  the centuries becam e 
puzzled  b y  the num ber o f other gland-like organs in the b od y , very  sim ilar 
in structure to  the glands w ith  ducts, bu t differing from  them  in that the 
anatom ists cou ld  find no evidence o f a d u ct or tube. These becam e know n 
as the “ ductless glan ds,”  and th ey  include the thyroid , the p itu itary , the 
suprarenals and the gonads. The functions o f these ductless glands were 
n ot understood  until the turn o f  the cen tu ry  when the con cept o f  internal 
secretions gradually  evolved . I t  was p roved  that a gland, such as the 
th yroid , p rod u ced  a secretion  w hich  w ent d irectly  into  the b lood  stream . 
Later, in the early part o f  the present cen tury , this internal secretion  
w as called  a horm one. F rom  then onw ards to  the present d a y  a vast 
am ount o f  research w ork  has been  done on  the nature o f  these horm ones 
and  their m ode o f  action . T im e does n ot perm it us to  go  in to  this m atter 
in  great detail, bu t I should  like to  describe v ery  briefly  the chem ica l 
nature and functions o f the m ore im portant o f these internal secretions or 
horm ones. The m ost im portant internally  secreting gland in the b o d y  is 
the p itu itary  w hich  is situated at the base o f the brain  and carefu lly  
p ro tected  b y  a b o n y  cage at the base o f the skull. T he p itu itary  consists 
o f  tw o parts, the anterior lobe  and the posterior lobe. The anterior lobe 
secretes a w hole series o f  horm ones w hich  act u pon  all the other internally  
secreting glands. These are know n as troph ic horm ones and from  the
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chem ica l poin t o f v iew  th ey  are proteins. The m ost im portant are the 
gon adotrop h ic horm ones w hich react on  the sexual organs, nam ely  the 
testes in the m ale and the ovaries in the fem ale, and are responsible for 
their activa tion  and, in turn, for their secretion  o f horm ones w hich  con tro l 
the secon dary sexual characteristics w ith  w hich  w e shall be dealing shortly.

A n oth er p itu itary  troph ic horm one is the th yrotrop h ic horm one w hich  
again is responsible for the th yro id  gland  m aking it, in turn, secrete its 
horm one thyrox ine . Then there is the adrenocorticotrop h ic horm one or 
A C T H , as it is called, w hich  is responsible for stim ulating the suprarenals 
to  produ ce  their horm ones. A ll o f  these as we shall see later, have a 
bearing on  the skin.

T h e posterior lobe  produces peptide  types o f  horm ones w hich  affect 
p lain m uscle, renal secretion  and b lood  pressure. In  so far as we know , 
these have no con n ection  w hatsoever w ith  the functions o f the skin. W e 
can  see, therefore, that the anterior lobe  o f  the p itu itary  can  be  regarded 
as the m aster gland o f  the endocrine system , or as it has a p tly  been  
described “ the con d u ctor  o f  the endocrine orch estra .”

L et us take a v ery  qu ick  look  at the chem istry  and functions o f  the 
horm ones secreted  b y  those glands con tro lled  b y  the p itu itary. F irstly  
the th yroid . Its horm one is the on ly  iod ine-contain ing internal secretion  
and is know n as th yrox ine  for w hich  the form ula  is show n in Fig. 1. This

is a crystalline chem ica l substance th at can be synthesized w ith  relative 
ease and when adm inistered to  a th yro id ectom ized  anim al or person it w ill 
replace the functions o f  the m issing gland. It  is a stim ulator o f  m etabolism  
and raises the energy exchange o f  the tissues in the b od y , including the 
skin. There is a well know n disease associated  w ith  a trop h y  or degenera­
tion  o f  the th yro id  gland. This is know n as m yxoedem a  and it is character­
ized  b y  a th icken ing and coarsening o f the skin. The adm inistration  o f 
th yrox ine  to  such a patient results in a cure o f  the m yxoedem a  w ith  a 
return o f  the skin to  its norm al con d ition . So, we have here the first 
exam ple o f  an endocrine influence on  the skin. A dequ ate  secretion  o f 
the th yro id  horm one is necessary for the m aintenance o f norm al skin. 
A dm in istration  o f  excess o f th yrox ine  produces a stim ulation o f  m etabolism

THYROXINE
F ig u re  1
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w ith  increased ox id a tion  in the b od y . A  sim ilar con d ition  occurs in the 
disease know n as G raves’ disease, or exophthalm ic goitre. H ere the skin 
becom es thin, and paper-like in contrast to  the th icken ing o f m yxoedem a.

It is well know n that disturbances o f the sex  glands produce changes 
in the skin. L et us consider first o f  all the horm ones prod u ced  b y  the 
ovaries. These belon g  to the w ell know n group  o f  steroidal substances, 
and Fig. 2 show s the three principal horm ones produ ced  in the fem ale

OESTRONE

OESTRADIOL OESTRIOL

F ig u re  2

b od y . These are oestrone, oestriol and oestradiol. I f  the ovaries are 
rem oved  or the m enopause occurs, w hen their fun ction  ceases, it is well 
know n that coarsening and th icken ing o f  the skin occurs, rather sim ilar, 
bu t n ot so m arked, as that in m yxoedem a. W e  shall see later that these 
substances have been  the su b ject o f considerable experim entation  in the 
cosm etic w orld . B efore  leaving them , one m ight also m ention  the purely  
synthetic analogue that was prod u ced  b y  m yself and m y  colleagues in 
1938 (1), nam ely  stilboestrol, the structure o f  w hich  is show n in Fig. 3. 
This substance possesses all the properties o f  the naturally  occurring 
horm one and it has also been  the su b ject o f  experim entation  in the 
cosm etic  industry.

T he secretion  o f the testes, the m ale horm one, is also a steroidal sub­
stance know n as testosterone, and is show n in Fig. 4. W e  shall be 
referring to  extensive experim ents con d u cted  w ith  the use o f this m aterial 
at a later stage o f  this discussion.
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Som e o f  the m ost interesting horm ones have been  isolated  from  the 
suprarenal gland. These again are steroidal bodies. I f  the suprarenal 
glands o f  anim als o r  m an are rem oved , death  invariab ly  takes p lace. In  
the hum an su bject destruction  o f the suprarenal gland occurs in the 
pathologica l process know n as A d d ison ’s disease. This con d ition  is 
characterized  b y  a num ber o f  clin ica l m anifestations, bu t from  our p oin t 
o f  v iew  the m ost interesting are the characteristic and d iagnostic changes 
that occu r in the skin. A d d ison ’s disease is attended  w ith  m arked  p ig ­
m entation  o f the skin. This is o f  a brow nish character and occurs 
particu larly  at the bends o f  the lim bs and w here there are skin creases.

OH

The p igm entation  also spreads to  the m ucous m em branes and can  be 
seen clearly  in the m outh . A  w hole series o f  substances are p rodu ced  
b y  the adrenal cortex  and Fig. 5 show s the structure o f  som e o f  them  
w hich  are o f  interest to  us in  the con tex t o f this lecture. T h e y  are 
characterized  b y  having the w ell know n cyclopentenophenanthrene nucleus 
and either a ketone or a h y d rox y l group  in the 11-position . F or m any 
years these substances were academ ic curiosities, being isolated  from  
natural sources in m g quantities. A d d ison ’s disease was successfu lly 
treated  from  the 1930’s onw ards b y  the use o f an extract o f suprarenal 
glands obtained  from  the slaughter house, bu t no practica l interest was 
show n in the pure adrenocortica l steroids until the w ork  o f H ench  (2,3) 
show ed that one o f  these substances, nam ely  cortisone, possessed v ery  
va luable antirheum atic properties. The dem and for  cortisone for  the
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treatm ent o f rheum atoid  arthritis resulted in an intense concentration  o f 
research, and the synthetic p rod u ction  o f  cortisone and cortisone-like sub ­
stances. As is w ell know n, the synthesis was con d u cted  b y  starting w ith  
natural steroids such as the bile acids and then effecting a chem ica l re­
arrangem ent o f the m olecule so that cortisone and sim ilar substances 
were produced . These com pou n ds have a p rofou n d  influence on  diseases 
associated  w ith  disturbances o f  collagen  m etabolism . R heum atoid  arthritis 
belongs to  this group  o f diseases know n as the collagen  group  w hich  also 
includes cond itions such as system ic lupus erythem atosis and scleroderm a. 
In  this con d ition  characteristic lesions o f  the skin appear o f w hich  the m ost 
distressing is the v ery  disfiguring alteration  in the face w ith  a thickening 
and b lotch in g  o f  the skin ov er  the nose and cheeks g iving an unfortunate 
appearance w hich  has been  likened to  a butterfly , the nose being the b o d y  
and the cheeks the wings. The adm inistration o f  cortisone w ill frequently  
cause this con d ition  to  disappear. This has led  to  intensive experim enta­
tion  w ith  substances o f  this typ e  on  the skin. B efore leaving this grou p  
I w ou ld  like to  refer to  one o f them , nam ely aldosterone, w hich  was dis­
covered  b y  T a it and S im pson w orking in ou r hospital. This has a 
characteristic chem ica l structure, determ ined during co llaboration  with 
chem ists in Basel (4), w ith  an interesting oxy gen  bridge w hich is seen in 
Fig. 6. This substance, v ery  briefly  a ffects the e lectrolyte  balance o f the 
b o d y  and its adm inistration causes retention  o f  sodium . Great attention  
has been  paid  to  the effect o f e lectrolyte  balance on  the skin and it m ay
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w ell be that future research w ill show  that a ldosterone p lays a part in  the 
regulation  o f  the norm al fun ction  o f the skin. B efore discussing the effects 
o f  top ica l app lica tion  o f  horm ones to  the skin, I w ou ld  like to  cla rify  the 
question  o f  the possible cancer-produ cin g potentia lities o f such applications. 
A  great deal o f  sensational and inaccurate statem ents have been  expressed 
on  this su b ject. It has o ften  been  suggested  th at the add ition  o f oestrogens, 
such as oestradiol and stilboestrol to  face cream s constitu tes an actual risk 
o f  the developm ent o f cancer in the users. It has also been  stated  that 
oestrogens are cancer producers. This, like so m an y statem ents, is a 
partia l truth , and like so m any others, w hen taken from  their scientific 
con tex t, can  be com plete ly  m isleading. L et us just look  at the fa cts : 
It was show n m an y years ago b y  Professor Lacassagne (5) that if one 
in jected  oestrone in to  v ery  you n g  m ice and continued  to  in ject them  for 
the rest o f  their lives, a v e ry  high p rop ortion  o f  the anim als in later adult 
life developed  cancer o f  the breast. V ery  carefu l w ork  o f a genetic 
character over  a num ber o f  years after Lacassagne’s observa tion  show ed 
that oestrone and other oestrogens w ou ld  on ly  produ ce  an increase in the 
incidence o f  carcinom a o f the breast in anim als that h ad  the genetic 
possib ility  o f  develop ing  carcinom a o f the breast. I t  is possible to  p rod u ce  
strains o f  m ice w hich , n o  m atter h ow  long  th ey  live, w ill never produ ce  
carcinom a o f  the breast and adm inistration  o f  oestrogens to  these anim als 
w ill not p roduce this con d ition . F rom  this point o f v iew  one can  state 
that oestrogens are able to  stim ulate but not in itiate the p rod u ction  o f  
cancers. The fear that the top ica l app lica tion  o f  oestrogens w ill produ ce  
cancer is a con fusion  w ith  w hat are know n as carcinogenic h ydrocarbons. 
In  the m iddle o f  the 18th cen tu ry  a distinguished surgeon at St. B arth o lo ­
m ew ’s H ospital, Mr. P erciva l P ott, dem onstrated  con clu sively  that cancer 
o f  the skin o f  the genitalia  o f ch im n ey  sw eeps was due to  prolonged  exposure 
to  soot. It w ill be  rem em bered that in those days no one bath ed  at all,
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and  that con tam ination  w ith  soot w ould  p ossib ly  last a lifetim e. It  was 
n ot until the 1920’s that the chem ica l nature o f the cancer-producing 
agent in soot and tars was identified. This was done b y  the late Sir E rnest 
K ennaw ay, Sir Jam es C ook  and  their colleagues at the R o y a l M arsden 
research departm ent, n ow  know n as the Chester B ea tty  Institute (6 -9 ). 
T h ey  show ed that the cancer-producing substances were condensed  carbon  
ring com pounds o f the typ e  o f dibenzanthracene and benzpyrene w hich  
are show n in Fig. 7. These substances, if  pain ted  on the skin o f  m ice 
over long  periods, w ill p rod u ce  cancer. On the other hand, pain ting o f

DIBENZANTHRACENE
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the skin o f m ice w ith  oestrogens under the sam e con d ition s w ill never 
p roduce cancer o f  the skin and, therefore, we can  w ith  sa fety  say  that 
there is no risk o f  cancer being p rod u ced  in the hum an skin b y  the 
app lication  o f  cosm etics conta in ing oestrogens.

W e have n ow  review ed the endocrine system  o f the hum an b o d y  and 
w e can  see the types o f chem ica l com pou n d s that the b o d y  produces in 
order to  regulate grow th , developm ent and m etabolism . W ith  on ly  one 
exception , I have described  naturally  occurring p rodu cts  bu t I d id  m ention  
the horm one analogue stilboestrol w hich has all the b io log ica l properties 
o f  the n aturally  occurring oestrogens. It  is, I th ink, essential at this stage 
to  draw  you r a tten tion  to  another grou p  o f  chem ica lly  m odified  horm ones, 
nam ely the substituted  corticosteroids. I have a lready show n y ou  the 
form ulae o f som e o f  the naturally  occurring substances such as co r t ico ­
sterone and cortisone. V ery  pow erfu l new  substances have been  d eveloped  
b y  organ ic chem ists using these m olecules as a basis and in troducin g  new  
groups. The m ost successful o f these series are the fluorinated com pou n d s 
o f w hich the m ost im portant are fluocinolone, triamcinolone and  fluran- 
drenolone w hich  are show n in Fig. 8. One o f  the m ost w ide ly  used has 
been /frnethasone 17-valerate, the properties o f w hich  were review ed 
recently  b y  W illiam s et al (10). It  has been  show n that these substances 
penetrate the skin w hen applied  in ord inary  m edia, bu t if th ey  are applied
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w ith  w hat is know n as the occlusion  process, that is to  say under a sealed 
■cellular cover, then high concentrations o f these substances occu r in the 
skin and produ ce  v ery  p ro fou n d  effects. It is no exaggeration  to  say  that 
the w hole o f  derm ato logy  is to d a y  undergoing a revolu tion  as the result 
o f these experim ents. A pparen tly  one o f  the prim ary actions o f  these 
fluorinated com pou n d s is that o f  the w ell know n anti-in flam m atory  action  
o f the corticosteroids. W orkers in the G laxo L aboratories have developed  
a specia l test ( 1 1 ) and it has show n that the anti-in flam m atory a ctiv ity  
bears a relationship  to  the va so -con strictor a ctiv ity  o f  the com pounds. 
This is a h igh ly  specialized  su b ject and I have rea lly  no tim e to  go  into 
the details, b u t there can be  n o  d ou b t that b y  the app lication  o f the new  
com pou n ds m a n y  skin diseases, such as psoriasis, w hich  are at present 
regarded  as incurable, w ill be am enable to  treatm ent.

