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Fragrance
A chievers

Let our 05 years of experience and modern W 0 
technology create a wondrous fragrance for you.

Write for free informative booklet: "The Language of Perfumery." Ungerer & Company. 161 Avenus of the Americas, New York, N.Y. 10013. «Û
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You get m ore than 
su lfu r chem icals 
at Euans...You get 

m ore  than 5 0  gears 
of h a ir chem islrg  

experience
Evans, pioneer in developing chem icals 
for the structu ral m odifications of hair, 

offers a com plete range of thioglycolates 
and o ther sulfur chem icals for the 

cosm etic industry: For Cold Waves and 
Heat-Activated Acid Waves: THIOGLY- 
COLIC ACID, AMMONIUM THIOGLYCO- 

LATE, GLYCERYL MONOTHIOGLYCOLATE, 
MONETHANOLAMINE THIOGLYCOLATE 

and EMULSIFIER K-700 (a lanolin 
clouding agent for PERMS).

For Depilatories: THIOGLYCOLIC ACID 
for volume economical production •

CALCIUM THIOGLYCOLATE for ease  of 
form ulation • EVANOL® for a stable, 

cream  base.
Write for sam ples and suggested  

form ulations available.

C H e m e T i c s ,  irvc.
90 Tokeneke Road, Darien, CT. 06820 

Phone: (203) 655-8741 
Cable: EVANSCHEM /  TWX 710-457-3356

\
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We’ve amassed quite a track record in the fragrance field. 
Over the past 32 years, Perry Bros, has helped thousands 

of customers in a host of industries create distinctive 
products able to out-perform the best of them.

S . +

So let us put some zip into your product —  go with the all-stars!

Pick Perry.

IS0QED1
v u n m r

PERRY BROTHERS
. T r a q r a N c e s

c r e a t o r s  & m a n u f a c t u r e r s
61-12 32nd AVENUE • WOODSIDE, NEW YORK 11377 • (212) 932-1200 

Offices in Principal Cities

Division of



T h e  id e a  o f  f in e  f r a g r a n c e s  c r e a te d  in  B r o o k ly n  m a y  s e e m  f o r e ig n  to  y o u  
B u t  n o t  to  u s .

W e ’re  F e l to n .  F r o m  B r o o k ly n .
O u r  f r a g r a n c e s  c a n  a n d  d o  c o m p e t e  s u c c e s s fu l ly  w i th  a n y th in g  p r o d u c e  

b y  o u r  c o m p e t i t o r s  f r o m  a c ro s s  t h e  r iv e r . A n d  a c ro s s  t h e  o c e a n .
T h e  r e a s o n  is s im p le .
F e l to n  h a s  a  t a l e n t e d  t e a m  o f  h ig h ly  c r e a t iv e  p e r f u m e r s .  S u p p o r t e d  

b y  th e  la te s t  in  f r a g r a n c e  te c h n o lo g y . A n d  b a c k e d  b y  a n  i n t e r n a t io n a l  
o r g a n iz a t io n  c o m m i t t e d  to  q u a l i ty  a n d  s e rv ic e .

W h e n  y o u  t h in k  a b o u t  it, t h a t ’s a ll  it t a k e s  to  c r e a te  e x c e p t io n a l  
f r a g r a n c e s .  T h a t ,  a n d  a  w h o le  lo t  o f  h a r d  w o r k .  W h ic h  is w h a t  y o u ’ll g e t  
f r o m  F e l to n .

A f t e r  a ll, w h e n  y o u ’r e  f r o m  B r o o k ly n ,
\rr\n iiiQt nQA/p fr* wm-V n a r n ^ r



Nothing cares for skin better than
naturally derived skin care

ingredients.

... lik e  H e n k e l's  g lycer id es , 
f a t t y  a c id  esters, f a t t y  a lco h o ls , 
G u e r b e t a lco h o ls , f a t t y  
a lc o h o l p o ly g ly c o l  e th ers  
a n d  b io lo g ica lly -  

a c tiv e  a g e n ts  (C L R ).

Nature is a basic ingredient 
Henkel “blends" into practically 

every type of skin preparation— 
from bath oils to sun-worshipper 
lotions. To moisturizers, make-up, 
deodorants, beauty creams and 
treatment items. Because nothing is 
so compatible with skin as a 
naturally derived raw material!
And many Henkel products begin 
with natural oils and fats—coco­
nut oil, palm kernel oil, sunflower 
oil, rapeseed oil, and tallow.

It's one reason practically 
every major brand of skin 

care products also begins 
with a Henkel chemical spe­
cialty. Quality is another.
Naturally!

T h is  sea l id e n tifie s  
H e n k e 1 n a tu r a lly  d e r iv e d  

in g red ien ts . L o o k  fo r  it.

Chemical Specialties Division.

185 CROSS ST, FORT LEE. N J  07024 
Sales and Technical Services 

EAST: 1301 Jefferson S t . Hoboken. N J 07030 
WEST: 12607 Cerise Ave . Hawthorne. Ca 90250



In creating original fragrances 
we aim for a harmonious balance. 

A great perfume 
must have simple elegance 

and classic beauty, 
coupled with

truly contemporary market appeal.

m ilHim illlllllllUUII I
r i  t i \n jit  i B i B a  I ( . « I  ■<
1 1  1 L JJS U  P 1 * “ 4 1  1

±  d ra c  h K o . in e .
C R E A T O R S  O F  Ç  ^ F R A G R A N C E S  A N D  F L A V O R S

Gordon Drive, Totowa, N.J. 07511
Sales Offices and Representatives: Chicago. Cincinnati. Los Angeles

Overseas Sales & Manufacturing: Australia - Austria - Brazil - Canada - France - Germany - Great Britain - Hong Kong - Italy - Japan - Mexico • Spain • Switzerland (





C O S M E T I C
G R A D E

C H E M I C A L
S P E C I A L T I E S

The most modern laboratory and process in­
strumentation assure the finest quality cos­
metic grade emollients, surfactants, sun 
screens and perfume compounds.

CERAPHYLS&—A series of unique, non-greasy 
emollients which, at low usage levels, impart 
the elegant, velvety feel so desirable to any 
cosmetic product.

CERASYNTS -  EMULSYNTS -  FOAMOLES—A 
specialty line of esters and amides manu­
factured from the finest quality fatty acids 
that offer a complete range of emulsifiers and 
opacifiers for the most demanding formul- 
lations.
PERFUME COMPOUNDS—A complete range 
of fragrance types blended to suit the specific 
requirements of any given cosmetic product.

ESCALOLS*—For over a quarter of a century 
these highest quality, most effective ultra 
violet absorbers have received world wide ac­
ceptance in every type of suntan formulation.

All of these products meet rigid specifications 
to insure their uniformity.

Since 1904 . . . QUALITY and SERVICE.

I

SINCE 1904
Van Dyh

BELLEVILLE. N. J.

□ Y K / ^ C O M P A N Y ,  I N C
NEW JERS

m r

MAIN ANDLIAM^ST^EETS, BELLEVILLE,.NEW JERSEY 071QË

"
O

'



n eed s. - f ;  % ' 
if  yo u  a re  b a k in g  fo r thee*

D istin c tively yours,

try, M om couldbe t o p - ,  oil it ta k e s  is a  p h o n e caB.

«E23faSt.,Pa(erson,NJ.07&Z4 201274-8220 Cable

toterics



Demonstration of Cosmetic Effects 
with Scanning Electron Microscopy

Protocols for demonstrating IN VIVO . . .

• P ro d u c t su b stan tiv ity  on hum an  hair and  skin
• E ffects of p ro d u c ts  in th e  oral cavity, on th e  sc a lp
• M oisturizing and  c le a n s in g  e ffec ts  on skin

Call Today For More Information

STRUCTURE PROBE, INC.
SPECIALISTS IN MATERIALS RESEARCH 
New York Area Philadelphia Area

230 Forrest Street, Metuchen, NJ 08840 535 East Gay Street, West Chester, PA 19380
201-549-9350 215-436-5400
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G re a te r  a b so rp tio n , p lu s  te st 
re su lts  th at p ro ve  it—
T h e  In o le x  P lu s
Lexein X-250 is the ideal protein 
for hair and skin care products, 
because more Lexein X-250 is 
absorbed, gram fo r gram, by hair 
and skin than any other protein 
additive you can use.

The right m olecular w eight is 
the key to X-250’s substantivity. 
Our patented hydrolysis technique 
produces more molecules w ithin 
the 750 to 1500 w eight range 
allow ing more protein to become 
a part of the hair and skin. In fact, 
X-250 is so substantive it is 
detectable even after 10 
consecutive water rinses.

And our proof is your proof for 
marketing claim s you make for 
hair and skin care products using 
Lexein X-250. Others can sell you 
protein, but only Inolex helps you 
sell your protein products with 
laboratory test proof.

Call o r w rite  fo r your copy of 
Inolex Protein Facts containing 
com parative analytic test data 
fo r all Lexein Proteins.

Subsidiary of American Can Company 

Personal Care Division

T h e  p ro o f is  in  the p ro te in .
Our chem ists have perform ed the 
tests and we have the results to 
prove Lexein X-250 is the most 
substantive protein additive 
available today.

Inolex Corporation 
3 Science Road 
Glenwood, IL 60425 
312/755-2933 
Toll free 800/323-0070

W y l j £

Please send my free copy of Inolex Protein 
Facts. Also include information regarding:□ Lexein X-250 Protein□ Lexein Protein Derivatives□ Lexaine Surfactants□ Lexate Concentrates and Blends
Nam e---------------------

Company- 

Phone ___

□ Lexol Emollients□ Lexemul Emulsifiers□ Lexgard & Bronopol Preservatives

C i t y -  

State _



Ideas
fo r

P ro d u c t
Progress

Ideas: Action:
C h e c k  th is  p r o d u c t  l i s t :

ARLACEL sorbitan fatty acid esters, 
glycerol monostearates

ARLAMOL E emollient/solvent

ARLASOLVE 200 solubllizer/emulslfier

ARLATONE products

ATLAS Mannitol USP and surfactants

ATMUL glycerol monostearates

BRIJ polyoxyethylene fatty ethers

MYRJ polyoxyethylene fatty acids

SORBO Sorbitol Solution USP

SPAN sorbitan fatty acid esters

TWEEN polysorbate esters

Unique emolliency and superior solvency with 
ARLAMOL E; tasty, chewable tablets with 
ATLAS Mannitol; ready access to data on the 
physiological suitability of ATLAS 
surfactants; an innovative formulation for a 
nonionic aerosol shaving cream—these are 
just a few ideas that have been generated 
through IC1 Americas expertise in formulation 
with ATLAS surfactants and polyols.

T h en , f o r  f u r th e r  in fo r m a tio n ,  
w r i te  o r  c a l l  D ic k  A b b o t t  in W ilm in g to n ,  

D E  1 9 8 9 7  o r  a t  ( 3 0 2 -5 7 5 - 3 5 2 1 )

ICI Americas Inc.

Trademarks of ICI Americas Inc.include ARLACEL. ARLAMOL. ARLASOLVE, ARLATONE. ATLAS, ATMUL. BRIJ. MYRJ, SORBO, SPAN, TWEEN



Found in  all the best places.

Florasynth
> 1 1 wc.

W ere right under your nose.

Executive offices: 410 E. 62nd Street, New York, New York 10021 
Buenos Aires • Caracas • Chicago • Grasse • London • Los Angeles • Mexico • Milano 

Montreal • Paris • Rio de Janeiro • San Francisco • Tokyo • Toronto.



Parabens

Butyl, ethyl, methyl, propyl,
U.S.R or Technical.
Made here and made our way: 
on time and on the money.

N a p p  C h e m ic a ls  In c .
L o d i. N e w  J e r s e y  07 6 4 4  • (201 ) 7 7 3 -3 9 0 0  • (212) 6 9 5 -5 6 8 6



s k in

W here the factors o f quality, perform ance 
and price m ake all the difference, Lonza 
offers m anufacturers a substantial edge.

For cosm etics, bath  products, toiletries 
and o ther beauty preparations, there is a 
wide variety o f Lonza ingredients to help 
create new products, im prove old ones; to 
make any p roduct a m arketplace success.

There are Lonza em ollients, hum ectants,

em ulsifiers. Surfactants, foam stabilizers, 
d ispersants and o ther m aterials, each 
developed w ith great care and precision 
to function perfectly — and beautifully.

W ith this extensive selection o f m ate­
rials produced  out o f long experience, 
Lonza also offers the reliable assistance of 
a skilled technical service staff. Call on 
Lonza today.

Lo nza ...concepts + chemistry.
Lonza Inc., 22-10 Route 208, Fair Lawn, N.J. 0 7 4 10 /(20 1) 791-7500

1



Substitutes 
are a sad excus 
for Dowicil 200  
preservative.
It's downright sod how o fresh fa 
can be ruined by cosmetics gon 
stole. There's for less chance of 
that happening with proper use 
Dowicil* 200 preservative. 
Effective of low concentrations, 
too? You bet. It’s two to eight tim 
more effective than almost any 
other shelf preservative. This 
means pseudomonas and other 
microorganisms won’t be makin 
your well-designed makeup old 
before its time.

Dowicil 200 is compatible wi 
common formulation componen 
also, including nonionic emulsifie: 
And it has o favorable toxicity 
profile, supported by tox data, or 
is fully registered. (EPA-464-375 
and on FDA Master File).

Where else con you use 
Dowicil 200? Glad you osked. 
Hand creams, face creams and he 
dressing. Shaving products, suntc 
products, shampoos, dermatoloc 
¡cals and waterless hand cleanser 
Surgical scrubs ond topical steroi< 
ointments, too.

So come on. Help those who 
buy your cosmetics put on o happ 
face. Talk to your Dow represent? 
five soon. Designed Products 
Deportment, Midland, Ml 48640.

DOW CHEM ICAL U.S.A.



C r o d a ’s  t a l e  d o e s n ’t  e n d  w i t h  l a n o l i n .

Sure, we may have started with lanolin, but with the growing demand for more and more and 
more natural ingredients by the cosmetics and toiletries industry, you can't just supply lanolin and be 
around very long.

That’s why CRODA's made such a huge investment in becoming the natural ingredient experts.
So besides our mainstay lanolin. Crodas been making and selling lots of other naturals (by “naturals" 

we mean occurring in nature—sometimes fractionated or purified, but never chemically modified).
And Crodas tale doesn’t end there either. Because we go on to make a whole selection of “naturally 

derived" ingredients also. (By“naturally derived" we mean new substances made from natural sources 
by a chemical reaction.)

So, for whatever the natural ingredients needed, contact CRODA first. Because, like we said, our 
tale doesn’t end with lanolin.

C roda

m

Natural Ingredients: SUPER CORONA Lanolin Anhydrous USP. FLU1LAN Lanolin Oil. CHOLESTEROL USP. LANOSTEROL. COLLASOL Tropocollagen, SYNCROWAX HRC Glyceryl Tribehenate Naturally Derived Ingredients: SUPER HARTOLAN Lanolin Alcohol. SKLIRO (Distilled) Lanolin Acid. LIQUID BASE Multisterol Extract. CROTEIN SPC. SPA and SPO Hydrolyzed Animal Protein. HARTOWAX Lanolin Alcohol Blend. NOVOL Oleyl Alcohol. SYNCROWAXES Vegetable Oil Derivatives. CRODESTA Sucrose Ester
Croda Inc. 51 Madison Avenue. NewYork. N.Y. 10010 (212) 683-3089.
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" I A S K E D  T H E  
F R A G R A N C E  H O U S E S  

F O R  A  L O T  O R  H A T E '  
S U B M I S S I O N .

E L I A S  G A V E  M E  A  L O V E . "

W e ’ll m a k e  y o u  a  p ro m is e  r ig h t  
re: a sk  us to  m a k e  a f r a g ra n c e  sub - 
s s io n , g iv e  us t im e  to  c o m e  h a c k  to  
u w i th  it  —  a n d  y o u ’ll a sk  y o u rse lf  
ty  y o u  h a v e n ’t a s k e d  us to  m a k e  o n e  
fo re .

W e ju s t  d o n ’t c r e a te  t h e  u n e x -  
c te d .  W e c re a te  t h e  b e a u ti fu l .  
ie  e x c e p t io n a l .  T h e  s e n s a t io n a l .  T h e  
'r if ic .

B u t n e v e r  th e  o rd in a ry . N e v e r  
e m e d io c re .

W e a re  o n e  f ra g ra n c e  c o m - 
»under w h o  ju s t d o e s n ’t s e t t le .  W h e n  
i w o rk  fo r  y o u , w e ’ll b u s t  o u r  n o se s  fo r

y o u . W e w o n ’t s to p  u n t i l  w e  h a v e  
c r e a te d  th e  f ra g ra n c e  y o u  a n d  y o u r  c u s ­
to m e rs  h a v e  b e e n  w a i t in g  for.

I t ’s th is  a t t i t u d e ,  c o u p le d  w ith  
a g ro u p  o f  s k il le d , s p ir i te d  p e rfu m e rs  
a n d  d e d ic a te d  m a r k e t in g  e x p e r ts ,  t h a t  
h a s  h e lp e d  us c re a te  s o m e  o f  t h e  m o s t  
su c ce ss fu l n e w  f ra g ra n c e s  o n  th e  m a r k e t  
to d ay .

C a l l  B o b  E lia s  a t  (2 1 2 ) 
6 9 3 - 6 4 0 0  o r  w r i te  9 9 9  E a s t 4 6 t h  S t r e e t ,  
B ro o k ly n , N e w  Y ork 112 0 3 . W h e n  y o u  
a sk  us fo r  a  lo v e  o r  h a t e  s u b m is s io n , 
w e ’ll s h o w  y o u  a lo v e .
(B e lie v e  u s , y o u  w o n ’t m iss  t h e  h a t e . )

^  ¿ la s  
fra g ra n c e s
__ /h e______
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W h y  to p  b r a n d s  u s e  

S o n n e b o r n  w h ite  o i ls  

a n d  p e t r o la tu m s .

List the leaders for any drug 
or cosmetic product category 
using white oils or petrolatums. 
Chances are overwhelming that 
the Sonneborn Division of Witco 
will be a major supplier to all.

Total commitment.
We lead the industry in our 

complete dedication to these 
products. For example, we 
already have the world’s largest 
capacity for white oils and 
petrolatums, and have a major 
expansion under way. 

Exceptional purity.
Purchasing these products 

to a standard specification is 
not enough. There are major 
reliability factors to consider.
For white oils it’s the ability to 
deliver exceptional purity along 
with a total absence of odor 
and color again and again. For 
petrolatums absence of odor 
plus rich emollience and 
smooth velvety texture must be 
part of the buy. Again and 
again. For both products

Sonneborn has a longer record 
of reliability than anyone.

