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J ^ )e a u ty  c fjv a g m n c e .....
m a d e-to -m ea su n eju r y o u r  s u c c e s s !

Fragrance ol outstanding beaut) adds the distinctive char­
acter—-the individuality — that can bring success to a perfume 
or cosmetic . . or a complete line!

Givaudan s demonstrated creative skill, its unusual variety ol 
fragrant materials, its world-wide affiliations and its market 
know-how are all coordinated to bring you fragrances ol unique 
new beaut)' and originality — made-to- 
measure for your success

<»iY \ r i i  \ . \ - » i : i . A \ v  v \ >  \ .  i  v i  .
321 Vest 44th Street, New York 36. N. Y. G
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for best results...

EVANS
Materials for 

Cold Wave Lotions 
and Depilatories

THIOVANIC A C ID -E v a n s  brand of 
vacuum, distilled thioglycolic acid

AMMONIUM THIOGLYCOLATE -
Made with vacuum distilled 

thioglycolic acid

CALCIUM TH IO G LY C O LA TE-
High purity for depilatories

ADDITIONAL PRODUCTS —  Monoethanolamine Thioglycolate
•  Sodium Thioglycolate •  Neutralizers
•  Clouding Agent •  Neutralizer Boosters.

Write for samples and data sheets!

EVANSCHEMETICS, INC.
250 East 43rd St., New York 17, N.Y.

MU 3-0071
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Selecting exactly the right fragrance for your 
product requires great care. Since even the 
smallest difference in the chemical composi­
tion can affect the product, all materials used 
must be completely compatible.

Our specialists at Verley have spent many 
years studying fragrance . . . experimenting 
with basic materials . . . exploring new 
processes . . . searching for better methods. 
Their goal: to scientifically create harmonious 
aromatic blends with stability completely 
compatible with the materials with which 
they are used.

But your man from Verley doesn’t stop here. 
Before the scientifically compatible fragrance 
is added to your product, it undergoes exten­
sive consumer and laboratory tests to be sure 
that it is perfectly suited to the product 
. . . that it enhances its appeal . . .  ex­
pands its horizons.

For COMPLETE COMPATIBILITY . . .  for
confidential service . . .  fo r new ideas 
and effects w ith  arom atic materials . . .

check with your man from Verley . . .

your laboratroy for fragrance development

A l b e r t  V e r l e y
1375 EÁ^feí,ÍNO£N AVÈNOE * MNÖEN» NEW;JERSEY 

N. JÿW Abash 5*1X05 N. Y.: MUrray H ill 3-3881 
1018

M C K E S S O N  &  R O B B IN S , IN C .,  C h e m ic a l D ep t.
5353 Jiftson Street * Los Angeles 22, Cal If.

10 Rue Pergolese * Paris 16, France



G R E A S E L E S S
with Plymouth Isopropyl Esters
Chemists find Plymouth Isopropyl Esters increasingly useful in 
a wide range of cosmetic and pharmaceutical products.

These colorless, odorless, stable esters are not only highly efficient 
emollients and penetrants, greaselessness makes them particularly 
suitable substitutes for mineral oils in bath oils, pre-electric 
shave lotions and hair preparations.

Plymouth Isopropyl Esters perform well as wetting or spreading 
agents in pigmented cosmetic products. As a “cosmetic solvent' 
Isopropyl Esters are far more effective than mineral or vegetable oils.

ISOPROPYL MYRISTATE • ISOPROPYL PALMITATE • ISOPROPYL STEARATE
Each of our Isopropyl Esters offers specific characteristics. If you 
would like to investigate their advantages, mail the coupon below 
for samples. As experienced custom producers of fatty acid 
esters, we welcome inquiries concerning your special requirements.

i
l Please send me a sample of □  Isopropyl Myristate, 
I □  Isopropyl Palmltate, □  Isopropyl Stearate

P A R S  0 \ S  -  P L Y M O U T H
Division o f

S . B . P E N I C K  &  C O M P A N Y
100 Church Street, New York 8, N.Y.

N A M E _____

C O M P A N Y .

A D D R E S S .

CITY. ZONE________STATE.
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DODGE &0 LC0 TT, INC.
Seventy-five 9th Avenue • New York 11, N. Y.

Sales Offices in PrinciDal Cities

Perfume Raw Materials 
Compounds 

Aromatic Chemicals 
Specialties 

Industrial Odorants
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MINERAL OILS

Be assured of outstanding light sta­
bility and Intense purity! Penn-Drake 
Wiite Oils are precisely refined under 
spectrophotometric contro l— our 
process eliminating minute impurities, 
even down to 1 or 2 parts per million. 
• A t your service, Penn-Drake Technical 
Service. W rite or phone us for fu rthe r 
in fo rm ation  or advice on your problem s.

Pennsylvania Refining Company
BUTLER 29, PENNSYLVANIA

Branches: Cleveland, Ohio and Edgewater, N. J. 
Tokyo and Osaka, Japan



INTERNATIONAL FEDERATION
o f

SOCIETIES OF COSMETIC CHEMISTS
invites you to its

THIRD INTERNATIONAL CONGRESS
at

COLUMBIA UNIVERSITY 
NEW YORK CITY 

June 22-26, 1964
For details about the Scientific Program, Registration Fees and the form for 

making proposals for the Scientific Program, see page xvii of the March 1963 
issue. Additional facts about the 1964 1FSCC Congress appear on page 113 of 
the February 1963 issue of the SCC Journal.

Those who wish to reside on the Columbia University Campus during the IFSCC  
Congress in June 1964 are urged to mail the attached reservation card by June 1 9 6 3 .  
The Arrangements Committee can then make the required guarantees to Columbia 
University. The $25.00 deposit will be refunded upon request up to May 15, 1964.

The

THE TH IR D I. F . S. C. C. CONGRESS  
JUNE 22-26, 1964 

RESERVATION FORM

N A M E  (Please Print)........................................  ARRIVAL D A T E ...............................

AD D R ESS...............................................................  DEPARTURE D A T E .......................

...............................................................  N U M B ER  IN M Y  PARTY:

...............................................................  Adults........... Children..........................

M E M B E R  OF S.C.C. O F ................................ Deposit (s) at $25.00 each..................
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M A IL  TH IS RESERVATION FO R M  TO
W ALTER W YN N E, Arrangements Chairm an  
321 W EST 44TH S T ., ROOM  700 
NEW  Y O R K  36, N .Y .



INTERNATIONAL FEDERATION
o f

SOCIETIES OF COSMETIC CHEMISTS
in v it e s  y o u  to  i t s

THIRD INTERNATIONAL CONGRESS
a t

COLUMBIA UNIVERSITY 
NEW YORK CITY 

June 22-26, 1964
For details about the Scientific Program, Registration Fees and the’Torm for 

making proposals for the Scientific Program, see page xvii of the March 1963 issue 
Additional facts about the 1964 IFSCC Congress appear on page 113 of the Feb­
ruary 1963 issue of the SCC Journal.

Those who wish to reside on the Columbia University Campus during the IFSCC 
Congress in June 1964 are urged to mail the attached reservation card by June 1 9 6 3 . 
The Arrangements Committee can then make the required guarantees to Columbia 
University. The $25.00 deposit will be refunded upon request up to May 15, 1964.

The

PLACE
STAMP
HEBE

MR. WALTER WYNNE, Chairman, 

ARRANGEMENTS COMMITTEE 

321 W. 44 ST., ROOM 700, 

NEW YORK 36 

U.S.A.



JO U R N A L  O F T H E  S O C IE T Y  O F C O S M E T IC  C H E M IS T S ix

1

SINCE ' 1820

7

R o u re -B e r tra n d  F ils, G rasse , and  Justin  D upon t, 
A rgenteu il, F rance, as well as the ir facilities in N orth  
A frica, India, the F a r  E ast and  S ou th  A m erica, have 
for decades been prim e processors of basic ingredients for 
the perfum ers of the w orld.

T h e ir  creative genius is a ttested  by the m any fragrances 
th a t are proven in te rnationa l successes. T hese form ula­
tions have earned  for our laboratory  technicians both 
here an d  abroad  an insp iring  accolade of confidence.

R oure-D upon t, Inc. technical staff 
is in a position to pu t its vast in te rnationa l facilities 
an d  know -how  a t your d isposal.

ROURE-DUPONT, INC.
Sole Agents for the United States and Canada for 

ROURE-BERTRAND FILS et JUSTIN DUPONT. Paris. Grasse

3ÓÓ Madison Avenue, N ew  York
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Affiliates:

Sc h im m e l  I n t e r n a t io n a l  L t d ., S lo u g h , E n g la n d  

S ch im m el  do  B r a s il , L t d a ., S a o  P a u lo , B ra z il 

S O P A S , s .a .r .l ., G r a s se , F ra n ce



JO U R N A L  O F T H E  S O C IE T Y  O F C O S M E T IC  C H E M IS T S XI

Exhaustive work —including thorough tox­
icity studies — are a matter of course with 
us before our lanolins are released to you.

And Malmstrom technical services are 
comprehensive, personalized and confiden­
tial.

Call on us today on any question you may 
have about lanolins — our staff is readily 
available to you.

LANOLIN •  LANTROL® •  LANTROL AWS® 
LANFRAX® .  LANFRAX® W S55 •  LANOMAL® 
ETHOXYLAN® ACIDLAN 20  .  NIMCOLAN® 
CHOLESTEROL BASES .  NIM COLAN®S .  
SUPER NIMCOLAN® S .  NIMLESTEROL®  
WOOL WAX ALCOHOLS B.P.

2 59  Parkhurst Street, Newark 14, N. J., TA Ibot 4 -2 2 0 0
Manufacturing plants: Newark, N. J., Brooklyn, N.Y.
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Anti-Perspirant Sticks

If you are interested in formulating an anti-perspirant in a true stick 
form —  the alcohol-sodium stearate type —  then compose around 
CHLORACEL. This remarkable chemical permits you to prepare a 
product with a significant amount of active ingredient, and still be 
gentle to skin and fabrics. □  CHLORACEL (sodium aluminum chlor- 
hydroxy lactate complex) is available in solid form or as a 40% 
W/W solution. Its companion product, CHLORHYDROL®, can give 
you the same outstanding benefits in 
your lo tions, sprays, creams and 
powders. For free information and 
samples pertinent to your particular 
application, write Reheis.

REHEIS COMPANY, INC.
B E R K E L E Y  H EIGH TS, N EW  JE R S E Y
M a n u fa c t u r e r s  o f  f in e  c h e m ic a ls  a n d  b io lo g ic a ls  

In  C a n a d a :  F r a n k  E . D e m p s e y  &  C o . • W a re h o u s e s :  M o n t r e a l &  T o r o n to
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checkmated by an elusive arom a?
‘‘Uneasy lies the head that 
wears a crown,”  said Shakespeare. 
Today you’re king of the castle . . . 
tomorrow you’re backed into a 
corner. All because
aromas are 
intangible and
people are 
changeable.

How do you create the aroma that 
inspires brand loyalty? Best stra­
tegy: call in Florasynth.

Write for our catalog of flowerols, 
perfumeand bouquetspecialties. 
And, if you're searching for an 
ultra-elusive fragrance, we will 
formulate it especially for you.

FLORASYNTH LABORATORIES, INC. EXECUTIVE O FFICES: 900 VAN NEST AVENUE, BRONX 62, N .Y.;
600 WEST MONROE STREET, CHICAGO 6; 2309 EAST EIGHTH STREET, LOS ANGELES 21; Branch Offices and Repre- 

sentatives in Principal Cities; Sales Offices in Canada, Mexico and other Leading Foreign Countries.