B efore leaving the horm ones generally, I w ou ld  like to  say a w ord  
a bou t the level at w hich  th ey  act. A s you  w ill doubtless be fam iliar, 
the w orld  o f  the b iologist, and in fa ct o f the pathologist and the m edical 
■consultant, is m ov in g  to  the sphere o f m olecu lar b io lo g y  and it, therefore, 
requires specu lation  as to  w hether the substances that I have listed require 
the w hole b o d y  to  produ ce  their reactions or w hether th ey  can  act loca lly , 
let us say, for exam ple, on  certain  layers in the skin. There is no d ou bt 
that the substances that w e have enum erated act in tw o  w ays, som e on 
•organs and others on  specific cellular elem ents o f the tissues.

On the other hand we k n ow  that the add ition  o f  th yrox ine  to  suitable 
tissue fractions w ill result in an increased ox ida tion . W e also kn ow  that
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som e o f the horm ones, such as testosterone and the oestrogens, act 
on  certain  parts o f the reprodu ctive  organs and also on the in tegu ­
m ent.

H aving assem bled all this in form ation  it is rather d ifficult to  kn ow  
h ow  to  proceed  in a purely  logica l m anner. I do not propose to  plunge 
in to  the com plications o f derm atology  as the p ath olog ica l signs o f this 
su b ject are so obscure and m any o f  the cond ition s rare, that I th ink  it 
extrem ely  un likely  that at this stage o f developm ent we cou ld  gain a n y ­
th ing really definite from  the poin t o f  v iew  o f  the cosm etic  chem ist. 
R ea lly  v ery  little is know n about the a etio logy  or the treatm ent o f the 
com m on er skin diseases other than those due to  in fection  and parasitism . 
W e  are beginning to  understand a great deal m ore abou t allergic con d ition s  
but I th ink  that this aspect cannot be inclu ded  in this lecture.

L et us consider first o f  all the ev idence and value or otherw ise o f th e  
add ition  o f  horm ones to  cosm etic preparations for loca l app lication . I well 
rem em ber in the early  1930’s, w hen S chering-K ahlbaum  A .G . in B erlin , 
succeeded  in p rodu cing  oestradiol in  a crystalline stabilized  form  for  the 
first tim e. I also rem em ber the v ery  great hopes that were held  ou t fo r  
this m aterial, w hich  o f course im m ediately  assum ed an im portance in 
gyn aeco log ica l th erapy  and becam e the standard  treatm ent for  th e  
sym ptom s o f the m enopause. E xten sive  experim ents were con d u cted  in 
the U .S .A . and were, I th ink, reported  b y  the Council in P h arm acy  o f  the 
A m erican  M edical A ssociation . T h e results o f adding oestrogens t o  
cosm etic preparations were d isappointing, to  say the least o f it. C ontra­
ind ication  w as v ery  q u ick ly  observed  in that if the con cen tration  was to 
be effective enough m aterial was absorbed  to  interfere w ith  the regular 
m enstrual cy cle . L ook in g  back  on these experim ents w ith  the know ledge 
that w e have gained during the past 30 years, it is not surprising to  m e 
that the results were inconclusive, in fact w ith  the know ledge th at we 
have o f  the necessity  for b lind  and doub le  b lind  tests fo r  re la tive ly  crude 
things like pain , etc ., one w onders if it w ill ever be  possible to  ch eck  up> 
finer variations in the treatm ent w ith  rein forced  cream s. This su b ject 
has been  look ed  in to  v ery  carefu lly  b y  E b lin g  (12) w ho has con clu d ed  
that the horm one cream s are no b etter than those w ithout horm one 
additives.

I w ou ld  like to  m ake som e reference n ow  to  the use o f testosterone 
in cream s, bu t this w ill take m e v ery  briefly  to  the su b ject o f hair grow th  
on the skin. This again is a vast su b ject o f w hich it is not possible here 
to  m ake m ore than passing reference.
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H a i r  G r o w t h

The integum entary appendages have repeatedly  been  show n to  be 
target organs for sex horm ones, and this is seen m ost strik ingly in birds 
w hich  instead o f having hair grow  feathers, in m an y cases o f  v iv id  colour, 
from  the derm al layer. The sex  o f  the b ird  in m any species determ ines 
w hether the plum age is drab or colourfu l, and often  w hether the feathers 
are long  and  sw eeping and suitable for decorating lad ies’ hats, and the 
horm onal effects have been  described  at length  b y  D om m  (13). Surgical 
rem ova l o f  the ovaries from  a hen b ird  w ill induce the developm en t o f 
m ale p lum age and reversion to  the fem ale ty p e  is possible b y  subsequent 
in jections o f fem ale horm ones. It is even  possible to  see this reversal 
during the developm ent o f  a single feather so that the tip  m a y  be character­
istic o f one sex and the prox im al portion  o f the other sex.

Sim ilarly, the m am m als have differences betw een  the sexes in hair 
g row th ; thus in rats, hair length  in the fem ale is shorter than in the m ale, 
and this has been show n to  be due to  d ifferent rates o f grow th , as also 
is the case with the axillary  hair in m an.

T w o  ch ie f phases, grow ing and resting, are seen in  the developm ent 
o f  every  hair. D uring the grow ing phase a group  o f  the derm al cells 
b ecom e active  and produ ce  a pap illa  w hich  grow s dow n  in to  the subderm al 
tissues. This finger o f derm al cells cannulates and from  its base arises 
the hair shaft p rotected  at first b y  a sheath. This shaft is com posed  
en tirely  o f keratin ized dead  cells and its length  is governed  b y  the duration 
o f the grow ing phase w hen the fo llic le  is active, and b y  the rate at w hich 
the dy in g  and keratin ization  o f  the cells o f the basal papilla  proceeds. 
The resting phase begins w hen the a ctiv ity  o f  the hair fo llic le  ceases and 
lasts until the “ c lu b ”  hair, as it is ca lled , is shed.

R egiona l differences in the length  o f  hair over the b o d y  are ch iefly  due 
to  d ifferences in the duration  o f  the grow ing phase, and  regional differences 
in the rate o f grow th  are usually  sm all. Thus, the hairs o f  the eyebrow s 
have a short grow ing phase and  a long  resting period , w hile the scalp hairs 
have a v ery  long grow ing period  and a short resting period.

In  som e anim als hairs d evelop  in w aves o f follicu lar a ctiv ity  over  the 
surface o f the b o d y , bu t in m an the follicles are non-synchronous and all 
stages o f developm ent lie together over the b od y .

It  is possible to  p red ict that horm ones w hich  m ay be able to  a ffect 
hair grow th  w ill on ly  be able to  act at certain  tim es during the d eve lop ­
m ent and these are b y :
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1. In d u ction  or inhibition  o f the grow ing period.
2. A ffectin g  rate o f grow th  during the grow ing period.
3. L im iting or lengthening the grow ing period.
4. P rom otin g  or inhibiting the shedding o f  “ c lu b ”  hairs.
W e  w ill first consider the influence o f the adrenals on  hair grow th  w ith  

these phases in m ind, particu larly  the first, for  it is at this p oin t that a n y  
m easures a im ed at curing a lopecia  or baldness m ust be directed.

Since clin ica lly , hirsutism  is often  associated  w ith  adrenal tum ours it 
m ight be exp ected  that a relationship  exists betw een  hair grow th  and 
adrenal horm ones, b u t the sum  o f  experim ental evidence w ou ld  seem  to  
suggest the opposite.

A dren a lectom y has been  show n to  be fo llow ed  b y  earlier hair grow th  
in the rat and had  a h ard ly  noticeable  effect on  the loss o f “ c lu b ”  hairs. 
On the other hand, there was retarded  grow th  o f hair in rats w ith  h yp er­
troph ied  adrenals induced  b y  restriction  o f their diet. This experim ent 
has in troduced  a com plica tin g  d ietary  fa ctor and no effect on  hair grow th  
was seen w hen  A C T H  was used  to  induce hyperadrenalism . It  is on ly  
since 1950 that adm inistration  o f adrenal horm ones have been  studied  
for their effects on  hair grow th  b y  Johnson  (14) and W h ite ley  (15). T h ey  
have show n, in rats, that cortisone adm inistered system atically  and h y d ro ­
cortisone top ica lly  inhibit the in itiation  o f  the grow ing period. F ollow ing 
cortisone, grow th  d id  n ot recom m ence un til 13 to  20 days after cessation 
o f the treatm ent.

I t  has been  suggested that cortisone m ight inh ibit regrow th  o f hair and 
follicu lar a ctiv ity  b y  adversely  affecting the b lo o d  su pp ly  to  the follicles.

The experim ental evidence w ou ld  suggest that the adrenal horm ones 
m ight be m ore effective depila tory  agents than hair restorers though 
D illaha and R oth m an  (16) have reported  som e success in treatm ent o f 
a lopecia  w ith  cortisone in 1952, and som e cosm etic preparations purport 
to con ta in  h ydrocortisone derivatives.

The sex horm ones w ou ld  appear to  p lay  a v ery  definite part in regulating 
hair grow th  as the fo llow ing observations in m an suggest. The adrenal 
horm ones p roved  d isappointing after the original prem ise relating hirsutism  
w ith  adrenal a ctiv ity  suggested that th ey  had possibilities w hich  m ight be 
exp loited . The fa ct is that hirsutism  in adrenal h yp era ctiv ity  is n ot due 
to  the g lu cocortico ids  secreted  b y  the adrenals, b u t to  the androgenic 
steroids w hich  are also increased in these cases. In  w om en hair loss offers 
a com plica ted  p icture because o f  the dem ands o f  socia l habit and fashion 
w hich  require the app lication  o f chem ical, therm al and m echanical injuries
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to  the hair. H ow ever, it is certain  that during pregnancy the grow ing 
phase o f  hair developm ent is lengthened  and the resting phase is delayed. 
The longer hair grow n during pregnancy is shed during the puerperium  
som etim es giv ing a con d ition  know n as post-partum  alopecia, fo llow ed  b y  
norm al hair grow th.

In  experim ental studies w ith  rats it has been  show n that hair grow th  
is inh ibited  b y  in jection  o f oestrogenic substances in am ounts w hich  are 
inim ical to b o d y  grow th , and b y  app lication  o f them  to the skin. Later 
studies, also in rats, dem onstrated  that in jections o f oestradiol de lay  the 
start o f the grow ing phase and decrease the rate o f grow th , bu t that loss 
o f the club  hairs is inhibited , con sequen tly  increasing the length  o f  the 
resting phase.

A ndrogens, on  the other hand appear to  stim ulate the hair fo llic le  
d irectly  g iv ing rise to  hirsutism , but m a n y  experim ents have n ot show n 
them  to  be effective as hair restoratives in baldness, though  th ey  are able 
to  offset the effects o f  large doses o f  oestrogens w hich cause loss o f  hair. 
U nlike the oestrogens, androgens w ere fou n d  to  have no effect on  the 
grow th  rate o f the hair, or  on  the loss o f “ c lu b ”  hairs.

The increased hair length  m et w ith  in pregnancy w ou ld  seem  to  suggest 
that progesterone cou ld  influence hair grow th , bu t I have n ot heard that 
w om en taking the progestational con tracep tive  p ill suffer from  an increased 
am ount o f hair.

B efore leaving the sex  steroids it is necessary to  m ention  the inter­
relationship o f these horm ones w ith  those o f the adrenals in their effect 
on hair grow th . In  the rat the adrenal horm ones enhance the effect o f 
oestradiol in delaying the start o f the grow ing phase, bu t there seem s to  
be no synergism  or antagonism  b y  androgens since adrena lectom y o f m ale 
rats had  no effect on  hair grow th . T he adrenals do n ot seem  to  be  im ­
portant either in relation  to  the loss o f club  hairs in the m ale or the fem ale 
rat.

The th yroid  gland is the source o f other horm ones w hich m ight be o f 
interest in this connection . In  cases o f m yx oed em a  there is loss o f th yro id  
function  w hich is often  associated  with loss o f hair, w hile in  goitre or 
hyperthyroidism  hirsutism  is often  seen. T h e th yro id  has also been  show n 
to  be involved  in hair grow th  in anim al experim ents. H ow ever, w hen 
triiodothyron ine is given  to norm al subjects the androgen /cortico id  ratio 
o f  the excreted  steroids has been  show n to  be  a ltered tow ards excess o f  
the androgens and this m ight be  the actual m ediator betw een  the th yroid  
and hair grow th . B erm an (17) on  the other hand applied  th yrox ine
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top ica lly  to  the skins o f da iry  ca ttle  w hich  undergo an annual cy c le  betw een  
grow ing and  shedding, and co lou r o f  hair. T he long, full, w o o lly  w inter 
coa t is gradually  rep laced  b y  th icker, shorter, m ore reflective sum m er hair. 
H e fou n d  that the th yrox ine  treatm ent a ffected  rate o f  grow th  and  in ­
creased p igm entation  at a leve l o f  on ly  6 /^g/cm2/d a y  w hich  seem s to  be 
insufficient to  a ffect androgen  secretion . It  is n ot know n w hether th yrox ine  
has a n y  regenerating effect on  hair follicles.