The best service.
Witco has a team in place 

whose major concern is these 
products alone. So we can be 
most responsive when you 
need help with handling or

technical aspects of product 
quality or development.

Sonneborn Division.
For more details contact: 

Witco Chemical Corporation, 
Sonneborn Division, Dept. D9 
277 Park Ave., New York, N.Y. 
10017. Or caU (212) 644-6498.

W itco



Creams, lotions and gels 
take on new characteristics as 
Allied Chemical's low molecular 
weight polyethylene and ethylene- 
organic acid copolymers put form 
into formulas -  replacing costly 
natural waxes, improving mois­
ture repellency, lubricity and 
emolliency across a broad spec­
trum of cosmetic applications.

Just a touch can make an 
important difference at the point 
of touch -  improve the stability 
and thixotropy of anhydrous 
gels and emulsions, raise the

softening point of stick products 
and cosmetic crayons, without 
risking variations in shade 
or color.

A -C  P O L Y E T H Y L E N E
... th e  essen tia l ingredient

In fact, A-C Polyethylene 
grades are versatile enough to 
challenge your Imagination -  and 
that may be the most important 
contribution they make to your 
product success story. It's worth 
investigating.

Call or write: Product 
Mariager, A-C Polyethylene, 
Allied Chemical Corporation, 
Specialty Chemicals Division, 
PO. Box 1087R, Morristown, 
New Jersey 07960,
(201) 455-3567.

Allied
Chemical
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Innovative Perfume Compounders

ATLANTA • BARCELONA • BOSTON • DALLAS • LONDON • LOS ANGELES 
MEDELLIN • MEXICO CITY • MONTREAL • PHILADELPHIA 

SAN FRANCISCO • ST. LOUIS • SAO PAULO • TORONTO

MAYBROOK INC
in highest quality ingredients forskin and hair care.

B a s i c  m a n u f a c t u r e r s  o f :
•Lanolin U.S.P.
•Lanolin Derivatives

LanaloF (alcohols)
LanaloX’ (ethoxylates)
Lanalene" (ester; bases; etc.)

•Cosmetic Proteins
Hydrolysates
Specialties

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

A dynamic new corrpany dedicated 
exclusively to the cosmetic trade

Featuring an advanced technical service 
Try us. w e re eager to help!

Sales, Technical & Administration—
PC) Box "l l ,  Oradell. N.J. 07649 
Tele: (201) 262 1822 ask for Rock Riso 

Plant —
600 Broadway Lawrence. Mass 01842 
Tele: (617) 682 1716... ask for Bemie Horrocks.
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Y E A R S
Fiftv vears of innovation and creativity in 
the field of scents and flavors.

Our experience, versatility, skill and 
imagination are yours to apply for 
tomorrow's success . . . today.

JV o rd t i
makes good scents and flavors

NDRDA INC.
140 Route 10, East Hanover, New Jersey 07936 
Telephone (201) 887-5600
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SYNOPSES FOR CARD INDEXES

The follow ing synopses can be cut out and mounted on 3 *  5 index cards for reference, w ithout m uti­
lating the pages of the Journal.

Thermodynamics and physical properties o f a lyotropic mesophase (liquid crystal) and m i­
cellar solution of an ionic amphiphile: Arthur R. Mlodozeniec. Journal of the Society of Cosmetic 
Chemists 29, 659 (November 1978)

Synopsis—Concentrated aqueous surfactant solutions can be phase examined to determine the 
extent of anisotropy present under varying thermodynamic conditions. This study describes the 
physical properties of nafoxidine hydrochloride, an ionic amphiphile which exhibits both ther­
motropic and lyotropic mesomorphism. Micelles, ordered fluids and liquid crystals were detected 
in stepwise aggregation as the kinetics of micellization was investigated during a drug development 
program.

Utilizing microscopic and thermal analysis, the phase behavior of a concentrated amphiphile 
system was studied. Turbidimetric and nephelometric data were utilized to determine the 
presence of “middle” (nematic), viscous isotropic and “neat” (smectic) mesophases. At lower 
concentrations, the micelle-monomer equilibrium was investigated utilizing classical spectro- 
photometric and surface activity measurements.

Thermodynamically stable phases have been individually identified which form emulsions, gels 
and lyogels. The solubility characteristics of a drug, cosmetic or toiletry product may be obscured 
if the molecule exhibits the lyotropic mesophase and micellar behavior of a surfactant. These are 
important to the cosmetic chemist who is charged with developing a stable product.

Permanent waving: utilization of the post-yield slope as a formulation parameter: David W. 
Cannell and Linn E. Carothers. Journal of the Society of Cosmetic Chemists 29, 685 (November 1978)

Synopsis— The stress-strain curve for keratin had previously been utilized to assess the action of 
cosmetics on the hair. The post-yield slope of this curve has been correlated with changes occur­
ring to the disulfide bonding under permanent waving conditions. The evaluation of this 
mechanical parameter can be related to the time of processing, rate of penetration of mercaptan 
and the level of disulfide cleavage. It can further be utilized to assess the effects of formulation 
variables such as concentration, pH, structure of the mercaptan and formulation additives. The 
ease of this technique can save the chemist considerable time in optimizing a permanent wave 
formulation.

Strukturuntersuchungen von salben 1. m itteilung: röntgenstrukturuntersuchungen an der 
hydrophilen salbe D A B  7: C. Führer, H. Junginger and S. Friberg. Journal of the Society of Cos­
metic Chemists 29, 703 (November 1978)

Synopsis— In order to characterize the crystalline state of Hydrophilic Ointment DAB 7 as well 
as of its components, X-ray studies (using Kiessig’s low angle technique and goniometric dif- 
fractometry) have been carried out. Both cetyl and stearyl alcohols crystallize in a mixture of ß 0- 
and y  4-polymorphs. Depending on the conditions of crystallization one or the other polymorphic 
phase is in excess. The mixture of these two alcohols, cetostearyl alcohol, forms mixed crystals 
with a uniform Bragg's distance, which is between the two ß 0-polymorphic forms of the single 
components. On the other hand sodium cetyl sulfate and sodium stearyl sulfate crystallize as 
separate entities from their mixtures. The predominant species in Emulsifying Wax (90% 
cetostearyl alcohol and 10% sodium cetyl sulfate and sodium stearyl sulfate) are mixed crystals, 
which consists mainly of cetyl alcohol and sodium cetyl sulfate and partly of stearyl alcohol. In ad­
dition, mixed crystals of stearyl alcohol and sodium stearyl sulfate are found in small amounts. In 
Hydrophilic Ointment DAB 7 both types of mixed crystals form a framework of gel in which the 
white soft paraffin and the liquid components of the white petrolatum are immobilized either 
mechanically or by capillary attraction. Since the wide angle interferences are nearly identical, it 
may be assumed that the paraffinic carbon chains of all components of the ointment can form 
similar orthorhombic subcells.
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Characterizing aluminum-skin interaction by an electrometric technique: David T. Floyd. 
Journal of the Society of Cosmetic Chemists 29, 717 (November 1978)

Synopsis—Observed differences in the antiperspirant behavior of aluminum chloro- 
hydroxide and aluminum chloride have been attributed to differences in their interac­
tion with skin. The literature contains many references to methods for measuring the 
interactions of exogenous materials with skin. The electrical properties of skin have been used suc­
cessfully as a means by which to describe this effect and it was thought appropriate to investigate 
this approach with respect to aluminum salts. Instrumentation and techniques for measuring the 
electrical impedance of excised epidermal membrane were developed. The effects of two alu­
minum salt antiperspirants on the impedance of guinea pig stratum corneum were measured. Alu­
minum chlorohydroxide reduced the impedance five times more than aluminum chloride. The 
results are in agreement with reported skin sorption behavior for these salts and with their anti­
perspirant activities in vivo. The hypothesis that antiperspirancy is based in part on anti- 
perspirant/skin interaction is supported by the present study. The ELECTROMETRIC method 
described herein was found to be a viable TECHNIQUE for studying these interactions.

Structure-function relationships of surfactants as antim icrobial agents: Jon J. Kabara. 
Journal of the Society of Cosmetic Chemists 29, 733 (November 1978)

Synopsis—structure-function relationships of various classes of surfactants as antimicrobial agents 
have been reviewed. It was concluded that while polar groups of the biocide tend to predict 
activity against a given genera, the chain length of the lipophilic group determines the most active 
member of the chemical class. In general, cationic surfactants are more active than anionic and 
nonionic agents. Optimum chain length for activity is between 10-16 carbon atoms. Gram ( —) and 
yeast organisms are affected by the lower chain members while gram (x ) organisms are affected by 
the longer chain surfactants. Nonionics, which in the past were considered not to have antimi­
crobial activity, were shown to be active when the mono-esters were formed from lauric acid.

Because of this new property, nonionics, particularly monolaurin (Lauricidin*), may be useful 
germicides in addition to their surface active properties. Their nontoxic and low irritation 
properties make them ideal candidates for cosmetic and toiletry formulations.
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Synopsis
Concentrated aqueous surfactant solutions can be phase examined to determine the extent of anisotropy 
present under varying THERMODYNAMIC conditions. This study describes the PHYSICAL 
PROPERTIES of nafoxidine hydrochloride, an IONIC AMPHIPHILE which exhibits both thermotropic 
and lyotropic mesomorphism. Micelles, ordered fluids and liquid crystals were detected in stepwise aggrega­
tion as the kinetics of MICELLIZATION was investigated during a drug development program.

Utilizing microscopic and thermal analysis, the phase behavior of a concentrated amphiphile system was 
studied. Turbidimetric and nephelometric data were utilized to determine the presence of “middle” 
(nematic), viscous isotropic and “neat” (smectic) mesophases. At lower concentrations, the micelle-monomer 
equilibrium was investigated utilizing classical spectrophotometric and surface activity measurements.

Thermodynamically stable phases have been individually identified which form emulsions, gels and lyogels. 
The solubility characteristics of a drug, cosmetic or toiletry product may be obscured if the molecule exhibits 
the LYOTROPIC MESOPHASE and micellar behavior of a surfactant. These are important to the cosmetic 
chemist who is charged with developing a stable product.

INTRODUCTION

Often in the development of a cosmetic or pharmaceutical product formulation, the 
interaction of a major ingredient with water represents the most critical performance 
characteristic of the product. Occasionally, the compound is surface active and 
possesses some very unique physicochemical properties which may result in anomalous 
behavior in various aqueous systems. An example of such a case is nafoxidine hydro­
chloride, shown in Figure 1. Investigations of colloidal solutions of this drug have 
shown that the properties of aqueous systems of the drug exhibit a more or less abrupt 
change at critical values of concentration.
At lower concentrations the drug behaves as an ideal solution. Higher concentrations 
lead to micellar behavior and lyotropic mesophases. Nafoxidine hydrochloride 
may also be classified as a weak surfactant, although its solubilizing action does not

659
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Figure 1. The surfactant cation of nafoxidine hydrochloride may be represented schematically as shown 
above. The conventional formula on the left is drawn to compare to the Hirschfelder model shown 
photographed on the right. Amphiphiles are commonly divided into regions of hydrophilic (w) and of oleo­
philic (o) characters which are linked by amphiphilic (c) layers.

meet the usual criteria for such specific activity. It is a long-chained aromatic (diphenyl 
dihydronaphthalene) derivative, the oleophilic portion, o, of a cyclic amine salt (pyrro­
lidine), the hydrophilic portion, w, as described in Figure 1. It is essentially water solu­
ble only in acidic solution. The salt ionizes to form the long-chain cation and simple 
chloride anion. Since the concentration of protonated amine cation is dependent on 
the ionic equilibrium between free amine and the charged amine, a striking pH de­
pendency is expected and has been found experimentally.
The cation of nafoxidine hydrochloride is surface active. The chloride ion is the 
counter-ion or gegenion and is important as an electrolyte in colloidal solutions of the 
drug. The presence of other additives, especially electrolytes, greatly influences the 
solubility and phase behavior of the drug in aqueous media. If a hot saturated solution 
of the compound is cooled, the deposition of liquid crystalline states is observed. Alco­
holic solutions of the drug do not show anisotropic behavior and a high degree of 
hydration appears to be a necessary prerequisite for the occurrence of the lyotropic 
mesophases.
Phase examination of aqueous systems of nafoxidine hydrochloride reveals the 
presence of thermodynamically stable phases other than the mobile isotropic solutions 
(monomer and micellar). The dissolution of the drug follows a typical profile:

Crystal * Neat Phase ---- » Middle Phase ----» True Solution
h2°  (Smectic) h2°  (Nematic) HaO

The kinetics of molecular association in the reverse reaction of the above dissolution 
scheme is quite complex. Micellar aggregation in dilute concentrations of the drug can 
be followed at lower temperatures (25 and 37°C). However stepwise aggregation of 
the drug through all the phases could not be observed. The lyotropic mesophase 
system for aqueous solutions of amphiphilic compounds used by Luzzati (1) and 
Winsor (2 ) were employed to describe nafoxidine hydrochloride behavior.
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In cases where the kinetics of association controlled the order of appearance of a suc­
cession of phases, intermediate or conjugate two-phase systems can be observed with 
increasing concentration. Such systems led to emulsions, gels and lyogels. These 
phases show remarkable thermodynamic stability, demonstrating reproducible phase 
behavior for over 10 years at room temperature. These properties are important to the 
cosmetic formulator who is charged with developing a stable product.

E X P E R I M E N T A L

A. MATERIALS

The drug used in these studies was nafoxidine hydrochloride (C29H32O2NCI), pyrro­
lidine, l-{2-[/?-(3,4-dihydro-6-methoxy-2-phenyl-l-naphthyl)phenoxy]ethyl}-hydro- 
chloride, which was prepared for pharmaceutical use by chemical and physical property 
profile. Specifications for the drug showed reproducible X-ray diffraction, NMR and 
other spectroscopic confirmation, elemental analysis and physical data. The melting 
point of the drug ranged from 169-189°C, depending on the description of various 
thermal transition temperatures. These shall be discussed under '‘results.” Observed 
simple solubility (obtained from the turbidity change) of the drug was approximately
1.4 mg/ml at 37°C, and the observed intrinsic dissolution rate was approximately 4 
mg/cm2 /hr. The rate is determined by a standardized procedure using 3/8" (9.5 mm) 
pellet of a compound mounted by means of a polyethylene holder in the center of a 4- 
fluid-ounce, (120-ml) amber, oval bottle attached to a wheel rotating at 6  rpm. The

TEMPERATURE ( °C ) -  CHROMEL : ALUMEL

ooz
LÜ

Figure 2. DTA thermogram of two polymorphic forms of nafoxidine hydrochloride. Polymorph ß  shows a 
crystal-mesomorphic (smectic) transition, T!c followed by a mesomorphic-isotropic transition, Tm.



662 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

rate is that rate where the % saturation of the solution is 0 to ca. 10%. The UV 
spectrum shows apeak at A. = 303 m/z with ane = 17,150. Beer’s law is not followed 
when water is the solvent. For purposes of colloidal investigations, only profiled lots 
were used in the studies reported.
The water used was all-glass, double-distilled deionized and had a specific conductance 
of 0.5-1.0 X 1(T6 ohirT1 cm-1. Surface tension studies additionally were performed on 
C 02-free water to minimize aging effects.

B. INVESTIGATIONAL STUDIES

1. THERMAL ANALYSIS OF CRYSTALLINE NAFOXIDINE HYDROCHLORIDE 
was performed by DTA and hot-stage microscopy. The Dupont Differential Thermal 
Analyzer Model 900 was used to generate thermograms of each lot of drug. A typical 
thermogram is shown in' Figure 2 for two different polymorphic forms of the drug. 
Thermograms were typically run at heating rates of 10°C/min under a nitrogen at­
mosphere on a sample size of 1 mm X 3.5 mm tube-containing volume. Glass beads 
were the reference. Forma was used to describe the lower melting polymorph. Form/3 
was used to describe the polymorph which showed thermotropic mesomorphic be­
havior. A Kofler-Thomas hot stage mounted on a Leitz microscope equipped with 43X 
and 10X objectives and crossed polarizers was used for microscopic thermal analysis. 
A heat baffle and glass bridge were used to minimize thermal fluctuations. Aqueous

Table I
Surface Tension Measurements

Nafoxidine HC1 Concentration

Measured Surface Tension (y) 

25°C 37°C

mol/l mg/ml = C Log C to tx to tx

1.08 x IO’ 1 50.0 1.7 53.3a 51.6
2.17 x 10“2 10.0 1.0 51.6 49.8 49.4 49.6
1.08 x 10“2 5.0 0.7 49.5 49.8 49.8 49.3
6.49 x 10“3 3.0 0.5 50.4a 48.7
4.33 x 10“3 2.0 0.3 49.9 47.5 46.2
3.25 x 10“3 1.5 0.2 49.8“ 47.3
2A7 x 10“3 1.0 0.0 48.8 49.2 44.4 44.3
1.62 x 10“3 0.75 - 0.1 48.5“ 46.6
1.08 x 10“3 0.50 -0 .3 50.0 50.7 50.1 49.4
6.49 x IO”4 0.30 1 O Wl 53.7“ 52.0
4.33 x 10“4 0.20 -0 .7 52.9 57.4 60.8 54.5
2.17 x IO“4 0.10 - 1.0 57.2 59.6 58.5
1.08 x 10“4 0.05 -1 .3 58.9 61.9
4.33 x 10“5 0.02 -1 .7 60.4 59.2 64.0
2.17 x 10-5 0.01 - 2.0 68.2 68.3 67.0
1.08 x 10-5 0.005 -2 .3 67.2 66.8
4.33 x IO“6 0.002 -2 .7 68.5 69.0
2.17 x 10“6 0.001 -3 .0 69.3

d These solutions were prepared and measured at a later time to permit an evaluation of several intermediate 
values of interest.
tx for 25°C was 1-3 days and tx for 37°C was 19 days. 
t0 represents initial values.
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systems were analyzed microscopically as well using a special depressed slide with 
micro cover glasses.

