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made-to-îneasuæjorifoursiœeess!
Fragrance of outstanding beauty adds tbe 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 of 

fragrant materials, its world-wide affiliations and its market 

know-how are all coordinated to bring you fragrances of unique 
new beauty and originality — made-to- 
measure for your success.

G IV A U D A N - D E L A W A N  NT A , I.V»T
321 West 44th Street, New York 36, N. Ï. A  U  1
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a r e  B E ST  f o r rm u la tio n s

Uniform Quality—
Exceeds T.G.A. Standards 
Prompt Delivery

AMMONIUM and MONOETHANOLAMINE

THIOGLYCOLATES g 

THIOGLYCOLIC ACID J
Write for technical 
information. Y v

H A L B Y  P R O D U C T S  C O . , I N C .
WILMINGTON, DEL. 19899

'Phone: (302) OL 6-5428
Thioglycolic & Thiodipropionic Adds & Derivatives
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only M IR A N O L  offers 
IO N IC A L L Y  B A L A N C E D  
A M P H O T E R IC  S U R F A C T A N T S

Anionic and Cationic groups are of Equal Strength 
resulting in Total Compatibility and Stability!

This uniformly pure balance predetermines the proper 
behavior of each formulation creating superior products of 
unlimited versatility . . . from the most delicate cosmetic 
products to liquid heavy duty industrial cleaners.

T a lk  o v e r  y o u r  p a r t ic u la r  r e q u ir e m e n ts  w ith  
u s. W e  w ill h e lp  y o u  d ra w  on  o u r  e x p e r ie n c e  
. . . y o u  w ill  f in d  th a t M ira n o l ’ s  C r e a t iv e  
C h e m is tr y  P a v e s  th e  W a y  to  P r o g r e s s !

Write for Technical and Product Development Data Book

CHCM'CAt. COMPANY. INC.
267 COIT STREET • IRVINGTON. N. J. 
Phone: Area Code 201 • 374-2500
Agents in principal cities throughout the world





If you’re a chemical type...

with a strong inclination...

to create exciting aromas...

and you’re looking for facts on synthetic aromatics, write us.

S e n d  m e  p r o d u c t  d e s c r i p t i o n s ,  
c l a s s i f i c a t i o n s ,  a n d  s u g g e s t e d  
f o r m u l a t i o n s  f o r  R o c h e  a r o m a t i c s

NAME______________________________________

T IT L E ______________________________________

COMPANY_________________________________

ADDRESS__________________________________
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LANOLI N DERIVATIVES
for

COSMETIC and PHARMACEUTICAL
application

4 k

< 4 
4 k

< * 
4 k

LANOIL liquid lanolin
a pure fluid fraction of lanolin — oil soluble 
— used as a moisturizer, skin lubricant, W/0 
emulsifier.

LANTOX 55 water soluble lanolin
an ethoxylated lanolin — in 50% solution and 
in anhydrous solid form — recommended for 
use as emulsifier, wetting agent, solubilizer, dis
persant, absorbent and anti-irritant.

1 4
4 \ LANOLIN ALCOHOLS

the unsaponifiable fraction of lanolin. A power-
ful W/0 emulsifier possessing 
content.

high cholesterol

\ 4
4 4 STERALCHOL

an anhydrous alco-sterol base composed of rich 
cholesterol and other valuable sterols in liquid 
form. A primary emulsifier in W/0 emulsions, 
a secondary emulsifier in 0./W emulsions. Serves 
as a non-tacky skin softener, moisturizer, lubri
cant, emollient, penetrant and counter-irritant.

LANOLA 90
a self-emulsifying lanolin providing highest de
gree of water dispersibility and absorption prop
erties. Achieves milk-white emulsions with all 
proportions of water.

SAMPLES ON REQUEST 
SEND FOR TECHNICAL LITERATURE

THE LANAETEX PRODUCTS, INC.
m a n u f a c t u r e r s  o f  la n o l i n  a n d  la n o l in  
d e r iv a t iv e s  f o r  o v e r  a  q u a r t e r  c e n tu r y

151-157 THIRD AVENUE • ELIZABETH 1, N. J.
PHONE (Code 201) 351-9700
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. . F or Fine F ragran ce C r e a t io n s

V a l d o r d

$8.85 per lb.

a fresh, modern complex for 

regular and aerosol applica

tions — ideal for perfumes, 

colognes, hair preparations, 

creams and lotions.

A request on your firm’s letterhead for a 
sample of Valdora will be filled promptly.

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
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R O B A N E ®
SOMETHING NEW?
W E’VE FOUND IT!

The presence of ROBANE in 
HUMAN SKIN SURFACE LIPIDS 

in amounts up to 2 .5 %
(This is in addition to the presence of Squalene)

NEW STUDIES A V A IL A B L E - 
PROOF POSITIVE

A truly NATURAL adjunct to the Cosmeto- 
Dermatological field.

The Vehicle of choice to replace and enhance the natural
oils of the skin.

T op ica lly  S p ea k in g—
W h y  N ot ROBANIZE Y ou r P rod u ct?

R O B E C O  C H E M I C A L S ,  I N C
51 Madison Avenue New York, N. Y. 10010

212-683-7500

® R e g .  U .  S .  P a t .  O f f .  T e c h n i c a l  d a t a  a v a i l a b l e
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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 CO M PLETE CO M PA TIBILITY . . .  fo r
c o n fid e n tia l se rv ice  . . .  fo r  n e w  ideas  
an d  e ffe c ts  w ith  a ro m a tic  m a te r ia ls  . . .

ch eck  w ith  you r m an fro m  V er le y  . . .

you r  la bora troy  f o r  fra g ra n ce  d evelopm en t

A l b e r t  V e r l e y  & c o m p a n y
1375 EAST LIN DEN  AVEN UE • LIN D EN , NEW JE R S E Y

N . J.: W A bash  5 -1 1 0 5  N. Y.: M u rr a y  H ill 3 -388 1  
1018 S. WABASH AVEN U E • CHICAGO 5, ILLIN O IS  

M CKESSON & RO BBIN S, INC., C h e m ic a l Dept.
5 3 5 3  J ills o n  S tre e t • Los A n g e les  22 , C a lif. 

A R O M ESCEN CE INC.
10 R ue P ergo lese  • P aris  16 , F rance
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Which do you need for your anti-perspirants?

S e l e c t i o n  w i l l ,  o f  c o u r s e ,  d e p e n d  

u p o n  w h e t h e r  y o u r  a n t i - p e r s p i r -  
a n t  i s  s p r a y e d ,  s h a k e n ,  s p r e a d ,  o r  
r o l l e d  o n .  E q u a l l y  i m p o r t a n t  . .  .  

y o u ' l l  w a n t  a n  a c t i v e  i n g r e d i e n t  
w h i c h ,  w h i l e ,  p o w e r f u l l y  a s t r i n 
g e n t ,  i s  k i n d  t o  d e l i c a t e  s k i n  a n d  
f a b r i c s .  A l s o ,  y o u ' l l  w a n t  t o  b e  

s u r e  i t  i s  o f  u n i f o r m  h i g h  q u a l i t y ;  
a v a i l a b l e  q u i c k l y  a n d  i n  q u a n t i t y .  

O n  t h e s e  c o u n t s  y o u r  b e s t  b e t  i s  
C h l o r h y d r o l ®  .  .  . y o u r  s o u r c e .

R e h e i s .  F o r  n o  o t h e r  a n t i - p e r s p i r -  

a n t  c h e m i c a l  m a t c h e s  C h l o r h y 
d r o l  f o r  s a f e ,  c e r t a i n  p e r f o r m a n c e  
. .  . a n d  n o  o t h e r  s u p p l i e r  p r o v i d e s  

a l l  f i v e  f o r m s  o f  t h i s  a l u m i n u m  
h y d r o x i d e  c o m p l e x ,  a  l i q u i d  a n d  

f o u r  s o l i d s  f r o m  g r a n u l a r  t o  i m 
p a l p a b l e .  R e h e i s  c a n  s h i p  t o  y o u  
i n  l a r g e r  q u a n t i t y  t h a n  a n y b o d y  

e l s e  a n d  f a s t e r ,  t o o .  I n  a d d i t i o n

t o  C h l o r h y d r o l ,  R e h e i s  o f f e r s  
C h l o r a c e l ®  f o r  s t i c k s  a n d  C h l o r 
h y d r o l  S - 5 ®  f o r  g e l s .

B r o a d  a s  t h e  l i n e  i t s e l f  a r e  t h e  
f o r m u l a t i o n  s e r v i c e s  b e h i n d  i t  
.  .  .  y o u r s  t o  c a l l  o n  f o r  w a y s  t o  

m a k e  y o u r  p r o d u c t  b e t t e r ,  m o r e  
p r o f i t a b l e ,  o r  b o t h .  F o r  m o r e  
t e c h n i c a l  i n f o r m a t i o n ,  w r i t e  t o 

d a y  f o r  t h e  R e h e i s  b r o c h u r e ,  
" C h l o r h y d r o l  .  .  .  A l u m i n u m  
C h l o r h y d r o x i d e  C o m p l e x . "

R E H E IS  C H E M IC A L  C O M P A N YDivision Of Armour Pharmaceutical Company 
401 North Wabash Ave., P.O. Box 1022, Chicago, Illinois 60690
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— Affiliates — ■
Schimmel International Ltd., Slough, England 
Schimmel do Brasil, Ltda., Sao Paulo, Brazil 

SOPAS, s.a .r .l ., Grasse, France
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we help you meet today’s rigid requirements for

• cosmetic safety and performance
• new drug applications
• federal hazardous substances labeling

Industrial
Biology Laboratories, Inc.
serving the food , drug, cosm etic and chem ical 

industries fo r  over SO years

with an entire range of laboratory 
and consultation services

• preservative systems • clinical pharmacology • toxicology
• pharmacology • microbiology • biochemistry • chemistry
• patch testing • liaison with federal regulatory agencies

For brochure and price list write:

Industrial Biology Laboratories, Inc.
22 N. 36th St., Phila., Pa. 19104 • 215-EV 6-3668

Representatives: New York, New Jersey and Washington, D.C.



X I V J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

Some of our 
customers say 
we could charge 
an arm and a leg 
for the service we 
give with our 
fatty acids.

I t ’s free.

a. gross
&  C O M P A N Y ,  I N C

Manufacturers since 1837 
Subsidiary of

MILLMASTER ONYX CORPORATION
295 Madison Avenue 

New York, N.Y. 10017

Write or call (212) MU 3-7361 for expert assistance 
on any fatty acid problem.
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E m u ls io n  

S t a b i l i t y  

P r o b le m s  ?

T r y

PRO M ULGEN *
a powerful nonionic emulsifier with effective emollient properties—superior to fatty acid esters — resistant to hydrolytic agents and high salt concentrations over a wide temperature and pH range.
F O R  S T A B L E  O/W 
S Y S T E M Sonly three basic components required: PROMULGEN, water and a mineral hydrocarbon (mineral oil, petrolatum and/or wax) — emulsion consistency adjustable by increasing or decreasing water content and adding appropriate hydrocarbon.
R E S U L T ?lustrous white lotions or creams that will not dry out, cake or harden. Your antiperspirant, astringent, deodorant, depilatory or therapeutic preparation will retain its stability, functional effectiveness and attractive appearance.

P r o d u c t  B u l l e t in  o n  R e q u e s t .

R O B IN S O N  W A G N E R  C O ,  IN C .
628 Waverly Avenue 
Mamaroneck, New York



This gracefu l ra cin g  sloop, skillfully m an n ed  by crew m en  w ho are m asters o f the sail
in g  arts, is an exam ple o f truly outstanding p erform a n ce  • At F leurom a, the highly 
specialized skills and im aginative talents o f w orld -ren ow n ed  perfum ers, com bin ed  
with the finest techn ica l and ch em ica l facilities available, originate and create exciting  
fragran ces that m ake you r products un ique ... desirable ... m em orable.

F L E U R O M A
43-23 Thirty-Seventh Avenue, Long Island City, New York /  Chicago • London • Paris • Sao Paulo

A DIVISION OF UNIVERSAL OIL PRODUCTS COMPANY



Your secrets are safe with Perm-Drake

îl special research and development 
n which we engage for individual cus- 

zomers is strictly and completely con- 
idential. No leaks. We’ll put this in 

writing if you wish. Just tell us what 
specific points you wish to have cov- 
sred, and we will gladly work out an 
agreement with you. This assurance is 
of definite value in speeding the prog
ress of projects, and in reducing costs.

Penn-Drake technologists have the 
skill, background and ingenuity to as
sist in solving a wide variety of prob

lems. We work with makers of cosmet
ics, pharmaceuticals, adhesives, plas
tics, food products, paper saturants, 
coatings and many other products in 
which White Mineral Oils and Petrola
tums are used.

Do you have a problem for us? When 
we find the answer, it will be your 
secret; we won’t tel! a soul!
For complete information, tell us what you have in 
mind-in a letter, telegram, or if the need is urgent, 
telephone us collect. Pennsylvania Refining Company, 
Butler 29, Pa. Branches: Cleveland, Ohio; Edgewater, 
N. J .; Los Angeles, Calif.; Tokyo and Osaka, Japan.

—  N

penn-drake
WHITE MINERAL OILS 

PETROLATUMS

L ________ J
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Croda has all the makin’s!
POLYCHOLS f o r  Lanolin-rich ge ls o f highest em ollience  \\ \\ \\

P o l y o x y e t h y l e n e  e t h e r s  o f  l a n o l i n  A l c o h o l s  \

\  Vv
VOLPOS f o r  O d o rle ss , water-white ge ls O jU

P o l y o x y e t h y l e n e  o l e y l  e t h e r s

CRODAFOS f o r  Firm clear ge ls at low est so lid s contents 
A n i o n i c  P h o s p h a t e  S u r f a c t a n t s

ALL WILL GEL MINERAL OIL AND OTHER USUAL VEHICLES 
AT EXTREMELY LOW EMULSIFIER TO OIL RATIOS 
SKLIRO D istilled Lanolic A cid s  
SUPER HARTOLAN D istilled Lanolin A lcohols
Easily solubilized superfatting and conditioning agents.

Croda New York London 
Milan Dusseldorf

Croda Inc.
51 Madison Ave. 
New York.NY. 10010 
MU 3-3089

Are you receiving Croda's 
information bulletins— 
"LAMBS TALES" regularly? 
If not, write now for 
this valuable information.
SEN D  FO R SAM PLES  
A N D  LITERATURE!

Subsidiary: Hummel Lanolin Corp., 185 Foundry St., Newark 5, N. Y.

CRODA brochures 
available:
□  HARTOLAN & 

SUPER HARTOLAN 
SOLAN 
POLYCHOL 
FLUILANOL 
SKLIRO
Lan. Fatty Acids
POLAWAX
NOVOL
VOLPO
(Revised Sept. 64| 

□  CRODAFOS
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Serving the Cosmetic 

and Pharmaceutical

Industry for O ver 35 Years

TEG IN  T h e  E S T E R - B A L A N C E D

S e l f - e m u l s i f y i n g  g l y c e r y l  m o n o s t e a r a t e  

f o r  a n i o n i c ,  n e u t r a l  o r  a l k a l i n e  s y s t e m s .