T o  the intense surprise o f  the experts an article appeared recen tly  (18) 
on  the effect o f  the top ica l application  o f testosterone on  the grow th  o f  hair 
in baldheaded  people . So im pressed were the E ditoria l departm ent o f  the 
particu lar journal that th ey  h ad  an E ditoria l entitled  ‘ ‘B aldness b reak ­
th rou gh ”  (19). A s w e are ob v iou s ly  going to  hear a lo t  m ore abou t this 
I thought it advisable to  discuss it in som e detail. T h e loss o f  hair in the 
m iddle-aged  and elderly  m ale has been  a su b ject o f com m ent from  tim e 
im m em orial. T h e fact that the con d ition  is practica lly  con fined  to  the 
m ale indicates that there m a y  p ossib ly  b e  som e endocrine background. 
Various other explanations have been  put forw ard  such as size, th ickness 
o f  the scalp and so forth  and inferior b lo o d  supply , b u t I th ink I am  right 
in saying that there is no com m on ly  agreed exp lanation  for  this con d ition . 
A gain , I  w ell rem em ber w hen the Germ ans produced  for the first tim e, 
in re la tive ly  un lim ited  quantities, pure crystalline testosterone. E xten sive  
experim ents were con d u cted  using the m aterial b o th  b y  in jection  and b y  
loca l application , b u t the results w ere u n iform ly  negative. It  is, there­
fore, surprising to  turn to  the paper b y  P apa and K ligm an (18) referred to  
in the E d itoria l. The authors review  the a etio logy  and then  p roceed  to  
a description  o f  their experim ents. T he experim ents were con d u cted  on  
prisoners w ho w ere chosen for their com plete  fron tocentra l denudation . 
F ortyon e  prisoners were selected , aged  from  2 9 -7 8  y r  and  the duration  
o f  the baldness from  1 -30  yr. T w entyon e o f  the subjects w ere se lected  
for test and each  w ere treated w ith  0 .5  g  o f  a 1%  testosterone prop ionate 
ointm ent in a h ydroph ilic base. This m aterial was applied  once a d a y  
to  the scalp. T he rem aining 30 con trols were treated  w ith  the veh icle  
alone. I th ink it best is to  quote the authors’ actual w ords o f  the 
resu lts :—-

‘ ‘ In  this prelim inary study , no effort was m ade to quantitate  the 
am ount o f regrow th  o f hair. A  positive  response to  testosterone prop ion ate  
o in tm ent was the unm istakable appearance o f  longer, stouter, term inal 
typ e  hairs in an area w hich  p rev iou sly  con ta ined  noth ing but nearly in ­
visib le lan u go-type  hairs. B y  this criterion 16 o f the 21 androgen-treated
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subjects  show ed indisputable hair grow th . N one o f the con tro l grou p  
treated w ith  h ydroph ilic o intm ent show ed this change. W e  judged  th at 
perhaps 10%  to  1 5%  o f  the original fo llicu lar popu lation  was stim ulated. 
The pattern  o f  regrow th progressed in the reversed order o f loss ; greater 
response was noted  about the parietal and occip ita l area. These peripheral 
areas, ad jacent to  surviving term inal hairs, reacted  earliest and best. 
E v id en tly  the m ost recen tly  and incom plete ly  involu ted  follicles are 
capab le  o f optim al response.

"T h e  age o f  the su b ject, w hether you n g  or o ld , did n ot appear to a ffect 
the p rob ab ility  o f  stim ulation . Surprisingly, w e have the ten tative  
im pression that the result was n ot clearly  dependent on  the duration  
o f baldness. A  return o f p igm entation  in w hite-haired ind ividuals 
was n ot observed . A lth ou gh  the regrow ing hairs were term inal and 
coarser, th ey  p rob a b ly  did n ot reach the length and thickness o f  
w hich  the fo llic le  was orig inally  capab le . In  n o  instance w as there 
a restoration  o f  a th ick , luxuriant pelage w hich  w iped  ou t the im pression 
o f baldness.

"W ith in  the short period  o f  this stu dy  no individual w as adversely  
a ffected  b y  the treatm ent. There w as no evidence o f  salt retention , 
p rostatic h yp ertroph y , or return o f  axillary or p u b ic hair in older in ­
dividuals. A lth ou gh  difficult to  docu m en t, the three m ost elderly  su b jects  
experienced  im provem ent on  m ood , vigour, and appetite, w hich  im pressed 
the a ttending personnel as w ell as the subjects, perhaps reflecting the 
anabolic a ctiv ity  o f  testosterone.”

A d m itted ly  the photographs do n ot look  particu larly  im pressive, bu t 
o f course the rea lly  im portant p oin t is that the authors have show n that 
the ba ld in g  process is a reversible one. I f  this progress can b e  m aintained 
then it is h igh ly  possible that m ore active com pou n ds w ill be found.

In  conclusion  one can, I think, say  that the greatest d ifficu lty  in pre­
paring this lecture has been  in the selection  o f the m aterial. Y ou r  President 
inv ited  m e to  g ive  this lecture v ery  nearly  a year ago and I com m en ced  
w ork  at once. I  v ery  q u ick ly  realized that I was preparing a course o f  
lectures not just one. It  is perhaps unw ise to  prophesy w hat w ill happen. 
M y ow n  feeling is that little progress can  b e  exp ected  ou t o f  the add ition  
o f  the standard horm ones to  cosm etic preparations. I th ink  that w e h ave 
h ad  sufficient experience during the last 30 years to  ind icate to  us that 
there is un likely  to  be any great advance w ith  the original preparations. 
I do feel, how ever, that w ith  these new  h igh ly  active cortico id  preparations 
and their effect on  p ath olog ica l con d ition s o f  the skin, it m ay  be that a

3
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new  era is abou t to  be  in troduced  and that the cosm etic chem ist should  
certa in ly  keep  his eye v ery  firm ly  glued  to  this field in w hich  rapid  advances 
are being m ade from  d a y  to  day.
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a p p la u s e  f r o m  the au d ien ce.

M r . R . C l a r k : I t  is m y  pleasure th is even ing to  th an k  y ou  form a lly  fo r  h av ing  
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are m an y, o f  course, like m y se lf w ho o n ly  h ave  a superficial know ledge o f  it. H o w ­
ever, irrespective  o f  our previous state o f  know ledge, I am  sure th a t all o f  us here 
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occasion s are alw ays som ew hat special, and indeed y ou  h ave m ade th is a special 
even ing for  us ton igh t. T h ank  you , Sir Charles.
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Hydrolysis of Wax-Esters in 
Emulsions
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Presented at the Symposium on “Emulsions”, organized by the Society of 
Cosmetic Chemists of Great Britain at Harrogate, Yorks, on 31st March 1965.

S y n op sis— Determination of the interfacial tensions of benzene solutions o f wax-esters 
against aqueous solutions reveals that the esters are not surface active. Moreover, ester/ 
alcohol complexes are not formed at the interface. The experimental evidence suggests 
that the hydroxyl ion is adsorbed at the oil/water interface. The relevance of the inter­
facial measurements to  the hydrolysis o f wax-esters, and the hydrolytic mechanisms in o /w  
and w /o  emulsions are discussed.

I n t r o d u c t i o n

B efore an ester form ed  from  a w ater-insoluble a cid  and a w ater- 
insoluble a lcohol, i.e ., a  w a x  ester, can  be h ydrolysed  in  an em ulsion, tw o 
con d ition s m ust be fulfilled. F irstly, the reactants m ust be able to 
penetrate the interface, and second ly , the reactants in  the interface m ust 
be su itab ly  oriented.

F rom  m easurem ents o f  the surface poten tia l and the rates o f  hydrolysis 
at the a ir /w ater interface ( 1 ,2 ) it has been  deduced  that esters o f  the type 
under consideration , even  at re la tive ly  low  surface pressures, are fo lded  
into  a V -shape, the ester linkage being in the interface. A  m ajor d ifficu lty  
in interpreting the m echanism  o f  em ulsion hydrolysis  o f esters in  these 
term s is that even  short-chain  esters are v ery  w eak ly  surface-active, so 
th at the reaction  should  n ot reach com pletion  because the reactants are 
gradually  d isplaced  from  the interface b y  the m ore surface-active p roducts 
o f the hydrolysis. In  o /w  em ulsions the reaction  does, in fact, com e to  a 
halt before  all the ester has been  h ydrolysed . In  u n expected  contrast, w /o

f Present address : W ool Research Laboratory, P.O. B ox 21, Belmont, Geelong, Australia. 
»Textile Chemistry Laboratory, The University, Leeds, 2.
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em ulsion hydrolyses p roceed  to  com pletion . In  an a ttem pt to  explain  
these observations, it was postu lated  (3) that the surface-active species 
was an association  com plex  o f an a lcohol and an ester, a suggestion w hich  
was in accord  w ith  the know n behaviour o f m ixtures o f  w ax-a lcoh ols  and 
their esters as w /o  em ulsifying agents. Thus, a lthough the em ulsifying 
pow ers o f  w ax-esters are negligible, the em ulsifying pow er o f a w a x-a lcoh ol 
plus one o f  its esters is usually  greater than  that o f the a lcohol alone, the 
difference increasing as the m olecu lar w eight o f  the a cy l rad ical o f  the 
ester increases (4,5). The em ulsifying pow er is here defined as the per­
centage o f  w ater that can  be em ulsified b y  a sam ple o f  liqu id  paraffin 
conta in ing 5 %  o f  the surface-active agent. F or cholesteryl esters, the
follow ing values have been  recorded  (5) :—

2 .5 %  cholesterol 120
5 .0 %  cholesterol 240
2 .5 %  cholesterol +  2 .5 %  cholesteryl acetate 410
2 .5 %  cholesterol -f- 2 .5 %  cholesteryl butyrate 620
2 .5 %  cholesterol +  2 .5 %  cholesteryl palm itate 1180

W e have investigated  the nature o f  the interaction  betw een  cholesterol 
and cholesteryl stearate and betw een  «h ex ad eca n ol and w hexadecyl 
palm itate, and find that th ey  d o  n ot associate in  the interface. M oreover, 
the ester itself is d evo id  o f  surface a ctiv ity . H ence, in w /o  em ulsions 
w hich  proceed  to  com pletion , one o f  the ion ic reactants m ust be adsorbed  
at the interface.

E x p e r i m e n t a l

Method
M easurem ents o f the interfacia l tensions were m ade b y  the drop -w eight 

techn ique (6), using a m icrom eter syringe (7) fitted  w ith  a stainless steel 
cap illary  tube. C alculations are based on the relation :—

i“ (ei — ea)g/5
V =  ---------------

r

where
y  is the interfacia l tension (dynes/cm ),
n is the volu m e o f  the drop  at the m om ent o f  detachm ent (cm 3), 
c>! and q2 are the densities o f the tw o bu lk  phases (g /cc),
/? is the correction  factor o f H arkins and B row n (6), and 
r is the detachm ent radius (cm ).
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This techn ique is v ery  suitable fo r  investigating ageing effects, and is 
accurate p rov id ed  that the detachm ent perim eter o f  the p ipette  is sharply 
defined, and accu rate ly  know n. T he m icrom eter syringe was calibrated  
at various tem peratures, and the densities o f  the solutions were determ ined 
w ith  a Perkins pykn om eter at the appropriate tem peratures. N orm ally , 
the aqueous solution  was con ta ined  in  the p ipette , bu t we ascertained 
th at the results were unaffected  b y  reversal o f  the positions o f  the tw o  
phases.

Materials
W ater was deion ized  b y  passing it through  a m ixed -bed  resin Elgastat ; 

its specific con du ctan ce  was less than  2.5 X  10-7 oh m -1cm _1. It  has been  
show n that som e resins g ive deion ized  w ater conta in ing traces o f m aterial 
the surface a ct iv ity  o f  w hich can  be d etected  on ly  under acid ic con d i­
tions (8) ; o ther produ cts  seem  satisfa ctory  (9). W e  com pared  the surface 
a ctiv ities o f  deion ized  w ater, and that obta ined  b y  doub le-d istilla tion  from  
potassium  perm anganate in  a barraglass still and cou ld  find n o  d ifference 
betw een  them . Benzene: A .R . grade benzene was redistilled from  an all 
glass apparatus ; it had  b .p . 80.1°. W henever new  batches o f  benzene or 
w ater were used, the interfacia l tension  was determ ined ; the values were 
invariab ly  reproducib le  to  0 .08 d yn e /cm . Cholesterol was purified b y  
F ieser’s m eth od  (10) ; it had m .p . 147.2° and  d id  n ot absorb  in the u ltra ­
v io let. Cholesteryl stearate was recrystallized  seven tim es from  acetone. 
B efore each  recrystallization , the solution  was treated  w ith activa ted  
charcoal, and then filtered through  a short colum n o f  a ctiva ted  alum ina. 
I t  had  m .p . 7 8 .0 -7 8 .8 ° (to an an isotrop ic liquid ) ; a lthough it had  no 
m axim u m  in  the U V  absorp tion  spectrum  dow n  to  220 nm , at 230 
nm  the ra p id ly  d im inishing value o f  the extin ction  coefficient was 0.09
l.g -1cm -1. Hexadecyl palmitate was synthesized from  pure hexadecanol 
(m .p . 49.5°) and pure palm itic acid  (m .p. 63.1°). A fter five crystallizations 
from  acetone and tw o from  ethanol, the p rod u ct had  m .p . 52.9°.

O b se r v a t io n s

T he interfacia l tension betw een  benzene and w ater d id  not show  any 
ageing effect betw een  30 sec and 75 m in. The values are show n in Table I, 
b oth  deion ized  w ater and  doub le-d istilled  w ater giv ing the sam e values. 
The va lue at 20° is sligh tly  low er than that given  in the International 
Critical Tables, v iz . 35.0  d yn es/cm , and higher than that fou n d  b y  
Pilpel (11), nam ely  34.0 d yn es/cm .
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Table I Interfacial tensions of water against benzene

Temperature Y (dyne/cm)

20° 34.4
40° 32.8
60° 31.1

Interfacial tensions o f solutions o f  cholesterol in  benzene against w ater 
are show n in Figs. 1 and 2, no ageing effects were observed . Solutions o f 
cholesterol, even  w hen stored  in  the dark, give progressively  low er values

F ig u re  1
Interfacial tensions of solutions of cholesterol in benzene against water as a function of time.

1. 0.0 mol/1 20°
2. 0.0 mol/1 60°
3. 0.025 mol/1 60°
4. 0.05 mol/1 40°
5. 0.04 mol/1 20°
6. 0.20 mol/1 40°
7. 0.10 mol/1 20°

for the interfacia l tension, presum ably because o f au to -ox id ation . Fig. 3 
shows that the ox ida tion  produ cts  o f  cholesterol a ffect not on ly  the values 
o f  the interfacia l tensions, bu t th ey  m ay also in troduce a m arked ageing 
effect.