2. SURFACE TENSION STUDIES were done by the ring method on the Du Noiiy 
Tensiometer as commonly described. A platinum-iridium ring was used. For nafoxi- 
dine hydrochloride solutions, the ring method is excellent because it can be used even 
if time effects are involved. Surface tension values can change with time because the 
composition of a new and an aged surface are different. Thus dynamic y (nonequilib­
rium) values of very fresh surfaces of nafoxidine hydrochloride solutions can differ 
from their equilibrium y values. It should be borne in mind that the rupture of the sur­
face in the ring method does not give an equilibrium value for surface tension. 
However the method is so rapid that it can be used for measuring y of rapidly aging 
systems. The concentrations employed are shown in Table I. Samples were prepared 
by dilution from an initial stock solution of 50 mg/ml. Samples were also equilibrated 
at the desired temperatures, 25 or 37°C, in a controlled water bath ±1°C. A jacketed 
sample holder was used in all determinations to control the temperature to 25.0 or 
37.0°C (±0.5°). The results listed in Table I are averages of triplicate determinations. 
The data are plotted in Figure 3 (25°C) and Figure 4 (37°C).

3. MOLECULAR WEIGHT DETERMINATIONS BY OSMOMETRY were done on 
the Mechrolab Inc. Vapor Pressure Osmometer, Model 301. The principle involves an 
isothermal distillation. The Vapor Pressure Osmometer measures the difference in 
temperature between a drop of pure solvent and a drop of solution of sample, each sus­
pended on separate thermistor beads. A known sample is also run as a standard in the

Figure 3. Surface tension-concentration curve for nafoxidine hydrochloride at 25°C showing critical micelle 
concentration minimum at 0.70 mg/ml.
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Figure 4. Surface tension-concentration curve for nafoxidine hydrochloride at 37°C showing critical micelle 
concentration minimum at 0.83 mg/ml.

same solvent. Thus in these studies the solvent was water and the standard was sucrose. 
The difference in temperature between solvent and solution after vapor equilibrium is 
a colligative effect. This temperature difference is detected on a thermistor bridge cir­
cuit by measuring electrical resistance. The measured resistances for a series of 
aqueous solutions of nafoxidine HC1 at different concentrations at 37°C are shown in 
Table II and plotted in Figure 5.
Since nafoxidine HC1 is an electrolyte and dissociates in water to form chloride ion and 
drug cation, at infinite dilution it will have a theoretical apparent molecular weight

Table I I
Vapor Pressure Measurements by Thermoelectric Osmometry

Cone.
mg/ml

Nafoxidine HC1 
Molarity

Resistance
Ohms

Cone. Sucrose 
Molarity

Apparent3 Mol 
Weight of 

Nafoxidine HC1

0.01 2.16 x 10 5 0 0 0
0.088 1.91 x 10~4 0.10 1.5 x 10 :i 59
0.460 9.94 x 10~4 0.10 1.5 x 10-'1 307
1.012 2.19 x 10--1 0.30 4.3 x 10 :l 235
2.012 4.54 x 10-:i 0.50 7.3 x 10 :! 276
4.959 1.07 x IO' 2 0.55 8 x 10‘3 621
9.984 2.16 x 10“2 0.45 6.5 x 1 0 :i 1536

0.70 1.0 x 10“2
1.40 2.0 x 10-*

“ Actual molecular weight of nafoxidine HC1 is 462.
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Figure 5. Molecular weight determination by thermoelectric osmometry of nafoxidine hydrochloride and 
sucrose standard at 37°C, showing a cmc value at 4 X 10-3 mol l -1 for the apparent levelling effect. Adjust­
ing for ionic dissociation, the cmc range is then near 2 X 1CT1 mol or 0.92 mg/ml.

equal to one-half of the true molecular weight. Thus the apparent molecular weight 
value as a function of concentration will vary, depending on the activity coefficient. If 
other effects, such as dissociation of cation to free amine, decomposition, or associa­
tion such as micellization are involved, further variation and departure from ideality 
will occur. Sucrose is relatively well behaved and gives a response which is typical for 
singularly dispersed, monomolecular species. Completely ionized substances, which 
are not aggregated or associated, should also give a linear response of resistance with 
changing concentration. Elowever, in many cases of ionizing substances in aqueous so­
lutions, departure from ideality is common.

4. LIGHT SCATTERING MEASUREMENTS were all performed at 25°C because of 
the difficulty in adapting the commercial instruments to temperature control at other 
ranges. It is recognized that turbidimetric measurement of a solution at only one 
temperature is not sufficient to determine a solubilization end point (because turbidity 
can arise from either micellar solubilization limits or cloud point depression). Nephe­
lometric measurements, however, were more carefully controlled at 25°C, providing a 
data obtainable span with a much broader range especially at lower monomer popula­
tions where turbidity by spectrophotometry is quite inaccurate.
Three methods of measuring turbidity were utilized. The first method measured the 
ratio of intensity of the scattered light, the Tyndall light, to that of the incident light by 
absolute or direct measurement of the Tyndall ratio. The second method measured the 
same effect as the first, but compared the intensities to a standard of known concentra­
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tion (nephelos standard). The third method measured the ratio of intensity of the light 
transmitted through the solution to that of the incident light. The first two methods 
(tyndallmeter and nephelometer) are more sensitive to extreme dilutions while the tur­
bidimeter is good at middle and higher concentrations.

a. Tyndallmetric measurements were made on a Coleman Model 14 absolute angular 
light scattering photometer using green light at A = 546 m¡jl  radiation. The photometer 
was calibrated against the opal glass diffusor supplied with the instrument. The 
temperature of the cell chamber and solutions were equilibrated and monitored by use 
of a surface temperature probe to maintain 25 ± 0.1°C. The results are plotted in 
Figure 6 .

b. Nephelometric measurements were performed on the Coleman Model 7 Photo 
Nephelometer utilizing a concentrated-filament bulb yielding radiation at A = 700 mju 
(Model 7-500 exciter lamp suitably filtered). Coleman Certified Nephelos Standards 
were used in this operation so that haze readings were recorded in arbitrary Coleman 
Nephelos Units spanning the region from absolute clarity to the zones of visible 
turbidity. The temperature was controlled as in the tyndallmeter readings. The 
nephelos scale extends from 0-130 units and it is within that range that is found the 
most precise linearity in the relationship between Tyndall-light intensity and colloid 
concentration. The use of the nephelos standards permitted a proportional reduction 
of the response of the instrument to the standard of known value which gave results in 
arbitrary units as fractions of the true Standard Nephelos value. This made possible the

Figure 6 . Absolute angular photometric light-scattering curve for nafoxidine hydrochloride at 25°C show­
ing tyndallmetric cmc value extrapolated at 1.2 mg/ml.
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Figure 7. Nephelometric determination of aqueous solution of nafoxidine hydrochloride at 25°C plotting 
nephelos units vs. log concentration. The formation of haze is observed as an increase in light scattered. The 
extrapolated value of OCf transmission (light scattered) at 0 nephelos units for A and B units is 0.68 mg/ml 
and 0.75 mg/ml, corresponding to observed cmc values.

measurement of more turbid systems. Two series of nephelos units, A and B, were em­
ployed to extend the reference range from 0 - 1 0 0 0  units and 0-3000 units, respectively. 
The readings of nafoxidine hydrochloride were extremely temperature dependent and 
care was needed to avoid thermal body contact or prolonged reading in the instrument. 
Data are shown in Figure 7.

c. T'urbidimetric measurements were performed on an Aminco-Bowman Model Spec­
trophotometer at A = 700 m/t measuring at an angle of 90°. Cuvettes with a 1-cm path 
were thermally controlled by jacketting the sample chamber and circulating water con­
trolled at 23 ± 0.1°C. Because of the wide concentration range followed, a log-log plot 
was used to record the data shown in Figure 8 . Deviations may be expected at high 
concentrations because of two reasons: part of the scattered light is scattered again, 
some of it re-entering the transmitted beam, or, as the viscosity of the turbid colloid 
increases, air bubbles become entrapped within the cuvette, creating a distorted 
signal.

5. PHASE EXAMINATIONS WITH THE POLARIZING MICROSCOPE were made 
on a Leitz Ortholux instrument equipped with a Bertrand lens, a 10X eyepiece and a 
hot stage. Microscopic textures were defined and identified utilizing phase classifica­
tions described by Rosevear (3) and Winsor (2,4). Thermotropic phase changes were 
observed on the crystalline nafoxidine HC1 at heating rates of l°/min in the transition 
regions. A small sample of the drug was heated on a microscope slide until the crystals 
passed to the isotropic liquid. The mesophase or mesophases were seen to pass across
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CONCENTRATION NAFOXIDINE HCI (m g/m l)

Figure 8 . Log-log plot of turbid ¡metric data for aqueous solutions of nafoxidine hydrochloride at 25°C 
showing observed cmc values at 0.7 mg/ml. An extrapolated value of 1.35 mg/ml for a second critical 
concentration represents the onset of turbidity for a phase change (coacervate) which represents the ap­
pearance of the middle phase. The log turbidimetric behavior shows a departure from linearity above 30 
mg/ml.

the field of view as successive, well defined, opaque regions. The solid-mesomorph, 
mesomorph-mesomorph, and mesomorph-isotropic solution changes were observed 
across the preparation as distinct fronts. All mesomorphic phases were found to be 
biréfringent (doubly refractive) as well as showing uniaxial and positive optical signs. 
These are characteristic of both neat (smectic) and middle (nematic) liquid crystal tex­
tures. Figure 9 shows a micrograph taken under a 10X objective, displaying a focal 
conic texture with fanlike terrace fronts. Occasionally oily streaks can be observed in 
this turbid, viscous state. This phase was identified as a smectic mesophase.
Lyotropic mesophase transitions were observed under controlled temperature condi­
tions at 25 and 37°C. For other temperatures, rapid heating rates of 10°C/min were 
used to minimize evaporation and may have led to slightly higher temperatures in re­
cording a phase change. Three lyotropic phases of nafoxidine HCI observed at 25°C 
are shown in Figures 10, 11 and 1 2 . These same phases were also observed at 37°C al­
though evaporation represented a problem. By drying the micellar solutions at high 
temperature (25°C) and 37°C, each system was seen to pass through a sequence of 
mesomorphic phases. These observations were used to construct a phase diagram, 
shown in Figure 13. This phase diagram was constructed for phases which were ob­
served by various methods listed in Table III. At higher temperatures above 37°C, only 
a few biréfringent textures could be detected (too weak to be photographed). Addi­
tionally, the viscous isotropic region usually contained a conjugate solution which 
separated into a clear isotropic phase combined with either the middle or neat phase. 
The appearance of a homogeneous isotropic solutions was used to judge the transition 
points for this phase.
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Figure 9. Thermotropic liquid crystal micrograph showing smectic mesophase with biréfringent liquid layer 
at 10X objective under crossed Nicol prisms observed at approximately 183°C.

The microscopic texture of the middle phase was easiest to detect (its presence is 
shown on the phase diagram of Figure 13 by using X as data points). The middle phase 
was characterized by its threaded texture. It appeared as a turbid liquid with regions of 
birefringence occurring in various sequences such that the surface-active material it­
self, rather than water, was the continuous medium. The thread-like texture, also called 
fibrous, has a very mobile state. The typical birefringence with characteristic striations 
is shown in the Figure 10 micrograph.
At depressed temperatures, a heterogeneous separation of the micellar solution was 
observed in which a soap curd formed. The temperature at which the solution became 
opaque was observed to be approximately 12°C for several of the dilute systems. This 
temperature was regarded as the Krafft point. This point can be regarded as the melt­
ing point of the hydrated nafoxidine hydrochloride, above which the surfactant dis-
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Figure 10. Micrograph of lyotropic mesophase of aqueous nafoxidine hydrochloride (approximately 10— 
30%) showing biréfringent liquid layer at 43X objective under crossed Nicol prisms observed at 25°C.

perses in solution as micelles. This transition could not be observed at higher 
concentrations where the liquid was more viscous and turbid. The Krafft point can also 
be explained as the temperature at which the solubility of the hydrated crystalline drug 
reaches the cmc (critical micelle concentration) for micelle formation. These transition 
phases were indistinguishable by polarizing microscopy at 12°C.
The viscous isotropic phase could be separated from its conjugate solutions by centrif­
ugation, but it was not physically stable alone at room temperature and usually 
developed neat phase as evaporation occurred.
The polarizing microscope can only show textures which suggest a distribution of the 
molecular orientation, as contrasted with the distribution of molecules. The high 
degree of orientation observed in the lyotropic mesophases described above has been
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Figure 11. Micrograph of lyotropic mesophase of aqueous nafoxidine hydrochloride (approximately 70- 
90rf)  showing focal conic and spherulite texture with biréfringent liquid layer at 43X objective under 
crossed Nicol prisms observed at 25°C.

structurally analyzed by X-ray and NMR investigations and has been described by 
many workers (see ref 5 and 6  for reviews). Rosevear (7) has also reviewed his micro­
scopic texture classification in a Society of Cosmetic Chemists seminar paper.

R E S U L T S  A N D  D IS C U S S IO N

Nafoxidine hydrochloride exhibits both thermotropic and lyotropic mesomorphism. 
The drug is known to be polymorphic from X-ray diffraction and infrared evidence. 
Thermal analysis of the /3 polymorphic form shows that the compound undergoes a 
transition to a liquid crystal phase identified as smectic by optical characteristics. This 
solid form can be investigated in aqueous systems for various phase changes either by
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Figure 12. Micrograph of concentrated viscous turbid lyotropic mesophase of aqueous nafoxidine hydro­
chloride (>95% ) showing microcrystalline hexagonal isolates in rod-like forms in a focal conic textured biré­
fringent liquid layer at 43X objective under crossed Nicol prisms at 25°C.

diluting concentrated phases of the drug or by concentrating micellar solutions through 
evaporation. These lyotropic mechanisms are of special interest at 25°C and at 37°C 
because these represent ambient storage conditions at room temperature and physio­
logical temperature, respectively. The 37°C behavior is most often studied in pharma­
ceutical formulations for evaluating solubility and dissolution rate behavior of drugs 
and dosage forms.

Intermicellar Equilibria have been shown for various amphiphilic compounds in a 
scheme described by Winsor (2 ) and are depicted for nafoxidine hydrochloride in 
Figure 14. The formation of micelles from monomers can be assumed to follow a 
mechanism in which
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Km
n[Naf+]+m [C rj -  [NafnClm]"-m

where n is the aggregation number (Cl) is the gegenion, (Naf+) is the cation and Km is 
the cicellar equilibrium constant such that

[cations] "[gegenion] " 1 (aNaf+)n(aC r)mK m ----------------------------------- ---------------------
[micelles] (aNafnClm)

Thus micellization can be described by the law of mass action. Micelle formation is a 
thermodynamically reversible process and the micellar solution obeys the phase rule

Figure 13- Binary phase diagram of nafoxidine hydrochloride in water as a function of mol % of drug in 
water. Phases observed at 25°C and 37°C isotherms (shown as dotted tie lines) are, sequentially: isotropic so­
lution, micellar phase, middle (nematic) phase, viscous isotropic phase, neat (smectic) phase and crystalline 
solid. A Krafft point is estimated at approximately 12°C for dilute phases where a soap curd appears. The 
shaded micellar phase and shaded hydrated crystal phase are estimated from both thermal and spec- 
trophotometric data. The speckled viscous isotropic phase is observed only in heterogeneous systems of 
conjugate solutions involving either middle or neat phases with an isotropic gel phase. Data points marked X 
represent the presence of the middle phase with other phases.
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T a b l e  I I I
Phase Examinations of Nafoxidine HCl/Water Systems

Nafoxidine HC1 
Concentration 

mg/ml mol % Temperature, °C
Method of 

Observation11
Phase(s)

Observed

1.0 2 x 10"3 12 X PM Soap Curd
0.7 1.5 x 10“3 25 O Surface Tension, 

Nephelometry
Micellar

1.35 2.7 x 10~3 25 X Turbidimetry Middle
60 25 o PM Viscous Isotropic1'
65 25 o PM Neat1'

1.0 2 x 10“3 37 o Surface Tension, 
Vapor Pressure

Micellar

2.0 4 x 10~3 37 X PM Middle
60 37 o PM Viscous Isotropic1’
65 37 o PM Neat1'
18 85 X HSM Middle
60 88 X HSM Viscous Isotropic'1
40 113 X HSM Middle
70 134 o HSM Neat“

100 176 o HSM, DTA Smectic
90 178 o HSM Neat

100 186 o HSM, DTA Crystal

“Data points showing X always showed the presence of the mobile turbid middle phase (nematic). PM 
represents polarizing microscopy, HSM represents hot stage microscopy, and DTA is differential thermal 
analysis.
11 Conjugate solutions of the middle turbid phase were observed with the clear isotropic gel.
' A conjugate solution or lyogel was observed composed of the neat (smectic) phase with the clear isotropic 
gel.

for heterogeneous equilibrium. For nafoxidine hydrochloride, micelles are formed 
because the state in which the hydrocarbon groups (o) are aggregated possesses a lower 
energy than that in which they are surrounded by water molecules. Although the 
energy due to repulsion of the ionic heads (w) increases in the process of micelle 
formation, the former effect is expected to control the reaction and, hence, micelle 
formation is an energy effect.
The aggregation of nafoxidine cations to form micelles obviously causes a new situation 
regarding the distribution of the chloride gegenions in solution. The ionic heads form­
ing a charged layer on the external surface of the micelle (shown as a Hartley spherical 
micelle in Figure 14) may be expected to exert a high electrostatic field in the neigh­
borhood of the micelles and therefore to effect the distribution of the chloride coun­
terions around them. The resulting interaction between the micelles and gegenions 
leads to a lowering of the free charges of the micelles because of an extensive coun­
terion binding. This will affect micellar growth and stability.
In this spherical micelle forming step (shown above in Figure 14), two major energy 
considerations are involved. Firstly, a transfer of the non-polar c" region of the long 
chain ion from the aqueous environment to the micelle interior takes place with a 
lowering in free energy. Secondly, an increase in free energy also occurs due to the ag­
gregation of the long chains in the micelle interior. The interior of the micelle is here 
designated as o because the new hydrocarbon core of this specific spherical micelle
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Figure 14. Intermicellar equilibrium and associated phase changes shown by nafoxidine hydrochloride 
shown as an amphiphile i  with 
w hydrophilic section of micelle 
c amphiphilic section of micelle
o oleophilic section of micelle as described in Figure 1
This scheme is described by Winsor (2) to include conjugate solutions at equilibrium mixtures between the 
phase changes. Anisotropic gel phase may be considered as a lamellar intermediate between the microemul­
sions of oil-in-water and water-in-oil forms.