TE G A C ID  REGULAR
T h i s  u n i q u e  E S T E R - B A L A N C E D  s e l f - e m u l 

s i f y i n g  g l y c e r y l  m o n o s t e a r a t e  f o r  c a t i o n i c  

s y s t e m s ,  p r o d u c e s  e m u l s i o n s  h a v i n g  p r i m e  

c o s m e t i c  e l e g a n c e .

TEGIN P T h e  E S T E R - B A L A N C E D  s e l f -

e m u l s i f y i n g  p r o p y l e n e  g l y c o l  m o n o s t e a r a t e  f o r  

a n i o n i c ,  n e u t r a l  o r  a l k a l i n e  s y s t e m s .

TE G A C ID  SPECIAL
T h e  E S T E R - B A L A N C E D  s e l f - e m u l s i f y i n g  g l y 

c e r y l  m o n o s t e a r a t e  f o r  a n i o n i c ,  n e u t r a l ,  

a c i d  o r  a l k a l i n e  s y s t e m s .

TEGIN 5 1 5  T h e  E S T E R - B A L A N C E D

n o n - s e l f - e m u l s i f y i n g  g l y c e r y l  m o n o s t e a r a t e  f o r  u s e  

w i t h  a u x i l i a r y  e m u l s i f i e r s  a n d  a s  a  t h i c k e n e r  a n d  

s t a b i l i z e r .

TEGOSEPTS T h e  u n i v e r s a l l y  u s e d

P a r a b e n s  a n d  o t h e r  e s t e r s  o f  P - H y d r o x y -  

b e n z o i c  a c i d .  U S P  a n d  T e c h n i c a l .  M e t h y l ,

E t h y l ,  P r o p y l ,  B u t y l .

A s k  a b o u t  o u r  n e w  c u s to m e r  s e r v i c e  fa c i l i t i e s
• Technical laboratory service • Formulations assistance 

• Pilot run lab tests
DEPEND ON GOLDSCHMIDT FOR TRIED AND TESTED PRODUCTS

Write For Data and Samples

G o l d s c h m i d t  C h e m i c a l  C o r p o r a t i o n

147 Waverly Place • New York, N. Y. 10014 • CHelsea 3-4792
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Emulsion stabilizer?
Suspending agent?

Gum modifier?
VEEGUM® is all of these—and more!

V e e g u m  is a b in d e r , d is in te g r a t in g  a g e n t , v is c o s ity  m o d if ie r  a n d  th ic k e n e r .  It  
im p a r ts  th ix o tro p y , im p ro v e s  s p re a d a b il i ty  a n d  a d d s  c o s m e t ic  e le g a n c e  to  f o r 
m u la t io n s . D o  yo u  h a v e  a s p e c if ic  e m u ls io n , s u s p e n s io n , ta b le t in g  o r  o th e r  
fo r m u la t in g  p ro b le m  V e e g u m  c a n  h e lp  yo u  so lve?  W r ite  u s  o n  y o u r  c o m p a n y  
le t te rh e a d  a n d  w e  w ill s e n d  yo u  o u r  32-p a g e  T e c h n ic a l B u lle t in  #44F 
c o n ta in in g  35 fo r m u la s  i l lu s t r a t in g  th e  u s e  o f  V e e g u m . S a m p le s  fo r  
e x p e r im e n ta l w o rk  on  re q u e s t . R . T . V A N D E R B IL T  C o m p a n y , In c .,
S p e c ia lt ie s  D e p a r tm e n t ,  230 P a r k A v e .  N e w  Y o rk , N e w  Y o rk  10017.
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A s  th e  l i l t in g  so n g  o f  a  la r k  f lu n g  a g a in s t  t h e  s k y  e n c h a n t s  th e  e a r  . . . th e  
u n iq u e  e s s e n c e s  p ro v id e d  b y  F lo r a s y n t h  c a n  c r e a te  a  f r a g r a n c e  — E X C L U 
S I V E L Y  Y O U R S  —t h a t  w il l  w e a v e  a  m a g ic  s p e ll .  T h e  im a g in a t io n  . . . c o u p le d  
w it h  th e  k n o w le d g e  o f  o u r  t e c h n ic a l  s ta f f  is  y o u r s  to  c o m m a n d .  W e  h o p e  y o u  
w il l  c a l l  u p o n  t h e m  so o n !

U N P A R A L L E L E D  C R E A T I V I T Y  

I N  T H E  W O R L D  O F  F R A G R A N C E

E X E C U T I V E  O F F I C E :  9 0 0  V a n  N e s t  A v e n u e ,  N . Y .  6 2 ,  N . Y . ,  C h i c a g o  6 ,  L o s  
A n g e l e s  2 1 , O f f i c e s  i n  a l l  P r i n c i p a l  C i t i e s .  A g e n t s  i n  a l l  P r i n c i p a l  C o u n t r i e s



K n o w  y e  th a t  a M i n u t e m a n  t e c h n i c a l  s p e c ia l i s t  f r o m  

I s o t r o n *  c a n  b e  at y o u r  s id e  in  a n y  p a rt o f  th e  la n d  

w i t h in  b u t  2 4  h o u r s  s h o u l d  t h e  n e e d  a r ise . S u c h  is  th e  

n a tu re  o f  o u r  " M i n u t e m a n ”  S e r v i c e  in  m e e t i n g  a n y  

a n d  a l l  o f  y o u r  a e r o s o l  n e e d s ,  la r g e  o r  s m a l l .  W o u l d ’ s t  

t e s t  o u r  d i l i g e n c e ?  Y o u  h a v e  b u t  t o  c a l l  ( 2 1 5 )  5 6 4 - 4 7 0 0 .  

W e  w a it  y o u r  c o m m a n d .

Pennsalt Chem icals Corp., 3 Penn C enter, Phila., Pa. 19102
^Registered trademark of Pennsaii Chemicals Corp. CHEMICALS •  EQUIPMENT i



Since 1 9 0 4

W i t h  C E R A P H Y L S  y o u r  p r o d u c t  w i l l  i m p a r t  t o  
t h e  s k i n  t h e  f e e l  n a t u r e  i n t e n d e d .

O f  S p e c i a l  I n t e r e s t :

* C E R A P H Y L  2 8 — ( C e t y l  L a c t a t e )  i n  l o w  o i l  
c o n t e n t  c r e a m s  f o r  n o n -  
o i l y  s l i p .

* C E R A P H Y L  3 1  —  ( L a u r y l  L a c t a t e )  i n  a n t i -  
p e r s p i r a n t s  t o  r e d u c e  

t a c k ;  i n  l i q u i d  a n d  c r e a m  
m a k e u p  f o r  s m o o t h  a n d  
e v e n  a p p l i c a t i o n .

* C E R A P H Y L  5 0  —  ( M y r i s t y l  L a c t a t e )  i n  l i p 
s t i c k s  r e q u i r i n g  b o t h  
c r e a m i n e s s  a n d  l a s t i n g  
p o w e r ;  i n  s h a m p o o s  f o r  
u n m a t c h e d  s h e e n  a n d  
t e x t u r e  t o  t h e  h a i r .

C E R A P H Y L S  1 4 0  &  1 4 0 A  ( D e c y l  O l e a t e s )  f o r  
l o t i o n s  r e q u i r i n g  c o n 
t r o l l e d  v i s c o s i t y  o v e r  a  
w i d e  t e m p e r a t u r e  r a n g e .

C E R A P H Y L  2 3 0 -  ( D i i s o p r o p y l  A d i p a t e )  i n  
h y d r o a l c o h o l i c  s y s t e m s  
b e c a u s e  o f  i t s  e x c e p 
t i o n a l  s o l u b i l i t y .

* U . S .  P a t .  3 , 0 9 8 . 7 9 5

F o r  T e c h n i c a l  B u l l e t i n s  o n  t h e s e  e m o l l i e n t s  
i n c l u d i n g  f o r m u l a t i o n s  d e m o n s t r a t i n g  t h e i r  
u s e ,  W R I T E :

 ̂Q U A LITY

'Hv* '

■:HC

¿1-
V ;.:V

V A N  D V K  &  C O M P A N Y ,  I N C .
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY
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T h e  p r o b l e m . . .  e m u l s i f i c a t i o n !
(and Atlas solves at least 16 problems like this every month )

How to incorporate that new ingredient into your emulsion prepara
tion so it won’t separate out? How to increase the shelf-life of your 
product? How to make creams and lotions easier to spread, less greasy 
in feel—and either washable or water-repellent, as desired? How to mix 
components that are ordinarily immiscible?

Our Laboratory works on emulsification problems like this every 
day. Some come to us by phone. Some by letter or wire. Some from 
our lab-trained salesmen, who can often give you immediate answers 
themselves.

Over 25 years of emulsion problem-answering service is distilled 
into our literature—Catalogs, Guides and Formularies. In many cases, 
you’ll find practical answers to your emulsion problems right there.

This unique “lab-personal call-literature” service is one reason why 
industry leaders come to Atlas when they have application problems 
in any of our product areas.



Y o u r  o w n  d e v e l o p m e n t  f a c i l i t i e s  
a r e  a u g m e n t e d  b y  A t l a s  l a b s !

Here’s an Atlas service that goes far beyond merely taking orders 
for Atlas products!

Our labs specialize in showing customers how to use polyols and 
surfactants to their own best advantage—your top source of polyol and 
surfactant information for the cosmetic industry.

J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S  x x v i i

S m all-scale batch  p ro d u c tio n  o f  lo tio n s , cream s, too thpaste , and aerosol p roduc ts  fa c ilita te s  s tudy 
o f  p o ly o l and su rfa c ta n t effects on s ta b il ity ,  sk in -fee l, p h ys io lo g ica l cha rac te ris tics  and m any 
o th e r p roperties .

ATLAS PRODUCTS FOR COSMETICS...
SORBO ® Sorbitol Solution, USP, humectant & vehicle. 

SURFACTANTS

ARLACEL® and SPAN® sorbitan fatty acid esters. 
ARLACEL® monoglycerides.

BRIJ® polyoxyethylene fatty ethers.
MYRJ® polyoxyethylene stearates.

TWEEN® polyoxyethylene sorbitan fatty acid esters (polysorbates). 
SOLUBLE LANOLIN DERVATIVES 

SOLUBLE BEESWAX DERIVATIVES

YOU GET SOMETHING EXTRA WHEN YOU BUY FROM:

C H E M I C A L  I N D U S T R I E S ,  i n c . 

CHEMICALS DIVISION • WILMINGTON, DEL. 19899
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CHEMIST
Career op p ortu n ity  in  R  & D  
w ith progressive D etro it com 
pany. P rod u ct accom plishm ents 
and proven  ab ility  im portant. 
E xperience in the dental, cos
m etic, pharm aceutical o r  paint 
industry desirable. T h is posi
tion  offers excellent com pensa
tion , fringe benefits, and op p or
tunity for  advancem ent in a 
challenging, grow ing field. Send 
resum e gi\ing edu cation , experi
ence and salary requirem ents.

An Equal Opportunity Employer.

Kerr Manufacturing Company 
6081-6095 Twelfth Street 

Detroit 8, Michigan

C O S M E T IC S
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

LEBERCO 
LABORATORIES

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.

TEN V O L U M E  

IN D E X

Copies of the Index for Vol
umes I— X (1947-1959) are 
available at Sw.Fr. 10 per copy 
from the

Swiss Society o f 
Cosm etic Chemists

7, place de la Fusterie 
Geneva, Switzerland



P e r f u m e  c r e a t e s  a n  i m a g e . . .
An air of mystery or the sweetness of femininity... 

each must possess the indestructible look of self-assurance.
You help to create the image she desires by offering 

her D&O’s enchanting fragrances.

e  ê f O l c o t t  I n c .
S E V E N T Y - F IV E  9TH  A V E N U E  • NEW  Y O R K , N Y. 10011

f
I X )ESTABLISHED 1798J



A PROUD TRADITION OF SUPERIOR SERVICE TO THE PERFUMERY INDUSTRY

roure-dupont
n e w  y o r k  C h ic a g o  ® h o lly w o o d

INC.

Sole aeen,s in .he Uni.ed S.ales and Canada .on SOCIETE ANONYME DES ETABLISSEMENTS ROURE-BERTRAND FILS el JUSTIN DUPONT
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CHANGE OF ADDRESS

(1) Allow 6 weeks to make the 
change.

(2) Send change to Editorial 
Assistant, 2758 Pine Hill 
Dr., Birmingham, Michigan 
48008.

(3) Print name and new ad 
dress— including postal 
zone number. Give old 
address— if possible re
turn addressed portion of 
the envelope in which your 
last Journal was mailed.



MOISTURIZERS
a m e r c h o l ® _  stero l extracts. 

A m e rch o ls  such  as L -1 01 , C A B , 
C , H -9  and B L  are a fa m ily  o f  
h y p oa llerg en ic lan olin  derived 
products designed to  p ro v id e  a 
w id e  range o f  m oisturizing  and 
oth er va lu able effects. A m e rch o l 
L -101 , fo r  exam ple, is a superb 
em ulsifier, em ollien t, stabilizer, 
j nd a pow er fu l free  sterol de 
pressant o f  in terfacial tension. 
a m e r l a t e ® p  —  isopropy l la n o- 
late. E m ollien t ester o f  lanolin  
fatty  acids. A  particu larly  e f 
fe c t iv e  co n d it io n e r , lu b r ica n t 
and penetrant. F unctions as a 
m oisturizer by  h old in g  w ater 
to  the skin in em ulsified fo rm . 
M elts at b o d y  tem perature to 
fo r m  a n on greasy  protective  
film .

SOLUBILIZERS
s o l u l a n ®— ethoxyla ted  deriva 
tives. W ater solu ble , yet e m o l
lient! S olu bilizers o f  great gen
eral utility. Im part excellen t 
plasticizing, lu bricatin g, co n d i
tion ing  and pigm ent wetting 
qualities at lo w  con cen tration .

PENETRANT
a c e t u l a n ® —  acetylated la n o 
lin  a lcoh o ls . N o n o ily  h ydro- 
p h o b ic  liqu id  em ollien t. Pene
trates and lubricates, leaving  a 
persistent ve lvety  a fterfeel that 
is truly rem arkable.

EMOLLIENT
m o d u l a n ® .—. acetylated la n o 
lin.^ Skin protective  em ollien t 
w ith  decid ed  advantages over 
lanolin . H y p oa llerg en ic, a lm ost 
odorless, n on ta cky , o il soluble, 
and h y d ro p h o b ic . E xcellen t fo r  
em ulsions, soaps, b aby  oils , and 
brilliantines.