C holesteryl stearate show ed a slight ageing effect up  to  abou t 25 m in, 
the interfacia l tension falling b y  1.3 d yn es/cm  at 20°. The equilibrium  
interfacial tensions are show n in Fig. 4. A lthough  the surface a ct iv ity  is
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Concentration (mol/1)
Figure 2 Interfacial tensions of solutions of cholesterol in benzene against water, as a

function of concentration.

F ig u re  3 Effect o f storage and of irradiation of cholesterol on the interfacial tensions of its 
solutions in benzene against water ; at 20°.

1. 0.075 mol/1 ; fresh solution
2. 0.075 mol/1 ; after 90 days' storage
3. 0.0018 mol/1 ; fresh solution
4. 0.0018 mol/1 ; after irradiation
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F ig u re  4  Equilibrium interfacial tensions of water against solutions of cholesteryl stearate 
in benzene. Upper set o f three curves: for the purest ester. Lower pair of curves: for ester 

which had been recrystallized only three times.

slight, it is, nevertheless, higher than that expected . Sim ilar m easure­
m ents w ith  solutions o f  com m ercia l cholesteryl stearate w hich have been 
treated  w ith  charcoal and recrystahized on ly  three tim es are also recorded  
in Fig. 4. I t  is seen that the less pure ester is m arked ly  surface-active, 
so that the slight surface a ctiv ity  o f  our purest sam ple o f ester 
p rob a b ly  arises from  the traces o f im pu rity  ind icated  b y  the U V  
spectrum .

T he interfacia l tensions o f  system s containing cholesterol and the 
purest available cholesteryl stearate are show n in Table II. It  is seen 
that the surface a ctiv ity  o f  the m ixture conta in ing b oth  ester and a lcohol 
is not significantly different from  that o f cholesterol alone.
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Table II Interfacial tensions of solutions of cholestérol plus cholesteryl stéarate 
in benzene against water.

Temperature Cholesterol
(mol/1)

Ester
(mol/1)

Y
(dyne/cm)

y (for cholesterol alone 
at the concn. shown in 

column 2)

20° 0.0300 0.0100 25.9 26.1
0.0200 0.0200 29.6 29.4
0.0100 0.0300 32.7 32.5

40° 0.0300 0.0100 29.6 29.3
0.0200 0.0200 31.1 30.8
0.0100 0.0300 31.9 31.7

60° 0.0300 0.0100 29.5 29.6
0.0200 0.0200 30.0 30.2
0.0100 0.0300 30.3 30.7

Sim ilar m easurem ents for h exadecanol and h exadecy l palm itate once 
again show ed that the ester was n ot surface-active, and that it d id  not 
exert a synergistic influence on  the properties o f the a lcohol.

Table III  Interfacial tensions o f equimolar mixtures of hexadecanol and hexadecyl 
palmitate in benzene against water.

Temperature Concn. o f each com ponent 
(mol/1)

Y
(dyne/cm )

Y (for hexadecanol alone 
at the concn. in column 2)

to o o 0.0250 32.3 32.6
0.0500 30.6 31.0
0.0650 29.9 30.1
0.0800 29.4 29.4
0.1000 28.3 28.4

60° 0.0250 30.0 30.3
0.0500 29.3 29.4
0.0650 29.1 29.1
0.0800 28.8 28.8
0.1000 28.3 28.4

Effect of electrolytes on the interfacial tension
First, the interfacia l tension o f  an N /1 0  solution  o f A .R . sodium  

h ydrox ide  in deion ized w ater against redistilled benzene was d e term in ed ; a 
m arked ageing effect was observed . T o  m ake sure that the ageing effect 
was n ot due to  transfer o f liqu id  across the interface, the tw o phases were 
shaken together fo r  5 m in, a llow ed to  separate at 20°, and the interfacia l 
tension was redeterm ined using the m utually  saturated phases. The 
results (Fig. 5, curve 4) are n ot significantly different. T o  determ ine
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w hether the low ering in interfacia l tension cou ld  be a ttribu ted  to  im ­
purities, the fo llow in g  experim ents were carried  out.
(1) Pellets o f sodium  h yd rox id e  (A .R . grade) were w ashed w ith  50 m l 
portions o f  deion ized  w ater until abou t h a lf the solid  had  dissolved. 
The residue, w hich  d id  n ot conta in  a n y  detectable  am ount o f carbonate, 
was d issolved  in deion ized  w ater, and after its con centration  had been 
determ ined b y  titration , its interfacia l tension against benzene w as 
determ ined (Fig. 5).

Effect o f sodium hydroxide on the oil/water interfacial tension
1. 0.01N NaOH/cyclohexane ; at 20°
2. 0.01N NaOH/benzene (washed with NaOH solution) ; 20°
3. 0.1112N NaOH/benzene ; 40° 
f  O 0.10N NaOH/benzene ; 20°

4 .<  ® 0 .1 0 N  NaOH/benzene, 20° (phases mutually saturated) 
t  D O . 10N NaOH (Na2C 0 3-free)/benzene ; 20°

(2) R edistilled  benzene (50 m l) was shaken w ith a concen trated  solution  
o f sodium  h yd rox id e  (A .R . g ra d e ; 50 ml) for 20 m in and the solutions 
were a llow ed to  stand for 30 m in. A b ou t 7 5 %  o f  the benzene layer was
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draw n off, and the treatm ent repeated  three m ore tim es. T he benzene 
was then  w ashed w ith  deion ized  w ater (5 x  50 m l) ; the last tw o w ashings 
were neutral. The interfacia l tensions o f this specia lly  prepared sam ple 
o f benzene against aqueous alkali is show n in Fig. 5. I t  is seen that there 
is still a m arked tim e-dependent fa ll in the interfacia l tension. A  second  
system  conta in ing pure cycloh exan e (spectroscop ic grade) also show ed a 
progressively  d im inishing interfacia l tension  against aqueous alkali with 
tim e (Fig. 5).

Fig. 6 show s that the interfacia l tension o f  benzene against aqueous 
alkaline solutions depends u pon  the con centration  o f  the alkali. T h e in­
verse linear relation  betw een  the interfacia l tension and the h y d rox y l ion  
con centration  suggests that the adsorbed species is the h y d ro x y l ion.

Age of interface (min)

Figure 6
Interfacial tensions of aqueous alkaline solutions against benzene; at 40°.

1. 0.0156N NaOH
2. 0.0312N NaOH
3. 0.0624N NaOH
4. 0.1248N NaOH

Solutions (M /20) o f sodium  carbonate, sodium  b icarbonate, sodium  bora te  
and sodium  h yd rox id e  (all A .R . grade) were m ade in  deion ized  w ater and 
their p H  values were determ ined using a C am bridge bench  p H  m eter. 
Fig. 7 shows the interfacia l tensions o f the solutions against redistilled  
benzene.
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Age of interface (min )
F ig u re  7

Interfacial tensions of M/20 salt solutions against benzene; at 20° (upper) and 40° (lower).
1. Sodium bicarbonate ; pH  8.2
2. Sodium borate ; pH  9.2
3. Sodium carbonate ; pH  11.0
4. Sodium hydroxide ; pH  11.8

Effects o f  sodium chloride

Sodium chloride added to the aqueous phase raises the interfacial 
tension, but if the aqueous phase contains sodium hydroxide as well, then 
the interfacial tension rapidly decreases to a lower value than with the 
corresponding concentration of sodium hydroxide alone. Table I V  shows 
that sodium chloride has little effect on the interfacial tensions of benzene 
solutions of cholesterol and cholesteryl stearate ; the observations suggest 
that the interfacial tension is increased slightly.

Table IV  Equilibrium interfacial tensions of benzene solutions containing cholesterol and 
cholesteryl stearate against 4M aqueous sodium chloride, and against water.

Temperature
°C

Cholesterol
(mol/1)

Ester
(mol/1)

y  for 4M NaCl
(dyne/cm)

Y for water 
(dyne/cm)

20 0.0400 0 24.1 23.9
60 0.0400 0 28.4 29.0
60 0 0.0800 30.5 30.6
60 0 0.0600 31.2 30.8
60 0 0.0400 32.0 30.9
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Fig. 8 shows that the interfacial tensions o f benzene solutions of 
cholesterol and cholesteryl stearate against alkali are markedly affected 
b y  the presence o f sodium chloride in the systems. Corresponding systems 
containing hexadecanol and hexadecyl palmitate (Fig. 9) show the same 
marked lowering in the interfacial tension against aqueous alkali containing 
sodium chloride.

F igure 8

Effect of sodium chloride and sodium hydroxide upon the interfacial tensions of benzene 
solutions of cholesterol and cholesteryl stearate, against water ; at 20°.

1. 0.1M cholesteryl stearate/water
2. 0.1M cholesteryl stearate/0.05N NaOH
3. 0.1M cholesteryl stearate/0.05N NaOH +  3.2M NaCl
4. 0.05M cholesterol/water
5. 0.05M cholesterol/0.05N NaOH
6. 0.05M cholesterol/0.05N NaOH +  3.2M NaCl

Effect o f  hydrogen ions on the inter facial tension

W e found that the interfacial tensions of benzene and o f solutions of 
cholesterol and of cholesteryl stearate against water were raised b y  the 
addition o f sulphuric acid to the aqueous phase. Hence, the hydrogen 
ion is negatively adsorbed.
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Age of interface (min)
F ig u r e  9

Interfacial tensions of 0.1 molar solutions of hexadecyl palmitate (left) and hexadecanol 
(right) in benzene against aqueous solutions of 3.2M sodium chloride plus 0.05N sodium

hydroxide.
O  a t 20°
V  at 40°
•  at 60°

--------- against water at 20°

D i s c u s s i o n

The most striking conclusions from these observations are that the 
wax-ester is not surface active, and that the ester does not form  a surface 
active com plex with the alcohol. I f hydroxyl ions or hydrogen ions are 
preferentially adsorbed, then alkalis or acids must lower the oil/w ater 
interfacial tension. Previous investigations (12,13) have shown, and we 
have confirmed, that the hydrogen ion is negatively adsorbed. Correspond­
ingly, the hydrogen ion catalyzed heterogeneous hydrolysis of esters is very 
slow (3). Experimental evidence for the adsorption of the hydroxyl ion 
at the oil/w ater interface is conflicting; according to Fahrenwald (14), 
Dickinson (15), and Roberts (16), it is positively adsorbed but according 
to Harkins (17) and Reynolds (18) it is not. Some workers take the view 
that the hydroxyl ion should be negatively adsorbed at the oil/water
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interface so they attribute the contrary evidence to the presence o f residual 
traces of impurities in the reagents. W e find that in spite o f all reasonable 
precautions in the purification and handling o f the reagents, with real 
materials (as opposed to hypothetically pure materials), alkalis bring about 
a lowering of the oil/w ater interfacial tension (Figs. 6 and 7).

The conclusion that the hydroxyl ion is surface active, conflicts with 
the kinetic aspect o f the adsorption theory. The theory demands that a 
surface active species be adsorbed ra p id ly ; a slow change in interfacial 
tension indicating either a reorientation of the adsorbed species in the 
interface (an unlikely explanation for the behaviour o f the hydroxyl ion) 
or that a surface active substance is being form ed in  situ. A ny such 
reaction that m ay occur in the system must involve the hydroxyl ion 
because it is on ly in its presence that ageing effects are observed. The 
other participant in this hypothetical reaction could occur in any of the 
three types o f starting m ateria l; each possibility m ay be critically assessed 
in the light of the experimental work.
(i) Sodium hydroxide : It is unlikely that the effects observed with sodium 
bicarbonate, sodium carbonate, sodium borate, sodium hydroxide and 
washed sodium hydroxide, the magnitudes o f which are related to the 
pH  values o f the solutions (Fig. 7), could arise from  the appropriate degrees 
o f contam ination o f all five materials.
(ii) Oil phase : Because the same effects were observed with benzene, 
alkali-washed benzene and cyclohexane it is unlikely that the oil phase 
contains impurities.
(iii) Water : Observations were repeated with the same stocks o f benzene 
and aqueous alkali over a period o f two days. If the alkali were to react 
with impurities in the water, the old stock solutions should be surface 
active. In fact, the measurements were reproducible, showing that 
surface active substances are not generated b y  the action o f sodium 
hydroxide on impurities in the water.

Hence, despite the conflict with the theoretical view, we are led to 
the conclusion that the hydroxyl ion is slowly adsorbed at the oil/w ater 
interface. It is of interest to note that the results o f the earlier authors 
fall into tw o groups according to  the technique used. Those who used 
methods that allow the ageing effect to be studied conclude that the 
hydroxyl ion is slowly adsorbed whereas those authors who did not study 
ageing effects state that the hydroxyl ion is not surface active.

Alkaline hydrolysis of wax-esters m ay be attempted in either o /w  or 
w /o  emulsions. From  the very extensive literature on the behaviour
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of surface active com pounds, a few general principles have com e to be 
accepted. Those concerning the stabilization of emulsions are briefly 
summarised below. Stabilization of an o /w  emulsion requires the presence 
o f a m onolayer o f emulsifying agent at the interface. The monolayer is 
usually charged, but whether it is condensed or expanded is not of primary 
importance. For the stabilization o f w /o  emulsions the emulsifying agent 
should be uncharged and the constituent molecules must possess a con­
siderable degree of lateral cohesion so that a condensed, fairly rigid inter­
facial monolayer is formed. Apart from  the differences in charge and in 
lateral cohesion, the interfaces are regarded as essentially similar. It is 
now clear that enough evidence has been accumulated to show that the 
interfaces in the two types of emulsion are quite different. Thus, although 
wax-esters are not surface active, nor do they associate in the interface 
with wax-alcohols, they affect the emulsifying power of the alcohol. 
Hence, the interface in w /o  emulsions cannot be as simply constituted 
as is generally supposed. The relation between the magnitude of the 
effect and the molecular chain-length o f the ester implies that the ester 
is a structural unit in the interfacial phase. The optical properties of 
w /o  emulsions suggest that the interfacial phase is a liquid-crystalline 
system which, in some circumstances, m ay extend throughout the oil 
phase (20).