renders a fluid nature to this region characteristic of an organic layer. The model shown 
in Figure 14 may be reversed to show a spherical micelle formed from an amphiphile in 
an oil or organic hydrocarbon environment. In such a case, the core of the micelle 
would be aw layer. This is shown as a viscous isotropic aggregate in Figure 14.
The micelles are thus, in the case shown, formed when the energy released by aggre­
gating the hydrocarbon portions of the amphiphilic nafoxidine monomer is great 
enough to overcome the electrical repulsion among the ionic groups and balance the 
entropy decrease associated with micelle formation. Micelle formation and stability are 
dependent on temperature and concentration as well as the influence of additives. 
Micelles can be formed by several classes of amphiphiles, typically cationic, anionic and 
nonionic surfactants. Each will be capable of forming a liquid crystal phase in sub­
sequent binary or ternary (i.e., emulsion) systems.
A theory of micelle stability based on hydrophobic bonding has been described by 
Scheraga and co-workers (8 ) who viewed the physical picture of a micelle as a spherical 
aggregate of hydrocarbon tails, the polar heads on the surface with entangled tails in­
side. Using a free valence approach and also considering a micelle as a lattice, they con­
clude that stable micelles require not only that the free energy per molecule be a 
minimum at some large degree of aggregation, but also that this minimum free energy 
should be smaller than that of the monodispersed amphiphile. The theory is related to
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the excess turbidity which results with increased concentration of the amphilile above 
the cmc. This would explain the changes observed in Figure 8 . Poland and Seheraga in­
terpret this as evidence of an increase in the most probable micelle size.
The thermodynamics of micelle formation have been reviewed by Hall and Pethica (9). 
Their treatment is a refinement of the standard treatment of mass action vs. phase- 
separation models inasmuch as they introduce the small-system thermodynamic ap­
proach as applied to mixed micelles. The mass-action model has often been used suc­
cessfully to predict cmc values. However at higher surfactant concentrations and in 
multicomponent or solubilized systems this model becomes limited in application. 
Since micelles are not arranged in a fixed stoichiometry, a multi-species approach to 
micellar equilibria has also been used in the treatment of micelles as reaction products 
of surfactants and water. The occurrence of lyotropic mesophase domains in amphi- 
phile-water systems is not readily explained by the mass action model.
The phase separation model for micelle formation considers the cmc as the maximum 
concentration of molecular dispersion of the surfactant. Micelles are treated as a 
separate phase, often the justification based on ultra-filtration studies and the fact that 
the concentration of the surfactant monomer appears constant above the cmc. 
However apparent phase heterogeneity and electro-inequality (especially for surface 
layers of charged micelles, ionic surfactants) make a strict thermodynamic treatment of 
micelles as a phase somewhat difficult. This criticism of the phase model, which 
altogether is much better for concentrated surfactant systems than the mass-action 
model, has been the limiting reason for a strict thermodynamic approach to micelliza- 
tion through an entire concentration profile.
The treatment of micelle formation by small-system thermodynamics considers a 
general macroscopic system of multicomponent solutions and multicomponent 
micelles. Hall and Pethica (9) also consider the thermodynamics of mixed small 
systems and regard their overall treatment as chiefly speculative, awaiting experimental 
verification. In general, this small-system approach to micellization is very similar to 
the phase-separation model except that the solvent is considered to be in excess and 
therefore ignored. The assumption is therefore made that the small systems are so 
dilute in the solvent that they do not interact. For assimilation of this treatment into 
systems where lyotropic mesophases occur, however, several difficulties arise.
Micelles are in kinetic as well as thermodynamic equilibrium with the molecularly dis­
persed surfactant. It is generally accepted that micelles can occur well below the cmc 
and also that micelles cannot exist alone as a phase above the cmc without the presence 
of monomers in solution. The lamellar micelle in particular (shown as a McBain micelle 
in part of the neat phase of Figure 14), though often represented to the contrary, de­
pends very critically on the presence of a solution phase for its “sandwich” or 
bimolecular leaflet structure. Micellization and demicellization occur throughout a 
surfactant solvent system at all concentration levels. Thus, depending on the overall 
concentration of the amphiphile in the entire system, it is best to refer to the most 
probable micellar size as the best representation of the structure. Most probably a 
statistical concentration of many micelles and micellar fragments (trimer, tetramers, 
etc.) occur in equilibrium with the recognized micellar size and structure.
The existence of a liquid crystal mesophase in these micellar systems helps in under­
standing the various anomalous phase characteristics. Being a mesophase thermody­
namically, its structure is found to be uniform and homogeneous throughout its
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domain under specified temperature and concentration conditions. As such, either the 
phase-separation model or the small-system thermodynamic approach offers the same 
convenience for lyotropic mesomorphism in concentrated surfactant systems. Fewer 
discrepancies due to solvent interplay, micellar size distribution and multicomponent 
participation (mixed micelles) are associated with accepting the lyotropic mesophase as 
a separate phase.
The origin of the ambiguous term liquid crystal originated because traditionally these 
compounds were discovered by their unique optical properties. Thus, while they 
behaved as solids optically, the compounds had the flow properties of liquids. The 
optical properties of lyotropic mesophases are still a principal means of identifying the 
phase transformations and texture. Rosevear (7), in a previous presentation before the 
Society of Cosmetic Chemists, described the liquid-crystal texture of surfactant meso­
phases.
C r itic a l M icelle C oncentrations were measured in these investigations by several 
methods. A comparison of observed cmc values is listed in Table IV. The methods 
selected are commonly employed for cmc determinations; they were, however, espe­
cially significant because of their pharmaceutical implication. Both surface activity (as it 
may affect drug solubility, dissolution and solubilization) and optical properties (as 
they affect product appearance, stability and spectrophotometric measurements of 
product performance, i.e., dissolution) are significant physical properties which are 
designed and controlled in product formulation. A reasonable agreement was found 
for cmc values determined by the various methods. Tyndallmetric values at 25°C ap­
pear a little higher (1.2 mg/ml) than the other methods. This may be explained by the 
high light-scattering shown by the isotropic solution itself (observed to be about 95% 
transmission in Figure 6).
The surface tension plots in Figures 3 and 4 show a minimum commonly encountered 
in such cmc determinations. The descending portion of the curve below the cmc can be 
explained by impurity adsorbed by surface while the ascending portion of the 
minimum after the cmc and before the plateau is explained by impurity being solu­
bilized by the micelles. The ring method itself may be a contributor to this minimum. 
In the measurement of y  values, the true minimum equilibrium value may not be 
reached. This is evident in the aged-solution values shown in Table I and Figures 3 
and 4.

Table IV
Observed Critical Concentrations for Nafoxidine HC1 Aqueous Solutions

CMC
Value Measured, 

mg/ml Temperature, °C Method

0.70 25 Surface Tension
0.83 37 Surface Tension
0.92 37 Vapor Pressure
1.2 25 Tyndallmetric
0.75 25 Nephelometric A
0.68 25 Nephelometric B
0.7 25 Turbidimetric
1.35a 25 Turbidimetric

a Represents a second critical concentration in which anisotropicity is observed and a phase change appears.
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The temperature dependence of surface tension has been described (10) as resulting 
from the influence of two factors. One is the vapor pressure of the substance; they falls 
as the saturated vapor pressure rises. The other factor is the increase in the thermal 
motion of molecules in the liquid phase which leads to increased intermolecular 
distance; the surface tension falls as the temperature rises. This was observed in solu­
tions of nafoxidine hydrochloride.
The Ionic Equilibrium of the Amine Hydrochloride plays a role in the micellar equilib­
rium. The observed solubility of total nafoxidine species can be represented by the 
following scheme.

[Naf]Soiid

jr k s.

[NafJbase + [H.iO]

Ji

[Mixed Micelle] 

where [Nafltotai = [NafJbase + [Naf ■ H+] + [n Naf ■ H +]

The observed pH of a saturated solution of nafoxidine hydrochloride was 4.6. This can 
be calculated for appropriate pKa values at 25°C to give an apparent solubility value of
0.7 mg/ml. This value coincides with the measured cmc values. For a given molarity, 
the concentration of free nafoxidine base present in the solution may be affected by 
back hydrolysis and as such may exert some effect on the drug solubility (micellar 
properties). Buffering to a suitable pH range may diminish the extent of free-base 
contribution. The solubility of free nafoxidine base in water is calculated to be 0.011 
mg/ml at 25°C. The free base may act as an impurity in the nafoxidine hydrochloride 
solutions (micellar and otherwise).
The Micellar Molecular Weight was seen to increase at a second critical concentration as 
observed in the light scattering studies. This is shown in the equilibrium diagram in 
Figure 14 as the conversion to the middle phase. The micellar units of the phase, 
consisting of amphiphilic nafoxidine molecules associated in a fluid, reform into 
parallel cylindrical threads with the external polar groups (w) surrounded by water. 
This liquid crystalline middle phase formed many conjugate solutions for nafoxidine 
hydrochloride. Winsor (2) has discussed this equilibrium in detail. The turbidimetric 
data shown plotted in Figure 8  show the observed phase change which represented 
the onset of visible turbidity, seen in micrograph, Figure 11, of the middle (nematic) 
phase. The texture of this phase has been described by Rosevear (3) and its structure 
was determined by Luzzati (1). It is formed by a set of indefinitely long cylinders, 
regular, two dimensional hexagonal array, and separated from one another by water.
The onset of turbidity may be interpreted as a cloud point (not in the terms of nonionic 
surfactants that experience an increase in micellar weight with increased temperature). 
This can be justified inasmuch as a phase separation occurs to form a coacervate in this 
region. This was described by Langmuir (11) as unipolar coacervation when two kinds 
of micelles were mixed. Phase separation in surfactant solutions normally occurs on 
heating for nonionic and on cooling for ionic surfactants. Thus the Krafft point ob­

[Naf- HClJsoUd 

Ks [[

[CL] + [Naf' H+] 

Km J1

JSik
[HOH]
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served for nafoxidine hydrochloride corresponds to the classical case for ionic amphi- 
philes. Light scattering studies for cationic micelles that form coacervares have pre­
viously been reported ( 1 2 ) for systems with both zero and low electrolyte added.
The Neat (Smectic) Phase of nafoxidine hydrochloride is observed only in very high 
concentrations of drug. The kinetics of formation of this phase are such that it was not 
easily observed in systems in which the crystalline drug was only partially hydrated. 
This phase could be produced by concentrating the viscous isotropic gel phase by 
evaporation or by cooling a supersaturated isotropic solution of drug. Micrographs in 
Figures 12 and 13 showed the texture of phases prepared by cooling to 25°C.
Due to the kinetics of phase formation of the neat phase, there is some uncertainty 
associated with the phase boundaries for this phase, shown in Figure 9. This phase 
could not be produced in the concentration range below 65 mol % by the cooling 
method. Similarly, the stepwise aggregation of micelles in the evaporation method did 
not produce a neat phase that stayed anisotropic above 125°C. For this reason the ki­
netics of phase formation complicates the phase diagram, and is reflected in the 
multiple equilibria scheme in Figure 14 by showing various possible phase transforma­
tions between the three lyotropic mesophases observed.
The Viscous Isotropic Mesophase for nafoxidine hydrochloride always appeared with the 
presence of either the middle or neat phases. If centrifuged, the neat phase always set­
tled down as the dense pearlescent bottom layer. A scheme for lyotropic 
paracrystaliine phases different from the scheme in Figure 14 has been proposed by 
Small and Bourges (13), in which they describe the transition to a cubic liquid-crystal 
phase as the viscous isotropic phase. This phase is described as a face-centered cubic 
structure with three-dimensional long-range ordering. It was observed in the stepwise 
hydration of the crystalline solid as intermediate between the neat and middle phases. 
Small and Bourges report that under the polarizing microscope this phase appears 
isotropic, but, if bubbles are trapped within it, they are angularly deformed and do not 
become spherical with time. This was not observed for the viscous isotropic phase of 
nafoxidine hydrochloride.

A P P L I C A T I O N S  T O  F O R M U L A T I O N

STRUCTURAL CONSIDERATIONS

Having established that nafoxidine hydrochloride is an association colloid when in 
aqueous solution, the pronounced surface activity and micellar aggregation observed 
are not entirely surprising when the structure of the molecule is considered. The cmc 
ranges observed are typical for ionic surfactants. The effects of chemical structure or 
micellar and liquid crystal behavior have been reviewed by Usoltseva and Chistyakov 
(14). These authors give a detailed description of the effect of aromatic moieties, espe­
cially those joined in the/wra-position and the tendency for form mesophases.
The cosmetic chemist should be aware that factors other than impurity can lead to de­
partures for the usual, well defined solid-isotropic liquid transition or solubility- 
turbidity phenomena. Sometimes supposedly impure pharmaceutical or cosmetic in­
gredients are apt to be discarded as inseparable mixtures simply because they exhibit 
lyotropic or thermotropic mesomorphism with which the formulators are not familiar. 
The reformulation of components based upon results of stability studies often dictates
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the selection of costly ingredients, which may have been influenced by micellar or 
lyotropic mesomorphic behavior. Thus drug, flavor, odor or color changes may be 
associated with liquid-crystal phase transitions. This is especially true if we rely on 
optical methods for routine analysis (spectrophotometric, microscopic, light-scattering, 
etc.)

FACTORS AFFECTING THE CMC VALUES

The implications of the existence of acme range for nafoxidine hydrochloride aqueous 
solutions allows us to predict many physical-chemical properties. At concentrations 
above the cmc the solution is non-ideal. It should be emphasized, however, that the 
critical concentration is not a unique concentration value but a concentration range 
within which the constitution of the amphipathic solute in solution changes from the 
molecular (or ionic) disperse state to an equilibrium between molecules (or ions) and 
aggregates.
It is important to distinguish between (a) those factors which influence the cmc of nafoxi­
dine hydrochloride solutions and (b) those properties of nafoxidine hydrochloride so­
lutions which are a consequence of micellar behavior in the subsequent physical, 
chemical and/or biological systems investigated, i.e.,properties affected by the cmc.
The cmc ranges determined in the studies described were for essentially simple binary 
systems of drug in water. The micellar behavior for ternary or more complicated 
systems becomes quite complex. Mention is only made here of the most common fac­
tors which can affect cmc values, namely, (a) the presence of additives such as (1 ) salts 
(gegenions), (2) polar compounds, (3) insoluble materials or (4) other surfactants; (b) 
the effect of pH; and (c) the temperature dependency. These effects are discussed by 
Shinoda and Sjoblom (15) in greater detail; however, the qualitative effect of these fac­
tors is important to recognize. Special emphasis is made in recognizing that nafoxidine 
hydrochloride solutions involve an ionic surfactant, and, as such, one must be careful 
not to assume that the typical behaviors of nonionic surface-active agents can be ex­
pected in these systems.
Salts lower the cmc values of ionic surfactants. However the salt effect is not governed 
by the principle ot ionic strength or the Debye-Hiickel relationships. The depression 
of the cmc depends only on the concentration of ions bearing a charge opposite of that 
of the surface-active ions (i.e., anions). The nature and concentration of ions of the 
same charge (cations) are without effect. Correspondingly smaller erne’s for nafoxidine 
hydrochloride solutions would be observed for bivalent gegenions than for univalent 
additives. Long-chain alcohols, amines and similar compounds containing a polar group 
can produce a considerable lowering of the cmc. The effect is increased both by the 
concentration of the polar additive and by increasing the chain length (i.e., C4OH 
lower the cmc more than C2OH).
Insoluble materials such as hydrocarbons or any other material which can be solubi­
lized in the interior of the nafoxidine hydrochloride micelle can cause an increase in 
the micellar size and thus lower the critical concentration. The interplay of the hydro­
philic and oleophilic (may be here considered as hydrophobic) portions of the amphi­
pathic nafoxidine ion have a great effect on the cmc. The solubility of the ion-pair 
(counterion + charged polar head of the amphipathic nafoxidine cation) in the surface
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region of the micelle is probably a very important factor in determining the size of the 
micelle and hence its cmc.
The selection of aerosol components in cosmetic formulations including a 
mesomorphic compound may be affected by the above additives. The vapor pressure, 
spray pattern and concentrate/propellant ratio will depend on the surface activity and 
phase behavior of the major active ingredient. The addition of salts or alcohols will de­
termine the stability and shelf-life of the product.

SIGNIFICANCE OF MICELLAR AND MESOMORPHIC PROPERTIES

The importance of the micellar behavior of nafoxidine hydrochloride can be subject to 
considerably varied interpretation. The presence of a cmc can manifest itself in a wide 
variety of physiochemical properties, many of which have been described in this 
report. It is pertinent here to mention those properties affected by micellar behavior 
which may significantly influence the use of drug, cosmetic or toiletry products. Shi- 
noda describes the following properties as being critically affected by micellization: 
(a) solubilization, (b) surface tension, (c) partial molal volume, (d) refractive index,
(e) light scattering, (f) colligative properties, (g) solubility, (h) electromotive force, (i) 
diffusion, (j) viscosity, (k) dialysis, (1) ultraviolet and infrared absorption and 1 0  or 
more other physicochemical phenomena. All are based on a non-ideal or varied be­
havior of the surfactant at concentrations above the cmc.
The physical and chemical methods employed in preparing the drug and the dosage 
form were of particular interest to us in the design of the most effective formulation of 
nafoxidine hydrochloride. In addition, any analytical procedure employed to aid us in 
dealing with the drug in its varied systems must be subjected to a possible involvement 
of micellar behavior. Having recognized such a contribution in several of the systems 
investigated in product development has greatly facilitated both an understanding of 
the phenomena observed and the selection of appropriate methods to study and 
develop suitable formulations.
The growing popularity of cosmetic hair preparations in transparent form has stimu­
lated the development of clear gels. Emulsions, microemulsions and lyogels have been 
made from micellar and mesomorphic ingredients. The viscoelastic properties of 
lyotropic mesophases have been utilized to capture rheological cosmetic acceptance 
based on ease of application (feel) as well as detergent properties in shampoos and 
soaps. The color and fragrance of such products may be stabilized by concentrating the 
ingredient(s), often very expensive components, into a mesomorphic phase which is 
very thermodynamically stable.
The clear gel formulation has also been used for lipsticks, skin fresheners and anti- 
perspirants, as well as hair products. While most of these products involve microemul­
sions which are not mesophases, the use of surfactants in high concentration offers spe­
cial solubilization opportunities to incorporate other ingredients into the gel formula­
tion (especially perfuming).
The optical properties oí nafoxidine hydrochloride mesophases displayed pearlescent 
appearances which offer not only an acceptable cosmetic property but can also be used 
to overcome the problem of discoloration. Surfactant systems can be formulated to in­
corporate vanillin, eugenol, indole and other labile additives. While the pearlescent ef-
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feet of mesophases is not as intense as that of bismuth oxychloride or guanine (com­
mon pearlescent additives in nail polishes, lipsticks and mascara), they are usually more 
stable.