ENRICHERS
v is c o l a n ® —  dew axed lanolin . 
Supplies all the natural bene
fits o f  lan olin  in  intensified, 
con ven ient liqu id  fo rm . O il 
soluble , lo w  o d o r  and co lo r . 
w a x o l a n ® —  lan olin  w ax fra c 
tion . A d d s  g loss and g room in g  
effects. Stabilizes em ulsions. In 
creases m elting  point, v iscosity  
and consisten cy. 
c h o l e s t e r o l  u sp  —  pure w hite 
and practica lly  odorless. Suit
able fo r  the m ost exactin g  uses 
in ph arm aceu tica ls and c o s 
m etics.

UNSATURATES
p o l y l a n ® —  essential p o ly u n 
saturate. L iq u id  w ax ester. C o m 
bines the natural benefits o f  
lin o le ic  acid  with the soften ing , 
p r o te c t iv e , and co n d it io n in g  
properties o f  la n o lin ’s m ost ac
tive com p on en ts. 

r ic il a n ® —  lanolin  ricinoleates. 
P rov id e  va luable n ew  skin or i
ented properties. U nusual c o m 
binations o f  selected  lan olin  
a lco h o l and castor o il c o m 
pon ents designed especia lly  fo r  
lipsticks.

ANSWERS
w a i t i n g  f o r  p r o b l e m s
Amerchol® lanolin derivatives have been developed for specific 
functional effects in formulations, and we have these shelves 
of finished, tested preparations which may be the answer to 
your formulation problem.
If the answer to your particular problem isn’t here, we are 
prepared to put our extensive experience in formulating with 
Amerchol lanolin derivatives and other cosmetic raw materials 
to work for you. There is no cost or obligation for this con
fidential service.

Û
Com plete technical data, samples, 
and suggested formulas are available 
jrom  our research laboratories.

C ^ m e r c h o l
N / AMERICAN CHOLESTEAMERICAN CHOLESTEROL PRODUCTS, INC.

Amerchol Park • Edison, New Jerseyt U . S .  ¿í  f o r e i g n  p a t e n t s
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SYN OPSES FOR C A R D  IN D E X E S

The following synopses can be cut out and mounted on 3 X 5 in. index cards for 
reference, without mutilating the pages of the Journal.

The effect of linear fatty amides in the benzylation of fatty alkyldimethylamines in 
aqueous media: Einar Birkelo and Timothy Johnson. J ou rn a l o f  the S ociety  o f  
C osm etic Chem ists 16, 547 (1965).

Synopsis— Data are presented, which illustrate the reaction rates of the quaterniza- 
tion of benzyl chloride with stearyldimethylamine in aqueous media. The data 
show the presence of an induction period before a peak reaction is obtained. Using 
these data, the effect of the presence of a fatty alkyl amide on the reaction is illus
trated. Finally, some data and observations are presented to illustrate the effect 
of fatty amide in the quaternary on its use as a creme rinse.

Albumin as an antiwrinkling cosmetic: Albert M. Kligman and Christopher M.
Papa. J ou rn a l o f  the S ociety  o f  C osm etic C hem ists 16, 557 (1965).

Synopsis— A limited use test of an antiwrinkling preparation based on bovine serum 
albumin shows that it has a purely physical effect on wrinkling. The slight tempo
rary reduction in the appearance of wrinkles is not due to physiological changes as 
demonstrated by microscopic examination of punch biopsies, effect on sweating, and 
cutaneous permeability to drugs. It is reasoned that the antiwrinkling effect of the 
albumin solution is due to formation of a film which lifts the furrows of the normal 
skin surface and elevates the wrinkles to the level of the surrounding skin.
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Aqueous topical adhesives. I. Film forming b a se : W. E. Lange and F. R. Gonct.
Journal of the Society of Cosmetic. Chemists 16, 563 (1965).

Synopsis— A considerable amount of interest has recently arisen with regard to the 
preparation of protective and medicated films for cosmetic and dermatological uses. 
The majority of these widely accepted preparations are aerosols containing plain or 
medicated resin dressings; however, they have shortcomings due to the need for an 
organic solvent. Thus, the development of a preparation containing a water- 
washable resin as the main film-forming component was considered desirable.

Polyvinyl alcohol was chosen as the soluble synthetic resin because of its apparent 
lack of toxicity and the relative stability of its films. Water-washable and easily 
peeled film-forming liquid preparations were formulated by blending various emul
sions or dispersions with polyvinyl alcohol. The preparations showed good stability 
and could contain water-soluble medicaments.

An evaluation of the potentials of neutron activation analysis in cosmetic chem istry;
George W. Leddicotte and Werner H. Wahl. Journal of the Society of Cosmetic 
Chemists 16, 571 (1965).

Synopsis— The basic principles of activation analysis are presented. The neutron 
reactions used, the availability of neutron sources, and the mathematics describing 
the production of radioactivity during an activation and the subsequent decay of 
the radioactivity are discussed. The instrumental and radiochemical techniques 
used to complete an analysis are also described. In addition, a number of examples 
are cited to illustrate how cosmetic chemists might use this unique method in ap
plications to such analytical problems as the determination of the elemental con
stituents in raw materials, product specifications, or the toxicity of cosmetics and 
related materials.



International Federation of Societies 
of Cosmetic Chemists

The Traesidium of the I.F .S .C .C . m et in Barcelona during theSem ana 
de Ouim ica C osm etica (April 2 6 -M a y  2) at the invitation  o f the 
Sociedad Española de O uim icos Cosm eticos. The occasion provided b y  
the Semana de Ouim ica C osm etica was m ost appropriate because, for 
the first time, a m ajor exhibition was m ounted com bining scientific 
sym posia, technical dem onstrations, and the consum er attributes o f 
cosm etics. The matters discussed by  the Praesidium included the 
Federation policy  on Legislation, recom m endations on which are shortly 
to be published, and plans for furthering scientific education  in the fields 
appropriate to the industry. Agreem ent was reached on plans for the 
next W orld  Congress o f C osm etic Science, in June 1966, and that fo llow 
ing in T o k y o  in 1968.

F a l l  M e e t i n g s ,  S o c i e t y  o f  C o s m e t i c  C h e m i s t s ,  

N e w  Y o r k  C h a p t e r

The Society of C osm etic Chemists, N ew  Y ork  Chapter, announces 
the follow ing schedule of meetings for the rem ainder o f 1965:

Septem ber 8, 1965— I)r. Leonard H arber, Dr. M ilton  Cahn, and 
Dr. Leonard Vinson, “ Photosensitivity Panel D iscussion .”  M eeting at 
R obin  H ood  Inn, C lifton, N. J.

O ctober 13, 1965— M r. M . J. Thom as, “ Encapsulation T ech n iques.”  
M eeting at R obin  H ood  Inn, C lifton, N . J.

N ovem ber 10, 1965— M r. A dolph  M aruszewski, “ L ipstick  T ech 
n o log y ”  and Dr. Paul Jewel, President’s N ight. M eeting at the Shel 
burne H otel, New Y ork .

5 4 5
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The Effect of Linear Fatty Amides 
in the Benzylation of Fatty 
Alkyldimethylamines in Aqueous 
Media

E IN A R  B IR K E L O , B. A ., and T I M O T H Y  JO H N S O N , B. S.* 

Presented January 12, 1965, Chicago Chapter

Synopsis— Data are presented which illustrate the reaction rates of the quaternization of 
benzyl chloride with stearyldimethylamine in aqueous media. The data show the presence 
of an induction period before a peak reaction is obtained. Using these data, the effect of the 
presence of a fatty alkyl amide on the reaction is illustrated. Finally, some data and obser
vations are presented to illustrate the effect of fatty amide in the quaternary on its use as 
a creme rinse.

I n t r o d u c t io n

Results of laboratory experim ents are presented w hich illustrate 
the effect o f fa tty  alkyl amides on  the reaction o f benzyl chloride and 
higher fa tty  alkyldim ethylam ines in an aqueous m edium . T he stearyl 
hom ologue was chosen because it was o f m ost interest in this work.

There are m any references and patents in the literature indicating 
new  and potential uses of a lkyldim ethylbenzylam m onium  salts. M orris 
m ade reference to their use for the rem oval o f radioactive contam inants
(1). Pfanm uller described solubilization o f tyrothrycin  and its thera
peutically  active com ponents (2). Pearsall indicated the use o f 0.1 
to  0 .5 %  in a form ulation which aids in the rem oval of engine deposits

* Rayette, Inc., St. Paul. Minn.

.347
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(3). Bhorgava and co-w orkers reported on im proved retention o f p o ly 
vinyl acetate b y  the use o f an alkyldim ethylbenzylam m onium  salt in 
the paper industry (4). In addition, numerous authors have reported 
on the bactericidal properties o f the alkyldim ethylbenzylam m onium  
salts. The first reference on the use o f alkyldim ethylbenzylam m onium  
chlorides for use in crem e rinses for hair was in M ay, 1942, b y  Den 
Beste (R ayette  Research N otebook  5 -203 ).

There has been a rebirth o f interest in the amine oxides, resulting 
in an increased potential dem and for alkyldim ethylam ines. As the 
dem and for alkyldim ethylam ines has increased, refinements in m anu
facture and processing have resulted in products o f greater purity, 
which is necessary for amine oxide preparation. A ccording to Lake 
and H oh, the conversion rate of these amines to amine oxides is depend
ent on the starting purity o f the amine (5). A long with these im prove
m ents in purity o f the fa tty  alkyldim ethylam ines, it was found that one 
material was rem oved that has a significant effect on benzylation o f 
these amines. Initial work on the benzylation o f com m ercial stearyl- 
dim ethylam ines indicated that reaction rates were som ewhat unpredict
able, even though the reaction conditions were precisely controlled.

P r o c e d u r e  

M aterials Used

The follow ing m aterials were used as received from  the suppliers 
using their description, except in cases where additional purification was 
m a d e :

Coco-Am ide (Arm-id C )*

An amide derived from  cocon u t C 1 2 - 1 8  saturated fa tty  acids, having 
a m elting point o f 90 °C.

Arachidyl-Behenyl Am ide (A do gen 7 ) f

T yp ica l chain length distribution : 2 %  C m M yristyl, 13%  C i6
Palm ityl, 3 0 %  Cis Stearyl, 3 0 %  C 2n A rachidyl, 2 5 %  C 22 Behenvl.

Stearamide (Arm-id- I I T )*

An industrial grade hydrogenated tallow  amide was further purified 
b y  two crystallizations from  hot ethanol. T he purified product had a
m .p .o f  1 04 -1 0 6 °C.

* Armid and Armeen are registered trade marks of Armour Chemical Company, 
f Adogen 1 is a registered trade mark of Areher-Daniels-Midland Company.
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Dodecyldimethylamine (Armeen DM12D)*
Distilled grade (apparent equivalent weight 2 2 0 )4

Tetradecyldimethylamine (Armeen DMIJ^D)*
D istilled grade (apparent equivalent w eight 246). J

Tlexadecyldimethylamine (Armeen DM16D)*
D istilled grade (apparent equivalent weight 275 ).t

Octadecyldimethylamine (Armeen DM18D) *

D istilled grade octadecyld im ethylam ine was redistilled through a 3 
ft. colum n packed  with R asch ig rings under 2 m m . vacuum . The frac
tion distilling over at 167-170 °C  was collected  and used in the fo llow 
ing work. Gas chrom atographic analysis using an F  & M  810 dual flame 
chrom atograph with a 6 ft. colum n packed  w ith 10%  C arbow ax 20,000§ 
on white acid-w ashed diatom aceous earth gave a purity  o f 9 9 %  and 
apparent equivalent weight 298. J

Benzyl Chloride
A  com m ercial grade (Tennessee Eastm an) assaying 9 9 .6%  was used 

in all experiments.

Apparatus
T he benzylation  apparatus consisted o f a 1.5 1. resin reactor with a 

four neck cover. T h e center opening was fitted with a T eflon  A sco 
gland to accom m odate a three-blade glass propeller, pow ered b y  a 
variable speed m ixer. One o f the ports was fitted with a long stem  ther
m om eter, and the other tw o ports were stoppered with glass stoppers. 
Sam pling and addition  o f reactants were m ade through these ports. 
T he reactor was clam ped in a bath equipped for heating and cooling.

Reaction Conditions
A pproxim ately  0.7 m ole o f the desired amine, along w ith the proper 

am ount o f fa tty  am ide, was dispersed in 1100 g. o f water, decreased b y  
the am ount o f amide added, and m ixed at 85 °C until hom ogeneous. 
T he am ine-am ide dispersion was adjusted  to  63 °C, and the benzyl 
chloride was rapidly added with as fast a m ixing rate as possible to

t Apparent equivalent weights determined by authors.
§ Carbowax 20,000 is a registered trade mark of Union Carbide Corporation.



5 5 0 J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

achieve a uniform  system  as quick ly  as possible. Sam ples were w ith 
drawn at periodic intervals for analysis.

Acidim etrie titrations for unreacted amine were found to give reliable 
and easily obtainable results. T his procedure involved  withdraw ing 
a sample from  the reaction m ixture and pipetting the sample d irectly  
into an excess o f standard 0.1N  hydroch loric acid in isopropanol. The 
container w ith standard acid  was weighed prior to adding the sample so 
the sample weight cou ld  be obtained b y  weighing back. T he samples 
were im m ediately back  titrated to a yellow  end poin t using brom ophenol 
blue indicator (pH  3.6).

R e s u l t s  a n d  D is c u s s io n

Fig. 1 shows the log o f the concentration  o f unreacted stearyl- 
dim ethylam ine (S D M A ) vs. the tim e o f reaction with benzyl chloride, 
using the follow ing reaction m ixtu re : 209 g. stearyldim ethylam ine, 87.4 
g. benzyl chloride, and 1100 g. distilled water.

It is evident from  Fig. 1 that this is not a simple second order reaction. 
There is a definite induction  or a slow initial reaction rate during the 
first 20 min. o f  reaction. I f  the concentration  o f product form ed vs. 
the tim e o f reaction with benzyl chloride is p lotted  on linear graph paper, 
the curve is S shaped, typ ical o f an autocatalytic reaction (6). Th is 
is illustrated in Fig. 2 (curve with 0 %  stearam ide) and indicates the p rod 
u ct form ed, in this case stearyldim ethylbenzylam m onium  chloride, has 
a catalytic effect on the reaction.

N ext, to  determ ine if stearyldim ethylbenzylam m onium  chloride 
(S D M B A  Cl) actually has a cata lytic effect on the reaction rate, an 
am ount was added that theoretically could  m ake the reaction start out 
at a peak rate. Figure 1 suggests that the presence o f a 1 :1  m olar ratio 
o f stearyldim ethylam ine and stearyldim ethylbenzylam m onium  chloride 
in the reaction with benzyl chloride should m ake the reaction start out 
at a peak rate. Figure 3 describes the reaction betw een 43.7 g. benzyl 
chloride, 104.7 g. stearyldim ethylam ine, 147.7 g. stearyldim ethylbenzyl
am m onium  chloride and 1100 g. distilled water. It can be seen that the 
induction period is elim inated and that the reaction starts out at a peak 
rate, verifying the cata lytic effect o f stearyldim ethylbenzylam m onium  
chloride.