In the simplest o /w  emulsion hydrolysis, the oil phase consists of molten 
ester and the aqueous phase is a solution of an alkali-metal hydroxide in 
water. The ester is not surface active so, irrespective of the activity of 
the hydroxyl ion, hydrolysis will take place only when an ester molecule 
and a hydroxyl ion participate in a random but suitably oriented encounter 
in the interface. Hence, hydrolysis will be very slow, and it cannot be 
substantially increased b y  the addition of a wax-alcohol to the system 
because ester/alcohol com plexes are not form ed in the interface. Addition 
of a wax-alcohol m ay increase the rate of hydrolysis slightly through its 
ability to increase the total area of the interface of the emulsion, but even 
when the addition of an emulsifying agent does cause an im provem ent in 
the quality of the emulsion, the hydrolysis cannot be brought to com pletion 
because the surface active products of the reaction (the wax-alcohol and 
the soap) occupy the interface and very effectively screen the ester. This 
interpretation is in com plete accord with the observations on the rates of 
hydrolysis o f wax-esters in o /w  emulsions (19).

In w /o  emulsion hydrolyses, emulsions are usually preformed because 
there is no possibility of agitating the mixture (as there is for o /w  emulsions)
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by  allowing the aqueous phase to boil. Alternatively, the unstabilized 
emulsion m ay be stirred continuously during the early part of the hydro­
lysis. The simplest m ethod is to stabilize the emulsion long enough to 
allow the reaction to begin and for this purpose an emulsifying agent is 
added, the most appropriate being the wax-alcohol. The resulting inter­
face is fairly rigid so that molecular translations in the interface are far 
less likely than in the o /w  emulsion interface under the same conditions. 
In spite of the greater interfacial rigidity, the hydrolysis not only proceeds 
to com pletion, it also proceeds more rapidly than in o /w  emulsions. Hence, 
the w /o  emulsion interfacial phase must be capable of adsorbing the 
hydroxyl ion. All the other observations on the kinetics of hydrolysis 
in w /o  emulsions follow from this premise. For example, as the hydrolysis 
proceeds, wax-alcohol is liberated from the ester and this, in turn, increases 
the amount of ester that can be brought into the liquid-crystalline phase. 
Correspondingly, the kinetic curves (3) show that the hydrolyses are auto- 
catalytic until about 70%  of the ester has been hydrolysed. Similarly, 
the known catalytic effect of sodium chloride on the hydrolysis is only 
to be expected because the salt lowers the intcrfacial tensions of alkaline 
systems.

C o n c l u s io n

The extrem ely weak surface activity of the wax-ester is, by  itself, a 
sufficient explanation of the difficulty encountered in hydrolysing wax- 
esters in o /w  emulsions. In w /o  emulsions, however, the hydrolytic 
mechanism requires that the hydroxyl ion should be able to penetrate 
into the interfacial phase. W hy the same system should form interfacial 
phases having different structures is not clear. This problem as well as 
the details of the molecular organization of the w /o  emulsion interfacial 
phase are interesting research projects which remain to be tackled.

(.Received : 10th November 1964) 
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D IS C U S S IO N

M r . L. I. Co n r a d : T he w ork  in  ou r labora tory  on  lanolin  derivatives certa in ly  
confirm s y ou r observation s on the la ck  o f  surface a ctiv ity  on the part o f  the w ax  
esters. W e  have been  particu larly  con cern ed  w ith  the participation  o f  th e w ax  
esters in association  ph enom ena at the in terfaces o f  cosm etic  em ulsions. In  y ou r 
investigations on h ydrolysis  in em ulsions have you  foun d  any effects o f  th e lanolin  
free fa tty  acids on  the rate o f  hydrolysis  in either o /w  or w /o  em ulsions ?

I  w ou ld  also like to  ask a b ou t th e possible effect o f  hydrogen  ion  as opp osed  to  
h y d rox y l ion  on  th e  h ydrolysis  o f  w ax  esters such  as lanolin.

D r . T r u t e r : F irst, let m e say  som eth ing a b ou t the fa tty  acids. I f  lanolin  fa tty  
acids are added  to  the w oo l w ax esters and the h ydrolysis  is attem p ted  b y  th e  ord inary 
m ethod , i.e., as an o /w  em ulsion, the effect is a lm ost negligible. There is, perhaps, a 
slight in itial increase in the rate o f  h ydrolysis  b u t the reaction  w ill proceed  to  a b ou t 
4 0 %  and then com e to  a halt. W ith  in vert em ulsions the effect is ca ta ly tic ; the 
reaction  is faster in itia lly  and reaches com pletion  in a shorter tim e.

T he answer to  the second  question  is th a t h ydrolysis  ca n n ot be  brou ght a b ou t using 
the hydrogen  ion  in  either ty p e  o f  em ulsion. C orrespondingly , w e foun d  th a t the 
interfacial tension  o f  a system  was increased b y  the add ition  o f  acid. In this respect 
acids behave like neutral electrolytes. T h e h ydrogen  ion is n ot surface active.

M r . H . E . G a r r e t t : I find it incredible th at the h y d rox y l ion  should be adsorbed 
slow ly  at an interface such as a benzene-w ater interface. W ith  respect I suggest th at 
w hat y ou  are really  observin g is the leaching o f  som e m aterial from  y ou r associated 
apparatus, th e glassware or w hatever you r equ ipm en t is m ade up of, even  P y r e x  is 
n ot a safe m aterial.

D r . T r u t e r : I a ccep t th is sort o f  criticism  because it is obv iou s that there is 
som ething w ron g som ew here. A lthou gh  we have been a t great pains to  m ake sure 
th at im purity  is n ot the explanation , there m ay  be som ething we have overlook ed . 
N evertheless, even  if we accep t the p ossib ility  o f  leaching, we are still forced  b a ck  to  
th is fundam ental q u estion : I f  the reactants are still in separate phases, and neither 
reactant is surface active , w h y  does the h ydrolysis  proceed  to  com pletion  in  a w /o  
em ulsion but n ot in an o /w  em ulsion?

M r . H . E . G a r r e t t : I agree th at the changes in interfacial tensions w ith  tim e are 
n o t due to  im purities in the h ydrocarbon s or in the caustic soda  used.

D r . T r u t e r : T h is is the m ost d ifficult o f  all our observations to  explain , i.e. the 
s lo w  fall in in terfacial tension  o f  system s contain ing the h y d rox y l ion. In  our 
experim ents we used sodium  hydrox ide , purified sodium  h ydroxide, sodium  b ica rb o ­
nate, sodium  carbon ate and sodium  borate  and in  all cases the observed low ering o f



H Y D R O L Y S I S  O F  W A X - E S T E R S  IN  E M U L S I O N S 4 6 3

in terfacial tension  w as p roportion a l to  the h y d ro x y l ion  con centration  in the aqueous 
solution . This, to  m y  m ind, excludes the possib ility  o f  im purities in the alkaline 
m aterials. Further, the fact th at sodium  ch loride behaves in the exp ected  m anner 
suggests th at the m ethod  o f  pack in g the chem icals does n ot in troduce im purities. 
W e have tested w ater purified b y  resin deion ization  and b y  d ou b le  d istillation  in the 
standard m anner and w e obta in ed  the sam e observation s w ith  different sam ples o f  
w ater. W e  h ave exam ined cycloh exan e, benzene and benzene purified b y  various 
m ethods and the effects are present th rou ghou t. F inally, w e h ave to  consider the 
possib ility  o f  som e sort o f  leaching from  the apparatus. I f  leach ing takes place, it 
m ust be  regarded as an apparatus fa ctor  and I find it hard to  believe th at it  happens 
on ly  in the presence o f  the h yd roxy l ion, and th at it is cata lysed b y  sodium  ch loride 
( F i g .  8 ).

M r . H . E. G a r r e t t : I w ould  accep t all th a t you  say a b ou t h av ing p roved  that 
im purities are n ot present in you r m aterials, and I w ou ld  agree w ith  you  th at this 
th row s the respon sib ility  for these changes on  the apparatus. I th ink  the fa c t th at 
y ou  are gettin g  these effects w ith  cau stic m aterials or alkaline m aterials suggests 
v ery  stron g ly  th a t it  is glassware w hich  is th e cause o f  the trouble. Y ou  presu m ably  
have y ou r tip  in a sm all ce ll to  a vo id  evaporation  troubles, and th is m eans th a t you r 
surface to  volu m e ratio, glassware to  solution , w ill be quite high.

D r . T r u t e r : In  the experim ental arrangem ent, the aqueous solution  is con tained  
in the p ipette . T he possib ility  o f  a reaction  betw een  the aqueous alkali and the 
stainless steel cap illary  or the glass o f  the syringe can n ot be d iscounted , th ou gh  in our 
op in ion  it is unlikely. B ecause there is a d iscrepancy  betw een  th eory  and practice  
we m ust be careful n ot to  d iscard an y  criticism  w ith ou t g iv ing  it due consideration . 
W h eth er the exp lanation  lies in leach ing or som ew here else, w e ju st d o  n ot know .

D r . T r u t e r 's A d d e n d u m : W e  k n ow  th at the structure o f  the o /w  and w /o  
em ulsion  interfaces are different. One con sequence o f  the difference is th at in w /o  
em ulsion  h ydrolyses th e n on-surface a ctive  esters and the h y d rox y l ion, w hich  has 
questionable surface a ctiv ity , are able to  com e in to  con ta ct v ery  easily. W e  suggest 
th at th e in terface is able to  adsorb  h y d rox y l ions. T h e fundam ental question  is: 
W h a t features o f  th e structure o f  the w /o  em ulsion in terface a llow  this to  happen  ?
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S y n op s is— Two series of experiments dealing with heterogeneous systems are reported ; the 
first concerns mixtures o f cresols, soap and water and emphasizes the importance of phase 
identification. Original work with 0-, m - and />cresols is reported. The second series 
concerns the stability of emulsions of oil, water and a pair of nonionic emulgents ; the results 
tend to confirm the usefulness of the H LB concept.

The paper concludes with a discussion of the place of phase equilibria in the formulation 
and theory of emulsions.

Two separate series o f experiments are described, both being work 
undertaken to develop practical exercises suitable for undergraduate and 
postgraduate teaching. Taken together they represent an attempt to 
link the academic approach to phase equilibria with the practical problems 
of emulsion formulation. The aim is to attempt to find a m ethod of ap­
proach which will give the formulator greater insight into his practical 
problems.

The first series of experiments are arranged with the objective of 
elucidating the formulation o f Cresol and Soap Solution B.P. (Lysol). It is 
of special interest to show the relationships between solubilized and emulsi­
fied systems. For these experiments the soap is made in situ by  mixing 
oleic acid dissolved in the cresol, with aqueous solutions of sodium hydrox­
ide. A  number of mixtures are made to cover areas of a ternary phase 
diagram in which phase changes m ay take place. The com positions at 
which phase changes occur are found by  dilution techniques using water

♦School o f Pharmacy, Chelsea College of Science and Technology, London, S.W.3,
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and cresol as the diluents. For student work a detailed plan with the most 
profitable dilution steps is laid down. After each dilution the mixture is 
observed carefully and the number, type and characteristics o f the phases 
present are noted. It may be necessary to centrifuge heterogeneous 
mixtures in order to identify and note the number of phases found; m icro­
scopic and m acroscopic examination is often required to detect birefringent 
anisotrophic phases. The separated phases can be analysed for cresol and 
water content, although this is not part of the undergraduate exercise.

The results obtained during the development of the exercise are shown 
in Fig. 1. It is a phase diagram characteristic of mixture of surfactant, 
aqueous phase and amphiphile and should be compared with the well known 
phase diagrams of Devichian (1).

F ig u re  1

Phase equilibria
Li
L*
L.C. =
Lj -r L2 —
L.C. + L t and 

L.C. + L Z —
o

diagram for sodium oleate + Cresol, B.P. 
clear isotropic aqueous phase 
clear isotropic organic liquid phase 
anisotropic liquid crystal phase 
opaque emulsion
opaque immiscible mixtures 
composition of Lysol B.P.

water.

The particular properties and advantages of the ternary phase diagram 
are well discussed by  R icci (2), Mulley (3), and others. One advantage is 
that the dilution o f a mixture with one of the com ponents is represented by 
a line joining the com position o f the mixture with the corner of the diagram
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representing 100% of the diluting com ponent. Thus the com position for 
Lysol is shown in Fig. 1; now it can be seen that when water is added the 
dilution must pass through an area of non-homogeneous mixtures. In 
this instance the product does not contain glycerin which would be present 
if the soap had been prepared by  the m ethod of saponification o f a vege­
table oil; the presence of glycerin would open a miscibility gap similar to 
that shown in Fig. 3. It is of interest to consider what would result from 
the addition of further cresol to Lysol; as a solubilized product it would 
seem that there must be a limit to the amount o f cresol which could be 
added before it would be in excess o f its solubility. Inspection o f the 
phase diagram shows, however, that Lysol is miscible with cresol in all 
proportions.

F ig u re  2
Phase equilibria diagram of sodium oleate + cresol B.P. + water ; detail o f F ig . 1 to show 

three phases in equilibrium, Lx + L.C. + L 2, letters as in F ig . 1.

For the present discussion, however, the interest is in heterogeneous 
parts of the system. Just as the diagram shows how to formulate solubil­
ized products, and to avoid emulsified systems, so it can be used for the 
converse purpose. If a stable emulsion could be thus formulated there 
might be considerable advantages in bactericidal activity of the diluted 
product. Even more important, however, is the relationship of the 
classical emulsions area to other areas of heterogeneous mixtures. Form u­
lation investigations of mixtures in the triangular region shown enlarged in 
Fig. 2 would be very confusing without the insight given b y  this presenta­
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tion. This is particularly important because it would seem that many 
emulsions are much more com plicated than simple liquid/liquid mixtures 
and may pay investigating by  similar procedures. The fact that cresol 
and soap solution made in this way is not homogeneous through all stages 
of dilution with water is unexpected as this would mean that such a product 
does not com ply with the official dilution requirements. Even the absence 
of glycerin seemed insufficient as an explanation. Further experiments 
sometimes confirmed this diagram while others showed a miscibility gap 
allowing a com pletely clear dilution o f the B .P. product with water.

F ig u re  3
Phase equilibria diagram sodium oleate + ocresol + water ; letters as in F ig . 1.