C O N C L U S I O N S

The micellar properties of colloidal solutions of nafoxidine hydrochloride represent a 
very unique and complex system of drug in aqueous media. A detailed knowledge of 
the theory explaining some of the phenomena observed in formulating the drug has 
proven to be of invaluable assistance in developing an improved product and/or in 
understanding and predicting the physicochemical properties involved. To assume that 
the information gained is entirely or partly applicable to the successful development of 
a drug product recognizes only a part of the effort. Such a system, in which the active 
principle of the dosage form is a highly surface-active material possessing a cmc range 
in the concentration range of interest, represents a selected pharmaceutical product 
which is not too common. On the average, it has been assumed that about 1 in every 
200 compounds is liquid crystalline. Although this is not a high occurrence, the 
phenomena can occur over a wide range of molecular types and can pose several op­
portunities as well as problems.
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Synopsis

The stress-strain curve for keratin had previously been utilized to assess the action of cosmetics on the hair. 
The POST-YIELD SLOPE of this curve has been correlated with changes occurring to the disulfide bonding 
under PERMANENT WAVING conditions. The evaluation of this mechanical PARAMETER can be re­
lated to the time of processing, rate of penetration of mercaptan and the level of disulfide cleavage. It can 
further be utilized to assess the effects of formulation variables such as concentration, pH, structure of the 
mercaptan and formulation additives. The ease of this technique can save the chemist considerable time in 
optimizing a PERMANENT WAVE FORMULATION.

I N T R O D U C T I O N

The stress-strain relationship for keratin fibers has been widely studied and the various 
regions of the stress-strain curve correlated with changes in the molecular conforma­
tion (1). When a hair fiber is stretched at a constant rate of elongation, three distinct 
regions appear, as shown in Figure 1. In the Hookean region of the curve (AB), the 
stress is linearly related to the strain until an extension of approximately 2 %, when the 
fiber begins to yield as the crystalline a-helices begin to unfold. This yield process 
continues until about 30% extension where the stress rapidly increases during the so- 
called post-yield region (CD) until the fiber breaks at 40-50% extension.
While the details of changes in molecular conformation in the post-yield region are still 
under debate, it is generally accepted that the disulfide-rich matrix surrounding the 
microfibrils is becoming involved. The high disulfide content and thus the high degree 
of cross-linking in this amorphous matrix are resisting further extensions with a sub­
sequent increase in stress. Many workers have investigated keratins which have been 
partially reduced and alkylated to obtain varying disulfide levels, and shown that the 
modulus (the slope) of the post-yield region decreases with decreased disulfide content 
(2-4).
The change in mechanical properties of human hair has often been utilized to assess the 
effect of varying cosmetic treatments on the fiber, particularly cosmetic treatments that
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Figure 1. Typical stress-strain curve of untreated and permanent waved hair.

are known to involve bond breakage within the keratin structure, such as permanent 
waving, bleaching and straightening. A commonly reported parameter is the so-called 
20% Index, or I2 0 , which is a measure of the ratio of the work required to stretch the 
fiber to 20% extension after a treatment to that before the treatment was given (5). If 
this ratio is 1 .0 , then the fiber was unaffected by the process; the lower the value of the 
ratio, the more effect the process has had on the fiber properties. For example, a typical 
alkaline permanent wave will reduce this value to about 0 . 8  (6 ), which is a reduction in 
the toughness of the fiber by about 20%. The lower stress-strain curve of Figure 1 is 
typical for a hair fiber which has been permanent waved, as compared to the normal 
curve. The shaded area in Figure 1 represents the difference in work of extension 
between the treated and untreated hair.
While such measurements are valuable to the chemist to assess the overall effect of a 
given process on the toughness of the fiber, they are "after-the-fact.” It would be valu­
able to be able to correlate such changes to variations between cosmetic formulations 
themselves with the goal of optimizing the formulation from a performance and eco­
nomic point of view while maintaining the hair’s initial mechanical properties.
Hamburger and Morgan (7), in 1952, were the first workers to note the decrease in 
post-yield slope (PYS) as hair fibers remained in contact with typical permanent wave 
solutions. While no attempt was made to study various formulation variables, nor did 
the conditions of the experiments simulate the conditions of permanent waving, they 
demonstrated that the post-yield slope could be linearly correlated with the time of im­
mersion of the hair in the waving solution. Subsequent investigations by Herrmann (8 ) 
showed that the rate-limiting step in the reaction between hair keratin and alkaline 
thioglycolate was diffusion of the mercaptan into the hair fiber. The time of diffusion 
was strongly dependent upon pH and temperature, and varied for different mer- 
captans.
The coupling of these observations led us to investigate the effect of typical permanent 
wave formulation variables on the slope of the post-yield region. The formulating
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chemist is concerned with the variables of mercaptan concentration, pH, temperature 
and additives. At the same time, the ultimate user wants efficient and rapid processing. 
The post-yield slope can be used to assess the effect of formulation variables under 
actual waving conditions and can be correlated to molecular changes within the fiber, 
such as the degree of disulfide bond cleavage. The results of these investigations are 
reported herein.

E X P E R I M E N T A L

Hair samples were obtained from individual heads of known cosmetic history, or 
purchased as virgin European hair from DeMeo Brothers, New York, NY 10003- 
These samples were washed with a mild anionic commercial shampoo (Redken Labora­
tories, Inc., Canoga Park, CA 91303) and thoroughly rinsed with tap water.
For most experiments, 10 hair fibers were wrapped on single plastic mandrels 
(diameter 8  mm), saturated with the waving solutions, placed in plastic bags and treated 
for the desired length of time. For the reaction of hair keratin with sulfite, the 
procedures of Wolfram and Underwood (9) were duplicated. For the reaction of hair 
keratin with mercaptans to determine the degree of cleavage, the conditions of Haefele 
and Broge (6 ) were repeated.
Mercaptan compounds of known purity were commercially available and obtained as 
samples from either Halby Division, Argus Chemical Co., New Castle, DE 19720, or 
Evans Chemetics, Inc., Darien, CT 06820.
Solution concentrations throughout are based on the weight percent of active mer­
captan species. All other chemicals were reagent grade.
Stress-strain curves for individual fibers were obtained at ambient temperature (20— 
25°C) and humidity (40-60% R.H.) utilizing the instrumentation described by Tyson 
and Curtis (10) . 1 Post-yield slopes were obtained from the stress-strain curves by 
graphical interpolation. Reported slopes generally represent the average of 10 fiber de­
terminations for each set of experimental conditions. In general the standard deviation 
was ± 1 0 % of the determined value.
Penetration studies utilized the iodine decolorization technique as described by 
Herrmann (8 ).

D I S C U S S I O N  A N D  R E S U L T S

In order for the post-yield slope to be valuable in the assessment of formulation vari­
ables in permanent waving it must be sensitive to these variables under actual 
permanent waving conditions. The data of Hamburger and Morgan (7) had been ob­
tained by immersing the hair fibers in containers of the waving lotion, which represents 
very high solution to fiber ratios. The treated hairs were rinsed and subjected to 
analysis. In permanent waving practice, the weight ratio of solution to fiber is typically 
between 0 . 6  and 1 .2 , with a value of 1 . 0  being most representative.

1A single hair fiber is horizontally suspended between a set of clamps. Force is applied by a constant speed 
motor which elongates the fiber at the rate of 1.5%/sec. Stress is monitored on the other end by a strain 
gauge transducer, while the stress-versus-strain graphs are plotted on an XY Recorder (Hewlett-Packard, 
Inc., Palo Alto, CA 94303).
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Figure 2. Typical stress-strain curves for human hair treated with permanent waving agent.

This was determined by actually weighing the combination of tresses and rods before 
and after they had been treated by different operators. Hairs were selected from these 
rods and the stress-strain curve obtained as a function of time. Indeed, the post-yield 
slope decreased with time of contact with the waving solution, and representative 
curves are shown in Figure 2. When the actual slopes are obtained graphically and plot­
ted against time, a picture of the typical alkaline wave emerges from the initiation of 
waving with a rapid softening of the keratin structure to a reforming of the structure 
with bromate during the oxidation step. A typical alkaline wave is illustrated in Figure
3. Note the rapid drop in slope during the first 5 min as breakage of disulfide occurs. 
The slope values level off at 15 min, which approximately coincides with the time that 
the operator judges this sample to have a sufficient test curl. From the data presented 
by Herrmann (8 ), this is approximately the time for complete fiber penetration by 
thioglycolate at room temperature and pH 9.2. The slope value remains constant for 
times of at least 40 min, and this is not unexpected, since the reaction of disulfide with 
a mercaptan is an equilibrium process (9). Further cleavage of disulfide can be obtained 
by reapplication of mercaptan solution, increasing the temperature, or increasing the 
pH.
When bromate solution is applied, the slope rapidly returns to almost initial values as 
the disulfide bonds are reformed. The time of 5-10 min for the post-yield slope to 
reach a maximum value is generally accepted as the "neutralization” time in actual 
practice (11). The slope does not return to its initial value, and again this is expected 
since the efficiency of disulfide bond restoration is typically 80-90% with some cystine 
being lost to sulfur containing by-products such as cysteic acid (1 2 ).
Since it was our desire to focus our attention on the waving step and to conduct our 
investigation under actual waving conditions, the effect of external variables on the 
post-yield slope must be considered. The stress-strain curve of keratin is very sensitive 
to temperature and humidity, particularly in the Hookean and yield regions (13). 
While these variables can be readily controlled in the laboratory, they are difficult to 
control while obtaining salon samples.
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Figure 3. Variation of post-yield slope with time during typical alkaline wave.

Humidity variations have little effect on the post-yield slope. Hamburger and Morgan 
(7) have shown that there was little difference between the post-yield slope of a hair 
immersed in water and one conditioned at 65% R.H. This had also been shown for 
wool at 22°C over the relative humidity range of 0-100% (13)- The post-yield slopes 
of all stress-strain curves for these conditions are roughly parallel. In actual experi­
mental practice, no variations were observed for the relative humidity range of 40- 
60% commonly encountered in the salon. While the Hookean and yield regions in­
volve extensive contributions from hydrogen bonds, the stiffness of the post-yield 
region depends upon disulfide crosslinks which are unaffected by water at room 
temperature (7).
The post-yield slope is strongly dependent upon temperature, and this has been shown 
for wool fibers in water over the range of 0-100°C (13). With increasing temperature, 
the post-yield slope decreases. It has been shown by Rebenfeld et al. (2) that untreated 
hairs undergo a transition at about 85°C where the disulfide bonds reach such a degree 
of instability that the disulfide-rich matrix shows a rapidly increasing flow component 
with increasing temperature. Partial reduction lowers this value to 6 6 °C. While the 
slight variation in room temperature (20-25°C) does not affect the post-yield slope 
analysis, the contribution of temperature to results obtained with heat activated acid 
waves cannot be ignored.
Air oxidation of the reduced hair sample might conceivably be a third factor affecting 
the post-yield slope analysis. Since oxidation restores the disulfide bond, the post-yield 
slope would increase with increasing oxidation. In practice air oxidation is not an 
efficient process for the restoration of disulfide (7, 11, 12), and indeed samples were 
exposed to air overnight without an appreciable increase in post-yield slope.
Thus in practice these external variables do not make a significant contribution to the 
post-yield slope under waving conditions. The possible exception is the temperature 
contribution to matrix flow in heat activated acid waving.
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THE EFFECT OF HAIR FIBER DIAMETER

It is w ell know n to  those  w ho p rac tice p e rm a n en t w aving th a t fiber d iam ete r will affect 
the  tim e o f  p rocessing . C oarse  hair is o ften  describ ed  as "res is tan t” and m ay re q u ire  
h igher s tren g th  w aving so lu tions, o r  p re-so ften in g  w ith  w aving so lu tio n  to  decrease  
p rocessing  tim e.

T h e  post-y ie ld  slope itse lf  re p re se n ts  the  stiffness m odu les o f  th e  post-y ie ld  reg ion . 
W hile  we have o b ta in ed  th e  slope values by sim ple graphical in te rp o la tio n  and 
exp ressed  th e  values in a rb itra ry  un its , w e recogn ize  th a t the  slope is com m only  
exp ressed  in dynes/cm 2— the stress d iv ided by the  cross-sectional area o f  th e  fiber. T h e  
varia tion  o f  slope values w ith  d ia m e te r  can be m in im ized  by se lec ting  hair from  a single 
individual, th o u g h  o f  course th e re  is a G aussian  d is tr ib u tio n  o f  fiber d iam eters  even  on 
an ind iv idual head. In genera l w e averaged the slopes from  5 - 1 0  single hair sam ples 
fo r each se t o f  ex p e rim en ta l cond itions, though  in  certa in  instances co rrec tio n s w ere  
m ade fo r d iam ete r to  com pare  resu lts  b e tw een  d iffe ren t hair sources. F or a single head, 
the  standard  dev iation  fo r slope values was app rox im ate ly  ±  10% .

T h e change in arb itra ry  post-y ie ld  slope w ith  fiber d ia m e te r  and its effec t u p o n  the 
tim e o f  p rocessing  can be seen  in  F igure 4. A single m andre l was w rapped  w ith  10 
hairs, sa tu ra ted  w ith w aving so lu tion  and placed in a plastic bag at 46°C  fo r each tim e 
po in t. T h e  w aving so lu tion  was a com m ercial acid w ave o f  p H  6.5. T h e  initial a rb itra ry  
slope increases w ith  increasing  fiber d iam ete r w h ere  the  values o f  d iam ete r re p re se n t 
the w ide axis o f  th e  ha ir’s ellip tical cross-section . T h e  tim e varia tion  show n in this 
g raph  w ould  suggest th a t th e  hairs o f  64  and 95 Atm w ould  p rocess in 1 0 -1 5  m in, 
w hile the  112 fx m  hair w ou ld  re q u ire  over 20  m in  if  we use the  sam e reason ing  th a t w e 
app lied  to  the alkaline w ave analysis in F igure 3-

W e te s ted  th is resu lt by evaluating  th e  p rocessing  tim e fo r an acid wave on  49  heads in 
th e  salon and asking the  o p e ra to rs  to  classify th e  hair accord ing  to  the  designations o f

V A R IA T IO N  O F  P O S T  Y IE L D  S L O P E  
W I T H  T IM E

TIME (MINUTES)

F ig u re  4. V ariation o f  post-yield slope w ith tim e fo r hairs o f  varying diam eter.
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Table I
Commercial Acid Wave

Type of Hair Time of Processing
(microns) (minutes)

Fine (40-60) 18.0 ± 2.7
Medium (60-90) 16.6 ± 3-6
Coarse (90 and above) 23.6 ± 5.6

Salon Test at 50°C, n = 49 heads

Fine ( 4 0 - 6 0  Atm), M ed ium  ( 6 0 - 9 0  /xm), and C oarse (90 /xm  o r above). T h e  average 
tim es are show n in T ab le  I. In  genera l th e  post-y ie ld  slope analysis was able to  estim ate  
the  tim e o f  p rocessing  in the  salon q u ite  w ell w ith  rela tively  few sam ples.

It is in te re s tin g  to  n o te  tha t the d iam ete r has rela tively  little  effec t on  the  tim e o f  
p rocessing  up to  an arb itra ry  p o in t o f  9 0 /xm, b u t th e n  the  hair becom es " re s is ta n t” to  
p en e tra tio n . T his d iffe rence  m ust reflec t th e  d iffe ren t co n trib u tio n s  o f  cu ticle and 
co rtex  to  the  fib er’s p ro p e rtie s  as the  ra tio  o f  these  m orpho log ical co m p o n en ts  changes 
w ith fiber d iam ete r (14).

THE DEGREE OF CLEAVAGE OF DISULFIDE

W ith  o u r in itia l success in d e te rm in in g  the average tim e o f  p e rm a n en t w ave p rocessing , 
it was o f  in te re s t to  a ttem p t to  utilize th e  post-y ie ld -slope tech n iq u e  to  es tim ate  the

Table II
Equilibrium Cleavage of Disulfide By Sulfite

Sample
No.

Final
Solution

pH
Temperature

(°C)
Degree of 
Cleavage3

Post-Yield
Slope”

1. kSSk„ = 0.57m mol/g1' 7.1 50 0.37 0.28
2. 7.1 50 0.37 0.32
3. 7.9 50 0.20 0.39
4. 8.5 50 0.10 0.48
5. kSSkq = 0.60m mol/gc 0.1 35 0.02 0.57
6. 2.0 35 0.31 0.27
7. 2.8 35 0.39 0.30
8. 3.6 35 0.44 0.26
9. 4.1 35 0.38 0.18

10. 4.7 35 0.42 0.17
11. 7.1 35 0.23 0.30
12. 9.2 35 0.07 0.50
13. Control (H20  only) 6.0 35 0.00 0.60

Conditions: 1M Sodium Sulfite
100:1 Solution to Fiber Ratio 
24 Hours Immersion

aThe degree of cleavage represents [(kSSk)0 — (kSSk)eq.]/(kSSk)„ as defined by Wolfram and Underwood
(9).
'’The post-yield slope is expressed in arbitrary units and represents the average of 10 hair fibers.
"The initial cystine values were determined by amino acid analysis in these laboratories as described by Gum- 
precht et al. (12).
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d eg ree  o f  d isulfide cleavage u n d e r w aving cond itions. Such m e asu rem en ts  usually  r e ­
q u ire  a separate  and o ften  tim e-consum ing  chem ical analysis (12).

C leavage o f  d isulfide by nucleoph iles such as sulfite o r  m ercap tid e  ion  is an eq u ilib riu m  
process and has been  tre a te d  in detail by W olfram  and U n d erw o o d  (9). T hey  d e ­
te rm in ed  th e  eq u ilib rium  disulfide cleavage values fo r  hum an  hair at 35°C in 1M sulfite 
o v er the  p H  range o f  0 -9 -  T h e  so lu tion  to  fiber ra tio  was 100:1. By rep e a tin g  these  
cond itions at various p H  values it is possib le  to  ob ta in  d isulfide cleavage values o f  8 -  
31% . H air fibers can th en  be w ithdraw n  from  th ese  so lu tions and th e  values o f  p o s t­
yield slope d e te rm in e d  to  o b ta in  th e  co rre la tio n  b e tw een  slope and cleavage level. 
C leavage values w ere  d e te rm in e d  by titra tio n  w ith  salyrganic acid u n d e r varying ex­
p erim en ta l con d itio n s and the  post-y ie ld  slope values d e te rm in ed . T h ese  data  are 
p re se n te d  in T ab le  II and F igure 5.