In  order to illustrate and explain the effect o f the presence o f an 
alkyl fa tty  am ide on the reaction, the previous discussions of the reaction 
between stearyldim ethylam ine and benzyl chloride m ay be used. 
Figure 4 is a p lot o f the reaction between stearyldim ethylam ine and
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Figure 1. Unreacted amine vs. time for reaction of SDMA and 
PHCHoCl

Figure 2. Concentration of quaternary ie\ 
time for reaction of PHCHoCl and SDMA 

with various amounts of amide present

Figure 3. Unreacted amine vs. time for 
reaction of PHCHoCl and SDMA in the 

presence of SDMBAC1
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benzyl chloride with 0 , 5, 1 0  and 2 0 %  stearamide, based on the amine 
charge. T he curves of the reaction with the varying am ounts of amide 
present during the reaction indicate that the time required to obtain a 
m axim um  rate of reaction is decreased as the amide concentration is 
increased to about 2 0 % , based on the tertiary amine charge. Earlier 
w ork not reported here indicated that the effect of the amide is apparent 
at concentrations as low  as 1 %  based on the stearyldim ethylam ine

Figure 4. Reaction rate of PHCHjCl and SDMA with 
various increments of stearamide present

It can be seen that, after the first 20 m in., little or no effect on the reac
tion rate is observed ; however, during the first 2 0  m in., the effect is 
quite pronounced. This is illustrated better in Table I, which shows 
the percent com pletion  of the reaction at various stearam ide concentra
tions.

Figure 2 shows that the presence of stearam ide decreases the S- 
shaped character o f the reaction curve and indicates that it decreases the 
autocatalytic effect o f the stearyldim ethylbenzylam m onium  chloride 
form ed in the reaction.

T he effect o f other fatty  amides in the reaction of benzyl chloride 
and stearyldim ethylam ine is indicated in Table  II, which shows the
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results with and w ithout amides. T he effect o f different fa tty  amides 
in decreasing the initial reaction lag is evident. There does appear to be 
an indication that the lower chain amides m ight be m ore effective in 
decreasing the initial slow rate o f reactions.

N ext, a study was m ade o f the effect o f stearam ide in the presence o f 
alkyldim ethylam ines o f different chain lengths. In  this case, tetra- 
decyldim ethylam ine (Arm een D M 1 4 D ) and dodecyldim ethylam ine

TABLE i
Effect of Stearamide on Quaternization Reaction

f  Stearamide 
Based R3N

% Stearyldimethylamine 
Reacted in 10 min.

% Stearyldimethylamine 
Reacted in 20 Min.

0 13 51
5 27 63

10 37 79
20 62 87

TABLE II
Effect of Different Amides on Quaternization Reaction"

Time
Reaction,

Min.
20% Armid C 

Coco-Amide
20%

Stearamide

20% Adogen 1 
Arachidyl 

Behenyl Amide
No

Amide

0 0.525'’ 0.525'' 0.525'' 0.540''
10 0.268 0.286 0.298 0.495
20 0.154 0.169 0.178 0.385
30 0.126 0.130 0.145 0.262

a Reaction of 0.7 mole of stearyldimethylamine, 0.06 mole of stearylamine, 0.6 mole of
benzyl chloride, 1100 g. distilled w;ater, and 41.2 g. <)f the desired amide (i.e., 20%. based on
SDMA charge).

6 Numbers refer to unreacted amine in meq./g.

(Arm een D M 1 2 D ) with and w ithout stearam ide were evaluated. The 
stearam ide decreases the reaction tim e to reach a peak rate with 
C i2 and C 14 alkyldim etliylam ine and benzyl chloride, but the effect is 
less noticeable in the case o f the lower chain amines.

T he analysis o f the com pleted  reaction m ixture (after 90 m in.) 
indicates to what degree the cjuaternary was actually form ed along with 
hydrolysis o f the benzyl chloride to benzyl alcohol and HC1. Table 
IV  gives the data using the redistilled stearyldim ethylam ine and re
crystallized stearam ide with benzyl chloride. The data show that the 
form ation o f stearyldim ethylbenzylam m onium  chloride proceeded from
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96.5 to 9 8 .2 %  o f theoretical. The stearam ide does not appear to in 
fluence the extent o f quaternary form ation.

The stearyldim ethylam ine hydrochloride is an indication  o f the degree 
of hydrolysis o f benzyl chloride to benzyl a lcohol and h ydroch loric acid. 
In the six runs shown in Table  IV , the range o f hydrolysis falls between
1 . 2  and 2 .4 %  of the reaction, with the presence of the amide showing no

TABLE III
Effect of Different Amines on Quaternization Reaction“

Time
Reaction,

Min.
.— Dodecyldimethylamine ------.

No Amide 6.7% Stearamide0
-------Tetradecy

No Amide
ldimethylamine------•>

6cr Stearamide'

0 0.564'' 0.560'’ 0.558'' 0.552'’
10 0.430 0.358 0.463 0.364
20 0.232 0.222 0.292 0.169
30 0.133 0,122 0.165 0.103

" Reaction of 0.7 mole of alkyldimethylamine, 0.06 mole stearylamine, 0.6 mole benzyl 
chloride, 1100 g. distilled water, and 10.2 g. of stearamide reacted according to the previously 
mentioned conditions.

'’ Numbers refer to unreacted amine in tneq./g. 
e Stearamide based on R3X.

TABLE IV
Analysis of Reaction Mixture"

.----------- Theorctical----------- ' .— ----At Completion (90 mm. )--------- X
0//(> Amine Benzyl Amine Free

Stearamide Cone. Chloride Quaternary HC1 Amine

0 0.501 0.495 ---- 0.009 0.016
1 0.501 0.495 0.480 0.012 0,011
5 0.501 0.495 0.476 0.007 0.007

10 0,501 0.495 0.477 0.006 0.009
15 0.501 0.495 — 0.006 0.013
20 0.501 0.495 0.487 0.009 0.008

" All results are expressed as meq./g. except % stearamide which is %  based on the stearv
dimethylamine used in the reaction.

effect on the degree o f hydrolysis. Gas chrom atographic analysis of 
the reaction m ixtures, using a procedure based on the work o f M etcalfe
(7), gives benzyl alcohol concentrations in the range o f 0.05 to 0 .10 %  
or about 0 . 8  to  1 .6 %  o f the total reaction.

A  small am ount o f benzaldehyde is form ed, detectable b y  its char
acteristic odor. The gas chrom atographic analysis o f a lkyldim ethyl- 
benzylam m onium  chlorides using a m odified procedure failed to separate



benzaldehyde from  benzyl chloride. B enzyl chloride is a decom position  
product during gas chrom atography. Current research is aimed at the 
developm ent o f a procedure that will separate benzaldehyde in the pres
ence o f benzyl chloride. Based on the extent o f the reaction o f the 
quaternary and benzyl alcohol form ation, benzaldehyde is form ed on ly 
in trace quantities.

Stearyldim ethylbenzylam m onium  chloride represents the main ac
tive ingredient in the m a jority  o f creme rinses. D ata are presented 
here to illustrate the effect o f a small am ount o f stearam ide in stearyl
dim ethylbenzylam m onium  chloride at typical crem e rinse concentra 
tions. F ive per cent aqueous concentrations o f the reaction m ixtures 
(reacted to com pletion  or 90 m in.) with the various am ounts o f stear
am ide present were equilibrated in a water bath (26.6 °C) for three 
weeks. Samples were centrifuged, and the supernatant liquid was 
filtered through W hatm an #1 filter paper. The clear saturated solutions 
at 26.6 °C were titrated for quaternary. T he follow ing tabulation 
summarizes the results. The percentage o f stearam ide is based on the 
am ount o f amine used in the reaction to form  the quaternary.

E F F E C T  O F  L I N E A R  F A T T Y  A M I D E S  5 5 5

%
Stearamide

Soluble Quaternary, 
meq./g.

% Actual Quaternary 
in Solution

0 0.00443 0.187
1 0.00765 0.324
5 0.02506 1.061

10 0.02528 1.075

Estimated quaternary added 0.0250 meg./g.

It is obvious that the concentrations o f quaternary were too low to 
obtain  the full solubilizing effect o f the higher stearam ide concentrations. 
These results were not expected to be so dram atic and were unusual 
because o f the large effect from  such small am ounts o f stearamide. Per
haps these results m ight give a little m ore credence to the m ore su b jec
tive evaluations: B lind half-head evaluations were m ade in the R ayette  
Research B eauty Salon using 5 %  dispersions o f the reaction mixtures, 
diluted eight-fold  just prior to use. It was decided to com pare the 
samples with no stearam ide present to those with 2 0 %  stearam ide pres
ent (based on the amine used to m ake the quaternary) in order to o b 
tain the m axim um  effect. A  total o f ten com parisons were m ade, and 
the results, in the opin ion  o f the beauticians, favored the sample with 
stearam ide present for luster, com bing, and m anageability in eight out 
o f the ten evaluations.
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C o n c l u s io n s

The data presented indicate that :
1. There is a lag in the reaction rate during the first 10 to 20 min. 

when Cia-Cis alkyldim ethylam ines are reacted with benzyl chloride in a 
hot aqueous system.

2. The addition  o f stearyldim ethylbenzylam m onium  chloride, added 
initially to a reaction m ixture of benzyl chloride and stearyldim ethyl- 
amine in a hot aqueous system, eliminates the initial reaction lag.

3. H igher fa tty  amides, added at a level o f 1 -2 0 %  (based on the 
alkyldim ethylam ine in a reaction between benzyl chloride and alkyl- 
dim ethylam ine), decrease or elim inate the initial reaction lag.

4. There is no benzylation  o f the am ide under the described reaction 
conditions.

5. Stearamide increases the water solubility o f stearyldim ethyl
benzylam m onium  chloride

6 . The presence of the stearam ide gives superior perform ance to 
stearvldim ethylbenzylam m onium  chloride when used as a creme rinse.

A c k n o w l e d g m e n t

The authors express their appreciation to H. C. Johnson for his 
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Albumin As an Antiwrinkling 
Cosmetic

A L B E R T  M . K L IG M A N , M .D ,  P h .D .,*  and 
C H R IS T O P H E R  M . P A P A , M .D .

Synopsis— A limited use test of an antiwrinkling preparation based on bovine serum albumin 
shows that it has a purely physical effect on wrinkling. The slight temporary reduction in 
the appearance of wrinkles is not due to physiological changes as demonstrated by microscopic 
examination of punch biopsies, effect on sweating, and cutaneous permeability to drugs. It is 
reasoned that the antiwrinkling effect of the albumin solution is due to formation of a film 
which lifts the furrows of the normal skin surface and elevates the wrinkles to the level of the 
surrounding skin.

Purified solutions o f bovine serum album in have recently been 
introduced to produce tem porary sm oothing o f facial wrinkles. This 
paper considers the effectiveness, m ode o f action, and safety of one such 
preparation .!

P r o c e d u r e

T he studies were conducted  on institutionalized, healthy, white males 
and females, 35 to 95 years of age, at the Philadelphia H om e for the 
A ged at R iverview , Philadelphia. W rinkles were the sole criterion for 
admission to the study. The finer wrinkles around the eyes and those 
on the cheeks were the best test sites. The product was applied b y  an 
operator once daily for three m onths (after washing in the m orning) to 
one side of the face o f 1 0  subjects and for one m onth on 15 other par
ticipants.

* University of Pennsylvania School of Medicine, Department of Dermatology, Phila
delphia, Pa.

f The test agent was "Magic Secret" by Helene Curtis.

5 5 7
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C o s m e t ic  E f f e c t iv e n e s s

O ver 50 subjects were used for these observations. Throughout, a 
quantity, just sufficient to wet the facial skin, was applied b y  finger 
rubbing. As the solution dries within a few minutes, the subjects noted 
a “ tightening”  sensation, and coincidently, effacem ent o f wrinkles was 
observed. The sm oothing effect reaches a m axim um  within three to 
eight minutes. Under the stereoscopic skin m icroscope (Seitz) the finest 
wrinkles gradually becom e invisible, and m oderate creases becom e shal
lower. All individuals respond, though to varying degrees. The largest 
furrows on the forehead and m arked expression lines around the eyes and 
m outh are not m arkedly altered unless very  large am ounts are applied. 
W hen small am ounts are used, the residue is essentially nonvisible even 
with m agnification. Larger am ounts than are required to reduce m inor 
wrinkles m ay leave a rather fine transparent film which m ay later scale 
or flake. Repeated applications during the day m ay lead to a fine 
peeling which is the dried residue itself. The duration o f the peak effect 
is tw o to six hours, depending on facial m obility . It is longest in the 
“ poker-faced ,” inexpressive, passive person, whose face registers little 
em otion. On the other hand, energetic use o f the facial muscles in 
speech and action is accom panied b y  m ore rapid reappearance o f the 
wrinkles. I f the face is violently contorted  while the solution dries, 
the sm oothing effect can be alm ost com pletely  nullified. M oreover, if 
after m axim al effect the subject repeatedly screws up the face in the pre
tense o f creating a grotesque, horrendous appearance, the smaller 
wrinkles will reappear m uch sooner. Thus, facial inexpressiveness 
sustains the effect, while intense use of the facial muscles abbreviates it. 
W hen the effect begins to  wane, re-m oistening of the skin with a few  
drops o f water will m ore or less reinstate w hat was lost. E ven after 
eight hours, the w etting m aneuver will palpably reduce the finer wrinkles, 
though usually not as com pletely as a fresh application. On the other 
hand, thorough washing o f the face w ith soap and water at any time 
after drying will com pletely and instantly abolish the sm oothening e f
fect.

T he antiwrinkling effect did  not appear to  be cum ulative with re
peated daily use. T he cosm etic im provem ent was as great on the first 
as on the last day o f use. Facial cream s, applied after the solution dries, 
do not m aterially alter the effect. N o  adverse reactions have been en 
countered, and evidently, repeated use has not resulted in sensitization 
or irritation.
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E f f e c t s  O n  C u t a n e o u s  S t r u c t u r e  a n d  F u n c t i o n

E ight m m . punch biopsies were rem oved from  the cheeks o f ten sub
jects before the test. T he solution was applied once daily for three 
m onths, and the skin re-biopsied in a nearby site. T he sections were 
stained as follow s: H & E, H ale-O rcein for acid m ucopolysaccharides 
and elastic tissue, M a llory ’s trichrom e for collagen, PA S for glycogen 
and basem ent m em brane, and M asson ’s am m oniacal silver nitrate for 
melanin.

T he pre-treatm ent specim ens showed the changes expected for ex
posed areas, m ainly m arked elastotic degeneration o f the cutis and var
iable cy to log ic  abnorm alities o f the epidermis. T he post-treatm ent 
biopsies were in no w ay different. N o structural im provem ent could  
be observed ; the applications had no discernible h istologic or cy to log ic 
effect.