X I V JO U R N A L  O F T H F , S O C IE T Y  O F C O S M E T IC  C H E M IS T S

“ F or a guarantee o f 
higher quality” . . . 

G ly c o  h a s  b e e n  
s e rv in g  th e  C o s m e t ic  

a n d  B e a u ty  fie ld s  fo r  
n e a r ly  30  y e a rs  in  

s u c c e s s fu l  e ffo r ts  
to  im p r o v e  a n d  to  

e x te n d  th e  u s e fu l
p r o p e r t ie s  o f  

y o u r  p r o d u c ts .

for greater

SP&i
o f  your product

G LY C O M U L S ® ***
and

G LY C O S P E R S E S ® *
. . . emulsifiers and solubilizers in 
CREAMS, LOTIONS, OINTMENTS, 
BATH OILS, PERFUMES 
. . . “ for superior emulsion stability

***SORBITAN ESTERS, 
ETHOXYLATED SORBITAN ESTERS, 
AND RELATED PRODUCTS

I GLYCO CHEMICALS,I N C \ \
'4 1 7 , Fifth Avenue, New York 16, New Y o rk \ /V  ^

T*l«phore: O REGO N 9 - 6 4 0 0
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I n each of these great centers of the Soap, Perfumery, 
and Cosmetics industries there is a Chiris company, 
with a complete production and distribution service. 
These companies pool all the experience and
technical resources which nearly200years
of outstanding leader- (|(|91|) ship in the World’s 
Essential Oil and Aro- matic industries have
made available to the House of C H I R I S .

A N T O I N E  Ç H I K I S  Co., Inc.
212-220 E. 23rd ST., NEW YORK 10, N. Y.

ETABLISSEMENTS ANTOINE CHIRIS 
ORASSE - PARIS

ANTOINE CHIRIS, LTD. 
LONDON
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Stanton Sales Co.
214 Main St.

Thiochemicals 
for the
Cosmetic Chemist
Ammonium Thioglycolate 
Monoethanolamine Thioglycolate 
Thioglycolic Acid

DL-TDP
Dilaurylthiodipropionate

Thiodipropionitrile

McNerney Products Corp.
9829 Everest St. 

Downey, Cal.Hackensack, N. J.

H A L B Y  P R O D U C T S  CO.,  Inc.
WILMINGTON 99, DEL.
'phone: (302) OLympia 6-5428 

Thioglycolic & Thiodipropionic Acids & Derivatives



THE NINTH SPECIAL AWARD 
May 8, 1963

H otel B iltm ore, New Y ork City

D r . J ero m e  G ross of Massachusetts General Hospital and the 
Harvard Medical School is this year’s winner of the Society’s annual Special 
Award. He was awarded the honor for his pioneering studies on the forma­
tion of collagen.

Dr. Gross completed his undergraduate work at the Massachusetts In­
stitute ol Technology and obtained his M.D. degree from New York Uni­
versity in 1943. After his internship at the Long Island College Hospital, 
he served as a medical officer in both the European and Pacific theatres of 
operation during and after the war. In 1946 he joined the staff of the 
Biology Department at M.I.T. In 1955, he joined the Department of 
Medicine at Harvard Medical School, establishing his laboratory at the 
Massachusetts General Hospital. He is now head of the Biology Labo­
ratory of the Lovett Memorial Group for Study ot Diseases causing De­
formities at the Massachusetts General Hospital and Assistant Professor ol 
Medicine, Harvard Medical School.

Primarily known as a medical biologist, Dr. Gross has published a num­
ber of studies on the composition, structure, function, genesis, reactivity 
and abnormalities of connective tissue. Those papers which determined 
the Society’s choice for this year’s Special Award are listed at the end of 
this notice.

The Special Award is presented each year to the author or authors of the 
report(s) of basic research, published in the past two years, judged to be of 
the greatest potential value to cosmetic technology.

The 1963 Special Award was presented to Dr. Jerome Gross at the 
Society’s annual May meeting, this year held jointly with the American 
Medical Association at the Hotel Biltmore on May 8, 1963. Dr. Thomas 
B. Fitzpatrick, head of the Department of Dermatology at Harvard Medi­
cal School, acted as eulogist for Dr. Gross.

R eferences

(1) “ Studies on the Formation of Collagen. (I) Properties and Fractionation of Neutral 
Salt Extracts of Normal Guinea Pig Connective Tissue,” J. Exptl. Mid., 1 0 7 , 247-263 
(1958).

(2) “ Studies on the Formation of Collagen. (II) The Influence of Growth Rate on Neutral 
Salt Extracts of Guinea Pig Dermis,” Ibid., 1 0 7 , 265-277 (1958).

(3) “ Studies on the Formation of Collagen. (Ill) Time-Dependent So'ubilitv Changes ot
Collagen in Vitro," Ibid., 1 0 8 , 215-226 (1958).________________ _ _ _
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(4) “ Studies on the Formation of Collagen. (IV) Effect of Vitamin C Deficiency on the 
Neutral Salt-Extractible Collagen of Skin,”  Ibid., 109, 557-569 (1959).

(5) “ Subunits of the Collagen Molecule,” with K. A. Piez, M. S. Lewis and G. R. Martin, 
Biochim. Biophys. Acta. 53, 596-598 (1961).

(6) “ Collagen,”  Set. American, 204, 121-130 (1961).

EUROPEAN TRAVEL ARRANGEMENTS 
IFSCC CONGRESS

New York
June 22-26, 1964

The British and German Societies of Cosmetic Chemists are planning 
to charter jet aircraft for those European members desiring to attend the 
1964 IFSCC Congress in New York. The fares from London to New York 
and return will be approximately $210, and from other European cities, 
approximately $238 to $252 per person, irrespective of age.

The proposed departure from London is on the morning of June 21, 
1964, thus arriving in New York during the afternoon. The return flight 
is scheduled to leave New York between July 5 and 12, 1964, depending 
on the wishes of the majority of the participants.

Participants must also return as a group and the free baggage allowance 
is 44 lb. AH rates are subject to confirmation because the 1964 trans- 
Atlantic fares structure will not definitely be known until the autumn of 
1963.

Anyone interested in coming to the Congress is asked to complete the 
post card inserted in this issue of the Journal or to communicate with 
either of the following:

Dr. Ludwig W. Masch 
Jurgensallee 68 D 
Hamburg-Kleinflottbek 
Germany

A. Herzka 
Ashbourne House 
Alberon Gardens 
London N.W. 11, England



ULTRAVIOLET ABSORBERS AS STABILIZERS 
IN THE COSMETIC INDUSTRY

By M. R. L e i b o w i t z  and F. B. L a n e *

Presented December 4, 1962, New York City

A bs t r a c t

Ultraviolet radiation is primarily responsible for the degradation in sunlight 
(and in fluorescent light) o f many chemicals, plastics, oils, fats and colorings. In 
the cosmetic and pharmaceutical industry this degradation is of great concern, 
and it is necessary to use stable broadly absorbing ultraviolet absorbers in order to 
protect both the product and the substrate such as skin, hair, etc.

Ultraviolet absorbers of the type currently used in suntan lotions are not satis­
factory for use as stabilizers in preventing degradation. They are purposely designed 
to absorb in a narrow range (not above 310 to 320 millimicrons) and have rather 
poor light fastness. To date, only three classes o f compounds have been found 
which are strong UV absorbers and are stable in a compatible medium. These 
classes are: (a) 2-hydroxybenzophenones (including salicylates); (b) 2-hydroxy-
benzotriazoles; and (c) substituted acrylonitriles.

Most colors used in the cosmetic industry do not have a high degree of stability 
under the influence of UV and visible wavelengths (350 to 450 millimicrons). Ac­
cordingly, stabilizers, which absorb strongly in this region, are necessary to protect 
cosmetic products. Factors influencing the choice of a suitable absorber for use 
as a stabilizer in any specific application are discussed. In addition, methods of 
use and the latest available absorbers are reviewed.

U ltraviolet (UV) radiation, though comprising only 5%  of the 
radiant energy reaching sea level from the sun, is chiefly responsible for the 
degradation of many chemicals, plastics, oils, fats, colorings, perfumes, etc. 
Of course, it should be recognized that there are other sources of degrada­
tion besides UV light, such as oxidation, heat and ordinary visible light. 
Since a UV absorber will protect only against UV degradation, often a com­
bination of stabilizers is necessary to satisfactorily safeguard a product. 
However, UV light is in many cases the major cause of degradation. It 
can either initiate a decomposition that then proceeds by another mecha­
nism such as oxidation, or it can be absorbed as UV energy and be directly 
responsible for the decomposition.

In both types of degradation, a proper UV stabilizer will prevent this de­
composition to a large degree. Members of the cosmetic and pharmaceuti-

* Antara Chemicals, Acetylene Chemicals Dept., Div. General Aniline & Film Corp., 
New York 14, N. Y.
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STABLE ULTRAVIOLET ABSORBERS

cal industry who are greatly concerned over the stability of their products 
when exposed to sources of UV radiation, such as sunlight or fluorescent 
tubes, are finding the use of UV absorbers convenient as stabilizers lor both 
the product and the substrate, e.g., hair and skin.

It can be demonstrated that a broadly absorbing UV absorber, when used 
in proper concentration in a filter, can screen out all of the UV portion of the 
spectrum. It is then obvious that the ideal way to protect products from 
UV degradation is to have some means of filtering out all of the UV 
light before it hits the material which will decompose. Unfortunately, it 
is not always possible to achieve this in practice.

There are many substances which will absorb UV light, but only a few of 
them are satisfactory stabilizers. For example, many organic substances 
will absorb UV light, but practically 
all of these will be decomposed by 
UV energy. Some substances, such 
as optical brighteners, are very 
strong absorbers of ultraviolet radia­
tion but convert this energy into 
visible light and thus are stable for 
relatively short periods of time. Of 
course, the cosmetic industry is well 
acquainted with suntan lotions, 
which were amongst the first prod­
ucts to utilize UV absorbers. How­
ever, the chemical structures of com­
pounds currently used in ordinary 
suntan lotions are not satisfactory 
as UV stabilizers, since they are 
purposely designed to absorb within 
a narrow wavelength (290 to 310 
millimicrons) and do not absorb in 
the region which causes most damage 
to cosmetic products. Also, it is 
not necessary, as reported by Gantz 
and Roberts (1), for suntan type absorbers to have good UV light stability. 
Actual tests in our laboratories have demonstrated that many of these 
products lose as much as 50% of their ability to absorb UV light after 
only several hours exposure in a Fadeometer.

To date, only three chemical structures have been found which are both 
strong UV absorbers and stable to long exposure to UV light (at least 
several hundred hours in the Fadeometer). These absorbers function as 
stabilizers by absorbing UV light, which is dissipated as harmless infrared 
energy. The absorber itself, when properly dissolved in a compatible

Figure 1.— Basic chemical structures that 
are strong UV absorbers and stable to long 
exposure to UV' light.



ULTRAVIOLET ABSORBERS AS STABILIZERS 219

medium, is not decomposed and continues to act as a stabilizer for the sub­
stance requiring protection.

Figure 1 shows the basic chemical structures of these absorbers: (a) 
2-hydroxybenzophenones, (b) 2-hydroxybenzotriazoles and (c) substituted 
acrylonitriles. The benzophenones, or salicylates, were the first to be 
found useful. The salicylates have an alkyl group attached to the carbonyl 
group through oxygen, whereas the benzophenones carry aromatic groups. 
The salicylates generally have weak absorption properties and do not ab­
sorb in the near UV where most degradation occurs. The R-groups on the 
benzophenones can be OH, alkoxy, halogen, or H groups, and a large number

STABLE ULTRAVIOLET ABSORBERS OF 
2 HYDROXYBENZOPHENONE TYPE

Figure 2.—Examples of various 2-hydroxybenzophenone 
derivatives that have been commercially available.

of such derivatives have appeared commercially or have been synthesized 
on an experimental basis. The 2-hydroxybenzotriazoles were produced 
commercially several years ago; R represents an alkyl group. The sub­
stituted acrylonitriles are the newest class of stable UV absorbers; the R 
group can be alkyl or aryl groups containing various substituents.