T h e  values o f  the  post-y ie ld  slope d ecrease  w ith  increasing cleavage o f  d isulfide, and a 
good  linear fit (r =  —0.94) can be ob ta in ed  ov er th e  range 0 - 5 0 %  cleavage. C rew th e r
(4) has show n a linear re la tionsh ip  b e tw een  the  slope o f  the  post-y ie ld  reg ion  and the  
d isulfide c o n ten t o f  S -m ethy la ted  L incoln w ool b e tw e en  0 - 7 5 %  cleavage. A bove 75%  
the  slope begins to  d ro p  rapidly and ex trapo la tes  to  ze ro  at ze ro  d isulfide co n ten t. F or 
values above 4 0 %  cleavage by o u r  tech n iq u e , es tim atio n  o f  th e  slope graphically  b e ­
com es to o  un re liab le  to  ex ten d  th e  data  to  h igher cleavage values. I t is p o stu la ted  tha t 
roughly  4 5 %  o f  the  d isulfide in th e  hair fiber is rela tively  inaccessib le to  sulfite u n d e r 
these  ex p erim en ta l cond itions (9), so h igher cleavage levels w ere  n o t investigated .

W e a ttem p ted  to  im prove the  linear fit by co rrec tin g  the  m easu red  slope values fo r 
d iam eter varia tions by norm alizing  th em  to  the  slope p r io r  to  trea tm en t. T h e  stan­
dard ized  slope thus rep re se n ts  th e  m easu red  post-y ie ld  slope for the  trea ted  hair fiber 
d iv ided by the  m easu red  post-y ie ld  slope fo r a leng th  o f  th e  sam e fiber p r io r  to  tre a t­
m en t. F or th is series o f  ex p e rim en ts , th e  co rre la tio n  was unchanged  (r =  - 0 .9 4 ) .  
H o w ev er the  standard ized  slope is useful fo r com paring  hairs o f  w idely varying 
d iam eter as discussed in a follow ing exam ple.

I f  the  slope values are in d e p e n d e n t o f  cleaving agent, th e n  th e  data  for sulfite can be 
ex trapo la ted  to  cleavage by m ercap tans u n d e r w aving cond itions. H ae fe le  and B roge
(6) d e te rm in e d  th e  cysteine g en e ra te d  by d isulfide cleavage w ith  m ercap tans o f  varying

DEGREE OF CLEAVAGE («¿)

F ig u re  5. V ariation o f  post-yield slope w ith degree o f  cleavage.
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Table III
Comparison of Degree of Cleavage of Disulfide by Post-Yield Slope Analysis with 

Data of Haefele and Broge (6)

pH of Degree of Cleavage

Mercaptan Standardized Haefele
Solution Slope Slope and Broge

1. 2.0 0.89 0.03 0.03
2. 5.0 0.63 0.22 0.10
3. 6.5 0.65 0.20 0.14
4. 8.0 0.46 0.34 0.31
5. 9.8 0.27 0.48 0.42

Conditions: 0.55 N  Thioglycolic Acid 
30:1 Solution to Hair Ratio 
10 Minutes Immersion 
Room Temperature

acid ities u tiliz ing  a' h e te ro g en e o u s  io d in e /th io su lfa te  titra tio n  o f  th e  hair sam ples. 
W hile  b lank  values by th is te ch n iq u e  can be as high as 3 .0%  cysteine, it is u sefu l fo r 
com parison  p u rp o ses. T h e  con d itio n s o f  th e ir  e x p e rim en t w ere  rep e a te d  and the p o s t­
y ield slopes d e te rm in e d . T h e  deg ree  o f  cleavage by s tandard ized  post-y ie ld  slope 
analysis is co m p ared  to  th e  values ex trap o la ted  from  the data  o f  H ae fe le  and B roge  in 
T ab le  III. T h ese  values assum e th a t (kssk)0 =  0 .79m  m ol/g  based on  5 .0 5 %  su lfu r in 
th e  hair.

In g en era l the  post-y ie ld  slope gives slightly h ig h e r cleavage values th an  the  titra tio n  
tech n iq u e , th o u g h  ag reem en t is good  w ith  th e  ex cep tio n  o f  th e  value fo r p H  5.0. 
C o n sid erin g  th e  n u m b e r o f  assum ptions th a t are m ade in th is com parison , the 
ag re em e n t is very  good  indeed .

Since th e  assum ption  th a t d isulfide cleavage cou ld  be es tim ated  by com parison  against 
a  s tandard  slope vs. cleavage p lo t seem ed  valid, the  te ch n iq u e  was app lied  to  p a tro n s  
having w aves in th e  salon. R an d o m  hair leng ths w ere  o b ta in ed  b e fo re  p erm in g , and the 
average post-y ie ld  slope d e te rm in e d . T h e  sam e p ro c e d u re  was fo llow ed at th e  tim e the 
o p e ra to r  judged  th e  te s t cu rl sufficient. A n averaged  standard ized  slope was o b ta in ed  
by d iv id ing  the average p e rm  slope value by th a t p r io r  to  trea tm en t. T h e  d eg re e  o f  
cleavage cou ld  th e n  be e s tim a ted  from  the  p rev iously  d e te rm in e d  co rre la tion . T h ese  
data  are p re se n te d  in T ab le  IV.

T h e  average d eg re e  o f  d isulfide cleavage fo r th is w ave u n d e r  salon cond itions was 28  ±  
9 %  as e s tim a ted  by post-y ie ld  slope analysis. T h e  range o f  th e  cleavage values is 1 3 -  
4 1 % . T h is can be co m p ared  w ith  th e  data  o f  G u m p re c h t e t al. (12), w ho d e te rm in e d  
th e  p e r  cen t re d u c tio n  fo r salon w aving by tagging th e  cysteine g e n e ra te d  by cleavage 
and analyzing th e  hair by am ino  acid analysis. B o th  rad ioactive and “co ld ” tags w ere  
used. C yste ine  was assayed as C14— carboxym ethy l cyste ine  u tilizing  labeled  iodoace tic  
acid as th e  h o t tag, and  as S -am inoethy l-cyste ine  u tiliz ing  e th y len e im in e  as the  cold  tag. 
T h e  values by th e  h o t tag m e th o d  fo r th e  d eg re e  o f  cleavage w ere  2 2 - 4 5 % , and  2 0 -  
36%  by the  cold  tag  m ethods. T h e  post-y ie ld  slope d e te rm in a tio n  yields cleavage 
values th a t com pare  w ell to  th o se  o b ta in ed  by th e  m o re  labo rious tagging tech n iq u es 
and can be u sed  to  estim ate  th e  d eg re e  o f  cleavage o f  d isulfide u n d e r actual w aving 
conditions.
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Table IV
The Degree of Cleavage of Disulfide by a Commercial Acid Wave Under Salon Waving Conditions

Patron No. Standardized Slope Degree of Cleavage

i 0.54 0.28
2 0.39 0.39
3 0.40 0.38
4 0.54 0.28
5 0.53 0.29
6 0.39 0.39
7 0.64 0.21
8 0.60 0.24
9 0.75 0.13

10 0.69 0.17
11 0.50 0.31
12 0.41 0.38
13 0.37 0.41
14 0.59 0.25
15 0.75 0.13
16 0.64 0.21
Average 0.55 ± 0.13 0.28 ± 0.09

THE EFFECT OF MERCAPTAN CONCENTRATION

Since w e w ere  convinced  tha t the  analysis o f  the  post-y ie ld  slope could  be used  to  
assess w aving p aram ete rs , we tu rn ed  o u r  a tte n tio n  to  fo rm u la tion  variables. T h e  eq u i­
lib rium  cleavage o f  d isulfide by m ercap tan  has b een  theo re tically  trea ted  by W olfram  
and U n d erw o o d  (9). T h e  deg ree  cleavage o f  d isulfide by m ercap tans d ep en d s  u p o n  the  
to ta l co n cen tra tio n  (C) o f  m ercatan  p lus m ercap tid e  an ion  and varies w ith  C 1/2 o r  C?/3 
d ep en d in g  w h e th e r eq 1 o r  eq 2 is dom inan t.

kSSk +  RS~ ^  kSSR  +  kS~ (1)

kSSk +  2RS~ ^  2kS~ +  RSSR  (2)

This co n cen tra tio n  d ep e n d en c e  assum es th a t th e  deg ree  o f  cleavage is small and tha t 
the system  is at equ ilib rium . W hile such co n d itio n s m ay be ap p roached  fo r alkaline 
th iog lycolate  p rep a ra tio n s w hich rapidly p e n e tra te  the  fiber (8), equ ilib rium  cleavage 
values are m o re  slowly atta ined  u n d e r acid cond itions. In p rac tice , the  fo rm ulating  
chem ist a ttem p ts  to  m axim ize curl fo rm ation  w hile m in im izing  th e  p rocessing  tim e and 
the  cost. O u r  data suggested  th a t the  tim e at w hich the post-y ie ld  slope reach ed  a 
m in im um  value co rre la ted  w ith  th e  tim e o f  te s t curl fo rm ation . A ccordingly , th e  tim e 
o f  p rocessing  could  be p rese lec ted  and the  effec t o f  c o n c en tra tio n  on  the  post-y ie ld  
slope investigated  by p rep a rin g  a series o f  so lu tions, app ly ing  th e m  to  hair w rapped  on 
small m andre ls and d e te rm in in g  th e  post-y ie ld  slope values. Such a tech n iq u e  can give 
a g rea t deal o f  in fo rm ation  ab o u t th e  fo rm u la tion  w ith o u t th e  need  fo r  curl evaluation  
o f  m any separate  trial form ulas.

T h e  resu lts  o f  a typical e x p e rim en t are p re se n te d  in  F igure 6. In  th is case th e  m e r­
cap tan  was glyceryl m ono th iog lyco la te  (glyceryl th iog lycolate) (16), the  p H  6 .5 , the 
te m p e ra tu re  50°C and the  tim e o f  tre a tm e n t was p rese lec ted  to  be 20 m in. T h e  shape 
o f  th is curve is typical o f  o th e rs  th a t we have investiga ted . T h e  deg ree  o f  cleavage 
increases (o r th e  post-y ie ld  slope decreases) w ith  increasing  m ercap tan  co n c en tra tio n



P E R M A N E N T  W A V I N G :  P O S T - Y I E L D  S L O P E 6 9 5

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

O F  W A V I N G  A G E N T  ( G M T G )  

p H  6 .5  5 0  C  2 0  m i n u t e s
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Figure 6. Variation of degree of cleavage with concentration of waving agent.

un til it reaches a m axim um  value. C o n cen tra tio n s  above th is value do  n o t fu rth e r  affect 
th e  cleavage level. In th e  exam ple  p re se n te d , co n cen tra tio n s above 6 - 8 %  are n o t ad ­
van tageous if  w e accept a 20-m in  p rocessing  tim e.

T h is o f  course  im plies th a t fo r co n cen tra tio n s  above 6 - 8 %  the  d isulfide is at its eq u i­
lib rium  cleavage level fo r this se t o f  con d itio n s and th a t the fiber is com plete ly  
p e n e tra te d  by m ercap tan . It also suggests th a t rough ly  4 5 %  o f  th e  d isulfide in  th e  k e r­
atin  fiber is inaccessib le to  m ercap tan  since m axim um  cleavage is approx im ate ly  55% . 
T his has also b een  suggested  fo r th e  reac tio n  o f  su lfite w ith th e  k e ra tin  d isulfide (9).

In  an in d e p e n d e n t series o f  ex p e rim en ts , the  d eg re e  o f  p en e tra tio n  o f  g lyceryl m ono- 
th iog lycolate  was d e te rm in e d  u tilizing  th e  iod ine d eco lo rin g  tech n iq u e  as re p o r te d  by 
H e rrm a n n  (8). T h e  resu lts (show n in T ab le  V) are in  co m p le te  ag re em e n t w ith  the 
co n cen tra tio n  data. C o n cen tra tio n s o f  g lyceryl m o no th iog lyco la te  above 6 %  co m ­
p le te ly  p e n e tra te  the  hair in 20  m in  o r  less. T h e  h igher the  co n c en tra tio n  o f  m ercap tan , 
the  faste r the  p en e tra tio n . T h e  post-y ie ld  slope reaches a m in im um  at th e  tim e o f  com -

Table V
Time of Penetration of Glyceryl Monothioglycolate as a Function of Concentration

Mercaptan 
Concentration (%)

Time of Penetration 
(Minutes)

T 50% T 100%

2 19 50
6 11.5 20

12 7 12

Conditions: pH = 6.5
Temperature = 50°C
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p le te  p e n e tra tio n  and th is is approx im ate ly  the  tim e at w hich th e  o p e ra to r  judges a 
sufficient te s t curl. T his in te rp re ta tio n  is in ag reem en t w ith  H e rrm a n n  (8) w ho show ed  
th a t th e  stress at 2%  ex ten sio n  decayed  linearly  w ith  the  area  o f  th e  fiber p e n e tra te d  by 
e th an o lam in e  th iog lycolate  at p H  9-3. I t fu rth e r  suggests th a t the  sam e ra te -d e te rm in ­
ing step  applies to  b o th  acid and alkaline waving, th o u g h  th is rem ains to  be verified  by 
th o ro u g h  study.

THE EFFECT OF WAVING pH

T h e  effec t o f  p H  on  the  reac tio n  b e tw een  m ercap tan  and k era tin  disulfide has b ee n  
w idely stud ied . F or a g iven  m ercap tan  species at co n s tan t co n cen tra tio n , th e  eq u ilib ­
rium  d eg ree  o f  cleavage o f  d isulfide is g o v ern ed  by th e  su lfhydryl pK a o f  th e  m e r­
cap tan  re la tive  to  the  pK a o f  cysteine in the  k era tin  fiber. T h is value has b ee n  fo u n d  to
be 9 .8 (9 ) .

I f  the  m ercap tan  su lfhydryl is m o re  acidic than  cysteine (p K RSH <  p K ^ s h ), eq u ilib riu m  
disulfide cleavage increases w ith  decreasing  so lu tion  p H . I f  the  m ercap tan  is less acidic 
than  cysteine ( p K RSH >  p K k sn ), th e  eq u ilib rium  cleavage increases w ith  increasing  
p H .

T h e  pK  o f  glyceryl m ono th io g ly co la te  is approx im ate ly  7.8, so th a t cleavage shou ld  be 
favored  by low  p H  m ercap tan  so lu tions. A gain it is co n v en ien t to  p rese lec t a tim e and a 
co n cen tra tio n  and vary th e  p H  in d ep en d en tly . A typical ex p e rim en t w ith  17%  glyceryl 
m ono th iog lyco la te  at 50°C and 20  m in  is show n in F igure 7.

T h e  cleavage values increase  as th e  p H  is low ered  from  9.5 and reaches a m axim um  at 
ab o u t p H  4.5. L ow ering  th e  p H  fu rth e r  resu lts  in a d ecrease  in cleavage levels. T h is is

V A R IA T IO N  O F  T H E  D E G R E E  O F  
C L E A V A G E  W IT H  p H  O F  T H E  

W A V I N G  S O L U T I O N

1 7 %  G M T G  5 0  C  2 0  m i n u t e s

F ig u re  7. V ariation o f  degree  o f  cleavage w ith p H  o f  waving solution.
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TIME (MINUTES)

Figure 8. Variation of post-yield slope with time for different mercaptans.

no t co n tra ry  to  th eo ry  since eq u ilib riu m  m ay n o t be a tta ined  in 20 m in at th ese  low er 
p H  values, even  a t 17%  G M T G  co n cen tra tio n .

F or m ercap tans o f  sim ilar acid ities, o th e r  p a ram ete rs  such as ionic n a tu re  and 
m o lecu lar size can becom e im p o rtan t. A com p ariso n  o f  fo u r com m ercially  available 
m ercap tans on  O rien ta l hair is p re se n te d  in F igure 8.

T h e  am m on ium  salt and the  m o n o e th an o lam in e  salt o f  m e rcap to p ro p io n ic  acid show  
alm ost iden tical b ehav io r at p H  6.5 and 46°C . B o th  are slow er than  the  es te r, glyceryl 
m ercap to p ro p io n a te . T h e  pK a o f  m ercap to p ro p io n ic  acid is 10.2, w hile th e  p K a o f  gly­
ceryl m erc ap to p ro p io n a te  can be es tim ated  at 7 .8  (15). H e rrm a n n  (8) explains the  
varia tion  in  p e n e tra tio n  ra tes b e tw e en  m ercap tans as the  resu lt o f  the  e lec tro s ta tic  
in te rac tions b e tw een  ion izab le g ro u p s  in  th e  m e rc ap ta n ’s s tru c tu re  and  ion izab le 
g ro u p s in  th e  k e ra tin  fiber. F or com p o u n d s such as glyceryl m e rc ap to p ro p io n a te  w hich 
con ta in  no ion izab le g ro u p s  o th e r  than  su lfhydry l, p e n e tra tio n  is rap id  at low  and n eu ­
tral p H  values (6 .5). H o w ev er th e  m erc ap to p ro p io n a te  salts have an ion izab le carboxy- 
late g ro u p  w hich is negatively  charged  at p H  6.5 as is the  n e t charge on  the  kera tin  
fiber. E lectrosta tic  rep u ls io n  b e tw een  these  negative charges reduces th e  ra te  o f  fiber 
p en e tra tio n . H e rrm a n n  found  th a t the  slow est ra tes o f  p e n e tra tio n  fo r th ioacids o cc u r­
red  a ro u n d  p H  6.

W hile g lyceryl th iog lycolate  has a pK a com parab le  to  glyceryl m e rc ap to p rio p io n a te  
and con tains no  o th e r  ion izab le g ro u p s, it is a low er m o lecu lar w eigh t than  the  
p ro p io n a te  and causes a faste r decay in the  post-y ie ld  slope. T h ese  resu lts  fu rth e r  sup ­
p o rt the  d ep e n d en c e  o f  th e  ra te  o f  decay o f  post-y ie ld  slope on th e  ra te  o f  p en e tra tio n .
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Figure 9- Optimization of time and pH for gl> ceryl monothioglycolate.

OPTIMIZING THE WAVING PARAMETERS

T h e  ex p e rim en ts  illu stra ted  in  the  above exam ples can be accom plished  quickly and 
the  fo rm u la tion  will rapidly  ta rg e t a few  sets o f  cond itions be fo re  beg inn ing  curl 
analysis o r  any salon testing . As an exam ple , th e  data  fo r 17%  glyceryl m o n o ­
th iog lycolate  at th re e  d iffe ren t tim es o v er th e  p H  range o f  2 - 9  is com b in ed  in 
F igure 9.