In an attempt to resolve this situation a further series of experiments 
were made using a purified sample of oleic acid, and the separated isomers 
of cresol. The results are shown in Figs. 3, 4 and 5 where it can be seen 
that the ^cresol isomer is mainly responsible for the absence of complete 
miscibility on dilution with water of cresol and soap solution made by  this 
method. Further it can be seen that the emulsion areas (L, -f- L a) remain 
much the same for all these isom ers; it is the areas involving the liquid 
crystalline mesophase (L.C.) which show big differences between the iso­
mers. Viscosity measurements of these isomers in soap solutions by 
Angelescu et al (4,5) would suggest the presence of a mesophase at about 
the concentrations found in this work and also confirm the tendency to 
mesophase formation with the isomers to be in the order (high to low) 
p-, m-, ocresol.
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F ig u re  4
Phase equilibria diagram sodium oleate + mcresol + water ; letters as in F ig . 1 .

F ig u re  5
Phase equilibria diagram sodium oleate + ^cresol +  water ; letters as in F ig . 1.

From  these experiments the im portance o f attempting to identify the 
phases present in heterogeneous systems can be appreciated, and the phase 
relationships of mixtures o f the three com ponents better understood. It

5
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should be noted that this is somewhat different from  simply the mathe­
matical advantage gained by  the triangular diagram representation which 
has been clearly demonstrated as a general aid to formulation b y  James 
and Goldemberg (6), and applied specifically to emulsion problems by  
Salisbury et al (7).

The second series of experiments were planned with the intention of 
applying the concepts and methods o f the previous experiments to the 
formulation of the more classical emulsion type. The problem  set here 
was to attempt to elucidate the form ulation of emulsions o f paraffin oil and 
water using a pair of nonionic emulgents such as Tween 20 and Arlacel C. 
There are four com ponents to be considered, and for a com plete representa­
tion of mixtures of these a three-dimensional tetrahedron is necessary. 
Such a structure is shown in Fig. 6, and the five small triangles, each of 
which represents experimental areas of specified oil concentrations, are

F ig u re  6

Three-dimensional tetrahedron representing mixtures of T w een  20, A rla ce l C , water and
liquid paraffin.

also shown. These triangles when isolated from  the tetrahedron are 
shown in Figs. 7-11. Thus constructed, the individual triangles 
have mathematical properties especially useful for such experiments. 
Firstly, straight lines radiating from  the bottom  left-hand corner o f the 
triangle (0 per cent Tween 20) represent mixtures which contain constant 
ratios of Tween 20 and Arlacel C; for example, mixtures lying on line D 
in all the diagrams "will contain varying amounts of a mixture of equal
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F ig u re  7 
10% Oil

Composition diagram of mixtures all containing 10% liquid paraffin ; the other components 
are T w een  20, A r la c e l C  and water. Letters refer to  H LB of lines radiating from bottom  left- 
hand corner ; figures within the diagram represent the grade of the o /w  emulsions from 
1 = v e ry  poor to  9 =  very good. W /o  emulsions are not graded but the type is noted ; when 
there is doubt as to  type a question mark is added. The dotted lines represent lines along 
which the total amount of emulgents is same, viz. 5% , 10%, 15%, 20%  or 25%.

F ig u re  8 
20%  Oil

Composition diagram o f mixtures all containing 20%  of liquid paraffin; other components, 
figures and letters as in F ig .  7.
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Composition diagram of mixtures all containing 30%  liquid paraffin ; other components,
figures and letters as in F ig . 7.

257. 1,

F ig u re  10  
40%  Oil

C o m p os it io n  d ia g ram  o f m ix tu re s  a l l c o n ta in in g  40%  liq u id  pa ra ffin  ; o th e r com ponen ts
figures and  le tte rs  as in  Fig. 7.
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25V.W/0 07.

F ig u r e  11 
50%  Oil

Composition diagram o f mixtures all containing 50%  liquid paraffin ; other components,
figures and letters as in F ig . 7.

proportions of Tween 20 and Arlacel C. Each line represents particular 
ratios o f the emulgents and is thus a line of constant H ydrophil-Lipophil 
Balance (H LB). In the same w ay other lines can be arbitrarily chosen 
to give a suitable range o f HLBs. In this series Table I  shows the H LBs o f 
the lines A  to G on the diagrams. The second point of geom etry to note 
is that a line crossing the triangle parallel to the right-hand side represents 
mixtures containing the same total amounts o f Tween 20 and Arlacel C. 
These are dotted lines on the diagrams and are chosen at 5, 10, 15, 20 and 
25%  o f total emulgent levels. For the experimental formulae, mixtures 
were chosen which were at intersections o f these H LB  and total emulgent 
concentration lines.

Table I

Line letter A B C D E F G

W eight ratios of 
T w een  20, 1 0-8 0-7 0-5 0-3 0-2 0
A rla ce l C. 0 0-2 0-3 0-5 0-7 0-8 1

H LB 16-7 14-1 12-8 10-2 7-6 6-3 3-7

The general plan o f the practical work is first to equilibrate the mixture 
of com ponents by  heating at 60°C for an hour with intermittent shaking.
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The containers are then placed in a shaking device and well agitated 
continuously until the temperature falls to about 30°C. The mixtures are 
then passed twice through an electrically driven, spring-loaded valve 
homogenizer, and collected ready for examination and storage. The oil 
phase was stained with a small quantity o f a red dye. The objective set 
for the series is to find suitable formulations for o /w  emulsions and an 
arbitrary scale of marks from  1, for a very poor product, to  9, for a very 
good one, is laid down. The figures within the triangles represent this 
evaluation o f the products at these compositions. The usual tests for 
emulsion type are applied. The evaluations finally made after eight weeks’ 
storage are those recorded; colour photographs were also taken at this time.

The results can be said to give general confirmation o f the usefulness 
of the H LB  concept in choosing a suitable blend of these emulgents for 
o /w  emulsions o f liquid paraffin and water. For emulsions with oil 
concentrations up to as much as 30%  the best series o f results lie on line E 
(HLB =  7.6). For 40%  oil it would be safer to m ove to a higher H LB, 
say on line D (HLB =  10.2) to avoid the possibility o f a w /o  emulsion 
occurring due to variation in techniques o f production. A t 50%  oil 
concentration m any of the mixtures are of the w /o  type. This is due 
mainly to the high oil to water ratio which results when high concentrations 
o f emulgents are used, and there would appear to be no satisfactory 
product of an o /w  type in this series.

Attention must be drawn, however, to the extreme difficulty o f de­
termining the emulsion type of many of these products. Few of the 
usual tests for emulsion type give reliable positive results. Conductivity 
was the test most relied on in these experim ents; a trace o f electrolyte is 
included in the aqueous phase for this purpose, but even this m ethod can 
give equivocal results. From  the entirely practical point of view, however, 
this procedure can be used to select products of likely interest to the 
formulator.

It is well known that many com mercial nonionic materials do not 
exhibit a well-defined birefringence. Thus mixtures o f these two sur­
factants with water, with no oil present show birefringence clearly only 
when the total concentration o f the emulgents approaches 40% ; this is 
about the ratio o f emulgent to  water as occurs in the experimental emul­
sions when 50%  oil and 25%  emulgent are present. Many mixtures of 
these emulgents with water have gel-like consistency although birefringence 
is not detectable. Many o f the emulsions exhibit similar gel properties 
but it has not so far been possible to establish phase diagrams o f the type
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shown for the soap and cresol experiments. Nor has it been possible to 
isolate phases from  the emulsions for inspection, but that this is highly 
desirable is obvious; the techniques most likely to be o f value in the reso­
lution of this problem  are high speed centrifugation, and thermal analysis. 
The m icroscopic examination o f m any o f these products together with 
their rheological properties would suggest that in many cases a gel is often 
the continuous phase in which is dispersed excess o f either the aqueous or 
oily  phase, or even both. This is a very different situation to the classical 
concepts o f emulsion theory. No special mathematical benefits are 
claimed for the presentation o f the results in this way; they can be ap­
praised just as readily in tabular form  or in rectilinear diagrams. It is 
rather an approach to the formulation o f emulsions against a background 
o f phase equilibria, which such a representation makes it possible to 
conceive.
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D IS C U S S IO N

M r . P . Sh e r m a n  : H a v e  y ou  stu died  th e in fluence o f  em ulsifier con cen tra tion  on 
the ty p e  o f  em ulsion ob ta in ed  or on  th e sta b ility  o f  em ulsion  at a con stant H L B  va lu e ?

T h e  L e c t u r e r : N o, I  ca n n ot say th a t w e h ave  done th is oth er than  in d icated  in 
th e paper. In  th e system s th a t w e look ed  at there is a  m athem atica l d isadvantage in 
arranging th e experim ents as th ey  h ave  been  done, ch oosing  particu lar o il levels. I t  
w ou ld  h ave  been  b etter to  keep phase v o lu m e ratios con stan t as far as on e can  in these 
situations and th a t w ou ld  h ave m eant all th e triangles sloped  dow nw ards, b u t it 
w ou ld  h ave been  con fusing, a t a n y  rate, as a teach in g experim ent. W h a t happens 
m ostly  is th a t as th e em ulgent con cen tra tion  increases so th e w ater con centration  
decreases, and  y ou  h ave  a s ligh tly  d ifferent phase vo lu m e ratio  situation .
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M r . P . Sh e r m a n : I raised th is question  because I  th ink  th is w hole  con cep t o f  
H L B  is in danger o f  being  over-em phasized . T h e vo lu m e con centra tion  ratio  can be 
k ep t con stan t b y  ad justing  it s ligh tly  as y ou  increase the em ulsify ing  con centration , 
b u t particu larly  w hen  y ou  are dealing w ith  the T w e e n s  w hich , a lthough  th e y  g ive  o /w  
em ulsions, are nevertheless o n ly  d ispersable in the w ater phase and actu a lly  soluble 
in the o il phase. I f  y ou  h ave fa irly  con centra ted  volu m e con centration s o f  dispersed 
phase and disperse y ou r T w e e n  in  the aqueou s phase process y ou  actu a lly  ob ta in  a 
transfer o f  the em ulsifier to  the o il phase during the em ulsification  so it is d istributed  
betw een  the tw o  phases. A ltern ative ly  y ou  can  start y ou r em ulsion b y  partition in g 
the em ulsifier betw een  the tw o  phases. Y ou  d o  find, w hen the level o f  perhaps 5 to  
6 %  em ulsifier is reached th a t inversions from  th e  o /w  ty p e  to  th e w /o  occu r, and th is 
is one o f  the classical cases w here the w hole  co n ce p t o f  H L B  is breaking dow n.

T h e  L e c t u r e r : T h is is correct, p articu larly  w hen  y o u  are using S p a n  or  A r la c e l .  
I t  seem s to  m e th a t there is a  b ig  difference here betw een  the classical a p p roach  to  
em ulsion  th eory  w hich  in vo lves  in terfacia l film s, m on om olecu lar films, etc . In  m od el 
system s, using extrem ely  dilu te  em ulgent con cen tration s y ou  can  show  th e im portan ce  
o f  lip op h il/h yd rop h il ba lance (8). T h is is an  a ttem p t to  change the em phasis from  
th e po in t o f  v iew  o f  the th eory  o f  em ulsions from  term s o f  d ilute solutions and 
m on om olecu lar film s at the surface, to  the bu lk  phenom ena, w hich  I  th ink  has been 
v ery  m u ch  neglected . In  real p rodu cts  the to ta l em ulgent con centration s are at 
least 5 %  w ith  the nonion ics. T h e con centra tion  in the aqueous phase is o ften  m uch  
higher than this, so th at these gel system s, w hich  h ave been  noted  qu ite  o ften  in the 
past, are really  the con tin uou s phase. T h e  sam e transference argum ent crop s  up 
w ith  soaps, e .g. sod iu m  olea te  is a classic o /w  em ulgent, and yet, if y o u  increase the 
con cen tra tion  enough , as in som e lin im ents, fo r  exam ple, a w /o  em ulsion results. In  
the past, peop le  h ave  experim ented  w ith  electro lyte  and  show n transference o f  soap 
in to  the o ily  phase, In  a  classical em ulsion  th eory  th is w ou ld  be  th e em ulgent 
soluble in  the o ily  phase, therefore th e o ily  phase is th e  con tin uou s phase, and  so on. 
I  th in k  it  is m u ch  m ore lik e ly  th a t th e situ ation  is a bu lk  ph enom enon  con cern ing 
liqu id  crysta l. I f  y ou  h ave a v ery  th ick  gel-like liqu id  crysta l y ou  can  disperse o il 
o r  w ater or even  b oth , in th at as w ith  L y sol. T h a t is the reason for includ ing the 
L y so l experim ents.

M r . R . L . Ste ph e n s  : H av e  y ou  n ot fou n d  th at the L y so l soap system  is p a rticu ­
larly  dependent on  tem perature? I seem  to  rem em ber having done som e sim ilar 
experim ents a t one tim e and being v ery  pu zzled  because I cou ld  n ot reproduce m y  
results; it  was m erely  a m atter o f  tw o  o r  three degrees difference in th e tem perature 
o f  the la b ora tory  from  on e d a y  to  another.

T h e  L e c t u r e r : Y es, th is  is v ery  true. I  b rou gh t a three phase system  w ith  me, 
and  was v ery  sad to  find th is m orn in g th at the tem perature had dropped  and on e  o f  
th e phases h ad  disappeared. I f  y ou  are n o t carefu l to  use a refrigerated centrifuge, 
the phases m a y  change b efore  y ou r eyes.

M r . D . E . H e r r in g : Can y ou  com m en t on  th e breaks th at o ccu r in  th e s ta b ility  
figures in F i g .  1 0  a t 1 0 %  em ulsifier level, i,e. 1, 2, 3, 6, 4, 6.

T he  L e c t u r e r : A t  4 0 %  con centra tion  o f  o il the con centra tion  o f  em ulgent in 
w ater is b ecom in g  v ery  h igh  indeed, and it is extrem ely  difficult to  classify  the products

(8) Davies, J. T. 2nd I n t . C ongr. S u rfa ce  A c t iv ity  1 426 (1957).



A N  A P P R O A C H  T O  E M U L S I O N  F O R M U L A T I O N 4 7 7

a t  all. H ere it is a problem  o f  p rod u ct assessm ent. I t  is easier when m ore w ater is 
present, i.e. a m ore classical o /w  system . H o w  d o  y ou  assess em ulsions ? W h a t tests 
are y ou  goin g  to  a p p ly  fo r  a g ood  or a bad  em ulsion  ? I find it is extrem ely  difficult 
t o  h ave a system  o f  em ulsion  assessm ent. T h e param eters o f  em ulsion  m easurem ent 
are sad ly  in  need o f  im provem en t before  we can really  m ake v ery  m u ch  progress.