Figure 2 shows a number of stable UV absorbers of the benzophenone 
type, which have been supplied commercially. The compounds are ex­
amples of the various derivatives of 2-hydroxybenzophenone that can be 
synthesized. Each of these materials is a stable UV absorber but has dif­
ferent solubilities, compatibilities and absorption characteristics. Table 
I compares such a homologous series of ultraviolet stabilizers with respect to 
absorption characteristics and solubility. The E-value is a measure of 
absorption at a specific wavelength for a specific concentration and path 
length, while T60 is the wavelength at which 50% transmission is ob-
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T a b l e  I—C o m p a r is o n  of  a H omologous  S er ies  of  UV St a b i l i z e r s  w i t h  R espe ct  to  
A b s or ptio n  C h a r a c t e r is t ic s  a n d  S o l u b i l i t y *

.—— Formula— -  ------E f------ ----- Methanol— - Ethyl
Chemical Name A B C 350m ji370m u 2 .5  2 5 .0  250  Acetate Toluene

1. 2,4-Dihydroxy- 
benzophenone

2. 2-Hydroxy-4- 
methoxybenzo- 
phenone

3. 2,2'-Dihydroxy- 
4,4'-dimethoxy- 
benzophenone

4. 2,2',4,4'-tetra- 
hydroxybenzo- 
phenone

5. Mixture of (3t, 
(4) and related 
isomers

Monosubstituted Derivatives of Basic Formula
OH 32 7 360 384 404 25 <1

OCH3 . . . 32 9 360 384 404 28 52

Trisubstituted Derivatives of Basic Formula 
OCH3 OCHs OH 41 23 384 409 427 5 5

OH OH OH 57 32 384 409 427 20 <1

45 26 384 409 427 10 <1

* Absorbance and solubility data are average readings since slight variations are observed 
with different commercial lots.

■[Specific Extinction Coefficient g  _  Optical density 1 cm. quartz cell, c =  1 g./liter in
methanol, Beckman DU.

{ T ji =  wavelength in rqu at which 50% transmission is observed, Beckman DU; T4o is 
frequently called “ cut off” and is used as a convenient means of referring to the max. wave­
length at which UV protection is afforded under a given set of conditions.

served. As the table shows, the monosubstituted derivatives of Formula 
I (disubstituted benzophenones) have almost identical absorption char­
acteristics but considerably different solubilities. On the other hand, the 
trisubstituted derivatives of Formula I ftetrasubstituted benzophenones) 
all have considerably stronger absorption at the longer wavelengths than 
the monosubstituted derivatives. Again, within themselves they have 
similar absorption but widely different solubility properties. It should be 
noted also that, as concentration is increased, the wavelength of 50% 
transmission is shitted closer to the visible. However, because of the 
stronger absorption of the trisubstituted derivatives, one can obtain equiv­
alent absorption at one-tenth the concentration of the monosubstituted 
compounds.

Figure 3 shows the difference between the absorption curve of a disub­
stituted benzophenone and that of a tetrasubstituted benzophenone. It
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can be seen that at equal concentrations the tetrasubstituted benzophe- 
nones absorb much closer to the visible and will screen out a greater amount 
of UV light, particularly in the wavelengths closer to the visible where much 
degradation occurs. Figure 4 shows how the transmission curve of a benzo- 
phenone will vary with concentration and, at increasing concentrations, the 
curve is shifted toward the visible.

The hydroxybenzotriazoles and substituted acrylonitriles are relatively 
new materials and have not yet realized their potential in the cosmetic 
industry. The acrylonitriles have recently been investigated by Ross- 
man, Knox and Freeman (2) as a means of preventing UV degrada­
tion of the skin and were found to be adaptable to dermatological 
use as topical sun screens. At present only a limited number of hydroxy-

W *VELENGTH  M ILL IM IC R O N S

Figure 3.—Comparison of absorption curves, at a level of 
0.025 g/liter, o f a disubstituted and tetrasubstituted benzo- 
phenone. (The tetrasubstituted derivative absorbs closer to 
the visible).

benzotriazoles and substituted acrylonitriles are available, but many more 
are being developed in various research laboratories. The substituted 
acrylonitriles are extremely light in color and are completely unreactive 
toward salts, high pH and metallic substances. On the other hand, the 
benzophenones are sensitive to pH, metals and other materials which will 
react with the hydroxy group. The absorption properties of both the 
benzophenones and benzotriazoles depend upon the presence of hydroxy 
eroups; therefore, any system which can react with the hydroxy groups 
will considerably alter their absorption characteristics. On the other hand, 
because the substituted acrylonitriles do not require hydroxy groups 
for absorption, they offer great promise as stabilizers with wide com­
patibility.

Of particular concern to the cosmetic chemist is the method of using 
these stabilizers in order to protect a product or a substrate, such as skin or
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hair. First of all, one must determine if the problem of degradation is due 
to UV light. This can be done by a very simple method, developed by 
Holmes and Signore (3), in which a clear cellulose acetate film, containing 
a broadly absorbing UV absorber in the proper concentration, is used to 
screen out all UV light up to 400 millimicrons. This filter enables one to 
determine if the problem is due to UV degradation or to some other form 
of degradation, such as heat, oxidation, or visible light. As mentioned 
earlier, in some cases a combination of stabilizers is desirable. For ex­
ample, if UV light initiates the formation of free radicals, and these radicals 
are then oxidized, a combination of an absorber and an anti-oxidant is more 
efficient than either stabilizer alone. The degradation of products by UV 
light often results in fading of colors, precipitate formation, development 
of foul odors, etc. The cosmetic 
chemist is interested in avoiding 
this degradation, so that his product 
will not be destroyed and its effi­
ciency will last.

There are two possible methods 
of protecting a product from UV 
degradation. The first, and more 
efficient method, is to screen out com­
pletely the UV light before it hits the 
product. This can be done by in­
corporating the stabilizer in some 
form of screen, such as in a coating 
on a glass bottle or by incorporation 
directly into a plastic container, such 
as polyethylene or polystyrene bot­
tles, or the product can be wrapped 
in a clear film containing the ab­
sorber. For example, tests show 
that a proper stabilizer incorporated 
into a PVC coating on a glass bottle 
can prevent the fading of a red color 
after one hundred hours’ exposure
in a Fadeonreter. Unfortunately, it very often is not practical to use the 
absorber in this manner; in most cases the stabilizer is incorporated di­
rectly into the product. This, also, is an efficient method of protecting 
the product, and often as little as 0.05% of a proper absorber is enough 
to give satisfactory stability. In the case of dear solutions, incorporation 
of the absorber directly in the solution is often just as satisfactory as 
a filter. However, in the case of opaque products such as creams 
and lotions, the problem of protection is more complicated; here

Figure 4.—Comparison o f absorption 
curves, at varying concentrations, o f a 
disubstituted benzophenone. (Increasing 
concentration shifts the curve toward the 
visible.)
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an outside filter is usually more efficient than direct incorporation.
No matter which method is used, a number of factors determines the 

choice of stabilizers. Unfortunately no single stabilizer has yet been found 
that will solve all problems, so a specific stabilizer has to be chosen for each 
particular application. The following factors should be kept in mind when 
deciding which absorber to use:

1. The ultraviolet wavelength to which the product is sensitive— In the 
case of cosmetics this is usually in the area of 350 to 450 millimicrons. Ac­
cordingly, an absorber is necessary that will absorb strongly close to the 
visible, and even partly into the visible region. This is particularly im­

portant because most colors which are 
permitted by federal regulations do not 
have a high degree of stability in the 
presence of UV and visible wavelengths. 
These colors degrade rapidly in the 
region close to the visible, and accord­
ingly an absorber with peak absorption 
as close to the visible as possible is de­
sirable.

2. Solubility— In order for an ab­
sorber to act effectively as a stabilizer 
it has to be soluble in the system in 
which it is used. The type of solvent 
used will also affect the absorption 
curve of each absorber. The curve is 
shifted toward the visible in going from 
a polar solvent to a nonpolar solvent, 
the effect being most marked in the 
case of 2,2'-dihydroxy-4,4'-dimethoxy- 
benzophenone. Figure 5 shows the 
curves of this absorber in a polar sol­
vent, such as methanol, and in a less 
polar solvent, such as toluene.

A suggested explanation for this 
unusually large shift is that in 

toluene this compound assumes a completely co-planar (and therefore 
more conjugated) configuration. In hydroxy solvents, one chelate 
ring is broken by chelation of the carbonyl of the absorber with the 
hydroxy solvent. In addition to this effect on absorption characteristics of 
the solvent, if the absorber is not dissolved in the system, it will not func­
tion as a stabilizer. In fact, if the absorber precipitates out of solution or 
exudes out of a film it is very rapidly degraded and will last only a very short 
time (4). On the other hand, if it is soluble, it can last for very long periods

Wovelength mji

Figure 5.—Shift o f absorption 
curve toward the visible with de­
creasing polari tv of solvent.
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of time without decomposition. Absorbers that are soluble in different 
solvents, including water are commercially available.

3. Compatibility—The absorber has to be compatible with the ingre­
dients of the system. If it reacts with the materials in solution, it may lose 
its efficiency. For example, alkaline pH will reduce the efficiency of 
hydroxybenzotriazoles and hydroxybenzophenones. If the absorber is 
used in a coating on a glass bottle or in a plastic film or bottle, the absorber 
must be compatible with the polymeric material used so that it does not 
exude out of the film. Moreover, the thermal and chemical stability of the 
absorber must be taken into account for any specific conditions the product 
may meet.

4. Concentration— In order to stabilize effectively against UV degrada­
tion, a certain minimum concentration of absorber is necessary. This con­
centration varies with the thickness of the material in which the absorber is 
incorporated. In the case of clear solutions, low concentrations by weight 
are often satisfactory, because of the large amount of absorber present 
throughout the depth of the bottle. In the case of thin coatings, higher 
concentrations of absorber in the coating are necessary because of the rela­
tively thin layer of film.

In addition to the above most important factors, very often color of the 
absorber and, of course, toxicity or dermatological effects of the absorber 
are also critical. Gantz and Roberts (1) reported most of the commercially 
available absorbers do not cause skin or eye irritation and have low orders 
of toxicity under ordinary use conditions. These absorbers appear to be 
satisfactory for topical applications, since they do not cause skin irritation 
in effective concentrations. Regarding color, it should be realized that 
the closer to the visible presently available stabilizers absorb, the more 
yellow they may appear.

In addition to protection of the product, the cosmetic chemist is often 
interested in protecting a substrate, such as natural hair, dyed hair, skin, 
etc. All these materials are sensitive to UV light and can be protected 
from UV degradation with the proper use of UV absorbers. Of course we 
all know of the effects of UV light on skin, and recent medical work by 
Knox (5) and others in this area has demonstrated that UV light is the 
major cause of skin aging, wrinkling and possibly even skin cancer. These 
workers (6) have urged the use of broadly absorbing UV absorbers, such as 
discussed in this paper, in everyday cosmetics in order to continually protect 
the skin against UV radiation. Knox (7) demonstrated that 3-benzoyl-4- 
hydroxy-6-methoxybenzene sulfonic acid was the most effective absorber in 
preventing this degradation. The reason for the efficiency of this absorber 
may be that it is substantive to skin and thus gives a greater amount of 
coverage and protection. In fact, Rose and co-workers (8) found that this 
same absorber was most effective in preventing the yellowing of wool by UV
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light and compared their work with Knox’s. Since wool and skin are 
similar in manyTespects, the substantivity of this water-soluble absorber to 
these materials would appear to be a factor.