T h e treated and untreated sides of four subjects were com pared as 
regards eccrine sweating, using W a d a ’s starch-iodine m ethod. T h e  
test was conducted  one hour after a liberal am ount o f the solution had 
been applied to  one side. Sweating was induced by  placing the subject 
in a 130°F  cham ber for ten m inutes. There were no apparent differences 
with respect to onset, num ber of functioning glands and volum e of 
sweat.

T he ability o f album in solution to im pede cutaneous water loss was 
m easured on isolated sheets o f horny layer. D uplicate sheets o f horny 
layer were obtained from  the backs o f tw o individuals b y  the cantharidin 
blister technique. One sheet was coated liberally with the album in 
solution, and the other served as a control. These were sealed over water 
on diffusion cham bers and the rate o f water loss determ ined over a three- 
day period at 0 %  relative hum idity at 37°C . T he experim ent was re
peated three tim es with each sheet, applying an additional fresh am ount 
at the end of each three-day period. T he average values for the first 
subject were 0.86 and 0.83 m g ./h r . /c m . 2 for treated and control speci
mens, respectively, and 0.63 and 0.70 for the second. The rate o f dif- 
fusional water loss was not affected. T he album in residue does not form  
a water im perm eable film.

Similar studies were conducted  on four subjects as regards cutaneous 
perm eability. The m ethod consisted o f determ ining the times required 
for 10%  aqueous solutions o f histam ine dihydrochloride and Privine* 
to produce erythem a and blanching (vasoconstriction ), respectively.

* Product of Ciba Pharmaceutical Co., Summit, N. J.
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Quantities o f 0.02 ml. were carefully pipetted into a circular area 3.0 
cm . in diam eter and im m ediately covered  w ith Saran W rap* to prevent 
evaporation. It was found that the treated and untreated side did 
not appreciably or considerably differ as regards reaction times. The 
album in residue neither aided nor retarded penetration.

M o d e  o f  A c t i o n

T h e above inform ation reduces the num ber of explanations for the 
antiwrinkling effect. T h at there is any fundam ental anatom ic or 
physiologic change is ruled out b y ; (a) the rapidity o f action, usually 
less than ten m inutes; (b ) prom pt term ination when the album in is 
washed off b y  soap and w ater; (c) nullification b y  exaggerated facial 
m ovem ents; (d) lack o f cum ulative action upon repeated use; (e) 
unchanged perm eability to water and drugs; and (f) absence of m icro
scopic alterations after three m onths o f daily  use. A pparently, the 
effect is purely physical and not pharm acologic. Indeed, this w ould 
have been foretold  by  the im perm eability o f norm al skin to proteins. 
It is highly im probable that significant am ounts o f album in can enter 
the skin. A nother possibility is a m asking action, like filling up the 
wrinkles with putty. .Stereoscopic visualization of the surface rules 
out such an effem . A fter drying, the physical presence of the material 
is scarcely apparent. It certainly does not accum ulate in the furrows. 
A  physical film is seen on ly  when the am ount is excessive, and even then 
there is no piling up in the wrinkles. Som e additional simple studies 
led to a satisfactory explanation.

W hen thinly coated  with the solution, a circular sheet of isolated 
stratum corneum  will soon contract greatly, resulting in m arked pucker
ing and folding. This suggests the presence of a fine continuous film 
which shrinks as it dries and is also adherent enough to contract the 
underlying tissue. The “ tightening”  sensation is the direct m anifes
tation  o f this contractile force. This observation presented a new prob 
lem in that contraction  should aggravate, not relieve, wrinkles, as 
witness the form ation o f folds if the skin is drawn together between the 
fingers. T o  test this point, circles 1.5 cm . in diam eter were m arked 
out on various wrinkled areas o f the face with red dye. T w o  right angle 
diameters were obtained and the area calculated as a circle. The solu
tion was liberally applied and the area redetermined th irty minutes

Product of The Dow Chemical Co., Midland, Mich.



later. A lthough such m easurements are rather crude, the areas had not 
appreciably decreased, unlike the behavior o f horny sheets. On the 
face, the circular test areas are o f course m oored to the surrounding 
skin, and the tension produced is not sufficient too  vercom e the pe
ripheral resistance. A  force is exerted, but it is not able to express itself 
as a contraction.

It was decided to  test the antiwrinkling effect of other substances 
which are known to form  films upon drying, such as glues and m ucilages. 
The follow ing substances were applied to  wrinkled sk in : (a) Craft- 
m an ’s* All Purpose W hite Glue, (b) D u c o f  Cem ent, (c) M ucilage,
(d) Egg album in and (e) C arter’s !  Paste. Each of these after drying pal
pably reduced the wrinkles but with varying degrees of effectiveness. 
Egg album in and m ucilage were inferior to  the album in solution under 
test. T he glue and paste were com parable, and D ueo Cem ent, unless 
applied very thinly, aggravated the wrinkles. The contractile force 
of dried D u co C em ent is evidently so great that the tissue is pulled in 
from  the periphery, accentuating the existing wrinkles. It  was clear 
that all these m aterials behax'e like album in and exerted purely physical 
effects. The m ore effective ones, however, are cosm etically ob jection 
able, form ing obvious films or cellophane-like “ skins,”  which m ay be 
peeled off as intact sheets. A fter a while they crack and scale, w orsen
ing the appearance. Egg album in is free o f this defect but is consider
ably less effective. T he latter is an ancient rem edy, form erly in the 
repertoire o f aristocratic ladies experienced in the cosm etic art. M odern  
wom en, depending entirely on com m ercially  form ulated cosm etics, 
have neglected the discoveries o f their ingenious forebears, disdaining 
such practices as folklore. The newer beef album in solutions represent 
a technical im provem ent on the hom e artistry of the ancients, w ho used 
what was easily at hand. Centuries had to intervene before this par
ticular cosm etic skill was rediscovered!

D i s c u s s i o n

T he value of album in has been recognized and ignored, even in 
m odern times. One patent (1 ) concerns an alcoholic solution o f filtered 
egg album in which purports to m ake the skin sm ooth and youthful. 
A nother patent (2) was assigned for the cosm etic use of album in derived 
from  swine ovaries and placentas. In  a concentration  of 5 %  in various
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* Product of Sears Roebuck & Co. 
t Product of E. I. du Pont de Nemours & Co. 
i  Product of Carter's, Inc., Co,
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vehicles it is said to tighten the skin surface, causing a distinct reduction 
in the skin folds and wrinkles.

A  review o f the above observations leads to  the follow ing hypothesis 
concerning the m echanism  o f the antiwrinkling effect. A ny solution 
which form s a contracting film as it dries will prom ptly  and tem porarily 
efface wrinkles. Senile facial skin is loose and flabby and can be easily 
extended or stretched b y  a m inor force which w ould have lesser effects 
on young skin. This laxness reflects the degeneration o f the underlying 
connective tissue. T he norm al feltw ork o f elastic and collagen fibers 
is m arkedly altered. T he elastic tissue is greatly increased, while 
collagen fibers, the m ain dermal com ponent, are physically degraded 
and reduced. As the solution dries, the contractile tension will tend 
to pull on the surrounding skin which, how ever, yields little. Instead, 
the force generated on the lax skin lifts up the furrows to the norm al 
surface, thereby obliterating them . The action is sim ply one o f  ele
vating the wrinkles to the level o f the surrounding skin. The same 
effect can be obtained tem porarily b y  ballooning the skin b y  injecting 
water, or rather perm anently, b y  in jecting inert silicone fillers. The 
force of the album in solution is not great enough to elevate the deep and 
wide wrinkles of the forehead, although these becom e narrower. The 
stronger films produced by  generous am ounts o f glues and cem ents can 
partially accom plish this. Indeed, the latter m ay undesirably pucker 
the skin into artificial folds. An upper lim it to the degree o f con trac
tion desired is clearly im posed. T he particular m erit of album in is 
that it blends m ore or less im perceptibly with the skin and does not 
form  a visible, detachable plastic sheet. The glues and cem ents are 
disqualified on this account ; their physical presence is detectable, and 
they ultim ately crack and peel.

S u m m a r y

Purified solutions of beef album in prom ptly  and tem porarily efface 
the finer wrinkles o f aged facial skin. The effect is purely physical and 
is sim ply a rem odeling o f surface topography.

(R eceived  M arch 22, 1965)

R e f e r e n c e s

(1) Goncarova, V., U. S. P a ten t 2,043,657 (1936).
(2 ) Keck, J., and Tronnier, H., U. S. P a ten t 3,041,245 (1962).
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Aqueous Topical Adhesives 
I. Film Forming Base

W . E. L A N G E , P h .D .,*  and F. R . G O N E T , M .S .

Presented December 2, 1964, New York City

Synopsis— A considerable amount of interest has recently arisen with regard to the prepara
tion of protective and medicated films for cosmetic and dermatological uses. The m ajority 
of these widely accepted preparations are aerosols containing plain or medicated resin dress
ings; however, they have shortcomings due to the need for an organic solvent. Thus, the 
development of a preparation containing a water-washable resin as the main film-forming 
component was considered desirable.

Polyvinyl alcohol was chosen as the soluble synthetic resin because of its apparent lack of 
toxicity and the relative stability of its films. Water-washable and easily peeled film-forming 
liquid preparations were formulated by blending various emulsions or dispersions with poly
vinyl alcohol. The preparations showed good stability and could contain water-soluble 
medicaments.

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

M en have used m any m aterials and devices in the treatm ent 
and protection  o f injured skin. Treatm ent usually involved  the applica
tion  o f a m edicam ent, while protection  was gained b y  covering the 
afflicted area with cloth or some other suitable m aterial. In earlier 
times readily available m aterials such as various oils, lard, and other 
vegetable or animal fats were used either alone or as the base for various 
skin rem edies. T h ey  were gradually replaced b y  m ore stable m aterials. 
T od a y , m any m edicinal agents in m any different form s are used in the 
treatm ent of skin disorders and as protectants against skin irritants. 
Still, a protective covering is usually required. The rem oval o f both

* Massachusetts College of Pharmacy, Boston, Mass.
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the protective covering and the m edicam ent from  the injured area of 
the skin is often  difficult, and materials suitable as protective coverings 
are not always easily available.

M a n y  plastic materials have appeared on the Am erican m arket 
since the introduction  o f vinyl acetate b y  Staudinger in 1927. M an y 
o f these plastics can deposit a tough, continuous film on the skin. It is 
theoretically possible to  incorporate one or m ore of these plastic m ate
rials into a derm atological preparation, which on drying w ould leave 
such a film on the skin. This preparation w ould elim inate the need for 
a bandage; and if m edicinal agents were included in the form ula, it 
would serve both as a treatm ent and protective covering. A  prepara
tion o f this type containing a w ater-soluble plastic w ould be readily re
m ovable b y  being washed with water or b y  being peeled. Sperandio 
and co-w orkers have prepared an ointm ent base ( 1 ) and a film -form ing 
base (2, 3) of this type with polyv in yl alcohol as the water-soluble plas
tic.

It was the purpose o f this investigation to form ulate a liquid film 
form ing base that could be applied with a roll-ball type o f application 
or w ith a brush. This w ould eliminate the “ unsanitary”  aspect of 
ointm ent application.

The em ulsifying, binding, thickening, and to some extent film 
form ing properties o f polyv inyl alcohol have found use in cosm etic 
preparations. Cleansing creams, sharing creams, and some other cos 
m etic preparations containing polyv in yl alcohol have been prepared. 
Polyvinyl alcohol is not a prim ary skin irritant and does not produce 
skin sensitization (2, 3). There is no evidence that it is taken up d irectly  
by  epithelial tissue. From  the point o f view o f chem ical effects no 
tox icity  has been dem onstrated.

Thus, on the basis o f its water solubility, its film -form ing power, its 
apparent lack o f toxicity , and the relative stability of its films and solu
tions, polyv in y l alcohol was chosen as the w ater-soluble synthetic resin 
to be used as the m ajor film -form ing com ponent in the preparation of a 
water-washable film -form ing derm atological base.

Such a base w ould be useful as a skin protective and after incorpora
tion of the proper chem icals as an antiseptic, antipruritic, or anesthetic 
bandage for small areas o f the skin.

T he base should exhibit the follow ing characteristics:

1. It should be a viscous liquid capable o f even application to the 
skin b y  means of a brush or a roll-ball type o f applicator.
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2. It should dry rapidly, depositing a continuous film on the skin.
3. It should be nonirritating.
4. It should be stable under norm al conditions.

T he film produced by  this preparation after d rying should:

1. Be sufficiently elastic to  w ithstand norm al stresses and abuses.
2. Adhere to the skin for a reasonable tim e w ithout cracking or lift

ing.
3. Be flexible enough to prevent cracking b y  jo in t m ovem ents.
4. Be easily rem ovable by  being washed with water or being peeled.

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

A queous or hydroalcoholic solutions o f polyv in y l alcohol cannot be 
efficiently used as derm atological film -form ing preparations w ithout 
m odifications because the solutions of high viscosity are tack y  and diffi
cult to  spread. Solutions o f low  viscosity are too m obile and have low 
water resistance. Thus, m odifications o f polyv in yl alcohol solutions 
will be considered.

D ispersions o f Various Solids in Polyvinyl Alcohol Solutions

It was felt that dispersions o f solid oil-soluble materials such as cetyl 
alcohol, stearyl alcohol, paraffin, beeswax, and stearic acid (either alone 
or in com bination) in polyv inyl alcohol solutions would overcom e these 
difficulties. T he form ulas for tw o of these dispersions are given in 
T able  I (form ulas 1  and 2 ).

The form ulations were prepared as follow s: A  slurry was form ed 
b y  sifting the p o lyv in y l alcohol slow ly into the vortex created b y  a 
high speed stirrer im m ersed in the preserved water or in a m ixture of 
the preserved water and glycerin. The stirring apparatus consisted of 
an electric stirrer fitted w ith a four-bladed plastic propeller shaft. The 
slurry was heated on a water bath for 30 m inutes or until the polyv in yl 
alcohol had com pletely  dissolved. The solid m aterial or m aterials to 
be dispersed and the surface active agents were heated on a water bath 
to 77°C . T he polyv in yl alcohol solution, cooled  to 72°C , was added 
slow ly in small portions to the m elted m ixture with constant stirring, 
which was continued until the tem perature o f the preparation dropped 
to about 40°C . This m ethod of preparation will hereafter be designated 
as the “ V ortex M eth od .”