M r . D . E . H e r r in g : W ou ld  you  exp la in  the figures a little m ore?

T h e  L e c t u r e r  : W h a t I rea lly  d id  here w as to  p roduce  a series o f  draw ings. N ine, 
fo r  exam ple, w hich  was one o f  the best em ulsions, d id  n ot have a n y  free o il drops 
visible, n o free aqueous drops, the ligh t co lou r was con tin uou s th rou ghou t, a .s.o . 
E igh t w ou ld  perhaps have a trace o f  free oil. Seven w ou ld  have visib le  free o il in  a 
th in  layer, a .s.o . T h is is the system  th a t the score was based on.

D r . H . Z ie g l e r  : H av e  y ou  fou n d  any difference b y  using a different m ethod  o f  
h om ogen ization  ?

T h e  L e c t u r e r : I have n ot done enough  to  really  answer this. T h e particu lar 
pair o f  m aterials w ere chosen  first o f  all to  g ive  a w ide range o f  H L B . In  practice  
on e  w ou ld  n ot, I th ink, start from  such a w ide difference in H L B s. S econdly , I 
w an ted  to  a vo id  the inclusion  o f  solids as far as possible, because th is w ou ld  h ave 
m ade it even  m ore con fusing. These w ere th e reasons for ch oosing  the particu lar 
pair o f  em ulgents. W e  add ed  the ingredients to  each  oth er a t a b ou t 60°, con tin ued  
shaking u ntil reasonably  coo l, and then passed tw ice  through  a p iston  hom ogenizer; 
w e d id  n ot use an alternative hom ogenizer.

M r . R . G u c k l h o r n  : D id  y ou  correlate particle  size w ith  an y  other param eters ?

T h e  L e c t u r e r  : N o . This is v ery  difficult, particu larly  w ith  high concentrations.
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REGENT PROGRESS IN SURFACE SCIENCE. E ditors: J. F. 
Danielli, K. G. A. Pankhurst, A. C. Riddiford. Vol. 1. Pp. xii +  414 
+  111. 114/6. Vol. 2. Pp. x iv  +  541 +  111. 128/6. (1964). Academic 
Press, New York and London.

Surface science m eans different th ings to  scientists o f  different disciplines. 
T o  som e it is the phenom enon  associated w ith  spreading m onolayers o f  surfactants 
on  w ater. M any student chem ists regard it as adsorption  o f  gases on solids, w hile 
b io logists  consider it as a ctive  tran sport and adhesion  o f  cells. A ll o f  them  are quite 
correct, and  th is trem endous w idth  o f  in terest is reflected in the con ten ts o f  th e tw o  
volu m es edited  b y  D anielli, Pankhurst and R id d iford . A ll o f  the chapters are b y  
ackn ow ledged  w orld  experts and m an y o f  the chapters are o f  som e relevance to  
cosm etic chem ists.

T h e aim  o f  the editors has been  to  report significant advances in  selected fields 
during th e period  1956-1961. Som e authors had  th eir m aterial read y  on  tim e and 
the editors apolog ize  to  them  for  the delay  in p u b lication , w hich  w as caused b y  the 
difficulties o f  others. A s a result o f th is th e volum es are rather unbalanced . F or  
instance, V o lu m e  2  con tains a ch apter on  "C o n ta c t A n g les" w ritten  b y  E llio tt  and 
R id d ifo rd  w hen  the proceedings o f  th e 3rd In tern ational Congress on Surface A c t iv ity  
(1960) w ere n ot available, w hile the fo llow in g  ch apter on  E m ulsions b y  D avies gives 
references up to  1964, based m ain ly  on  D a v ies ’s ow n  w ork . T h e ideas on  em ulsion 
ty p e , sta b ility  to  breaking and cream ing, and to  inversion, are new, p rov id in g  a 
quan tita tive  treatm en t w hich  w ill u ltim ately  enable m u ch  o f  the "m y stiq u e ”  to  be 
rem oved  from  em ulsion m anufacture.

K itch en er ’s ch apter on  “ Foam s and Free L iqu id  F ilm s”  in V o lu m e  1 is in the 
sam e h igh  vein , b u t here th e quan tita tive  aspects are less advanced . T h e th eoretica l 
treatm en t em phasizes the im portan ce o f  th e  M arangoni effect and th e  surface 
d ilational elastic m odulus. T h e M arangoni effect arises from  the fa c t th at an 
exp an din g surface on a d ilute solution  o f  a surfactant has a som ew hat higher surface 
ten sion  than  the static value for  th e solution . C onversely, a com pressed surface 
develops a low er tem p ora ry  tension  than its surroundings. H ence, m echan ica l d is­
tu rbances, w hether in a longitudin al or transverse d irection  in  th e liqu id  film , are 
in stantly  m et b y  a restoring force  ten d in g to  annul the disturbance. T h e M arangoni 
effect th erefore accou nts for  the fa c t th a t an optim u m  con cen tra tion  for  m axim um  
foam in g in a transient-foam ing system  is alw ays found. I f  the solution  is t o o  dilute, 
the greatest possible differential tension  is sm all; if th e  solution  is t o o  concentrated , 
th e differential tension  relaxes to o  rap id ly , because o f  supply  to  surfactant b y  
diffusion , for  th e  restoring force  to  h ave tim e to  cou n teract th e disturbing force. 
K itch en er presents a sound theoretica l p ictu re b u t alw ays em phasizes the practica l 
im portan ce o f  th e w ork.

479
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T h e ch apter on  Surface V iscosity , w hich  starts V o lu m e  1 , serves to  em phasize 
the lack  o f  recent real progress in  the field. A fter  K itchen er on  Foam s, H ay d on  
con siders E lectr ica l D ou b le  L ayers in a p u rely  th eoretica l treatm ent, w hich  fails to  
em phasize m an y o f  th e inadequacies o f  the w ork  to  date. Schuldiner em phasizes, 
in the ch apter on E lectrod e  Processes, the techniques now  available for  m easurem ent 
o f  properties o f  electrodes and prov ides a com prehensive treatm ent o f  the h ydrogen  
electrode. In  a short ch apter K in g  m anages to  sum m arize adequ ately  the vast 
am ou nt o f  recen t w ork  on  C orrosion . T h e ch apter on  Surface A ct iv e  A gents b y  
B lack  w ill d isap poin t m any. Space is w asted on  developm ents in in ter-w ar years 
w hile b iodegradable  detergents h ave less th an  tw o  pages. T he rem aining non- 
b io log ica l ch apter is on S em icon d u ctor Surfaces.

T he b io log ica l w ork  in V o lu m e  1 has three chapters on  Cell C ontacts, E xterna l 
Surfaces o f  Cells, and B im olecu lar L ip id  M em branes, w hich  p rov id e  an excellent 
backgrou nd  to  im m inent developm ents in our know ledge o f  the skin. A ll th e p ro ­
perties o f  the skin are determ ined b y  these three factors  and ou r im proved  ab ility  
to  m o d ify  ou r m ain substrate lies in a b etter understanding o f  them .

T urn ing n ow  to  V o lu m e  2 , besides the chapters on  E m ulsions and on  C on tact 
A ngles a lready m entioned, the ph ysica l ch em istry  papers deal w ith  P h ysica l A d sorp ­
tion  a t the Gas Solid  Interface, H eterogeneous C atalysis and w ith  F lotation , all o f  
w hich  are com p eten t u p -to -d a te  review s o f  our state o f  know ledge in the fields. 
T h e ch apter on  G enetic C ontrol o f  Cell Surfaces has rather to o  m uch  genetics and to o  
little  d irectly  con cerned  w ith  surfaces. T he chapters on  P h y sio logy  o f  P in ocytosis  
and on  P lastron  R espiration  m ake fascinating reading. T h e tw o  chapters on  Cell 
M em branes brin g  us u p -to -d a te  on  structural aspects (although  om ittin g  m an y o f 
the b ioph ysica l aspects) and also sound a w arning regarding electron  m icroscop y . 
M an y believe th at the pictures taken represent the true state o f  affairs and it is on ly  
the better m icroscopists  w ho con tin u a lly  w arn us o f  possible artefacts.

W e have, therefore, tw o volu m es g iv ing  interesting accou nts on m an y aspects 
o f surface science. E ach  vo lu m e contain s chapters on physica l chem istry  and on 
b io log ica l top ics  and th ey  are recom m en ded to  those w hose interests are sufficiently 
w ide.

INTERPRETATION OF THE ULTRAVIOLET SPECTRA 
OF NATURAL PRODUCTS. A. I. Scott. Pp. x + 433 + 111. 
(1964). Pergamon Press, Oxford. 84s.

T his is essentially a pragm atic b ook  -  w ritten  b y  a practising natural p roduct 
chem ist, trained in the bu sy  B artonian  school, in con stant con ta ct w ith  stero id / 
terpen e/a lka loid  chem ists. Ian  S cott adm its at the ou tset th at he has n ot concerned  
h im self w ith  rigorous (or indeed hardly  a n y !)  th eoretica l treatm ent nor (in  th is b ook ) 
w ith  m echanistic discussion. B etw een  the som ew hat distant covers he has included 
a w orkin g guide to  assist the organic chem ist to  devise his ow n  structural diagnosis 
from  U V  sp ectroscop ic m easurem ents.

In a b rie f in trod uction , standard con cepts  and  con ventions are iterated and  the 
basic electron  excita tion  m echanism s are com preh ensively  analysed -  a lbeit less 
d igestib ly  than b y  B ladon  (1) bu t th is section  im proves on  rereading. In the first

(1) Bladon, P., in Schwarz, J.C.P. ed. P h y s ica l M eth od s in  O rgan ic C hem istry , Chapter 4. 
(1964), Oliver and Boyd, Edinburgh.
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full chapter, P rofessor S cott describes isola ted  ch rom ophores. H e show s th a t w hilst 
m eagre d irect use can be  m ade o f  absorption  due to  decoup ling  o f  lone pair electrons 
(i.e. n to  sigm a* transitions as in  C -O , C -S , C -N  or  C -h a l) w hich  g ive rise to  w eak 
bands m ain ly  in th e inaccessible U V  region , th ey  m a y  con tribu te  useful backgrou nd  
data  for  subtraction  from  new  active  ch rom ophores. Isola ted  a lkene/a lkyne absorp ­
tion , unless in  a stron gly  hindered environm ent, is usually  bare ly  accessib le to o  
(185 -205  m p). T h e  ca rb on y l group  gets w ell-m erited  detailed  a tten tion : T h e w eak 
band near 280 mfz arising from  loca l (n—>7t*) excita tion  is exam ined in  a va rie ty  o f  
fun ction s b u t its d iagnostic value is lim ited to  a num ber o f  specialized environm ents. 
A  sim ilar transition  in C =  N, N  =  N , N = 0  and C = S  receives b rie f m ention  and 
exam ples are tabu lated .

In  th e second  chapter, S cott analyses the va rie ty  o f  intense absorption  bands 
due to  electron  transfer (E T ) betw een  tw o  or m ore con ju gated  chrom ophores. A  clear 
exp osition  is given  o f  th e use o f  the F iesers’ (and som e o f  the au th or ’s ow n) extensions 
o f  th e w ell-know n  “ W ood w ard  ru les,”  w h ereby  m a y  b e  pred icted  th e absorption  
m axim a for  con ju gated  hetero- and hom o-an n ular po lyene  and afl-eneone system s. 
T h e effect, on  the E T  transition , o f  po lar substitu tion  and so lven t in teraction  is 
considered and w arning is given  o f  the occu rren ce o f  som e excep tion s  and con tra ­
dictions. A tten tion  is also given  to  varia tion  in the w avelength  o f  th e  low  intensity  
(n—> n * ) bands o f  a(3-eneones and  to  oth er carbon yl functions, e.g. fiy-eneones and 
con ju ga ted  unsaturated lactones, am ides, a ldehydes, and nitriles, as w ell as 
cu m u lative  unsaturation  as in ketens and alienes.

I t  is u n fortunate th at com parab le  em pirica l correlation  has y e t  to  be  ach ieved  
for th e com p lex  steric and e lectron ic in teractions th a t cause arom atic  and h etero­
arom atic absorption  spectra ; stu d y  o f  c lose ly  related structures is necessary for 
reliable diagnosis. In  the th ird  chapter, P rof. S co tt surveys in  considerable  detail 
com m on  arom atic ch rom op h ore  correlations includ ing the d iagnostic  em p loym en t 
o f  varia tion  in  p H  and solvent. N um erous exam ples are cited  o f  phenols and their 
ethers, various n itrogen  derivatives, h igher arom atic system s and a va rie ty  o f  co n ­
ju gated  ethylene and  ca rb on y l fun ction s. O  and  S  hetero-arom atic system s receive 
special a tten tion  in the fou rth  ch ap ter ; m en tion  is m ade o f  benz-con den sed  and ¡3- and 
a(3-substituted furan groupings w hich  o ccu r in a w ide va rie ty  o f  natural products 
a lth ou g h -a s  S co tt  poin ts o u t-N M R  and I R  sp ectroscop y  are poten tia lly  m ore re­
w arding for  these functions. O f w ider significance are th e  U V  spectra o f  the a- and 
y -p yron e  system s, p articu larly  the naturally  occu rrin g  coum arins, flavones and 
xanthones. Substances con ta in ing th e th ioph en  ring are rare and o n ly  receive b rie f 
m ention . T he fifth  ch apter is d ev o ted  to  a con den sed  accou n t o f  m on o-azine spectra 
-  a to p ic  w orth  a b o o k  in  itself since it  em braces b y  far the largest p ortion  o f  the 
alkaloid  field. Special reference is m ade to  derivatives o f  pyrrole  (including p or­
phyrins and som e exam ples o f  the num erous varieties o f  indole a lkaloid), pyridine, 
quinoline and  isoquinoline. F in ally , p olyazin e spectra are exam ined in a  short sixth  
ch ap ter ; exam ples are g iven  o f  absorption  m axim a o f  pyrim idines, pyrazines, purines 
and pteridines.