Hair can be protected from UV degradation in several ways. The ab­
sorber can be incorporated into a hair spray or wave set so that, when ap­
plied to the hair, a film containing the absorber will protect the hair. Or 
the absorber can be incorporated into hair tints and, when the tint is ap­
plied to the hair, the absorber will stay in the coloring material to prevent 
fading of the color. The absorber can also be incorporated into shampoos 
for use on hair. In this case it is preferable to use a shampoo that leaves 
a film on the hair to give the hair greater manageability. Such a film will 
act as the medium for the absorber (9).

A number of absorbers which can be used as stabilizers are commercially 
available under trade names such as “ Uvinul®” (Antara), “ Cyasorb” 
(Cyanamid), “ Tinuvin” (Geigy), and “ Salol”  (Dow). At present the most 
widely used stabilizers in the cosmetic industry are the benzophenones 
because a much greater variety of these is available. Compounds with dif­
ferent degrees of absorption, solubility and compatibility are commercially 
available, and an absorber to fit a specific application can be chosen. In 
the future we can expect a greater variety of benzotriazoles and substituted 
acrylonitriles, which will enable the cosmetic chemist to have an even 
greater choice in selecting an absorber to fit a particular application.

(Received December 27, 1962)
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HISTORICAL DOCUMENTS

D r. Frank. J. Steele has been appointed by Society President 
Lester I. Conrad to write a history of the cosmetic industry of the 20th 
century. Only recently, Dr. E. G. McDonough pointed out that “ the 
cosmetic industry of today is almost entirely a 20th century phenomenon. 
Most rapid development of our industry has taken place since World War 
I. Unfortunately, the scientific history behind this period ot great expan­
sion has not been recorded, and many of the men who have played a promi­
nent role in developing our science and the products on which our industry 
is based are reaching a point in life where their historical insight may not be 
available much longer.”

Dr. Steele, who is Chairman of the Library Committee of the Society of 
Cosmetic Chemists, has undertaken a program of writing a history of the 
cosmetic industry of the 20th century. Anyone who has pictures, records, 
biographies or other material which could be used for background material 
for this historical document is requested to communicate with Dr. Steele 
at 50 East Putnam Avenue, Greenwich, Conn. It is hoped that all mem­
bers of the Society and all friends of the cosmetic industry will lend their 
support to this endeavor to insure the success of this history.
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A b s tr a c t

Clinical research differs from laboratory research in three major areas: size of 
the sample, variability in the experimental animal and possible experimental pro­
cedures. Within the limitations imposed by these differences, the clinician must 
strive to conduct a good ethical experiment. In the past, many ingenious attempts 
have been made to carry out acceptable experimentation. Most of the problems 
have not yet been solved, leaving the clinician still at loose ends about many of the 
things he would like to do. Some logically tight systems are available to him, and 
through very carefully pre-planned trials he may sometimes be able to answer the 
question, “ Is it really bad?” A few of these systems are described.

T he reports during the spring and summer of 1962 concerning 
thalidomide and the recent headlines about Preludin (1-3) and other drugs 
have made us more toxicity conscious than ever before. The charges and 
counter charges have led the statisticians to examine their ability to plan 
experiments that will yield adequate safety information. We do not come 
out too well, but here is what I see available to us, now.

Sometimes the newspaper accounts I saw reported things that looked like 
nonsense, or nearly nonsense. There were remarks like, “ It has not been 
proved that Drug X  caused the illnesses ascribed to it”  or “ It has been 
proved that Drug Y  is thoroughly safe”  or “ There is no evidence that Drug 
P is responsible for deformities.”  These are nonsense for several reasons. 
First, I think we can agree that “ proof” outside of deductive mathematics 
is almost impossible of achievement. Honest men can, and do, disagree as 
to what has been “ proved.” Second, these are not problems of “ proof” 
with which we are faced. These are problems of decision and action. To 
talk of proof here is to drag red herrings across the trail. To talk of “ re­
sponsibility”  seems to me to be using language to cloud the issue. The 
New England Journal of Medicine speaks of the “ benign hesitancy”  of 
vitally interested parties “ to accept any causal relation (4).”

New materials for entering the market can be looked at from the opposite 
poles. They can be considered safe until evidence accumulates to show

* National Cancer Institute, Bethesda 14, Md.
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that they are unsafe (innocent until proven guilty). Or, they can be con­
sidered unsafe until evidence accumulates that they are innocuous (guilty 
until proven innocent). Neither of these approaches is wholly sensible, 
because both neglect important elements. The first approach might 
represent the inherent bias of the drug producer. The second is contained 
in the sound advice from the American Medical Association that pregnant 
women take only “ essential” drugs during the first trimester of pregnancy. 
It is also rather well summed up in these remarks of Blackader (5):

“  [Speaking of the many new drugs] a few may have some slight value; 
the majority, unfortunately, have little or none, and some appear to 
be distinctly harmful. Of the exact action of these drugs for good or 
evil we have at present little knowledge, except the statements, which 
are invariably much prejudiced, of the commercial houses introducing 
them.

“ Many of these so-called new drugs, introduced even by reputable 
houses, have been shown by analysis to be merely a mixture of old 
and well-known drugs. . . .  It appears to me, therefore, to be of the 
utmost importance that physicians should accept all unproved state­
ments very cautiously and should still rely almost entirely on the 
standard official preparations of which the exact composition and phys­
iological action is well known.”

This was not testimony given before the Kefauver Committee. It was 
not argument given to support a more vigorous Food and Drug Administra­
tion. It was contained in a paper published fifty years ago, in the Canadian 
Medical Association Journal.

Why is neither of these approaches satisfactory? Something is being 
neglected. This something is the value judgment that must be made and 
weighed. What are the gains to be achieved— at what cost? Sometimes 
the issue is clear. Suppression of morning sickness is a minor gain. (I say 
this as an unbiased, never-pregnant male.) Phocomelia, even in a few 
cases, is a dreadful cost. The issue of whether it has been proved that 
thalidomide causes or is responsible for phocomelia is not the dominant ele­
ment here. The high cost associated with a high probability associated with 
a small gain are enough to decide actions—whether an air-tight case has 
been made or not. In the Preludin problem we have a similar high cost, and 
small gain, but this time these are tied together by what today looks like a 
low probability. It is no wonder that people do not agree on what to do 
with this one.

Aside from being eligible for membership in the American Medical As­
sociation, how else does the physician differ from laboratory scientists? 
Primarily, in his daily practice he has to make decisions and take action 
in the face of (what he knows to be) incomplete evidence. We do not. We 
can delay. We can hesitate. We can back-track. We can go back to the 
laboratory to get more data. Most of the time he cannot. Fortunately,
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people and illnesses being what they are, his incomplete evidence decisions 
usually turn out satisfactorily. The patient gets well and lives. Have 
this happen sufficiently often, and a man begins to get the feeling that he can 
intuit pretty well (and some can), and soon he may be willing to make 
decisions, to reach conclusions with incomplete evidence even when he does 
not have to and when he would be wiser not to. This becomes an occupa­
tional illness and it should be treated as such—with care and kindness and 
not contempt. The physicians need help here, not snide remarks.

In addition, the physician has several other problems that we can skirt. 
His laboratory animal is man, and as the British Medical Journal recently 
wrote in a leader (6), quoting Bernard, “ The principle of medical morality 
consists, then, in never performing on man an experiment which could be 
harmful to him in any degree whatsoever though the results may be of 
great interest to science— that is, of benefit to save the health of others.” 
Since we lab types are anthropomorphic people and conceive of a God 
created in our own image, we are not restricted from experiments on mice, 
rabbits, guinea pigs, dogs, monkeys, etc., which could be harmful to them. 
The physician is limited.

This limitation means that he must never test a new drug unless he is 
honestly and firmly convinced that it is at least as good on balance as the 
best existing drug. And he must come to a conclusion with a minimum 
experiment size. Under the Bernard proscription he certainly cannot test 
on man solely for toxicity. The problem raised earlier about the potential 
gains and losses, benefits and costs arises here again. Formal statistical 
decision theory, which is a common technique in “ cost” problems, is ex­
tremely difficult and perhaps impossible to apply here. Here we do not 
have a purely self-contained system. There are gains (or potential gains) 
to more than one party. There are losses or potential losses to more than 
one party. I do not know how one would balance the financial gains of a 
drug house against the physical, emotional and financial costs to a family 
with a deformed child. This is crudely put in the hope that it will make 
clear that the decision theoretic solution when the formulas are set down 
from the drug makers’ point of view may be different from the decision 
theoretic solution arrived at by starting from the drug takers’ point of view.

In reporting the paper that appeared in the November 17, 1962, issue of 
the British Medical Journal which said . . . “ that two women who had taken 
Preludin gave birth to deformed babies,”  the New York Times (1) also re­
ported that “ Physicians said that it could have been a coincidence.”  And 
certainly it could have. How would one know? How would one go about 
finding out?

Figure 1 relates to this problem. It shows the results of computations 
(7) to find the sample sizes necessary to show an increased incidence of 
thyroid cancer. This is a rare disease, so the example may be extreme.
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Incidence is about 5/100,000 per year in the United States. To show a 
50% increase (with 95% certainty that if so large an increase did occur the 
observer would correctly call it “ significant” at the P ^0.05 level) one 
would need over 106 man-years of observation. For a hundred-fold in­
crease, 10,000 %  of the base, one would need (under the same limitations) 
over 1000 man years of observation.

Notice that even with so large a body of observation one does not have 
“ proof.”  The differences found could still have been due to “ coincidence.” 
Yet this is what it would take to produce evidence that meets current stand­
ards of the laboratory worker. Is it any wonder that the physician would 
like to work with less?

R A T I O OF I NC I D E N C E  ( - :  I )

Figure 1.—Sample sizes needed to show increased incidence 
ot a rare disease (5/100,000) with 95% assurance that an ex­
periment will show a significant difference at the P <  .05 level.

One last remark on Fig. 1. To disclose “ any difference, however small” 
would require an infinite sized population— or in the absence of so large a 
group, an experiment comprising all the people on earth.

This means (to me, at least) that absolute safety cannot be guaranteed. 
What then can be achieved? Any material given at high enoueh dose 
levels will produce toxicity. If some ingenious experimenter can produce
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toxicity in his experimental animals at some outrageous dose level, does 
this imply that the drug is not useable, at all?

I would like to give the suggestions, with some minor modifications, of 
a colleague (8). Consider the idea of “ virtual safety.”  That is, if you could 
find a dose level which would produce a defined toxic response in say 1 in 
100,000,000 would you accept this as “ virtual safety ?”  I do not particularly 
like a fixed level, because I think costs must be related to the illness or con­
dition for which the drug is to be used. “ Virtual safety” for an anti­
cancer drug may be at the level of 1 in 100 (or higher, perhaps). “ Virtual 
safety” for a decorative cosmetic may have to be set at less than 1 X 10W

However, if we can agree that a concept such as “ virtual safety”  is ac­
ceptable, recognizing that it may be operationally different for every dif­
ferent material examined, we may be on the way to a realistic experimental 
determination of a “ safe”  dose. The determination of “ virtual safety” 
might have to come about as a result of a bargaining process between 
Carson (9) and Eckardt (10) or other such equally involved people. It is 
something that one would hope reasonable people working with each other 
could agree upon. Perhaps a third party might be necessary.