Since w e are try ing  to  achieve a m in im um  post-y ie ld  slope in m in im um  tim e, th is data 
w ould  suggest tha t 17%  glyceryl m ono th iog lyco la te  w ould  yield satisfactory  so ften ing

V A R IA T IO N  O F  P O S T  Y IE L D  S L O P E  
W IT H  T IM E

F ig u re  10. V ariation o f  post-yield slope w ith tim e at d ifferen t levels o f  glycerin/A TG .
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in  10 m in  b e tw een  p H  4 and 6.5. T h is has b ee n  verified  on  b o th  hair tresses in ou r 
labo ra to ries  and on  p a tro n s  in  o u r te s t salon.

THE EFFECT OF FORMULATION ADDITIVES

T h e  co m p le ted  p e rm a n en t w ave is generally  n o t ju st a m ercap tan  so lu tion . A dd itives 
are com m only  used  to  increase the  tigh tness o f  the  curl, fu rth e r  decrease  th e  p ro cess­
ing tim e, o r  to  im prove  th e  fee l o f  th e  p e rm e d  hair. A ny such additives can have an ef­
fect on  the  ra te  o f  p e rm a n e n t w ave processing.

G lycery l m o no th iog lyco la te  so lu tions are m ixed  at the  tim e o f  p ro cessin g  since this 
e s te r hydro lyzes in w ate r to  y ield g lycerin  and th ioglycolic acid. I f  the  hydro lysis w ere  
rap id , th en  th e  sam e w aving resu lts  should  be o b ta in ed  from  eq u iv a len t am oun ts o f  
g lycerin  and thioglycolic acid. T his hydro lysis is o f  cou rse  n o t in stan taneous. As an 
exam ple , consider th e  add ition  o f  g lycerin  to  a w aving so lu tio n  o f  12%  thioglycolic 
acid w hich has b ee n  ad ju sted  w ith  am m onia  to  p H  6.5 and co m p ared  to  th iog lycolate  
itse lf  and glyceryl m o no th iog lyco la te  as show n in F igure 10.

W hile  th ioglycolic acid at 12%  p rocesses slowly u n d e r  th ese  cond itio n s, and glyceryl 
m o no th iog lyco la te  at 12%  p rocesses only  slightly faster, the  add ition  o f  g lycerin  to  the  
fo rm u la  at levels g re a te r  th an  2%  re ta rd s  th e  decay o f  the  past-y ield  slope w ith  tim e. 
T h e  overa ll ra te  fo r slope decay decreases w ith  increasing  g lycerin  co n cen tra tio n . T h e
9-2%  glycerin  level is app rox im ate ly  eq u im o la r w ith  12%  thioglycolic acid and the 
resu lts  d iffe r from  th o se  o b ta in ed  w ith  glyceryl m ono th iog lyco la te , w hich fu rth e r  su p ­
p o rts  th e  fact th a t hydrolysis is n o t app reciab le  d u rin g  th e  tim e o f  w aving. I t is likely

TIME (MINUTES)

F ig u re  11. V ariation  o f degree o f  cleavage with tim e at d ifferen t levels o f  urea/G M T G .
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th a t th e  effec t o f  g lycerin  is to  a lte r  the  p en tra tio n  ra te  o f  the  m ercap tan  in to  the  fiber 
by a lte rin g  fiber sw elling u n d e r  these  conditions.

As a second  exam ple , co n sid er the  effec t o f  the  add ition  o f  u re a  to  a 12%  glycero l 
m o no th iog lyco la te  so lu ton . U re a  is know n  to  a lte r  th e  secondary  and te rtia ry  s tru c tu re  
o f  p ro te in s , p red o m in an tly  th ro u g h  hyd ro g en  b o n d  b reakage. T his w ou ld  conceivably  
o p en  th e  s tru c tu re  o f  the  fiber to  m o re  rap id  p e n e tra tio n  o f  w aving agent. T h is ex p e ri­
m e n t was co n d u c ted  fo r th re e  levels o f  u rea  as show n in F igure 11.

W hile  all levels o f  u rea  increased  the  ra te  o f  post-y ie ld  slope decay re la tive  to  12%  gly­
ceryl m ono th iog lyco la te  (approx im ately  50%  cleavage in  20 m in), they all also 
increased  the  eq u ilib riu m  cleavage value (6 2 %  fo r 1.5Ai u rea  to  78%  fo r 6M  urea). 
T his suggests th a t th e  effec t o f  u rea  has b ee n  to  o p en  areas o f  the  fiber th a t w ere  p re ­
viously  inaccessib le to  th e  m ercap tan . W hile  th is at first m igh t suggest m o re  effective 
perm ing , high d eg rees o f  k e ra tin  disulfide cleavage are generally  dam aging; and w hen  
tresses w ere  exam ined  utiliz ing  th ese  so lu tions, the resu lts  w ere  en tire ly  unsatisfac­
tory.

T h e  effec t o f  additives on  th e  ra te  o f  p e rm in g  and  d eg re e  o f  cleavage can be assessed 
by post-y ie ld  slope analysis th o u g h  th e  u ltim ate  eva lua tion  o f  o th e r  im p o rta n t p e rm in g  
param ete rs  m u st be d one  by conven tiona l m e th o d s  to  evaluate cosm etic  appeal and 
hair dam age.

C O N C L U SIO N S

T h e  post-y ie ld  slope evaluation  can p ro v id e  th e  fo rm u la to r  w ith  im p o rta n t in fo rm ation  
ab o u t fo rm u la  param ete rs. W e have d em o n stra te d  its use in  estim ating  th e  tim e o f  
p rocessing , ra te  o f  p e n e tra tio n  and deg ree  o f  cleavage. W e have fu rth e r  p re se n ted  
exam ples show ing th e  effects o f  m ercap tan  s tru c tu re , m ercap tan  co n cen tra tio n , p H  o f 
w aving and fo rm u la tio n  additives.

T h e  u ltim ate  eva lua tion  o f  a p e rm a n en t wave d ep en d s  u p o n  the  d eg ree  o f  cu rling  th a t 
is ach ieved, its lasting  qualities and the  cosm etic appeal o f  the  hair. T h ese  factors are 
b est ob se rv ed  by m o re  conven tiona l m e th o d s  o f  evaluation . T h e  eva lua tion  m e th o d  
tha t has b ee n  p re se n te d  can be used  to  gu ide  th e  fo rm u la tio n  th ro u g h  early fo rm u la­
tion  steps w ith a m in im um  o f  laborious tress evaluation .

A C K N O W L E D G M E N T S

T h e  au th o rs  w ould  like to  express th e ir  app rec ia tion  to  D o n n a  G arza  fo r technical 
assistance, and to  D o d ie  K eith ley  and D ayna B anakas fo r th e ir  salon ex p e rtise  and 
patience.
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Strukturuntersuchungen von Salben

1. M itte ilu n g : R öntgenstruktum ntersuchungen 
an der H yd ro p h ile n  Salbe D A ß  7

C. F Ü H R E R , H . JU N G IN G E R  u n d  S. FRIBERG*

Synopsis — In order to characterize the crystalline state of Hydrophilic Ointment DAB 7 
as well as of its components, X-ray studies (using Kiessig's low angle technique and 
goniometric diffractometry) have been carried out. Both cetyl and stearyl alcohols crystallize 
in a mixture of ¡5 «-and y 4-polymorphs. Depending on the conditions of crystallization 
one or the other polymorphic phase is in excess. The mixture of these two alcohols, 
cetostearyl alcohol, forms mixed crystals with a uniform Bragg's distance, wich is between the 
two p ci-polymorphic forms of the single components. On the other hand sodium cetyl sulfate 
and sodium stearyl sulfate crystallize as separate entities from their mixtures. The 
predominant species in Emulsifying Wax (90% cetostearyl alcohol and 10% sodium cetyl 
sulfate and sodium stearyl sulfate) are mixed crystals, which consists mainly of cetyl alcohol 
and sodium cetyl sulfate and partly of stearyl alcohol. In addition, mixed crystals of stearyl 
alcohol and sodium stearyl sulfate are found in small amounts. In Hydrophilic Ointment 
DAB 7 both types of mixed crystals fonn a framework of gel in which the white soft 
paraffin and the liquid components of the white petrolatum are immobilized either 
mechanically or by capillary attraction. Since the wide angle interferences are nearly 
identical, it may be assumed that the paraffinic carbon chains of all components of the 
ointm ent can fonn similar orthorhombic subcells.

1. E in le itu n g

Z u m  N a c h w e is  d es  G e lc h a ra k te r s  b e i S alben  k o n n te  v o n  F ü h re r  (1) 
b e i e r s ta r r te n  S c h m e lz e n  v o n  C e ty la lk o h o l u n d  f lü ss ig e m  P ara ffin  a u fg e ­
z e ig t  w e rd e n , d a ß  d ie se  G e m is c h e  a u s g e d e h n te , s ta rk  v e rn e tz te  K ris ta lli-  
s a te  b ild e n , d ie  e in d e u tig  fü r  e in e  G e ln a tu r  d ie se r  M o d e lls y s te m e  sp re c h e n . 
A n h a n d  v o n  p o la r is a t io n s m ik r o s k o p is c h e n  U n te r s u c h u n g e n  k o n n te n

* Institut für Pharmazeutische Technologie der Technischen Universität Braunschweig, 
Pockelsstraße 4, und Department of Chemistry, University of Missouri-Rolla, Rolla 
Mo 65401 (USA).

7 0 3



7 0 4 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

s o w o h l  b e i d ie s e n  S y s te m e n  a ls  a u c h  be i e c h te n  S a lb e n  k r is ta l l in e  B e re ic h e  
a ls  so lc h e  e r k a n n t  w e rd e n . D ie se  e r la u b e n  je d o ch  w eg e n  ih re r  k le in e n  
A b m e s s u n g e n  u n d  d e n  u n s c h a r fe n  Ü b e rg ä n g e n  in  d ie  w e n ig e r  k r is ta l l in e n  
b z w . a m o rp h e n  B e z irk e  k e in e  w e ite rg e h e n d e n  I n fo r m a tio n s m ö g l ic h k e ite n  
ü b e r  d ie  F e in s t r u k tu r  ih re s  k r is ta l l in e n  A u fb a u s . U m  A u fs c h lü s s e  ü b e r  
d ie  V e r te i lu n g  d er v e r s c h ie d e n e n  K o m p o n e n te n  e in e r  S a lb e n re z e p tu r  a m  
A u fb a u  d e s  G e lg e rü s te s  u n d  d e r  d a r in  im m o b il is ie r te n  f lü ss ig e n  B e s ta n d ­
te i le  b zw . d e r  A n o rd n u n g  d e r  e in z e ln e n  M o le k ü le  z u e in a n d e r  zu  e rh a lte n , 
b ie te t  s ic h  d ie  R ö n tg e n s tr u k tu r a n a ly s e  an . Ü b e r  d ie  E rg e b n isse  d ie se r  
U n te r s u c h u n g e n  a m  B e isp ie l d e r  H y d ro p h ile n  S a lbe  des D A B  7 so ll h ie r  
b e r ic h te t  w e rd e n .

2. M a te r ia l  u n d  M e th o d e n

D ie  H y d ro p h ile  S a lb e  des D A B  7 b e s te h t  a u s  3 0  T e ile n  E m u lg ie re n d e m  
C e ty ls te a ry la lk o h o l ,  35  T e i le n  d ic k flü s s ig e m  P araffin  u n d  35 T e ile n  
w e iß e m  V a se lin . D e r  E m u lg ie re n d e  C e ty ls te a ry la lk o h o l s e lb s t s e tz t  s ic h  zu  
g le ic h e n  T e i le n  a u s  C e ty l-  bzw . S te a ry la lk o h o l z u s a m m e n  u n d  e n th ä l t  zu  
10 P ro z e n t d ie  N a tr iu m s a lz e  d e r  S c h w e fe ls ä u re e s te r  d ie se r  b e id e n  
K o m p o n e n te n .  F ü r d ie  U n te r s u c h u n g e n  so w o h l d e r  A u sg a n g s su b s ta n z e n  
a ls  a u c h  d e r  e n ts p re c h e n d e n  M is c h u n g e n  w u rd e n  M a te r ia l ie n  in  der 
Q u a l i t ä t  d e s  D A B  7 v e rw e n d e t.  D a  k o llo id e  S tru k tu re n  e n ts c h e id e n d  v o m  
R e in h e i ts g r a d  d e r  S u b s ta n z e n  a b h ä n g e n  k ö n n e n , w u rd e n  b e w u ß t k e in e  
s p e z ie l l  g e re in ig te n  P ro d u k te  e in g e se tz t ,  u m  fü r  d ie  H y d ro p h ile  S albe 
r e p r ä s e n ta t iv e  S y s te m e  z u  b e a rb e ite n .

A u fn a h m e t e c h n i k  n a c h  K ie ss ig  (2)

D ie  U n te r s u c h u n g e n  w u rd e n  m i t  H ilfe  v o n  K ie s s ig -K a m m e m  fü r  d en  
K le in w in k e lb e re ic h  u n d  d e n  n a h e n  W e itw in k e lb e re ic h  d u rc h g e fü h r t. 
D ie  w ie d e rg e g e b e n e n  A u fn a h m e n  w u rd e n  m it  e in e m  O b je k t-F ilm a b s ta n d  
v o n  100 b zw . 2 0 0  m m  g e w o n n e n . A u fn a h m e n  m it  g rö ß e re n  O b je k t-  
F i lm a b s tä n d e n  f ü h r te n  z u  k e in e n  w e ite re n  E rg e b n isse n . D ie  P ro b e n  
w u rd e n  n a c h  d e m  A u fs c h m e lz e n  in  e in e  P ro b e n k a p il la re  e in g esa u g t, die 
d a n n  d u r c h  A b s c h m e lz e n  b e id e rse itig  v e rsc h lo s se n  w u rd e . D ie  U n te r ­
s u c h u n g e n  e r fo lg te n  im  V a k u u m .

R ö n tg e n g e n e ra to r :  M ü lle r -M ik ro  111; S tra h lu n g  C u  K a ,  N ic k e lf il te r .  
B e s c h le u n ig u n g s s p a n n u n g : 4 0  kV ; A n o d e n s tro m : 20  m A .

D ie  E x p o s i t io n s z e i te n  lag en  je n a c h  I n te n s i tä t  d e r  In te r fe re n z e n  u n d  in  
A b h ä n g ig k e i t  v o n  d e r  K a m m e rlä n g e  z w is c h e n  3 u n d  8 T ag e n .
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A u fn a h m e t e c h n i k  m i t  d e m  V e r t ik a lg o n io m e te r

D ie  P ro b e n  w u rd e n  in  d ü n n e r  S c h ic h t  a u f  e in e  G la s p la t te  a u f ­
g e s c h m o lz e n .

R ö n tg e n g o n io m e te r :  S ie m e n s  In te r fe re n z -G o n io m e te r ;  R ö n tg e n g e n e ­
r a to r :  S ie m e n s  K ris ta l lo f le x  IV; B e sc h le u n ig u n g s sp a n n u n g : 20  kV ; 
A n o d e n s t ro m :  20  m A ; S tra h lu n g : C U  K a ,  N ic k e lf i l te r ;  A b ta s tg e ­
s c h w in d ig k e i t  W /m in .  S ta t. F eh le r: 2 % , Im p u ls ra te :  4 x 103 Im p ./m in .

3. E rg e b n isse

Z u n ä c h s t  w u rd e n  d ie  e in z e ln e n  B e s ta n d te ile  d e r  Salbe u n te r s u c h t  u n d  
d ie s e  a n s c h l ie ß e n d  s tu fe n w e is e  z u m  A u fb a u  d e r  H y d ro p h ile n  S albe 
(D A B  7) z u s a m m e n g e fü g t.

3 .1 . C e ty la lk o h o l

D ie  U n te r s u c h u n g e n  v o n  M ü lle r  u n d  S h eare r  (3), P ip er u n d  M aliern  (4), 
C la r k s o n  u n d  M allem  (5) so w ie  T a n a k a  u n d  M ita rb e ite r  (6) ergaben , d aß  
F e t ta lk o h o le  e b e n so  w ie  F e tts ä u re n  u n d  T rig ly z e rid e  p o ly m o rp h e s  
V e r h a l te n  ze ig e n , d. h . bei g le ic h e r  c h e m is c h e r  Z u s a m m e n s e tz u n g  v e r ­
s c h ie d e n e  K r is ta l ls t r u k tu r e n  a u s b ild e n  k ö n n e n . D ie  F e tta lk o h o le  z w is c h e n  
D o d e c a n o l u n d  E ic o sa n o l b ild e n  k u rz  u n te rh a lb  ih re r  S c h m e lz p u n k te  
s ta b i le  H o c h te m p e ra tu r m o d if ik a t io n e n  aus, d ie  a ls  a - F o rm  b e z e ic h n e t 
w e rd e n . F e t ta lk o h o le  m i t  g e ra d z a h lig e r  K e tte  v o n  K o h le n s to ff-A to m e n  
s in d  in  d e r  Lage, z w e i T ie f te m p e ra tu rm o d if ik a t io n e n  a u sz u b ild e n . Bei der 
o r th o r h o m b is c h e n  ß o -P h a se  lie g en  d a b e i d ie  H y d ro x y lg ru p p e n  in  der 
g le ic h e n  E b e n e  w ie  d ie  K o h le n s to f fk e tte n ;  bei d e n  m o n o k lin e n  Y -Phasen 
d a g e g e n  s in d  d ie se  E b en e n  z u e in a n d e r  g en e ig t (7). T h e o re t is c h  s in d  
s o w o h l  C e ty la lk o h o l  a ls  a u c h  d ie  a n d e re n  g e n a n n te n  F e tta lk o h o le  in  der 
L age, a b h ä n g ig  v o n  d e n  K ris ta l l is a t io n s b e d in g u n g e n  in  e in e r  V ie lza h l v o n  
M o d if ik a t io n e n  z u  k r is ta l l is ie r e n .  Bei g le ic h b le ib e n d e r  o r th o rh o m b is c h e r  
S u b z e lle  d e r  K o h le n w a s s e rs to f fk e tte n  (A b b ild u n g  1) w ird  d iese  V ie lfa lt 
d u r c h  V e rs c h ie b e n  d e r  e in z e ln e n  K e tte n  g e g e n e in a n d e r  u m  d e f in ie r te  
W in k e l  e r r e ic h t .  Es m u ß  a n g e n o m m e n  w e rd e n , d aß  d ie  fre ie  E n erg ie  
d a b e i  e in  M in iu m  a u fw e is t.  D e r  K e tte n n e ig u n g s w in k e l k a n n  d e sh a lb  n ic h t  
b e l ie b ig  se in , da s ic h  n u r  b e i g an z  b e s t im m te n  W in k e ln , d ie  d u rc h  d ie 
L än g e  e in e r  M e th y le n -E in h e i t  o d e r  d e re n  V ie lfa c h e m  v o rg eg eb en  s in d , fü r 
e in e  M o d if ik a t io n  e in  e n e rg e tis c h  g ü n s tig e r  Z u s ta n d  m it  m in im a le r  fre ie r  
E n e rg ie  d es  S y s te m s  e in s te l le n  w ird . D ie s e r  is t  d a n n  e r re ic h t,  w e n n  die
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C -A to m e  n e b e n e in a n d e r l ie g e n d e r  p a ra lle le r  M o le k ü le  bei z u r  K e tte n a c h se  
s e n k r e c h te r  P ro je k tio n  au f d ie  N a c h b a r k e t te  g en a u  z u s a m m e n fa lle n , 
w o d u rc h  d e r  k ü r z e s te  A b s ta n d  z w is c h e n  zw e i C -A to m e n  b e n a c h b a r te r  
M o le k ü le  e n t s t e h t  (8). D a b e i e rg eb en  s ic h  m o n o k lin e  E le m e n ta rz e l le n  
m i t  v e r s c h ie d e n e n  d is k r e te n  W in k e ln . A u s  e in e r  e in h e i t l ic h e n  S u b ze lle  der 
P a r a f f in k o h le n w a s s e r s to f fk e t te n  d er F e tta lk o h o le  k ö n n e n  m o n o k lin e  
ß -M o d if ik a t io n e n  m i t  e n ts p re c h e n d e r  N e ig u n g  d es W in k e ls  z u r  k ü rz e re n  
A c h s e  E le m e n ta r z e l le n  eb e n so  e n ts te h e n  w ie  m o n o k lin e  ß -M o d if ik a tio n e n  
m i t  d is k r e te n  W in k e ln  d e r c -A ch se  z u r  a-A ch se . C e ty la lk o h o l ze ig t s o m it  
e b e n s o  w ie  a n d e re  F e tta lk o h o le  e in  p o ly m o rp h e s  V erh a lte n , das d e m  d er 
P o ly ty p ie  e in ig e r  a n o rg a n is c h e r  M a te r ia l ie n  s e h r  ä h n l ic h  is t  (9).