The nonionie surface active agents were included in the form ulations 
as auxiliary dispersing agents and as plasticizers for the polyvinyl
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alcohol. T he quantities o f nonionic surface active agents used were 
calculated to yield a product that w ould be hydrophilic. G lycerol was 
included in several o f the form ulations for its em ollient and hum ectant 
properties. Preserved water, containing a 0 .04 %  m ixture (65 :35 ) 
o f m ethyl and propyl paraben, rather than distilled water was used be-

TA B L E  I
Dispersions of Various Solids in Polyvinyl Alcohol Solutions

Ingredients 1 ç
Formulations 
3 4 5 6

Paraffin 5 .0  g. 5 .0  g.
Stearic acid 3 .0  g. 2 .5  g. 8 .0  g.
Cetyl alcohol 10.0 g. 6 .0  g. 4 .0  g. 4 .0  g.
White wax 15.5  g.
Resin latex WC-130®“ 12.0 g. 15.0 g.
Elvanol 51-05®* 10.0 g. 15 .Og. 15.0 g. 10.0 g. 10.0 g.
Elvanol 72-60 Si> 7 .0  g. 3 .0 g . 3 .0  g.
Tween 60®' 1 .9 g . 3 .0  g. 2 .5 g . 2 .5  g. 3 .0  g. 3 .0  g.
Arlacel 80®' 1 1  g- 0 .5 g . 0 .5 g .
Glycerol 5 .0  ml. 5 .0  ml. 5 .0  ml.
Propylene glycol 5 .0  ml. 5 .0  ml.
Ethanol 10.0 ml. 10.0 ml. 10.0 ml. 10.0 ml.
Preserved water'* 63 .5  ml. 67 .5  ml. 61 .0  ml. 59 .0  ml. 53 .0  ml. 5 0 .0  ml.

“ Product of Union Carbide Chemicals Company, New York, X . Y.
* Product of the E. I. du Pont de Nemours and Companji, Wilmington, Del.
'  Product of Atlas Chemical Industries, Inc., Wilmington, Del.
''Preserved water contains 0 .04%  of a mixture (65 :35 ) of methyl paraben and propyl 

paraben.

cause o f the susceptibility o f polyv in yl alcohol solutions to m old grow th. 
T h e consistency, film -form ing ability, and ease o f peeling evaluations 
are given in Table  III .

M ost o f the form ulations were unctuous in consistency and spread 
easily on the skin. T h ey  all deposited films on the skin after drying, 
but m ore than 20 m inutes was required. T h e  films produced were 
m oderately adhesive but were o f low  tensile strength and rem ained som e
what sticky.

A  second series (form ulas 3 and 4, T able  I) was prepared in an at
tem pt to  im prove the nature of the films and to reduce the drying time. 
C etyl a lcohol or stearic acid were the on ly  solids used while ethanol was 
added in an attem pt to  shorten the drying time.

T he form ulations were prepared by the V ortex M ethod , with a slight 
m odification for the incorporation o f the ethanol. The ethanol was
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diluted with an equal volum e o f the preserved water and added slow ly 
with constant stirring to  the otherwise com pleted  preparation (cooled  
to 4 0 °C ). The consistency, film -form ing ability, and ease of peeling 
evaluations are given  in Table III .

A lthough all o f the form ulations in this series deposited a film on the 
skin, the drying tim e was not greatly reduced. A ll o f the films had low 
tensile strength, m oderate water resistance, and m oderate flexibility. 
The films were d ifficultly peelable.

Dispersions o f Resin Latex W C -130" * in Polyvinyl Alcohol Solutions

It was felt that stronger, m ore flexible, less water sensitive films would 
result if another water-soluble or water dispersible film -form ing plastic

TA B LE  II
Castor Oil Emulsions Containing Polyvinyl Alcohol

•—  --------  —  Formulations - ----------------  — .
Ingredients 7 8 9

5 0  <

Castor oil 6 .0  g. 6 .0  g. 6 .0  g.
Arlacel 80 3 ■ 5 g. 3 5 g. 3 .5  g.
Tween 60 1.5  g. l o g . 1 .5  g.
Elvauol 51-05 12.0 g. 15.0 g. 15.0g.
Elvanol 72-60 l.O g . 0 .5  g. 0 .5  g.
Rhoplex B -15-" 12.0 ml, 12.0 ml.
Resin latex WC-130 15.0 ml
Sorbitol solution USP 5.0  ml. 5 .0  ml. 5 .0  ml
Ethanol 5 .0  ml. 4 ,0  ml. 4 ,0  ml
Preserved water'' 54 .0  ml. 53 .5  ml. 50 .5  ml

" A product of the Rohm and Haas Company, Philadelphia, Pa.
4 Preserved water contains 0.04r , of a mixture (65:35) of methyl paraben and propyl 

paraben.

were included in the form ulations. Form ulas are given in T able  I 
(form ulas 5 and 6 ). Resin Latex W C -130  is a stable dispersion o f an 
unm odified vinyl acetate polym er capable o f producing continuous 
flexible films on various surfaces. It is stable over a wide range o f pH , 
is stable to the addition of a wide variety o f inorganic salts, and m ay be 
used in preparations containing nonionic surface-active agents.

T he form ulations were prepared b y  the V ortex M ethod  with the 
Resin Latex being added to the hot m ixture just prior to cooling. The 
films produced b y  these form ulations were som ewhat stronger and more 
flexible than those produced b y  previous form ulations, bu t their water 
resistance, adhesiveness, and tim e o f form ation  im proved on ly  slightly.

* A product of Union Carbide Chemicals Company, New York, N. V.
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TA B LE  III
Evaluation of Formulations

— Formulation
i 2 3 4 5 6 7 8 9

Consistency VL SS VL VL L SS VL VL VL
Film formation 1 1 2 2 1 1 3 4 4
Ease of peeling 1 1 i i 1 1 2 3 3

Key:
Consistency

VL =  Viscous liquid.
SS =  Semi-solid.
L = Liquid.

Film formation
1. Film formed, required more than twenty minutes.
2. Film formed, required from ten to twenty minutes.
3. Film formed, required from five to ten minutes.
4. Film formed, required less than five minutes.

Ease of peeling
1. Peeled with difficulty.
2. Good.
3. Excellent.

Their consistency, film -form ing ability, and ease of peeling evaluations 
are given in Table  III .

Dispersions o f Rhoplex Em ulsions in Polyvinyl Alcohol Solutions

R hoplex A C -3 3 "*  and B -1 5 "*  are aqueous emulsions o f acrylic 
polym ers. T h ey  readily deposit films from  solution at normal tem pera
tures w ithout the addition o f plasticizers and show excellent adhesion on 
a variety o f surfaces. Thus, they were substituted for the Resin Latex 
polym er in the same proportions.

All o f the form ulations containing the R hoplex emulsions deposited 
a film on the skin. The properties o f the films were very similar to 
those o f the vinyl acetate films except that they lost their adhesiveness 
and cracked whenever they were subjected to stretching (m ovable 
parts o f the body , i.e, jo in ts).

Castor Oil Em ulsions Containing Polyvinyl Alcohols

A  final series of castor oil emulsions containing both  water-soluble 
(E lvanols) and water-insoluble (R hoplex B - lo )  plastic materials was 
prepared. Representative form ulations are shown in Table  II. T hey 
were prepared in the follow ing m an ner:

Products of the Rohm and Haas Company, Philadelphia, Pa.



The castor oil and one or m ore emulsifiers were heated on a water 
bath to 75°C . A  solution o f the E lvanol or Elvanols was prepared in a 
m ixture o f preserved water and sorbitol solution U .S.P. or propylene 
g lycol as described under the V ortex M ethod . The E lvanol solution 
was then added slow ly to the castor oil phase with constant stirring. 
W hen the resulting em ulsion had cooled  to about 45°C , the R hoplex 
B-15 and finally the alcohol (if included in the form ulation) were added 
slowly in small portions. Stirring was continued for a m inim um  of 5 
minutes thereafter.

It was hoped that by replacing the cetyl alcohol with a fixed oil a 
film -form ing preparation possessing all the desired attributes could be 
prepared. Castor oil was chosen because it was know n to increase the 
flexibility and adhesiveness o f other films.

A ll the emulsifiers yielded oil in water emulsions as desired. The 
m ost efficient emulsifier was found to be the Arlacel 80-Tw een 60 m ix
ture in the proportion  of 3 .5 :1 .5  b y  weight. Propylene glycol was re
placed b y  the sorbitol solution in order to m ake the product spread 
m ore easily. All o f the form ulations in this series yielded products that 
were white viscous em ulsions; the films were all soft, flexible, sm ooth, 
and rubbery.

Form ulation num ber 8  in T able  II possessed all the desired character
istics listed in the introduction. Form ulation num ber (I in Table II, 
in which Resin Latex W C -130  replaces the R hoplex B-15, gave a product 
identical with num ber 8  with respect to its consistency and film char
acteristics. Thus, form ulations num ber 8  and 9 yielded the best film 
form ing liquid preparations from  am ong the m ore than fifty  form ula
tions prepared.

Stability and Compatibility

B ulk quantities o f form ulations num ber 8  and 9 were prepared and 
stored at room  tem perature. A fter 18 m onths, there was no evidence 
o f separation, m old grow th, or other deterioration, and no significant 
change in the pH  or v iscosity o f either product.

Form ulation num ber 9 was found to be com patible w ith 0 .5 %  n eo
m ycin  sulfate, 0 .1 %  benzalkonium  chloride, 0 .1 %  phenylm ercuric 
nitrate, and 1 .0%  dibucaine hydrochloride. Form ulation num ber 8  

however, was com patible on ly w ith the phenylm ercuric nitrate.

S u m m a r y

T w o plastic-containing liquid preparations which form  a flexible, 
continuous film on the skin have been form ulated. B oth  preparations

A Q U E O U S  T O P I C A L  A D H E S I V E S  5 0 9
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are stable at room  tem perature. It was also found that water-washable 
and easily peeled film -form ing preparations can be prepared b y  b lend
ing emulsions or dispersions o f water-insoluble plastic m aterials with 
emulsions or dispersions of w ater-soluble plastic materials. Form ula
tions containing E lvanol 51-05 , E lvanol 72-60, and either Resin Latex 
W C -130  or R hoplex B -15 were found to produce the best film -form ing 
liquid preparations.

M odification  of these basic form ulations to m ake them  useful in 
aerosols will be discussed in Part II  of this series.

(R eceived  M arch 5, 1965)
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Synopsis— The basic principles of activation analysis are presented. The neutron reactions 
used, the availability of neutron sources, and the mathematics describing the production of 
radioactivity during an activation and the subsequent decay of the radioactivity are discussed. 
The instrumental and radiochemical techniques used to complete an analysis are also de
scribed. In addition, a number of examples are dted to illustrate how cosmetic chemists 
might use this unique method in applications to such analytical problems as the determination 
of the elemental constituents in raw materials, product specifications, or the toxicity of 
cosmetics and related materials.

T h e  P r i n c i p l e s  o f  A c t i v a t i o n  A n a l y s i s

The m any rapid technological advances experienced during the 
last decade in the pharm aceutical and allied industries have brought 
with them  a need for very accurate analytical m ethods. The purity of 
a product, control o f its production , and evaluations o f the process used 
to m anufacture the product require sensitive and specific analytical 
techniques. As a result, an analyst m ust becom e highly specialized in 
those techniques and instrum ents capable o f detecting traces o f im 
purities or additives. He also m ust use those m ethods of sample prep
aration capable o f m inim izing contam ination, and he m ust provide

Union Carbide Corp., Nuclear Research Center, Tuxedo, X. V.



J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

that kind of technology which m ay shorten the tim e required for analyses 
and interpretation of the results.

T he recent developm ents in activation  analysis techniques now  offer 
the prospect of rapid, reliable analyses for m any elements in concentra
tions as small as parts per m illion or parts per billion. In general, there 
is no need to  prepare the sample in any w ay ; thus the risk o f contam ina
tion and subsequently a change in im purity levels during the assay is 
eliminated. In m any instances, the samples need only weigh a few' 
milligrams. Sam pling can be autom atic, and the assays can be co m 
pleted b y  the use of batch-w ise or continuous operations.

A ctivation  analysis is a m ethod o f elemental analysis using tech 
niques o f nuclear transm utation. W hen an isotope of a stable element 
is irradiated b y  the nuclear particles produced in a nuclear reactor, a 
particle accelerator, or som e other source, som e o f the atom s of the iso 
tope interact w ith the bom barding particles and are converted  into a 
radioactive isotope o f the same element. D epending on the nature of 
the bom barding particles, the atom s can be converted into different 
radioisotopes of the same elem ent or into isotopes o f different elements. 
Each radioelem ent m ay be uniquely identified b y  its emission spectrum . 
F or example, a gam m a-ray scintillation spectrom eter m easurement o f a 
radioactive sample can be p lotted  as count rate versus energy o f radia
tion. The photopeaks in the spectrum  indicate the presence o f partic
ular radioelem ents, and the am ount of rad ioactiv ity  they contain m ay 
be used to measure the am ount o f the radioelem ent present.

Nuclear Reactions

As has already been stated, activation  analysis m ethodology is based 
on the interaction  betw een fundam ental nuclear particles and the stable 
nuclei o f the elements. B ohr (1) describes a nuclear interaction as the 
union o f a nuclear particle with the stable nucleus to form  a new “ co m 
p ou n d” nucleus. In this nuclear transform ation, the new nucleus is 
unstable because the kinetic energy of the nuclear particle and the addi
tional binding energy are rapidly distributed am ong all of the particles 
of the new nucleus, and it will break up and change into a m ore stable 
state.

N uclear reactions are analogous to ordinary chem ical reactions (2). 
T h ey  exhibit a mass change (heat o f reaction) and an energy o f a ctiva 
tion, and they occu r at various reaction rates depending upon the experi
m ental conditions. Bringing the reactants together initiates a nuclear
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reaction. In a typical nuclear reaction, such as the reaction

Cl37 +  unl -*  C1M +  T, (1)

C l3', a stable isotope of chlorine, is the target nucleus; n, a source of 
neutrons, or the reacting nuclear particles; C13S is the artificially p ro
duced radioisotope; and 7 , an em itted particle o f residual energy. C l37 

is 2 4 .6%  abundant; C l:is decays with a half-life o f 37.3 min. and in its 
decay emits both  beta and gam m a radiations.

T he analogy betw een nuclear and chem ical reactions can be elabo
rated upon by  a consideration of the follow ing equations:

2Mn( NOs 1« +  SNaBiO, +  lfiHX’ Os —  2H M n 0 4 +  5NaNO» +  5 B i(N 0 3):, +  7H ,0. (2)

Mn55 4- n Mil56 + 7  (3)

P~,y
M n56 ----------- > Fe56 (stable) (4 )

2 .5 8 h

In the chem ical reaction (eq. 2), the am ount o f M n + 2 can be deter
mined by  titrating the perm anganate ions (M n O y ) form ed with 
ferrous sulfate, whereas in the nuclear reaction (eq. 3) the am ount of 
M ir ’ 1 can be determ ined b y  m easuring either the p or y  radiations 
em itted b y  M n 56 as it decays to  stable F e3li (eq. 4). In  each instance, 
an end product m ust be obtained before the analysis can be com pleted. 
Chem ical agents, such as the bism uthate and the nitric acid, achieved 
this in the chem ical reaction. The neutrons from  a bom barding source 
becom e the agents to  produce radioactive M n 56.