In general this is the procedure: Take the existing experimental data. 
Say that at some fixed dose, Ni persons have been observed, and that ri\ 
have shown the toxic signs we are concerned with. Find the p u (read as 
“p, upper” ) value of a proportion, p, which could experimentally have given 
n-i/Ni as its lower 99% limit. (For example if N\ = 100, «i =  0, then a 
little algebra shows p u =  0.045.) From this value of p u extrapolate down­
ward a response curve with a suitably shallow slope. Mantel (8) suggests 
a linear dose response curve with a slope of one probit (one normal deviate 
per tenfold dilution). For this configuration the “ virtually safe” dose (at 
a level of 1 per 100,000,000) is 1/8300 of the dose at which there were 
0/100 toxic responses.

The larger the experiment (which shows nx =  zero toxic responses) the 
higher the “ virtually safe”  dose will be. By a rather ingenious handling, 
Mantel also shows how data from several experiments can be combined and 
how results where there is some observed risk (including “ natural” re­
sponse) can also be used.

Here is a procedure that makes sense. It recognizes that guarantees of 
absolute safety are impossible. It makes no demands for “ proof” where 
proof is impossible. It aims for goals that reasonable men can agree upon. 
It does require facing the real issue of costs versus gains, to set these goals. 
These are subjective, and they embody value judgments. We cannot es­
cape them except in scientific sterility.

This leaves at least one more problem. What does one do when the 
“ virtually safe”  dose turns out to be much lower than any possible thera­
peutic dose? Here, I would join the American Medical Association (if they
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would have me) and say, “ Don’ t use it.” Here we must be like Caesar who, 
when asked why he parted with his wife because of gossip about her be­
havior, replied, “ I wished my wife to be not so much as suspected” (11).

(Received December 4, 1962)
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A bstract

In this report a clear distinction is made between the various usages of the term 
“ stability,”  and consideration is given to the fundamental properties of the system 
which are likely to be important according to each definition. The ultracentrifugal 
method is then described briefly and its use illustrated for determining the effect of 
the concentration of sodium dodecyl sulfate and of added sodium chloride on the 
ultracentrifugal stability of Nujol-water emulsions. Possible chemical changes are 
not considered in this presentation, and the emulsions treated are all of the oil-in 
water type, although many of the same considerations would apply to water-in-oil 
emulsions.

Introduction

There is a continuing need for a reliable, rapid method for the prediction 
of emulsion stability and for a better understanding of those factors which 
are of greatest importance in affecting the stability. This has led to a 
resurgence of interest in centrifugal methods as a possible tool for the 
rapid characterization of emulsions (1-5). However, many empirical 
correlations of the results of such experiments with long term observations 
of the emulsions under shelf conditions will be required before it can be 
established whether the results of the accelerated ultracentrifugal experi­
ments can be used to predict the stability under ordinary conditions. 
Nevertheless, the ultracentrifugal method affords a convenient method for 
identification of the important variables involved and for describing them 
in terms of an objective quantitative measure.

K inds of Stability and the Factors Influencing Each

Shelf Life
In common usage stability is often equated with long shelf life, i.e., 

little or no change in properties or appearance on undisturbed standing

* This is a partial report of work done under contract with the U. S. Department of Agri­
culture and authorized by the Research and Marketing Act. The contract was supervised by 
the Northern Utilization Research and Development Division of the Agricultural Research 
Service.

t Univ. ofSouthern California, Dept, of Chemistry, Los Angeles 7, Calif.
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under natural conditions for long periods of time. It is certainly a worth­
while endeavor to attempt empirical correlation of various laboratory tests 
with such observations since this may be the only definition of stability 
having commercial validity. But one must resist the temptation to gen­
eralize and remember that what holds for one type of system may not hold 
for another.

Creaming or Clearing

Creaming, or clearing, is a separation into layers of concentrated emul­
sion and dispersion medium, resulting from upward sedimentation of the 
drops of dispersed phase. Consequently, its rate will be strongly influenced 
by the viscosity of the medium, the density difference between the phases, 
and shear gradients resulting from either thermal or mechanical convection. 
While an emulsion showing such separation into layers might well be classi­
fied as unstable in terms of a shelf life criterion, it is not genuinely unstable 
in a colloid chemical sense since the oil phase remains dispersed as drops 
even though these may be concentrated or flocculated. Generally the 
creamed emulsion can be restored to its initial state by simple inversion.

Simultaneously with sedimentation there may also be a flocculation 
process occurring, aggregation of two or more drops to form a single kinetic 
unit but with each drop maintaining its individuality. Since single drops 
and aggregates will sediment at different rates according to Stoke’s law, the 
rate of this flocculation process becomes important in any study of 
creaming.

The flocculation rate can be rationalized in terms of the repulsive forces 
tending to keep the drops apart and the attractive forces tending to bring 
them into contact. Among the former are electrostatic repulsion, which is 
governed by preferential adsorption of ions at the interface, and the ionic 
strength in the solution between the drops. Large drops, or aggregates of 
smaller drops, may also be broken up by shear gradients. In the case of 
water-in-oil emulsions steric hindrance of the adsorbed chains of emulsifier 
molecules can result in an entropic repulsion effective only at small dis­
tances of separation (6, 7).

Van der Waals attraction constitutes a general cause of flocculation of 
suspensions and emulsions and is likely to be important up to distances of 
separation of the order of the drop diameters. Its magnitude is deter­
mined largely by the polarizability and may also be strongly influenced by 
the nature of the adsorbed layer surrounding the drop (8). If the drops are 
sufficiently small, Brownian motion may tend to bring them into contact, 
but for larger drops this effect will be minor; only the convection currents 
due either to thermal gradients or mechanical agitation will be important.



PARAMETERS OF EMULSION STABILITY 235

Coalescence or Breaking

Coalescence, by which is meant irreversible formation of larger oil drops 
or of a separated bulk oil phase, represents the ultimate destruction of the 
emulsion. When a colloid chemist speaks of emulsion stability it is resist­
ance to this process which he has (or should have) in mind. The rate­
determining step in this process might be the rate at which water can drain 
from between the flocculated oil drops, the rupture of the adsorbed film of 
stabilizer surrounding the drops, the rate at which desorbed emulsifier can 
diffuse away from the interface where coalescence is occurring, or the effect 
of electrostatic attractions and repulsions on the rate at which drops come 
into actual contact. Much of the current theoretical research on emul­
sions is directed toward trying to differentiate among these alternative pos­
sibilities.

The hydrodynamic problems involved in the rate of approach of drops 
toward a plane interface or toward each other have been studied exten­
sively by Mason (9, 10) and are also involved in the studies of the rate of 
thinning of soap films by Mysels and Overbeek (11, 12). The equations 
derived suggest that, as the radius of the drops becomes smaller, the rate of 
approach under a given driving force should become greater, i.e., the water 
between the drops should be squeezed out more rapidly, thus causing them 
to come in contact sooner.

Alternatively, the slow step in the process may be the rate at which the 
adsorbed stabilizer surrounding the drops is displaced, enabling coalescence 
to occur. This will depend primarily on the mechanical properties— sur­
face viscosity and surface yield value—of the interfacial film. Since rup­
ture of the film involves an initial increase in area, it may be that a higher 
interfacial tension may be desirable for stability even though this might 
make initial emulsification difficult.

The role of zeta potential, with its effect on electrostatic interactions, is 
still somewhat controversial with respect to the coalescence process. While 
it is necessarily important in a consideration of flocculation, it may well be 
that it has only a minor effect on the rate of coalescence.

Interpretation of these mechanisms in terms of molecular explanations is 
of both great theoretical interest and distinct practical importance with re­
spect to suggesting possible ways of increasing or decreasing the stability of a 
given system. Orientation of molecules in adsorbed films, closeness of 
molecular packing, the cohesive forces between the molecules in the film, 
and electrostatic repulsions between the charged head groups of the ad­
sorbed molecules will have an effect not only on surface viscosity and sur­
face yield value but also on the electrical interactions. The magnitude of 
the repulsive force, calculable from the theory of the electrical double layer, 
will be greatly affected by the addition of indifferent electrolytes, or even by
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increasing the concentration of an ionizable stabilizing agent. Since most 
emulsifying agents are association colloids, it becomes important to deter­
mine whether it is the monomer or the micelle that is effective in stabiliza­
tion and to recognize in the case of colloidal electrolytes that the critical 
micelle concentration (cmc) sets an upper limit to the attainable concen­
tration of monomer ion. Moreover, this limiting value is greatly decreased 
by addition of simple salts which lower the cmc.

Changes in the volume ratio of oil to water may well modify the relative 
importance of the preceding variables.

M e t h o d s  f o r  t h e  M e a s u r e m e n t  o f  S t a b i l i t y

What is most needed for further progress in the field of emulsion tech­
nology is development of a sufficiently detailed theory of stability which 
could give a mathematical prediction of a rate or an equilibrium quantity, 
together with an experimental method which truly measures the quantity 
which is predicted. None of the currently available methods is genuinely 
satisfactory (5). Change of total interfacial area with time is generally in­
sufficiently sensitive. Determination of the change of drop-size distribu­
tion with time is a very tedious experiment, although the recent introduc­
tion of the Coulter counter greatly increases its feasibility. Moreover, 
different systems appear to behave differently, since in some the size distri­
bution changes reproducibly (13) while in other cases (5) there is little or no 
change with time. In any event, the ultimate criterion of instability is the 
appearance of free oil, and there is no clear proof that this is greatly de­
pendent on the drop size distribution within the emulsion. Centrifugal 
methods for direct measurement of the rate of separation of free oil are 
generally too slow with all except relatively mobile liquids, and with the 
latter are frequently beset with difficulties, due to deformation of the 
liquid-liquid boundary on stopping the centrifuge. Rheological methods 
may be of considerable empirical value but are of limited use in understand­
ing the nature of the processes occurring, because of the dependence of the 
rheological properties on a large number of other factors in addition to the 
stability of the emulsion.

Use of the ultracentrifuge for evaluation of stability has the advantage 
that the rate of appearance of demulsified oil is measured directly rather 
than some other property which it is hoped will be proportional to it. It 
results in a quantitative characterization of a stability attribute of 
the emulsion within a precision of 3 to 5%. Finally, it offers the 
advantage of speed, since it is possible to complete the preparation, 
measurements and calculations within two days.

There are, however, some serious disadvantages as well. It is not cer­
tain that it can be used effectively with very viscous systems or very stable 
emulsions. The equipment involved is relatively expensive and the tech­
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nique exacting. The nature of the rate-determining step in the process is 
not yet established, whether it be rate of coalescence of drops, with the 
larger ones then moving upward, the rate of coalescence of the drops with 
the bulk oil phase, or the rate of transport of the drops through the creamed 
emulsion— the last certainly not describable in terms of Stoke’s law.

Most serious, however, is the difference in physical state between the 
“ emulsion”  present in the ultracentrifugal field and the original emulsion 
as it would exist in a container after preparation. In the ultracentrifuge 
the flocculated emulsion contains only trace quantities of water, which 
shows that the original spherical drops have been deformed to a space-filling 
shape. This may account for the relative insensitivity of the rate of sepa­
ration of free oil—here defined as the ultracentrifugal stability— to the size 
distribution of the drops. Despite the absence of measurable quantities, 
some water does remain in thin lamellae in the flocculated emulsion in the 
ultracentrifuge so preserving the identity of the dispersed oil “ drops,”  as 
shown by the opacity of the system, its coloration in the presence of Orange 
II, and its ease of redispersion to give an emulsion containing a proportion of 
fine drops of the same size as those in the original emulsion (2).