H av in g  dealt w ith  th e details o f  ch rom op hore  correlation , the second  half o f  the 
b o o k  is con cerned  w ith  app lications to  natural products. In  Chapter 7, D r. Charles 
B rook s (a colleague o f  S co tt ’s from  his L on d on  and G lasgow  days) in terpolates an 
accou n t o f  spectrop h otom etry  as an analytica l too l, w hich  includes the use o f  co lou r 
reactions in th e assay o f  m icrogram  quantities o f  b io log ica l products, studies o f
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reaction  progress or equilibrium , and the determ ination  o f  acid  or base strength. 
M ethods o f  tran sform ation  to  another m ore appropriate  substance are suggested 
w here a  su itable chrom op hore  does n ot exist in th e original structure. D erivatives, 
co lou r reactions and changes w ith  various reagents are all discussed w ith  exam ples.

In  the n ex t ch apter w e reap the d iagnostic harvest o f  the relationships established 
earlier in  the b ook . P rof. S co tt  em phasizes th a t the investigation  o f  gross m olecular 
structure ideally  goes hand-in -hand w ith  I R , N M R  and m ass spectroscop ic e v id e n ce : 
T h e first tw o  are con cerned  w ith  loca lized  features o f  the m olecu le w hilst absorption  
spectra w ill b e tter  in d icate  th e extend ed  environm ent o f  (som e o f) these groups. 
H e arbitrarily  selects a series o f  exam ples o f  ch rom op horic  groups o f  increasing 
com p lex ity  o f  in terpretation  to  illustrate th is thesis. M ost o f  these exam ples are 
given  th eir ow n  m onograph  in w hich  b oth  regular and anom alous behaviour are 
analysed.

F rom  the con sideration  o f  individual ch rom ophores w ith in  a com p lex  m olecu lar 
environm ent, S cott turns to  the in terpretation  o f  com p osite  spectra  con ta in ing  co n ­
tributions from  several independent functions. C hoosing exam ples -  m an y  from  his 
ow n experience or cogn ate fields — he describes useful degradative or creative  m an ipu ­
lations w hereby  the indiv idual ch rom ophores m a y  be resolved . H e ranges over 
m ou ld  m etabolites and antib iotics, lignans, constituents o f  shellac, acon ite and related 
alkaloids, sesquiterpenes, terpenoid  b itter principles -  including a b rie f a ccou n t o f 
th e d ep loym en t o f  spectral data  in th e elucidation  o f  a citrous prod u ct all to o  fam iliar 
to  th is rev iew er-a n d  finally  som e anom alies n oted  b y  B en tley  in  the m orph ine series.

In  a so-called  “ A p p e n d ix ,”  S co tt  sum m arizes ch rom op h oric  environm ents foun d  
in a w ide va rie ty  o f  steroid  structures, refers to  a num ber o f  d iagnostically  useful 
m anipu lations and tabu lates a m assive com pen diu m  o f  absorption  m axim a th a t have 
been  pu blished for  steroids -  the field in w hich  so m u ch  o f  the early  correlations 
were discussed.

T h is is a m on um ental -  and in places n ot easily  d igestib le -  b ook , b u t it is packed  
w ith  v ita l in form ation , m uch  o f  it con ven ien tly  tabu la ted ; it offers a w ider ranging 
em pirical app roach  to  U V  spectral correlation  than any existing w ork. Som e readers 
m ight ca v il at th e  adm ixture o f  jo cu la r  prefaces and telegraph ic descriptions; n ever­
theless the sty le  is concise  and generally  consistent, a lthough  stated preferences -  
som e o f  th em  b y  n o m eans universally a ccep ted  con ventions -  are n ot alw ays m ain ­
tained. This is n ot the b o o k  fo r  the p h ysicist n or for  the instrum entalist; it IS  
w arm ly  to  be  com m en ded  to  all active  organ ic chem ists. G . F. P H IL L IP S

BAILEY’S INDUSTRIAL OIL AND FAT PRODUCTS. 3rd
Edn. D. Swern, Ed. Pp. xiii +  1103 +  111. (1965). John Wiley &
Sons, New York/London/Sydney. 189s.

T he cosm etic  chem ist depends to  a v ery  large ex ten t upon  m aterials derived  
from  oils and fats and therefore one m ight exp ect a b o o k  w ith  th is title  to  be  an 
in valuable source o f  in form ation . In  th is sense he w ill be d isappoin ted  since the 
"p ro d u cts ”  referred to  in the title  are n ot so m u ch  ch em ica lly  derived  m aterials as 
food  products, etc. In  fa c t th e num ber o f  m aterials m entioned  w hich  are o f  d irect 
interest t o  th e cosm etic  chem ist are v ery  few  and even  these are usually  treated 
v ery  cu rsorily ; m ore in form ation  w ill generally  be  fou n d  in the w orks on  cosm etic 
m aterials and the pharm acopoeias. T h e cosm etics industry  is dism issed in  a few
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lines. N o m ention  at all is m ade o f  the com m on ly  used fa tty  esters and even  g lycero l 
m on ostearate is in cluded  o n ly  in  its con tex t as a shortening agent in  foodstu ffs. 
N either m ineral oils nor w axes are covered . O ne ch apter is d ev oted  to  soap and 
surface-active  agents, b u t th is is rather sk etch y  and contains far less than  th e average 
cosm etic  chem ist requires to  k n ow  a b ou t these m aterials.

N evertheless th e cosm etic  chem ist w ill find certain  sections o f  th is b ook  rew arding 
reading. In  particu lar, a 19-page section  o f  Chapter 2 contains an excellent d is­
cussion  o f  atm ospheric ox id a tion  and ra n c id ity ; Chapter 3, on  the p h ysica l properties 
o f  fats and fa t ty  acids, con tains m u ch  useful in form ation ; a part o f  Chapter 11 and 
Chapter 20 deal respective ly  w ith  th e phase beh aviour o f  soaps and  w ith  soapm aking.

E ssentia lly  th is volu m e is a review  o f  the tech n o log y  o f  anim al and vegetab le  
o ils  and  fats and their principal uses. F ou r authors h ave con trib u ted ; D . Swern, 
w h o also ed ited  th e b ook , K . F . M attil, A . J. S tirton  and F . A . N orris. T h e trea t­
m en t is elem entary in its beginnings and  extends th rou gh  the structure and co m ­
p osition  o f  fats and  oils, reactions, p h ysica l properties, fats in the diet, sources, 
u tilization  and classification , and th en  the com p osition  and characteristics o f  in ­
d iv idu a l fats and  oils. A p p lica tion  to  variou s fo o d  products, paints and  varnishes, 
and oth er m iscellaneous p rodu cts  is review ed.

T h e  last h alf o f  th e b o o k  is a su rvey  o f  o il and fa t tech n o log y  proper and th is is 
first-class. H andling, storage and grading are covered  first fo llow ed  b y  extraction , 
refining and bleaching, hydrogenation , deodorization , fa t sp littin g  and esterification / 
interesterification . A n  in teresting ch apter on  soapm aking, in clud ing a description  
o f  the m ore m odern  techniques, follow s. Chapters on  fraction ation , p o lym erization  
and  isom erization , solid ification , h om ogen ization  and em ulsification  con clu d e  the 
volum e.

E ach  ch apter is adequ ate ly  su p ported  b y  references to  original articles and  a 
com prehensive su b ject in dex is appended . T h e b o o k  is v ery  w ell p rodu ced  and 
rem arkably  free from  ty p ograp h ica l errors. S u b ject to  the lim itations detailed  in the 
first paragraph  th is volu m e cou ld  be a useful add ition  to  the library  p rov id in g  as it 
does excellent back grou nd  in form ation  on  oils and fats processing. R . P . R E E V E S .

1965-66 PROGRAMME
L ectures w ill be delivered on  the fo llow in g  T h u rsd a y s :

7th O ctober 1965. 3rd F ebru ary  1966.
2nd D ecem ber 1965. 31st M arch  1966.
6th January 1966.

F I L M  E V E N I N G :  T h ursd ay, 19th M ay 1966.

M E D A L  L E C T U R E :  T hursday, 3rd M arch  1966.

S O I R E E :  S aturday, 9th O ctober 1965.

1966  D I N N E R  A N D  D A N C E :  Saturday, 5th F ebru ary  1966, a t the E u ropa  H ote l, 
G rosven or Square, L on d on  W . l .

A N N U A L  G E N E R A L  M E E T I N G : M on day, 23rd M ay 1966, a t the W ash in gton  
H ote l, C urzon  Street, L on d on , W . l .
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SYMPOSIUM ON PHYSICAL METHODS
A Symposium on Physical Methods will be held at the Grand Hotel, Bristol, on 16th and 
17th November 1965. Participation is permitted only when application has been made 
on the appropriate form, and the fee duly paid. This is ¿3  3s. for each participant who 
is a member of one of the Societies of Cosmetic Chemists affiliated to the I.F.S.C.C. The 
registration fee for non-members is £ 6  6s. Registration forms giving all details are available 
from the General Secretary, Mrs. D. Mott, 18 Warner Close, Harlington, Middx. T h e  
c lo s in g  date fo r  re g is tra t io n  is  18th O cto b e r  1965.

A ftern o o n
T u e sd a y , 16th N o v e m b e r  1965

C h a irm an  : A. Herzka, Esq., Hon. Editor
14.00 “ Spectrophotometric methods for the rapid evaluation of the inactivation of anti­

microbial agents.”
M. R . W . B row n , M.Sc., Ph.D., M.P.S., M .I.Biol. (S ch ool o f  P h a rm a cy , B r is to l  
C ollege o f  S cien ce  and T ech n ology).

14.30 ‘ ‘Thin-layer chromatographic techniques in residue analysis.”
J. T homson, Ph.D., A.H .-W .C., A .R .I.C . (L a b ora tory  o f  the G overnm ent C hem ist 
L o n d o n ).

15.00 T e a .
15.15 “ Particle size analysis using Coulter counters.”

R. W . L ines , B.Sc. (C ou lter E lec tron ics  L td ., St. A lb a n s).

15.45 “ Infra-red spectroscopy of aqueous detergent solutions.”
M. A. P uttnam , B.Sc., Ph.D., A .R.I.C. (C olga te-P a lm olive  L td ., S a lford ).

17.00-18.00 Display of apparatus and equipment at School of Pharmacy, Bristol College 
of Science and Technology, Ashley Down, Bristol 7.

20.30-22.30 Civic Reception by  the Lord Mayor of Bristol, Alderman T. H. Martin , M.B.E., 
at the Council House, Bristol. (Informal Dress.)

M o rn in g
W ed n esd a y , 17th N o v e m b e r  1965

C ha irm an  : R. Clark , E sq., President
09.45 “ Spectral slit width and other sources of error in U.V. spectrophotom etry.”

A. R. R ogers, B.Pharm., B.Sc., Ph.D., F.R .I.C., F.P.S. (S chool o f  P h a rm a cy . 
B righ ton  C ollege o f  T ech n ology).

10.15 "Rheological studies of new cream bases wuth the Brookfield synchrolectric visco­
meter. ’ '

Professor F. Neu w ald , Dir.rer.techn. (In stitu te  o f  P h a rm a ceu tica l C h em istry , 
U n iversity  o f  H a m burg).

10.45 Coffee .
11.10 “ The analysis o f aerosol propellants.”

R. J. B rook, L.R.I.C. and B. D. Joyner , A .R.I.C. (Im p er ia l S m eltin g  C orp ora tion , 
A  von m ou th ).

11.40 “ Fluorescent antibody studies in dermatology.”
N. R. R ow ell, M .B., M.C.R.P. (G eneral In firm a ry  at L eed s).

A  fte rn o o n
C ha irm an  : Dr. A. W . Middleton , Vice-President

14.00 “ Preparative gas chromatography.”
G. R. F itch , M.Sc., A .R.I.C. (D ep artm en t o f  C h em istry  and  B io lo g y , B r is to l C ollege  
o f  S cien ce  and  T ech nology).

14.30 “ Techniques for assessing the rheological properties of toiletry and cosmetic products.”
P. Sherman, M.Sc., F.R.I.C. (U n ilev er  R esearch  L ab ora tory , W elw yn ).

15.00 “ The relation between structure and properties in plastics used in packaging.”
A. Sharples, B.Sc., Ph.D. (A rth u r D . L ittle  R esearch  In stitu te , In v eresk ).

15.30 Symposium ends.



E S T . 1890

WHITTAKER, CLARK & DANIELS, INC.
100 CHURCH STREET, NEW  YORK 7, N.Y.

TALCS
PURIFIED TITAN IU M  DIOXIDE N.F., U .S .P ., T .G .A . 

BENTONITE U .S.P.
LO-M ICRON C O SM ETIC  C O LO U R S

S a les  representatives for

A m e r i c a n  C h o le s t e r o l  P r o d u c t s ,  In c .
EDISON, NEW  JERSEY

AM ERCHOL EM U LSIFIERS, EM OLLIEN TS, PEN ETR A N TS  
MODIFIED LANOLIN D ER IV A T IV ES

.V

T h o m a s s e t  C o lo r s ,  In c .
N E W A R K , NEW  JERSEY 

D. & C. CO LO U RS FOR CO SM ETICS
*

V a n  D y k  &  C o m p a n y ,  In c .
BELLEVILLE, NEW  JERSEY

SU NSCREENING C O M P O U N D S , C O SM E TIC  CHEM ICAL
SPE C IA LTIE S

U.K. representatives
D .  F . A n s t e a d  L t d .

V IC TO R IA  ROAD, ROMFORD, E S S E X  
Telephone: Romford 44216/7 Cables: Anstchem, Romford



P. ROBERTET & C ,E
PARIS - GRASSE - NEW YORK - TOKIO

P u b l i s h e d  o n  b e h a l f  o f  t h e  S o c i e t y  o f  C o s m e t i c  C h e m i s t s  o f  G r e a t  B r i t a i n  b y  P e r g a m o n  P r e s s ,  L t d . ,  H e a d i n g t o n  
H i l l  H a l l ,  O x f o r d .  P r i n t e d  a n d  B o u n d  b y  C h e l t e n h a m  P r e s s  L t d . ,  S w i n d o n  R o a d ,  C h e l t e n h a m  a n d  L o n d o n ,

G r e a t  B r i t a i n .

.u
w

 n


	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1965 VOLUME 16 NO.8 JULY
	Contents
	Index to Advertisers
	Synopses for Card Indexes
	The Hormonal Background of the Skin
	Hydrolysis of Wax-Esters in Emulsions
	An Approach to Emulsion Formulation
	Book Reviews