The probability  that a nuclear reaction will occu r as the reactants 
are brought together can be represented b y  the “ cross section”  concept 
o f kinetic theory. In describing the m ethod of producing radioelements, 
B roda (3) explains that the probability  o f an induced nuclear reaction 
is expressed in terms o f a “ reaction cross section ,”  a, i.e., the nuclei 
being bom barded  b y  a source o f nuclear particles are ascribed effective 
target areas w hich m ust be hit for the reaction to  occur. In  a nuclear 
reaction, cross sections are often o f the order of I d - 2 4  cm . 2 nucleus. 
This unit o f the target area has becom e know n as a “ barn .”  The cross 
sections o f the individual reactions are often determ ined b y  assaying 
the rad ioactiv ity  induced into the sample b y  a nuclear particle beam , 
or source, of know n intensity. This “ activation  m eth od”  distinguishes 
not on ly between different reactions o f the same nucleus but also b e 
tween the contribution  o f different kinds o f nuclei, including individual 
stable isotopes o f the same element, to  the nuclear process.
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TABLE I
Examples of Nuclear Reactions

T ype
Reaction Particle Source

Typical
Reaction Equation

Half-Life of 
Radionuclide

Approx
imate

Number
of

Reac
tions 

of This 
Type 

Known

n, y Reactors, cyclotrons, 
Van dc Graaff, accel
erators, low-intensity 
neutron sources

X a ”  +  n —  N a24 +  y 15 hr. 132

n, p Reactors, cyclotrons, 
Van de Graaff, accel
erators, low-intensity 
neutron sources

M g21 +  n —► N a2'1 +  p 15 hr. 78

n , a Reactors, cyclotrons, 
Van de Graaff, accel
erators, low-intensity 
neutron sources

A l27 J- u —*■ X a24 +  a 15 hr. 54

n, 2 n Reactors, cyclotrons, 
Van de Graaff, accel
erators, low-intensity 
neutron sources

N a23 +  n —► X a 22 -j- 2n 2 .58  yr. 90

« . / Reactors, cyclotrons, 
Van de Graaff, accel
erators, low intensity 
neutron sources

U 235 +  n —► Fission 
products

Varied 108

p, n Cyclotrons, accelerators Se80 + /» -* ■  Br“  +  n 17.6 min. 95
P, 7 Cyclotrons, accelerators C 42 +  P —  N 13 +  y 10.05 min. 30
d, p Cyclotrons, accelerators P31 +  d —  P32 +  p 14,3 days 122
d, n Cyclotrons, accelerators C 12 +  d  —  N 13 +  n 10.05 min. 87
d, a Cyclotrons, accelerators M g2J +  d - *  N a22 +  « 2 .58  yr. 50
d, 2n Cyclotrons, accelerators Cr52 +  d —>Mn5! - f  n 5.69 days 30
oc, n Cyclotrons, accelerators, S32 +  a  - *  C l34 +  n 1.53 sec. 63

radioactive sources M g25 +  a —  A l28 +  p 2 .3  min. 30
7. « Betatrons, radioactive 

sources
O 16 +  y O 15 +  n 2 .07  min. 40
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Since the discovery of artificial radioactivity in 1934 by Curie and 
Joliot (4), several hundred artificial radioactive isotopes have been pre
pared by at least five types of nuclear particle bombardments, i.e., neu
trons, protons, deuterons, a particles, and y  rays. Table I gives ex
amples of typical nuclear reactions used in activation analysis, the 
particle sources, and the approximate number of reactions that have 
been observed for each type of nuclear bombardment. Neutron re
actions of the (n,n') type have also been observed. Other proton 
reactions that are known include (p,a) and (p,p) types, whereas a re
actions of the types (a,a),  ( a,2n), (a,on)  and (a,d) can also produce 
radioactive elements.

The half-lives of artificially produced radioactive elements can range 
from the order of a few microseconds to many years. This character
istic, as well as the type of radiations they emit as they decay, govern 
the practical use of particular radioisotopes in activation analysis.

The Activation A nalysis Equations

In activation analysis, the sample material to be analyzed is placed 
in a source of nuclear particles for a period of time long enough to in
duce a measurable amount of radioactivity into a stable isotope of the 
element being determined. The rate of growth (or production) of 
radioactive atoms, A7*, with time may be calculated by

,/V*~ - = f a « eN - \ N *  (5)
at

Equation 5, on integration over the period of irradiation, becomes

N* = -taacN(1 ~  c X'). (fi)
X

where :

/

& ac

N
(1 -  6'“ W)

X

- V *

= the number of particles (flux) bombarding the nuclei in the 
sample, as particles/cm.2 • sec. ;

= the “ activation" cross-section for the nuclear reaction, barns, 
or 10~24 cm.2 per target atom;

= the number of target atoms ;
= the ratio of the amount of radioactivity produced in time, /, 

to that produced in infinite time. May be expressed as a 
“ saturation factor,” S;

= the radioactivity decay constant for the radionuclide formed, 
based upon the relationship X = 0.69.3/T/.,, where U/,_ is the 
half-life;

= number of radioactive atoms produced.
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The amount of radioactivity, .4, in disintegrations per second ex
hibited by  the radioactive atoms, A7*, produced in an irradiation time, 
t, is given by  the equation

A =  A N* =  foac N (l  -  e-°-6"3,/'y s) (7 )

where t and tt/, are expressed in seconds.

In activation analysis the element being determined is either mono- 
isotopic or m ulti-isotopic; so equation 7 can be expressed as

6.02 X 1023 f<racdW (l -  e - ° m3l/l’A)
M

.1 = 8 )

where W  is the weight of an element in grams of atomic weight M , and 
6 is the abundance of the isotope of the element being irradiated.

At the end of the irradiation, the induced radioactivity will immedi
ately decay with its own characteristic half-life, so that at some time d 
after the end of the irradiation the radioactivity is equal to

_  6.02 X W -3fcac6W (l -  g-O-693'/'■ /..) ( ¿ ,- 0 .6 9 3 * / / , /

' M ~ (9)

where e ~0m3,1 ,l ■ is the decay lactor, D, for the radionuclide.
Equation 9 can be rearranged to give an equation for the deter

mination of the concentration of the element being analyzed by activa
tion analysis:

____ .147____
(6.02 X 1 <>**(/) («r„) (6) (5) (D)

( 1 0 )

From these equations, it can be seen that the amount of radio
activity produced (and, therefore, the sensitivity) is influenced by those 
factors which are fixed for any one element, and those which may be 
varied by the analyst. The activation cross section is an important 
nonvariable factor; for any type of nuclear particle reaction, it is fixed 
for the particular isotope of the element undergoing the reaction. For 
instance, the activation cross sections for the n ,y  reactions can range 
from the order of millibarns to several hundred barns. Flence the sen
sitivity with which an element can be detected is dependent upon cross 
section, in that those elements having larger activation cross sections 
will have greater sensitivity.

Of similar importance, the supply (or flux) of the bombarding nu
clear particles reflects upon the sensitivity obtainable by activation



analysis. For instance, irradiations made at a flux of 1013 particles 
cm .2 sec. will make an activation analysis at least 1 0 0  times more sensi
tive than an irradiation in a flux of 1011 particles/cm u sec. Neutron 
fluxes ranging from 1 0 :> to 1 0 I4w /cm .2 -sec. have been used in neutron 
activation analysis applications.

The saturation factor S, or the ratio of the amount of radioactivity 
produced during an irradiation, may vary from 0 to 1. The maximum 
sensitivity occurs when 5 = 1 .  However, it is not necessary in many 
cases, nor is it practical in most, to irradiate to saturation. For ex
ample, if a radioisotope has a half-life of 30 days, then in a 30-day ir
radiation period 50%  of the maximum amount of radioactivity that 
could be produced would be obtained; in another 30 days, it would 
build up to 75%  of maximum. To reach maximum radioactivity pro
duction, it would be necessary to irradiate for 300 days. Thus, an 
additional 270 days are required to produce only twice as much radio
activity as can be obtained in 30-day irradiation. Saturation for ele
ments having short half-lives, i.e., minutes, hours, or even a few days, 
can be reached in a reasonable time. Even though the time necessary 
to reach saturation is dependent upon the half-life of the radioisotope, 
the optimum irradiation time is best chosen by  the analyst in order to 
fit the operational schedule of the nuclear particle source being used
e.g., a reactor or cyclotron.

The half-life of the induced radionuclide does not control the in
herent sensitivity of the method. However, it can become a limitation, 
if the half-life of the radioelement is short or if it requires a long time 
to measure its radioactivity. In almost all activation analyses, it is 
desirable that the time between the end of the irradiation and the actual 
measurement of the radioactivity be short. If the sample weight is in
creased, then so is the sensitivity, as one would predict from equation 1 0 .

The nature of the radiations emitted by the radionuclide formed 
can also affect the sensitivity of the method. The radioactivity A  of a 
radionuclide produced in a given period of irradiation is constant for a 
given weight of element, and the amount of radioactivity emitted by the 
radionuclide as it decays is expressed in disintegrations second. H ow 
ever, no routine counting method is 1 0 0 %  efficient; that is, it does not 
detect every one of the disintegrations being emitted. If the emitted 
radiations are soft X-rays or very weak 8 particles, the actual efficiency 
for measuring these particles may be 1%  or less. Thus, the more effi
ciently the radioactivity of a radionuclide is measured the greater is the
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sensitivity. Price (4) discusses the over-all efficiency of detection de
vices for the various kinds of rays and particles emitted by radionu
clides.

An activation analysis can be completed in one of two w ays: either 
by  an absolute method, or by a comparator method. In the absolute 
method, it is necessary that the nuclear particle flux be measured during 
the bombardment, that the cross section for the reaction and the radio
element’s half-life be known accurately, and that the radioactivity be 
measured absolutely. The uncertainty in measuring the intensity of 
the nuclear particles sometimes can be large. The literature cross sec
tion and half-life tabulations shown some discrepancies, and the error 
in absolute measurements can be very large, because it is extremely diffi
cult to measure small amounts of radioactivity absolutely.

The comparator method is most frequently used. In this method, a 
known amount of the element to be determined is irradiated simultane
ously with the unknown sample and processed after the irradiation in the 
same manner as the unknown sample. Since all of the terms in equation 
10, except those for W  and A , are the same for both the comparator and 
unknown samples, a simplified equation results:

IP in unknown _  A in unknown ^ ^
W  in comparator .4 in comparator

Corrections for chemical yield (if a radiochemical separation is 
made), radioactive decay, and sample weights must be considered in 
equation 11.

A c t i v a t i o n  A n a l y s i s  M e t h o d s

All types of nuclear particles, i.e., neutrons, protons, deuterons, alpha, 
and gammas, can interact with the nuclei of elements. Sources of all of 
these particles have been used in activation analysis. However, it is sig
nificant to note that the use of protons, deuterons, alphas, and gammas in 
activation analysis has been limited. Several reasons can be cited for 
explaining this lack of usage. For example, the heat dissipated within 
the chamber of an accelerator, as well as the small area of the charged 
particle beam available for activation, have minimized the use of such de
vices in activation analysis. Another difficulty with the use of charged 
particle accelerators is that many different nuclear reactions can occur 
simultaneously during an irradiation so that competitive reactions greatly
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influence the ease with which an element can be determined. The most 
important factor in favor of neutron activation analysis is that, after 
1950, nuclear reactor facilities became more readily available to most 
researchers and that the rigid requirements of sample type and sample 
sizes that could be irradiated were relaxed. In addition, newer re
actors have provided much more intense neutron sources. Likewise, 
the development of techniques for inserting neutron-producing targets 
into Van de Graaff accelerators have contributed to the increased use of 
neutron activation analysis (5).

G e n e r a l  P r o c e d u r e  o f  A n a l y s i s

M ost activation analyses follow a procedure similar to that outlined 
in Fig. 1:

5 A )

Figure 1. A typical procedure for radioactivation analysis

Preparation o f Samples

Sample preparation is quite simple. Unless it contains an appreci
able amount of material having a high neutron capture cross section, no
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preliminary separations have to be made. Thus, the opportunities for 
accidental contamination of the sample with any of the elements sought 
are almost negligible. In practice, the test samples are placed directly 
in small quartz or plastic tubes, which are then sealed and placed in 
aluminum or plastic irradiation containers. Because of the extreme 
sensitivity of the method, the sample size can be quite small. Individual 
comparator samples are prepared for each of the elements sought and 
irradiated under identical conditions with the sample.

Irradiation o f Samples

The period of irradiation used during an activation analysis is usually 
determined by the half-life of the radionuclide being used in the anal
ysis. In most laboratories, the duration of the irradiation interval is 
controlled by the analyst.

Post-Irradiation Processing o f Irradiated Samples

After the irradiation, the samples may be processed by one of the 
following general methods :

(a) Radiochemical Separation: This classical method involves the 
use of chemical separations and is usually the method of choice for 
samples of unknown composition or where the radiation spectrum from 
the activated components is known to be complex. In this method, the 
sample is dissolved, and known quantities of inert elemental carriers are 
added as “ carriers” for each of the radionuclides sought. Then a series 
of chemical separations are performed to isolate in a radioactively pure 
form these various species. These separations need not be quanti
tative since corrections for chemical yield can be made for the amount 
of the added inactive carrier finally recovered. After the elemental 
separation, the radioactivity of the test sample is measured with a /3 or 
7  counter (4) and compared with the radioactivity induced in the com 
parator sample which has been processed in the same manner as the test 
sample.

Radiochemical separation methods are based upon techniques in
volving precipitation, ion exchange, solvent extraction, electrolysis, etc. 
Typical precipitation-type methods of radiochemical analysis used in 
determining the constituents of aluminum-base alloys have been re
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ported by Brooksbank et al. (6 ). Another report (7) outlines an ana
lytical scheme based upon precipitation that is used routinely in activa
tion analysis. Ion exchange techniques, such as those used by Kraus et 
al. (8 ) and Hicks et al. (9), have also been used in activation analysis ap
plications.

(b) Nondestructive A nalyses: The second general method of treating 
an irradiated sample is an instrumental technique which eliminates the 
necessity for wet chemical separations. However, it lacks some of the 
sensitivity that can be obtained with radiochemical separations, but it 
has a considerable advantage in the routine analysis of multicomponent 
systems. The method is based upon the use of 7 -ray scintillation 
spectrometry for separating and identifying quantitatively the various 
gamma radiations in an irradiated sample (4, 10). Typical data ob 
tained by this method are given in several of the references cited in this 
rep ort(6 , 11-14).