This difference in state, however, implies that the results of ultracentrif­
ugal analysis cannot be used directly to predict the behavior of a natural 
emulsion where both flocculation and coalescence properties may be im­
portant. Before use in this fashion it will be necessary to carry out careful 
shelf tests of considerable duration in order to establish some empirical cor­
relations. But the ultracentrifugal method can yield a quantitative meas­
ure of the effect of changes in operating variables such as the method of 
emulsification, the concentration of the emulsifier, the effect of addition of 
electrolytes, etc., and so help to identify what the rate-determining proc­
esses are from a fundamental point of view. This understanding can then 
be applied qualitatively and semi-intuitively to the still more complicated 
practical situations.

Ultracentrifugal Technique
The method of using the ultracentrifuge to study the rate of separation 

of oil from oil-in-water emulsions has already been described (4, 5). In 
order that results on different emulsions should be truly comparable, the 
equilibrium concentration of emulsifier in the aqueous phase must be the 
same after emulsification of the oil and water. This necessitates prepara­
tion of emulsions having the same drop size distribution, since otherwise dif­
ferences in adsorption due to the differing interfacial areas will result in dif­
ferent final states even though the initial compositions were the same. This 
is possible only if the initial emulsion is always prepared using the same 
mechanical homogenization of the same volumes of oil and water and a 
constant concentration of emulsifier. In our work ISO ml. of Nujol was
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first stirred with 120 ml. of 0.2% sodium dodecyl sulfate (SDS) (solvent- 
extracted and salt-free) for five minutes at 5000 r.p.m. with a Brookfield 
Counter-rotating Mixer, followed by four passes through a Cenco hand 
homogenizer. After standing twenty hours, 45 ml. portions were with­
drawn and 5 ml. of 0.2% SDS in water or in salt solution were blended in by 
gentle inversion to give a series of emulsions, all of 50% Nujol-50% water 
phase volume ratio and the same drop size distribution and SDS concen­
tration but containing varying amounts of salt.

The similarity of the drop size distribution (mean diameter about 3/r) 
was evaluated in terms of the specific interfacial area of the emulsion, since 
the total oil-water interface is larger the smaller the drops. Areas were de­
termined from the slope of the Langmuir equation fitting the results for ad­
sorption of SDS at the interface, and an assumed value of 50 A2 for the area 
of an adsorbed molecule at the interface.* The amount of SDS adsorbed 
was determined from its known initial concentration in the aqueous phase 
and the analytically determined equilibrium concentration in a portion of 
the aqueous phase separated by low speed (5000 r.p.m.) centrifugation. 
Emulsions for this purpose, and for studying the effect of SDS concentration 
on the stability, were prepared by blending in 5 ml. of more concentrated 
SDS solution with 45 ml. of the stock, prepared as described above, to give 
50-50 oil-water emulsions with 0.2, 0.3, 0.35, 0.4,0.45, 0.5 and 0.6% initial 
concentration of SDS in the aqueous phase.

Upon centrifugation in a Beckman Spinco Model E ultracentrifuge at 
39,460 r.p.m. the 0.8 ml. sample of emulsion separates into transparent 
layers of oil and water, separated by a layer of opaque concentrated emul­
sion. The change of position of these boundaries on photographs taken at 
successive time intervals permits calculation of the rate of separation of oil 
from the emulsion. On samples with low concentrations (0.2%) of SDS 
about 20%  of the oil was separated rapidly in the first fifteen minutes in the 
ultracentrifuge, after which the rate of separation of oil became constant 
for a long period, only beginning to decrease after about 60% of all the oil in 
the system had separated. It is the slope of the linear portion of the curve 
of per cent oil separated vs. time which is a reproducible characteristic of the 
emulsion and which is referred to as the ultracentrifugal stability.

* The value of 50A 2 for the area of an adsorbed SDS molecule at the oil-water interface is 
based on application of the Gibbs equation to interfacial tension-concentration curves as dis­
cussed by E. G. Cockbain, Trans. Faiaday Soc., 50, 874 (1954); F. van Voorst Vader,Ibid., 56, 
1067 (1960); W. Kling and H. Lange, Proc. Second Inti. Congress Surface Activity, Butter- 
worths Scientific Publications, London, (1957), p. 295; A. S. C. Lawrence and O. S. Mills, 
Ibid., p. 200. Individual values range all the way from about 30 to 80A2 depending on the 
concentrations of surfactant and of added electrolyte. Since all the numerical values reported 
in the present paper would be affected similarly by any change in the value used for this 
molecular area, none of the conclusions reached would be altered if this area were revised in the 
future.
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E f f e c t  o f  C o n c e n t r a t o n  o f  E m u l s i f i e r  o r  S a l t  o n  t h e  

U l t r a c e n t r i f u g a l  S t a b i l i t y  o f  NujOL-WATER-SDS-NaCl E m u l s i o n s

The utility of the ultracentrifugal method in investigating the effect of 
preparative variables on the stability of emulsions is well illustrated by the 
data obtained showing the changes resulting from alterations in the con­
centration of emulsifier or the addition of simple salts. In Fig. 1 the ultra­
centrifugal stability of 50% Nujol-50% water emulsions is plotted as a 
function of the equilibrium concentration of SDS in the aqueous phase of

E quilib rium  Concentration of SDS in Aqueous Phase mm oles/l.

Figure 1.—Effect of concentration of sodium dodecylsulfate on the rate of 
separation o f oil at 39,460 r.p.m. from 50% Nujol-50% water emulsions.

the emulsion. It is evident that the stability increases, i.e., the rate of 
separation of oil decreases, until the equilibrium concentration of SDS 
reaches about 0.008 moles/liter, after which the ultracentrifugal stability 
remains constant despite further increases in the concentration of SDS. It 
is extremely significant that this independence of concentration is reached 
just at the critical micelle concentration (cmc) of SDS (14), the value at 
which micelles form in the solution, with the result that thereafter the con­
centration of monomer ion remains nearly constant, all further additions of 
SDS simply increasing the number of micelles. Hence it appears that it is 
adsorption of the monomer ion of the emulsifier and not the colloidal com­
ponent which is effective in reducing the rate of separation of oil.

Figure 2 shows that the rate of separation of oil from these emulsions 
varies exponentially with the concentration of sodium chloride present in 
the aqueous phase, as shown by the linear decrease with the logarithm of the 
salt concentration. Consequently the ultracentrifugal stability is very sen­
sitive to the presence of salt, the rate of loss of oil being reduced to about
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Rale of Separation of Oil 
in Per Cent Per Minute

Figure 2.—Effect of sodium chloride on the rate of separation of oil at 
39,460 r.p.m. from 50% Nujol-50% water-0.2% SDS emulsions.

2/s of its initial value on making the aqueous phase 0.005 M  in sodium 
chloride, as is seen from the data of Table III. In 0.1 M  salt solution the 
rate of separation of oil is far less (0.095% per min.) than the slowest rate 
found with SDS alone (0.14% per min.; cf. Fig. 1). However, it should be 
borne in mind that about 6%  of the oil in the salt-containing system sepa­
rated in the first few minutes in the ultracentrifugal field, before the con­
stant rate was established, whereas in the case of the salt-free, concen­
trated SDS emulsions virtually no oil was lost rapidly initially. These ob­
servations may be of considerable practical importance in accounting for 
variability in emulsion behavior resulting from use of different lots of emul­
sifier, since the latter may well contain variable amounts of electrolytes as 
impurities.

Molecular Explanations

Examination of the data in Fig. 1 and Table I shows that the rate of 
separation of oil reaches a limiting value of 0.14% per minute with in­
creasing concentration of SDS, which is only about */3 as fast as from an 
emulsion containing 0.2% SDS in the aqueous phase. It seems reason­
able that attainment of this constant value should be related to saturation 
of the interface with adsorbed SDS. That this presumption is correct 
is indicated by the fact that the rate of oil separation decreases as the 
interface becomes more nearly saturated with SDS, and becomes constant
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as soon as there is no further change in the fractional saturation (cf. 
Table I). It is also suggestive that the adsorption data conform quantita­
tively to a Langmuir equation, which predicts a limiting amount of ad­
sorption determined by the quantity which can be present on completion 
of a close-packed monolayer.

Table I—Effect of Concentration of SDS on the Ultracentrifugal Stability at 39,460 r.p.m. 
of 50% Nujol-50% Water Emulsions, and on the Saturation of the Interface with Adsorbed

SDS*

Initial Cone, of 
SDS in the 

Aqueous Phase, %
Rate of Oil 

Sepn., %/min.

'------Equilibrium

Moles X 103/1. 
in aq. Phase

Cone, of SDS----- n
Moles X 106 

Adsorbed 
per ml. Oil

Fraction of 
Langmuir 
Saturation 
Adsorption

0.2 0.51 2.89 4.08 0.65
0.3 0.31 5.66 4.76 0.75
0.35 0.28 6.59 5.57 0.86
0.4 0.16 8.15 5.74 0.91
0.45 0.16 9.66 5.97 0.93
0.5 0.14 11.76 5.61 0.89
0.6 0.14

* The values reported here are the average of data obtained on emulsions with specific 
interfacial areas of 1.85 to 1.92 X  104 cm.2/ml. oil as determined from adsorption data.

There are, however, certain difficulties with this explanation. Since 
adsorption of ions is occurring at a charged interface, there should be an 
electrical work term in the adsorption equation (15) which would invalidate 
the simple Langmuir equation and result in changes in adsorption due to 
changes in the ionic strength of the solution. Moreover, a change in 
the slope of the line obtained on plotting the adsorption data according 
to the linear form of the Langmuir equation might have been anticipated 
at the cmc, and none was found. There is also a little uncertainty with 
respect to the total area of oil-water interface available for adsorption 
during ultracentrifugation, since the drop shape is no longer spherical 
under these conditions. Finally, the limiting adsorption achieved is less 
than the saturation limit (90% in the emulsions of Table I; 86%  in the 
emulsions of Table II) calculated from the Langmuir equation fitting the 
data. This, in turn, may be caused by changes in the area per adsorbed 
molecule resulting from added salt, or even from increasing concentration 
of the ionogenic emulsifier itself.

The marked increase in ultracentrifugal stability resulting from in­
creasing the concentration of SDS or adding sodium chloride might be 
related to increasing the number of SDS molecules packed in the interface, 
or to increase in the surface viscosity or development of a surface yield 
value. That it is not merely the latter is suggested by the fact that with 
a 50% Nujol-50% water-0.2% SDS emulsion with a rate of separation 
of oil o f 0.47% per minute at 39,460 r.p.m., additions of 1% and 5% 
laurvl alcohol on the basis of the aqueous phase only decreased the rate
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to 0.42 and 0.43%, respectively, even though lauryl alcohol is known to 
rigidify films of adsorbed SDS at the air-water interface (16). This 
is in marked contrast to the pronounced effect of addition of salt, where 
0.1 M  NaCl reduces the rate of separation of oil to less than 1/ 5 of its 
initial value (cf. Table III).

T a b l e  I I — E ffe c t  of  C o n c e n t r a t io n  of 
SDS on  C o v e r a g e  of  t h e  I n t e r f a c e  w i t h  
A d s o r b e d  SDS in  5 0 %  N u jol- 5 0 %  W a t e r  

E m u l s io n s*

Initial Cone, 
of SDS 
in the 

Aqueous 
Phase, %

Fraction of 
Langmuir 
Saturation 
Adsorption

Area,
Availablef

per
Adsorbed 

SDS in À2

0.20 0,64 78.8
0.30 0.74 66.9
0.35 0.80 62.9
0.40 0.86 58.7
0.45 0.85 58.9

* The values reported here are the average 
of data obtained on four or five emulsions 
with specific interfacial areas of 1.81 to 2.07 
X 104 cm.2/ml. oil as determined from ad­
sorption data.

f These values are obtained simply by 
dividing the specific interfacial area by the 
product of Avogadro’s number and the ex­
perimentally determined moles adsorbed at 
the interface per ml. oil. They will all be 
changed by a constant factor if the value of 
50 A2 per adsorbed SDS used in the calcula­
tion of specific interfacial area should ever be 
revised in the light of new data.

T a b l e  I I I — E f fe c t  of S o diu m  C h l o r id e  on 
t h e  U l t r a c e n t r if u g a l  St a b il it y  a t  39,460 
r.p .m . a n d  on  t h e  I n t e r f a c ia l  A d so r ptio n  
of  SDS i n  50% N u jol- 5 0 %  W a t e r - 0 .2 %  

SDS E m u lsio n s

Cone, ot 
NaCl,

Moles/Li ter

Rate of* 
Oil Sepn., 
%/min.

Area
Available!

per
Adsorbed 

SDS in A2

0.0 0.51 78.9
0.005 0.36 71.0
0.01 0.28 68.8
0.02 0.23
0.03 63 .1
0.05 0.15 60.6
0.1 0.095 57.4

* Data reported for the ultracentrifugal 
stability were obtained with three different 
emulsions. The specific interfacial area was 
only determined for one, the value being 1.81 
X 104 cm.*/ml. oil. The others probably had 
comparable but not identical areas.

j  The values reported here are the average 
of the data obtained on three emulsions with 
specific interfacial areas of 1.96, 1.94 and 1.81 
X 104 cm.2/ml. oil as determined from 
adsorption data.

The best measure of the closeness of packing of the SDS molecules in 
the interfacial film in the case of emulsions of varying specific interfacial 
areas is the area available per adsorbed molecule. Table II shows that 
as the concentration of SDS is increased more is adsorbed so the area per 
molecule decreases, reaching a limiting value of about 59 A2. This seems 
to be a saturation limit and is reached when the concentration of SDS in 
the aqueous phase of the emulsion reaches the cmc. Simultaneously 
the rate of loss of oil becomes constant at 0.14% per minute despite 
further increases in the initial concentration of SDS.

It is clear from Table III that addition of salt greatly increases the 
adsorption of SDS, the area per molecule at the oil-water interface in 0.2% 
SDS emulsions with high concentrations of sodium chloride actually 
being less than the smallest values attainable with SDS alone even at 
high concentrations (cf. Table II). This may result from the effect of the 
added salt on reducing the zeta potential at the interface, thus reducing
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the electrical work required to bring additional negatively charged dodecyl- 
sulfate ions into the negatively charged interface. In addition, the 
presence of sodium chloride results in closer association of the sodium ions 
with the dodecylsulfate groups in the interface, thus reducing the effective 
negative charge and permitting closer packing of the SDS residues in the 
film.

That molecular packing does not by itself constitute a complete ex­
planation of the observations is shown by the fact that the actual number 
of SDS molecules per cm.2 of interface is not very different in emulsions 
containing 0.2% SDS, 0.1 M  NaCl and those with 0.45% SDS, zero NaCl, 
the areas per molecule being respectively 57.4 A 2 (Table III) and 58.9 A 2 
(Table II). Nevertheless, the salt-containing system separates oil only 
about 2/z as rapidly as the salt-free system, the two rates being respectively 
0.095% per minute (Table III) and 0.16% per minute (Tables I and II). 
It would not be expected that this concentration of salt would have this 
large an effect on the rate of drainage of water from between the flocculated 
oil drops. Hence, it is tempting to assume that its chief effect is to in­
crease the cohesiveness of the adsorbed stabilizing film by reducing the 
repulsion between the chains by shielding the charges on the dodecyl­
sulfate groups. Consequently, the protective film surrounding the oil 
drops may not break as easily on contact, thus increasing the time required 
for coalescence to occur.

S U M M A R Y

Different usages of the term “ stability,”  the means of measuring each, 
and the factors influencing each process leading to instability, are first 
discussed. In the case of the ultracentrifuge the quantity determined is 
the rate at which free oil is separated from an emulsion layer in which the 
drops are so deformed and so closely packed that very little water remains 
between them. Although not necessarily having a direct correlation with 
shelf life, such results are very useful in attempting to determine the nature 
of the rate-determining step in the coalescence process.

In conjunction with determination of interfacial adsorption, they are 
of particular value in quantitative evaluation of the effect of surfactant 
concentration, addition of salts, etc., on the rate of separation of oil. 
Thus it was shown that the ultracentrifugal stability increases with in­
creasing concentration of sodium dodecylsulfate in the aqueous phase 
until the critical micelle concentration is reached, after which it becomes 
constant, independent of emulsifier concentration. Addition of sodium 
chloride was found to increase greatly the ultracentrifugal stability of the 
emulsions studied, the effect varying as the logarithm of the concentration 
of added salt. This result was shown to be related to an increase in the
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adsorption ot sodium dodecylsulfate in the presence of salt and a change 
in the characteristics of the adsorbed film.

(Received January 7, 1963)
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BOOK REVIEWS
S t e r o i d  D r u g s , by Norman Ap- 
plezweig. McGraw-Hill Book Co., 
Inc., New York 36, N. Y. 1962. 
742 pages, illustrated and indexed. 
Price J25.

The first three hundred odd pages 
of this work are as exciting to read 
as a “ who dunnit”  thriller. Author 
Applezweig, as one of the steroid 
pioneers, knows who started what 
and where. His description of the 
steroid cartel created by Schering 
Kahlbaum, Ciba and Organon (all 
of Europe); the pioneering work of 
Russell Marker for Parke Davis and 
Co., with whom he fell out; the 
development o f Syntex in Mexico by 
Marker; the synthesis of cortisone 
by the Merck researchers; Searle’s 
perfusion method of oxygenating 
steroids; the Upjohn fermentation 
process; the come lately companies 
like Pfizer, Glidden, General Mills, 
Protex, Diosynth; the replacement 
of Marker at Syntex by Rosenkranz 
when the former left; the work of 
Windaus, Wieland, Butenandt (stu­
dent of Windaus) and Ruzicka as the 
four Nobelists, are only a part of the 
many thrilling episodes clarified 
and tied together by the author. 
Then there is (or was) the “ patent 
pool”  consisting of Research Corp., 
Ciba, Organon and Schering to 
whom Merck paid royalties on its 
synthesis of cortisone, the gradual 
invasion of this field by other com­
panies; all this forms another fasci­
nating facet of today’s steroid pic­
ture. The author does not confine his 
remarks to U. S. companies. His 
adventure covers the international 
scene.

Further along are discussed the

five main classes of therapeutic 
steroids: androgens, estrogens, pro- 
gestins, glucosteroids and mineral 
corticosteroids. The cosmetic ap­
plication of steroids (page 274) is 
reviewed in five pages of the text. 
The author makes a significant in­
dictment of the cosmetic industry 
with his statement, “ Much of the 
failure to make use of the opportu­
nities for the use of steroids in 
cosmetics must be laid at the door 
of the cosmetic manufacturers, who, 
perhaps through discouragement or 
timidity, have not used the knowl­
edge available from modern steroid 
research.”

There are a few awkward sen­
tences in this fascinating tale, as in 
the second paragraph on page 96. 
While insignificant, there is a dis­
crepancy in the stated price of 
progesterone which “ tumbled to
53.00 per gram. . . . ”  on page 12 
while on page 24 the price tumbled 
“ to less than 52.00 per gram. . . . ”

The references are all very recent, 
reflecting the newness of the major 
steroid developments. Most of the 
bibliography dates between 1950 
and the present time, but a great 
many references are dated from 1955 
to 1960.

The section on steroids and cancer 
is well done (page 160). The de­
velopment of antifertility agents 
from the progestins and the in­
creasing usefulness of anabolic ster­
oids are carefully documented. The 
section on the menstrual cycle is 
useful.

The many tables, some 400 pages 
in all, follow from page 312 to 731. 
The structural formulas of 1409

24S
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steroids are given in about 300 
pages. The balance of the tables 
classify the biologically active ster­
oids using the author’s coding sys­
tem.

Author Applezweig’s work re­
places nothing. But it does comple­
ment such texts as Fieser and 
Fieser’s famous tome on steroid 
chemistry.— M. G. d e N a v a r r e , 
B e a u t y  C o u n s e l o r s , I n c .

T h e  C h e m i s t r y  a n d  M a n u ­
f a c t u r e  o f  C o s m e t i c s , by Maison 
G. deNavarre. D. Van Nostrand 
Co., Inc., Princeton, N. J. 1962. 
Volume I, 389 pages; Volume II, 
413 pages; both indexed and il­
lustrated. Price $11.50 per volume. 
Volumes III and IV to follow.

The title retained from the origi­
nal edition may disappoint. So far, 
the manufacture of cosmetics is 
emphasized to a lesser degree than in 
the first effort. At this point the 
indications are that the coverage 
will be complete, uniquely lucid and 
amazingly up-to-date, considering 
the fluid state of the legal back­
ground of the industry. The formu­
lation ideas used in less conservative 
cosmetic environments are covered 
and should give this book broad in­
ternational acceptance.

The working cosmetic chemist 
and his semitechnical associates will 
find a well of information. The 
understanding built up by the 35 
years of the modern cosmetic in­
dustry is encapsulated by one of the 
industry’s finest technical writers. 
Although of textbook quality, con­
siderable astuteness in choosing col­
laborators has brought a freshness of 
readability to a work which will con­
tinue to be a standard reference for 
the cosmetic industry.

No errors in proofreading were 
noticed. The use of basic reference 
data throughout the body of the 
work makes for greater reading in­
terest. The author has succeeded in

dividing this complex technology in 
such a way that each volume is, in 
its own field, a complete reference 
book. At the published price of 
$11.50 per volume, they are within 
the reach of both established and 
aspiring cosmetic scientists.—W. B. 
Dennis, Chemway Corp.
T h e  P r o f e s s i o n a l  S c i e n t i s t : A 
S t u d y  o f  A m e r i c a n  C h e m i s t s , by 
A. L. Strauss and L. Rainwater. 
Aldine Publishing Company, Chi­
cago 5, 111. 1962. 282 pages, in­
dexed. Price $6.00.

Strauss and Rainwater, with their 
collaborators, present a study of 
the American chemist as he views 
himself and, to some extent, as he is 
viewed by others. The study was 
undertaken by Social Research, 
Inc., at the request of Albert L. 
Elder, 1960 president of the Ameri­
can Chemical Society, and is an 
excellent sociological report on the 
status, expectations and characteris­
tics of various divisions among 
chemists: research administrators, 
nonresearch administrators, Ph.D. 
researchers, non-Ph.D. researchers 
and bench chemists.

The authors discuss the meaning 
of the term “ profession,”  the ap­
plication of which is a matter of 
disagreement within several oc­
cupational groups, and examine the 
concern of chemists over their status 
as professionals. This concern is 
allied directly with attitudes to­
ward physicians, who are generally 
believed to have greater prestige and 
higher income than chemists, as 
well as plans for training, accredita­
tion and certification, unionization 
and other controversial topics.

The authors suggest that chemists 
must create a better public image of 
themselves. They indicate that the 
ACS, as the major scientific organi­
zation in the field, should take the 
lead in publicizing a professional 
image of the chemist in a manner
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similar to the efforts of the AMA 
for the physician, a notably success­
ful achievement.

The So c ie t y  of  C osm etic  C h e m ­
ists comes in for special mention; 
one respondent is quoted to the 
effect that the So c ie t y  is ' ‘ o f  more 
practical help”  than the ACS.