A  7 -ray scintillation spectrometer comprises a detection element, 
usually a sodium iodide crystal, which has a high efficiency for converting 
7  radiations into visible light pulses of amplitude proportional to the 
energy of the incident radiation, and an electronic system for amplifying 
these pulses and sorting them into discrete energy channels. A  plot of 
the data will give an energy spectrum of the radiation from a partic
ular sample. In such spectra, each 7 -ray energy will be displayed as a 
well-defined photopeak at that energy. The position of the peak in the 
spectrum constitutes an identification of the radioactive component, 
and the area under the peak is a measure of the amount of stable ele
ment present in the sample. Figure 2 is a typical 7 -ray spectrum. In 
this particular one, a method has been used to unscramble the components 
of the original spectrum by a “ complement-subtraction” method. The 
details of this method have been described elsewhere (15). A  computer- 
integrated system for 7  spectrometry is already being used to analyze 
large numbers of activation analysis samples routinely (16). Connally 
and Leboeuf (17) have estimated that 7 -ray intensities as mea
sured by  7 -ray scintillation spectrometry can be better than ± 2 % .

A p p l i c a t i o n s  o f  A c t i v a t i o n  A n a l y s i s

Activation analysis has been applied to the determination of at least 
70 elements. Solid, liquid, and gaseous samples can be analyzed in an 
almost routine manner. Macroanalysis applications are also reported,
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T A B L E  I I
Neutron Activation Analysis

Typical Detection Typical Detection
Element Lim its," Micrograms Element Lim its," Micrograms

Sodium 0.02 Indium 0.00002
Magnesium 0.06 Tin 0.07
Aluminum 0.0009 Antimony 0.007
Silicon 0 .5 T  ellurium 0.02
Phosphorus 4 Iodine 0.0004
Sulfur 20 Cesium 0.03
Chlorine 0.004 Barium 0.02
Potassium 0 .2 Lanthanum 0.002
Calcium 0 .2 Cerium 0.9
Scandium 0.0003 Praseodymium 0.005
Titanium 0.05 Neodymium 0.03
Vanadium 0.00008 Samarium 0.004
Chromium 1 Europium 0.00004
Manganese 0.0002 Gadolinium 0.006
Iron 400 T  erbium 0.01
Cobalt 0.00003 Dysprosium 0.000005
Nickel 0 .2 Holmium 0.002
Copper 0.005 Erbium 0.003
Zinc 0.006 Thulium 0.08
Gallium 0.01 Ytterbium 0.01
Germanium 0.03 Lutetium 0.0004
Arsenic 0.008 Hafnium 0.03
Selenium 0.0003 Tantalum 0.06
Bromine 0.0002 T  ungsten 0.009
Rubidium 0.02 Rhenium 0.002
Strontium 0.08 Osmium 0.2
Yttrium 0.09 Iridium 0.000006
Zirconium 2 Platinum 0.009
Niobium 0.0006 Gold 0.002
Molybdenum 0.04 M ercury 0,05
Ruthenium 0.08 Thallium 0.02
Rhodium 0.000005 Lead 60
Palladium 0.01 Bismuth 30
Silver 0.00003 Thorium 0.0004
Cadmium 0.2 Uranium 0.002

" Based on calculations involving the production and measurement of 40 disintegrations
per second of radioactivity when a 1 g. test sample is irradiated in U C C X D ’s 5-Megawatt
Research Reactor for 30 min. at a neutron flux of 3 X  1013 neutrons/cin.2-sec.
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and the use of neutron activation analysis as a complementary method 
to other analysis techniques, such as particle-size distribution analysis, 
is also known.

The elements that can be determined and their limits of measurement 
for a given set of analytical conditions are arranged in order of increasing- 
atomic number in Table II. Neutron activation analysis has already 
been used to determine most of these elements in both inorganic and or
ganic materials, such as biological tissues and fluids, chemicals, metals 
and alloys, ores and minerals, plastics and resinous materials, petro
chemicals, soils, vegetation, and waters.

The specific examples of activation analysis that follow were selected 
to illustrate its potential usefulness to the cosmetic chemist. It should

ENERGY, mev
Figure 2

prove to be a convenient method to solve many problems in cosmetic re
search and product development as well as a practical technique for 
production and process control problems.

For example, Kaiser and Meinke (18) have used activation analysis as 
a rapid method to determine microgram amounts of cobalt from vitamin 
B 12. Rat kidney tissue and vitamin preparations have been analyzed by  a
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15-min radiochemical separation procedure coupled with 7 -ray scintilla
tion spectrometry. The 10.5 min. C o60m radionuclide was used in these 
analyses. Savachuck (IS) used activation analysis to determine m icro
gram amounts of strontium in rat bones in order to show that a small 
amount of strontium in the diet of growing animals increases the fracture 
resistance of the bone during growth.

Dewar and Lenihan (19) studied a case of chronic arsenical poisoning, 
resulting from a daily intake of a dose of an arsenic and potassium bro
mide mixture by  the subject, by  analyzing hair, nails, and skin. The 
data obtained in this work are as follows:

Head hair (initial tests) 65 p.p.m
Fingernail (initial tests) 1 1 p.p.m
Skin (initial tests) 7 p.p.m
Beard hair (initial test) 8 p.p.m
Beard hair (S days later) 2 p.p.m
Hair (IS months later) 0.9 p.p.m
Nail (18 months later) 0.5 p.p.m
Skin (18 months later) 0.3 p.p.m

Fergusson et al. (20) applied the method in an investigation of 106 
patients who were suffering from various diseases of the skin already 
noted as being morphologically similar to those produced by actual ar
senic poisoning. They report in studies on several cases of exfoliative 
psoriasis and dermatitis that the arsenic content of hair, nail, and skin 
was normal, i.e. 0.3-0.4, 0.2-0.3, and 0.1-0.2 p.p.m., respectively. They 
concluded that, although arsenic had not been found in abnormal 
amounts, activation analysis had an assured place among the diagnostic 
techniques available for demonstrating the etiological factors which may 
be considered in the production of pigmentation, exfoliative states, and 
malignancies.

Perkons and Jervis (21) reported on the value of activation analysis 
in toxicology studies concerned with higher-than-normal concentrations 
of arsenic, selenium, and mercury in hair, skin, and nails. For example, 
they report that the mean value of arsenic in human hair is 0 . 7  p.p.m. for 
men and 0.36 p.p.m. for women. In a study on hair taken from different 
individuals, they showed that the selenium content could range from
0.3 to 4.0 p.p.m., while the mercury content ranged from 1 to 12 p.p.m. 
They reported that variations exist in the “ normal” contents of other
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elements in human hair. Typical data obtained in the analysis of hairs 
from six different individuals were as follow s:

5 8 5

Elemental Concentrations (p.p.m.)

Sample Ge Cu Na
1 15 169 503
•) 29 398 600
3 120 22 22
4 49 182 08
5 36 32 422
(5 109 304 145

Br Au Zn Mil
1. 1 2 .9 322
0 .3 5.6 523
6.9 0.2 1270 22
6.4 3 .4 212
0 .6 0 .6 834 0 .4
0 .2 4 .9 244 2

Poey and Leddicotte (22) have used neutron activation analysis in a 
preliminary, comparative assessment of the discoloration that sometimes 
occurs in sterilizing drug solutions by heating or as a result of storing the 
solutions for long periods of time. M ost of these discolorations are due to 
oxidation effects promoted or accelerated by the presence of some heavy 
metals acting as catalysts. Mn, Cu, and X a in concentrations as small 
as 0.0005, 0.002, and 0.004 p.p.m., respectively, were determined in 
distilled water and in polyethylene bottles used as storage containers. 
In the same investigation, stored samples of adrenalin and Vitamin C 
were analyzed for Mn, Cu, and Na. The presence of As, Sc, and Au in 
these materials was also noted, and their concentrations were determined. 
The results were as follows:

Elements Concentration (p.p.m.)

Drug Mn Cu Na As Sc Au
Adrenaline 1.9 0 .5 3 .8 1.4 0 .7 0.03
Vitam in C 0.07 0.06 1. 1 < 0 .05 < 0 .1 < 0.01

The results of this investigation suggest that more specific tests for 
such elements need to be incorporated into the “ U. S. Pharmacopoeia” 
requirements on sensitive drugs.

Tuckerman eta-1. (23) used neutron activation analysis in a prelimi
nary survey of the kinds and amounts of trace elements present in drugs 
prepared according to good manufacturing practice. .Samples of various 
lots of each drug as obtained from the manufacturers, irradiated, and 
assayed nondestructively by y  scintillation spectrometry. At least 
35 different materials used in drug manufacturing were analyzed. Ele
ments usually found were sodium, bromine, and manganese; occasion
ally copper, arsenic, and antimony; and in a few samples, mercury
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scandium, thorium and gallium. The data presented below give the 
range of concentration observed:

Elem ent Concentration Range (p.p.m.)

X a 0.6-1280
Br 0.02-800
Mn 0.004-19
Cu 0.1-12
As 0 .0 1 -1 .0
Sb 0 .0 3 -0 .9
Hg 0 .0 1 -0 .6
Ga 0 .6 8 -1 .2
Sc 0 .002-0 .5
Th 0 .01-0 .08
Al 8-10

This preliminary survey shows that there is a need to extend such work 
so that legal standards for drugs, as recommended by the “ U. S. Pharma
copoeia” and the “ National Formulary,”  can be established to insure 
good manufacturing practices and to exclude toxic quantities of metals.

C o n c l u s i o n

Activation analysis, whether completed by  instrumental or radio
chemical separations, should have an important place in the analytical 
requirements of cosmetic science. The examples of activation analysis 
cited above show that it can be used in applications in diverse problem 
areas. Accurate and precise analyses can be carried out to complete 
such metabolic studies as those concerned with the rate and degree of 
penetration of ingredients from cosmetic formulations through the skin 
and the identification and measurement of minute amounts of residues 
and metabolites. Also, tests on the ingredients present in most materi
als and the purity of a finished product can be readily made with activa
tion analysis techniques. Experience will determine the area of interest, 
and it is evident that activation analysis can satisfy the need of the cos
metic industry by  providing a precise and sensitive method for elemental 
analyses.

(Received January 15, 1965)
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International Federation
of
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of
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The Fourth Congress of the I. F. S. C. C. will take 
place in Paris in June, 1966.

The “ Société Française de Cosmétologie” has created 
a scientific Committee consisting of:

D r. Ir. V elon  
Ir. Jean M orelle  
Dr. C ollin

This Committee wishes to receive conference papers 
before January 31, 1966.

Each paper can be typed in the original language of 
the speaker. The French Committee will take care of 
the translation in English, French and German.

G en eral S ecretary
Dr. P. A . M . E. van V elzen
S ch even in gsew eg  62
T h e  H ague, T h e  N etherlands



B o o k  R  e v i e w s

N e w  H o p e  f o r  Y o u r  S k i n , B y  
Irwin I. Lubowe, E. P. Dutton & Co., 
Inc., New York, 1963. 299 pages.
Price «4.95.

The major purpose of this book, as 
stated in the author’s preface, is to 
acquaint the intelligent layman with 
recent developments in better skin 
care. In this reviewer's opinion the 
author has failed to achieve his pur
pose.

This is a personal book based on 
the experiences of the author. It is 
readily apparent that the author's 
approach reflects his own preferences, 
as developed in his own practice, for 
various aspects of skin care, rather 
than recent developments in better 
skin care as they would be (and are 
partially through quotations in this 
volume) reported by experts in the 
specific areas. This is not to deny 
that a given regimen in the hands of a 
specific practitioner can be effective.

There is only one use for this pub
lication that occurs to this reviewer. 
It is a suitable historical record that 
can be buried in some time capsule 
for recovery in some future millen
nium to provide a record of derma
tology as it was practiced during the 
second quarter of the twentieth cen

tury.—J o s e p h  B. J e r o m e —American 
Medical Association.

C h e m i c a l  C a r c i n o g e n e s i s  a n d  
C a n c e r s  by W. C. Hueper and W. D. 
Conway, Charles C Thomas Pub
lishers, Springfield, 111., 1964. 744
pages, indexed. Price «20.

This is a rather frightening book 
because the authors forcefully point 
out that the modern industrial en
vironment exposes the human body to 
a variety of carcinogens—known, 
suspected, and unknown. A large 
portion of the book is, of course, de
voted to the discussion of carcinogenic 
hydrocarbons and aromatic amines, 
the danger of which has been known 
for years. At the same time, some 
rather innocuous materials have been 
included in the author's discussion 
of carcinogens, thereby weakening 
their justifiable warning. In 
addition, the inclusion of essentially 
safe chemicals (which are only suspect 
carcinogens or are carcinogens only 
under unusual testing conditions) 
provides grist for the mills of medical 
and nutritional quacks and faddists.

The authors, in fact, indict 
industry-at-large for exposing the.

5 8 9



5 9 0 J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

general public to environmental car* 
cinogens and strongly advocate more 
thorough and careful testing of raw 
materials. Many raw materials used 
in the cosmetic industry are included 
in this volume, and this reviewer has 
taken time to de'.ve into the back
ground of CMC, which is classified by 
the authors as a carcinogen. The 
authors base the carcinogenicity of 
CMC on publications by Lusky and 
Nelson | Fed. Proc., 1(5, 31S (1957)] 
and by Gardner [Cancer Res., 19, 
170 (1959)]. A review of these two 
publications suggests that the in
clusion of CMC amongst carcinogens 
is not fully justified. Lusky and 
Nelson produced fibrosarcomas after 
73 weekly subcutaneous injections of 
1 cc. of 2 %  carboxymethylcellulose 
in rats at the site of the injection. 
These tumors are classified as having 
“ moderate histological malignancy." 
On the other hand, Gardner ad
ministered a solid mixture of 97.3% 
urea, 0.(5% adipic acid, and 2.1% 
carboxymethylcellulose acids intra- 
vaginally into mice. After prolonged 
repeat administrations, a high in
cidence of cancerous lesions occurred 
in the test animals. The book’s 
authors state, “ Among the in
gredients of this carcinogenic mixture 
carboxymethylcellulose is the only 
substance possessing known carcino
genic properties.” In fact, Gardner 
states, “ Experiments extending over 
1 year, in which the three ingredients 
listed were given separately, have so 
far yielded no vaginal carcinomas.”

This reviewer will be the first to 
recognize that the picture concerning 
CMC is not entirely clear. There are 
many grades of CMC manufactured 
by reliable companies. CMC is 
widely used as a thickener in topical 
preparations and in foodstuffs. It is 
also the active constituent of a 
number of proprietary pharmaceuti
cals and has a long and apparently 
safe history under these conditions. 
The classification of CMC as a 
carcinogen under these circumstances 
in a scientific volume is questionable 
and perforce throws doubt on the 
possible dangerous properties of other 
chemicals listed in this volume. Thus 
the inclusion of CMC seriously 
weakens the authors’ basic argument.

At times, the authors make points 
which are almost ludicrous; for 
example, on page 638 they imply 
that advertisements for resort areas 
having a very sunny climate should 
contain a warning as to the possible 
and actual cancer hazards to the skin 
connected with excessive and in
discriminate exposure to sunshine.

Despite its many faults, this is a 
most provocative book and one that 
should be read by public health 
officials, product development people, 
and chemical manufacturers. Even 
though the book presents some 
questionable conclusions, it is an 
unmistakable danger signal that must 
not be ignored by responsible 
people.—M. M. R i e g e r , Warner- 
Lambert Research Institute.
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