Another special mention is made 
of the fact that chemists, regardless 
of their problems with status, salary, 
advancement, etc., seem to be 
extraordinarily sure of themselves in 
their vocational choice. The au­
thors note that “ they are able to 
locate themselves fairly well [in 
their scientific and chemical 
world |— unlike many Americans 
who have trouble placing their own 
work in some meaningful frame.” 
Furthermore, chemists are “ incor­
rigible optimists” about the future 
of their field, in contrast to many 
other professionals; they feel that 
chemistry is an expanding field, with 
many opportunities— in fact, almost 
unlimited opportunities. Finally, 
chemists (along with physicists) 
are almost unique because there 
are no major splits between various 
specialities. This homogeneity sug­
gests the possibility of cooperation 
for the betterment of the individual 
and of the profession, the latter 
being of almost equal importance 
with the former to most chemists.

This book is of value to those 
who are involved in guiding young 
people in a choice of careers, as well 
as to those who want an objective 
view of our culture. The individual 
chemist may be interested in com­
paring himself with other chemists 
and assessing some conceptions he 
may have about his occupation. 
Chemists who are curious about 
their fellow scientists and concerned 
about status and the public view 
of their profession will find this book 
interesting reading.— D r . A u d r e y  
F. R ie g e r

COMP R EH ENS I VE B IOCH EMISTRY,
Volume II, by M. Florkin and E. H. 
Stotz. Elsevier Publishing Co., 
Amsterdam, New York. 1962. 328 
pages, indexed. Price ?!4.50 singly, 
?11.50 in Series.

Florkin and Stotz have under­
taken an ambitious task in editing 
this series of volumes which will 
make up “ Comprehensive Bio­
chemistry.” Although the over-all 
plan is not fully established, it ap­
pears that this series may comprise 
as many as 20 volumes. The vol­
ume discussed here is Volume II 
of Section 1, which is devoted to 
physico-chemical and organic as­
pects of biochemistry. Two-thirds 
of this volume are taken up by a 
chapter on the mechanisms of 
organic reactions by Bender and 
Breslow. Chapter II, Behaviour of 
Molecules in Solutions, and Chapter 
III, Diffusion and Osmosis, are 
contributed by W. D. Stein.

The chapter on mechanisms of 
organic reactions is devoted to a 
systematic description of the mecha­
nisms of those reactions which may 
be of interest to biochemists. In 
view of the enormous latitude of bio­
chemistry, it is fair to state that this 
chapter covers almost all reactions 
of interest to organic chemists. 
This chapter is not concerned with 
enzymatic reactions but is designed 
to bring “ to . . . enzymology the 
fruits of organic chemistry.”  The 
discussion of mechanisms is de­
scriptive, and the use of mathe­
matics and of complicated kinetics 
is held to a minimum. As a result, 
this book should appeal to all those 
chemists whose mathematical back­
ground is a little shaky. Wherever 
kinetics are used to describe a series 
of reactions, the description is lucid 
and to the point. The discussion of 
the chemistry of the bimolecular 
elimination reactions can be recom­
mended to anybody who wants to
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refresh his knowledge of organic 
chemistry. Similarly, the discus­
sions of the general acid and general 
base catalysis are worthy of careful 
study. The general treatment of the 
mechanisms of chemical reactions in 
this chapter is excellent, although 
many more up-to-date aspects have 
been neglected. Particularly strik­
ing by their absence are the recently 
elucidated mechanisms of reactions 
of disulphides which are of prime 
importance to biochemists and are 
believed to proceed via a homolytic. 
mechanism (cf. Calvin’s work on 
thioctic acid) or nucleophilic path­
ways (Fava, et al.).

The two chapters by Stein deserve 
special mention because they repre­
sent, in the opinion of the reviewer, a 
most readable description of the 
physical chemistry of solutions and 
the physical chemistry of diffusion

in nonmathematical terms. The 
descriptive discussions of Raoult’s 
law and of Hildebrand’s regular 
solutions are excellent. Particular 
mention should be made of the 
chapter on diffusion in which dif­
fusion is discussed not as a macro­
scopic but as a molecular or atomic 
process. The author describes the 
concepts of Danielli and presents a 
good introduction to the problems of 
cellular biochemistry.

Over-all, the volume is very read­
able and written in a very lucid 
style. In the reviewer’s opinion, 
this volume could have been made 
more legible if the structural for­
mulas were presented in larger type. 
Regardless of this minor defect, this 
volume makes good reading for 
most chemists who do not specialize 
in kinetics and physical chemis­
try.—M. M. R ie g e r
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For complete data 
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WRITE FOR 
SAMPLES 

AND DATA



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS x x i

P a rm a v e rt
fo r
the

FLORAL
GREEN

, ih

<jr~*

Parmavert is a new, extremely powerful, long 
lasting aromatic chemical of high purity which 
fills the need for a subtle green and floral- 
fresh note so essential to total naturalness. 
Especia lly  effective in bouquets of flora l 
co m p o s it io n  and m odern  com pounds.

Parmavert is a new acetal, developed in our 
laboratories, stable in soaps as well as in 
cosmetics and perfumes. It is entirely free 
of any fa tt in e s s  such  as ch a ra c te r iz e s  
heptine carbonate esters. Use less than one 
per cent to achieve the desired results.

C O M  P A G N  I E  P A R  E  N T O  T i n  on Hudson NewY0rk
New York Office: 507 Fifth Avenue, MU 7-5133 / Detroit: 14812 Alma Avenue, LA 7-5018 / Chicago: 2141 West 
Touhy Avenue, 764-8668 / Compagnie Parento, Limited, 70 Mack Avenue, Scarborough, Ontario, Canada, 694-1123



'L CLQUntj 

’°A»0Lts \

P‘ N̂rs~~~N g 
!,- '> fS: -  '.  ¡7,"

an yK & Company, Inc
BEUEVIUE 9,  NEW JERSEY
' . ' ' ■"' i"-.

N EW  Y O R K  C H I C A G O L O S  A N G E L E S
T O R O N T O  M O N T R E A L



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS xxiii

INDEX TO ADVERTISERS

American Cholesterol Products................................................  xvii
American Lanolin Corp.............................................................. xxvii
Chiris Co., Inc., Antoine...............................  xv
Cosmetic Laboratories, Inc.......................................................  xxiv
Croda, Inc.................................................................................... xxviii
Dodge & Olcott, Inc................................................................... v
Evans Chemetics, Inc................................................................. i
Florasynth Laboratories, Inc....................................................  xiii
Fritzsche Brothers, Inc..............................................................  xviii
Givaudan-Delawanna, Inc.................................. Inside Front Cover
Glycol Chemicals, Inc................................................................. xiv
Goldschmidt Chemical Corp..................................................... xx
Gross, A., and Co........................................................................ xxvi
Halby Products, Inc................................................................... xvi
International Flavors and Fragrances, Inc............................. xxv
Leberco Laboratories................................................................  xxvii
Malmstrom Chemical Corp....................................................... xi
Parento, Inc., Compagnie.......................................................... xxi
Parsons-Plymouth Div............................................................... iv
Pennsylvania Refining Co.........................................................  vi
Reheis Co., Inc............................................................................ xii
Robertet, P., Inc................................................... Inside Back Cover
RobinsonAYagner, Inc................................................................ xix
Rose, Gene, Chemical Div.........................................................  xxvii
Roure-DuPont, Inc..................................................................... ix
Schimmel & Co., Inc..................................................................  x
Van Dyk & Co............................................................................  xxii
Albert Verley & Co..................................................................... iii
Will and Baumer Candle Co., Inc................... Outside Back Cover



X X I V JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

COSMETICS
SPECIALISTS TO THE 

PRIVATE LABEL TRADE

* Formulating 
Manufacturing

* Styling 
Packaging

Our experienced staff offers a com­

plete service for Distributors in 

the Atlantic and Central States.

COSMETIC LABORATORIES, INCORPORATED
2272 East Jefferson Avenue Detroit 7, Michigan



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS X X V



X X V I JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Proof? You can find it in your product — in better performance, lower costs, 
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applying the most advanced techniques of refining, distillation and quality 
control . . . drawing from more than a century of experience. Our Distilled 
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—  utiliz ing  the most advanced 
methods and  modern equipm ent.

• thorough q u a lity  control
• on tim e de live ry

C O N FID EN TIAL PRODUCT DEVEL­
O PM EN T —  O u r s ta ff transform s 
your "ae ro so l" ideas into a  fin ished 
"ready-to -m arket" package.

TOP RESEARCH AN D  FORM U­
LA T IO N , com bining aerosol 
experience w ith  im ag ination  
to produce a  superlative  ae ro ­
sol product.

chemical division 
0  MSL Industries

2222 Lunt Ave-, Elk Grove Viltage, III-

L E B E R C O

L A B O R A T O R I E S

<£> Hormone Assays 
Drug Assays

Cosmetic and Pharmacological 
Research

Toxicity, Eye and Skin 
Irritation Studies

Anti-Biotic and Fungicidal
Assays

Sensitivity Tests

Patch Testing and Clinical 
Studies

123 HAWTHORNE ST. 
ROSELLE PARK, N. J.
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for odorless, emollient (high-oi l  c ont ent ),

emulsions,

gels and liquids 
use
POLYCHOLS
Non-ionic Surfactants 

Solubilizers & Emulsifiers

PO LYC H O LS  — are  reaction products of 
ethylene oxide and distilled lanolin 
a lcohols . The five g rades, a va ilab le  (5 , 10, 
15, 20  & 40  mols E .O .) a re  all 
p ractica lly  1 0 0 V» active solid m ateria ls, 
p a le  ye llow , with only a  fa int, 
p leasant c lean odor.

SO LA N  — reoction product of 
polyoxyethylene and pharm aceutical 
lanolin USP. (w ater and  alcohol-soluble).

Write for free samples
and brochures

Croda
*  New York

CRODA, Inc. 15 East 26th Street New York 10, N. Y. MU 3-3089
Subsidiary: Hummel Lanolin Corp., 185 Foundry Street, Newark 5, N. J.



E ROBERTET’S
LOCAL MANUFACTURING FACILITIES 

throughout the world...

•JAPAN

• TURKEY 

•FRANCE

• UNITED STATES

• ARGENTINA

... assure you of 
QUALITY, CAPACITY 

and UNIFORMITY

MANUFACTURING PERFUME OILS FOR:

• Toiletries
• Spray-on Liquid 

Window Cleaners
• Floor Waxes
• Rug Shampoos
• Dry Cleaning Soaps

Soaps
Floor and Wall Cleansers 
Laundry Detergents 
Insecticides
Glass Wax and Cleaners 
Waterless Hand Cleaners

• Cosmetics
• Dishwashing Detergents
• Kitchen Abrasive Cleaners
• Aerosols
• Detergents
• Polishes

P. ROBERTET, Inc. 221 Park Avenue South • New York 3 • ORegon 3-7585



Refined and sun-bleached from  the 
world’s finest Crude Beeswaxes,

BEEH IV E  BRA N D  BEESW A X
undergoes rigorous chemical and 
physical tests to assure:

1. Uniform  Pu rity
2. Uniform  Texture

3. Uniform  W hiteness
Behind it is the reputation and integrity of 

a concern with more than a century of experi­
ence in blending beeswax formulae to special 
requirements. The guaranteed purity and uni­
form texture and whiteness of Beehive Brand 
Beeswax will simplify your laboratory work 
and assure more saleable quality in your 
finished products.

W ILL  & BAUM ER Candle Co., Inc., Dept. JSC,Syracuse, N. Y.

Consultation Service
• The experimental data and practical manufacturing 
experience of more than 100 years’ specialization in 
beeswax and beeswax compounds are at your service 
without cost or obligation.

Write us about your beeswax problems.

NEW YORK 16 
15 E. 32nd St.

BOSTON 9 
71 Broad St.

CHICAGO 6 
162 N. Franklin S

LOS ANGELES 15 
952-4 S. Flower Sf.

7 5ft M
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