U n te r s u c h u n g e n  ü b e r  e n e rg e tis c h  b e so n d e rs  g ü n s tig e  s tr u k tu r e l le  
A n o rd u n g s m ö g lic h k e i te n  d e r  F e tta lk o h o le  e rg a b en  (10, 11), d a ß  d ie 
ß o -M o d if ik a t io n  m i t  e in e r  n a h e z u  o r th o rh o m b is c h e n  E le m e n ta rz e lle  e in e  
e n e r g e t is c h  g ü n s tig e  A n o rd n u n g s m ö g lic h k e it  d a rs te llt ,  da m it  ih r  e in  
S u b z e l le n p a ra m e te r  c s e r h a l te n  w ird , d e r  d ie  M o le k ü le  a ls  sp a n n u n g s ­
f re i e r s c h e in e n  lä ß t.  M o n o k lin e  ß -M o d if ik a tio n e n  m ü s s e n  a ls  e n e rg e tis c h  
u n g ü n s t ig e  F o rm e n  a n g e se h e n  w erd en . A u s  ä h n l ic h e n  G rü n d e n  w ird  als 
d ie  s ta b i ls t e  Y -M o d if ik a t io n  d e r  F e tta lk o h o le  d ie  Y 4 -M o d ifik a tio n  
b e s c h r ie b e n  (10).

Abbildung 1

Schematische Darstellung der bei den Fettalkoholen möglichen Elementarzellen. Die 
verschiedenen Modifikationen entstehen durch Verschieben der Paraffinkohlenwasserstoff- 
ketten der Fettalkohole um diskrete Abstände, die dem Subzellenparameter Cs oder dessen 
Vielfachem entsprechen.

a) orthorhombische Modifikation
b) monokline ß-Modifikation
c) monokline Y-Modifikation
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A b b ild u n g  2 z e ig t d ie  K ie s s ig -A u fn a h m e  v o n  h a n d e ls ü b l ic h e m  C e ty l-  
a lk o h o l  b e i 100 b zw . 200  m m  O b je k t-F ilm a b s ta n d . D ie  A b s tä n d e  der 
in n e r e n  In te r fe re n z r in g e ,  d ie  d e n  In te r fe re n z e n  1,, 2. u n d  3. O rd n u n g  der 
N e tz e b e n e n a b s tä n d e  e n ts p re c h e n , d ie  d u rc h  d ie  d o p p e lte  K e tte n lä n g e  bei 
s e n k r e c h te r  A n o rd n u n g  d es C e ty la lk o h o lm o le k ü ls  e r h a l te n  w erd e n , 
e rg e b e n  e in e n  B ra g g 'sc h e n  A b s ta n d , d e r  n a h e z u  m i t  d e r c -A ch se  d e r  in  der 
L i te r a tu r  b e s c h r ie b e n e n  E le m e n ta rz e l le  (10) ü b e r e in s t im m t (s. T ab e lle ).

D ie  b e id e n  s ta rk e n  In te r fe re n z e n  a m  B ild ra n d  der A u fn a h m e  m it  
100  m m  O b je k t-F ilm a b s ta n d  k ö n n e n  n a c h  K o h lh a a s  u n d  S o re m b a  (12) 
d e n  N e tz e b e n e n  2 0 0  u n d  110 z u g e o rd n e t w erd en , d ie  in  ih re r  Lage p r a k t is c h  
id e n t i s c h  m i t  d e n e n  d e r  o r th o rh o m b is c h e n  S u b ze lle  v o n  la n g k e tt ig e n  
P a ra f f in e n  s in d .

Abbildung 2

Kiessig-Aufnahme von Cetylalkohol mit 100 bzw. 200 mm Objekt-Filmabstand.

A b b ild u n g  2 m a c h t  ab e r  w e i te r h in  d e u t lic h , d a ß  in  g e r in g e m  U m fa n g  
n o c h  e in e  w e ite re  M o d if ik a tio n  v o r lie g e n  m u ß , da in  d er K iessig- 
A u fn a h m e  n o c h  s c h w a c h  a u s g e b ild e te  In te r fe re n z m a x im a  v o rh a n d e n  s ind , 
d ie  z u  e in e m  g e r in g e re n  B ra g g 'sc h e n  A b s ta n d  fü h re n . D ie  b e g le ite n d e  
M o d if ik a t io n  k o n n te  a ls  "D -M o d ifik a tio n  id e n tif iz ie r t  w e rd e n  (s. T ab e lle ), 
d ie  a ls  s ta b i ls t e  r -M o d if ik a t io n  b e s c h r ie b e n  w ird  (10).

In  e r h e b l ic h e m  U m fa n g  is t  d as  A u s m a ß  d er a ls  d o m in ie re n d e  M o d if ik a ­
t i o n  a u f t r e te n d e n  P h a se  v o n  d e r  P rä p a ra t io n s te c h n ik  d e r  P ro b e n  fü r  d ie  
rö n tg e n o g r a p h is c h e n  U n te r s u c h u n g e n  ab h än g ig . W ird  im  G e g e n sa tz  z u r  
P r ä p a r a t io n s te c h n ik  fü r  e in e  K ie ss ig -A u fn a h m e , b e i d e r  d ie  P ro b e  als 
S c h m e lz e  in  e in e  G la s k a p il la re  e in g e sa u g t w ird  u n d  a n s c h lie ß e n d
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T a b e lle

Identitätsperioden der Bragg'schen Abstände dooi.Die bei den eigenen Versuchen verwendeten 
Meßmethoden ergeben dabei Identitätsperioden, die der doppelten Länge der Moleküle 
entsprechen, während in den Literaturzitaten die vierfache Länge der Moleküle angegeben 
wird.

o
dooi [A]

o
dooi [A] (Referenz)

Cetylalkohol

Kiessig-Aufnahme

ß o-Modifikation 46,2 ± 0,1 90,85 (10)
begleitende Yi-Modifikation 38,1 ± 0,1 74,4 ± 0,3 (7)

74,9 (10)

Goniometerdiffraktogramm

Y «-Modifikation 37,4 ± 0,1 74,4 ± 0,3 (7)
74,9 (10)

begleitende ß o-Modifikation 45,3 ± 0,1 90,85 (10)

Stearylalkohol

ß o-Modifikation 51,5 ± 0,1 101,03 (10)

begleitende Y «-Modifikation 41,4 ± 0,1 84,43 (10)

Cetylstearylalkohol 47,95-49,45

Cetylschwefelsaures Natrium 48,2 ± 0,1 96,5 (16)

Stearylschwefelsaures Natrium 53,1 ± 0,1 103,04 (16)

Emulgierender Cetylstearylalkohol

Hauptkomponente 48,5 ± 0,1

Nebenkomponente 52,8 ± 0,1

Hydrophile Salbe 48,5 ± 0,1
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e r s ta r r t ,  d e r  C e ty la lk o h o l  in  d ü n n e r  S c h ic h t au f  e in e  G la s p la t te  a u fg e ­
s c h m o lz e n  u n d  a n s c h l ie ß e n d  e r s ta r re n  g e la sse n , so e r h ä l t  m a n  d ie 
T 4 -M o d if ik a tio n  a ls  d ie  v o rh e r rs c h e n d e  P hase , w ä h re n d  d ie  ßo-M odifi- 
k a t io n  n u r  n o c h  in  g e r in g e m  U m fa n g  n a c h g e w ie se n  w e rd e n  k a n n . 
A b b ild u n g  3 z e ig t e in  so lc h e s  G o n io m e te rd if f ra k to g ra m m . D ie  In te r-  
f e r e n z m a x im a  bei k le in e n  O -W in k e ln  e rg e b en  e in e n  B rag g 'sc h en  A b s ta n d , 
d e r  d e m  v o n  P re c h t (10) b e s c h r ie b e n e n  doo i-A bstand  der T 4 -M o d ifik a tio n  
e n t s p r i c h t  (T abelle). D ie  be i 2 St =  21 ,6°  u n d  2 & =  24 ,5° =  a u f tr e te n d e n  
I n te r f e r e n z e n  k ö n n e n  h ie rb e i w ie d e ru m  e n ts p re c h e n d  d e n  v o n  K o lh aas  
u n d  S o re m b a  (12) in d iz ie r te n  110 u n d  2 0 0  N e tz e b e n e n  d e r  E le m e n ta rz e l le  
v o n  P a ra f f in k o h le n w a s s e r s to f fe n  z u g e o rd n e t w erd e n .

Abbildung 3

Goniometer-Diffraktogramm von Cetylalkohol.

3 .2 . S te a iy la lk o h o l

B ei h a n d e ls ü b l ic h e m  S te a ry la lk o h o l w u rd e  e b e n fa lls  in  A b h ä n g ig k e it 
v o n  d e r  P rä p a r a t io n s te c h n ik  so w o h l d ie  ß o -M o d ifik a tio n  a ls  a u c h  d ie 
$  4 -M o d if ik a tio n  n a c h g e w ie s e n . R e in e  M o d if ik a tio n e n  k o n n te n  n ic h t  
e r h a l te n  w e rd e n . D ie  E rg e b n isse  s in d  in  d e r  T a b e lle  z u s a m m e n g e fa ß t.

3 .3 . C e ty ls te a r y la lk o h o l  (D A ß  7)

D ie  in  A b b ild u n g  4 d a rg e s te l l te  K ie s s ig -A u fn a h m e  z e ig t das I n te r ­
f e r e n z m u s te r  des C e ty ls te a ry la lk o h o ls  in  200  m m  O b je k t-F ilm a b s ta n d . 
D a b e i  w ir d  fo lg e n d e s  d e u t l i c h : D ie  In te r fe re n z e n  d e r  B rag g 'sc h en  A b s tä n d e
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d e r  b e id e n  A lk o h o le  im  K le in w in k e lb e re ic h  t r e te n  n a c h  ih re m  Z u s a m m e n ­
s c h m e lz e n  n ic h t  a ls  D o p p e lr in g e  auf, s o n d e rn  h a b e n  e in e n  e in h e i t l ic h e n  
N e tz e b e n e n a b s ta n d ,  d e r  z w is c h e n  d e n  B e u g u n g sm a x im a  d e r  ß o-M odifi- 
k a t io n e n  b e id e r  E in z e lk o m p o n e n te n  lie g t. D e m n a c h  b ild e n  C e ty l-  u n d  
S te a ry la lk o h o l  e in  in  s ic h  h o m o g e n e s  K r is ta l l is a t  au s  u n te r  s ta t is t is c h e r  
V e r te i lu n g  d e r  b e id e n  K o m p o n e n te n . U n te r s u c h u n g e n  v e rsc h ie d e n e r  
h a n d e lü b l i c h e r  C h a rg e n  e rg a b e n  n ie  e in  A u fs p a lte n  d e r  In te rfe re n z e n , 
s o n d e rn  in  d e r  r e s u l t ie r e n d e n  m i t t le r e n  K e tte n lä n g e  d es K ris ta l lis a te s  
n u r  g e r in g fü g ig e  S c h w a n k u n g e n , d ie  v o n  d e n  A n te i le n  b e id e r  K o m p o ­
n e n t e n  in  d e r  je w e ilig e n  P ro b e  a b h ä n g ig  w a re n . D ie s  k o n n te  a u c h  d u rc h  
U n te r s u c h u n g e n  d e r  S c h m e lz e n  m i t  w e c h s e ln d e r  Z u s a m m e n s e tz u n g  d er 
r e in e n  E in z e lk o m p o n e n te n  C e ty l-  u n d  S te a ry la lk o h o l n a c h g e w ie se n  
w e rd e n . D ie s e  E rg e b n is se  s te h e n  im  E in k la n g  m i t  U n te r s u c h u n g e n  v o n  
H e ß , K ie ss ig  u n d  P h ilip p o ff  (13, 14) b e i S e if e n m is c h k r is ta l le n  u n d  v o n  
O t t  u n d  S lag le  (15) b e i M is c h p rä p a ra te n  v o n  P a ra ff in e n  u n te r s c h ie d l ic h e r  
K e tte n lä n g e .  Es w ird  a n g e n o m m e n , d a ß  d u rc h  e n ts p re c h e n d e  F a ltu n g e n  
K o r r e k tu re n  in  d e r  L än g e  d e r  K o h le n w a s s e rs to f fk e tte  V o rk o m m en , d ie  
e in e n  e in h e i t l i c h e n  A b s ta n d  in  d e r c -A ch se  e rm ö g lic h e n . D a  d ie o rth o -  
r h o m b is c h e n  S u b z e l le n  b e id e r  A lk o h o le  p r a k t is c h  id e n t is c h  s ind , ä n d e r t  
s ic h  d ie  L age d e r  W e itw in k e lr e f le x e  im  M is c h k r is ta l l is a t  des  C e ty ls te a ry l-  
a lk o h o ls  n ic h t .

Abbildung 4

Kiessig-Aufnahme von Cetylstearylalkohol mit 200 mm Öbjekt-Filmabstand.

D a s  A u f t r e te n  e in e s  B rag g 'sc h en  A b s ta n d e s , d e r  d em  a r i th m e ti s c h e n  
M i t t e l  d e r  r  4 -M o d if ik a tio n e n  b e id e r  A lk o h o le  e n ts p r ic h t ,  k o n n te  bei 
k e in e r  d e r  u n te r s u c h te n  P ro b e n  n a c h g e w ie s e n  w erd e n . Es is t  s o m it
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w a h r s c h e in l ic h ,  d a ß  b e i d e n  u n te r s u c h te n  G e m is c h e n  v o n  F e tta lk o h o le n  
v e r s c h ie d e n e r  K e tte n lä n g e  d as  n a h e z u  o r th o rh o m b is c h e  G i t te r  der 
ß o -M o d if ik a tio n  d e n  s ta b i ls te n  k r is ta l lo g ra p h is c h e n  Z u s ta n d  des S y s te m s  
d a r s te l l t .

3 .4 . C e ty ls te a r y ls c h w e fe ls a u ie s  N a tr iu m  (D A ß  7)

N a c h  d e n  U n te r s u c h u n g e n  v o n  R a w lin g s  u n d  L in g a fe lte r  (16) k r i ­
s ta l l i s ie r e n  d ie  v o n  ih n e n  u n te r s u c h te n  N a tr iu m -n -A lk y ls u lf a te  m i t  e in e r  
K e tte n lä n g e  z w is c h e n  C s u n d  C is  in  A b h ä n g ig k e it  v o n  d en  K r is ta l l is a t io n s ­
b e d in g u n g e n  u n d  d e r  Z u s a m m e n s e tz u n g  des L ö s u n g s m itte lg e m is c h e s  in  
e in e r  V ie lz a h l v o n  M o d if ik a tio n e n  au s , v o n  d e n e n  d ie  a ls  a - F o r m  
b e s c h r ie b e n e  P h a se  d ie  s ta b i ls te  is t. A lle  p o ly m o rp h e n  F o rm e n  d ie se r  
N a tr iu m -n - A lk y ls u l f a te  b e s itz e n  e in e  o r th o rh o m b is c h e  E le m e n ta rz e lle ,  
w o b e i w e c h s e ln d e  M e n g e n  W a sse r  m i t  in  das  K r is ta l lg i t te r  e in g e b a u t 
w e rd e n .

D ie  in  u n s e re n  U n te r s u c h u n g e n  m i t  d er K le in w in k e l te c h n ik  n a c h  
K ie s s ig  e r h a l te n e n  A u fn a h m e n  v o n  C e ty ls te a ry ls c h w e fe ls a u re m  N a tr iu m  
m i t  e in e m  O b je k t-F ilm a b s ta n d  v o n  100 bzw . 2 0 0  m m  sin d  in  A b b ild u n g  5 
d a rg e s te l l t .  Im  G e g e n s a tz  z u  d e m  G e m is c h  a u s  C e ty l-  u n d  S tea ry l-  
a lk o h o l  b i ld e n  d ie  e n ts p re c h e n d e n  N a tr iu m s a lz e  d e r  S c h w e fe ls ä u re e s te r  
d ie s e r  V e rb in d u n g e n  k e in  M is c h k r is ta l l is a t  au s. D ie  b e id e n  k r is ta l l in e n  
K o m p o n e n te n  m ü s s e n  g e t r e n n t  n e b e n e in a n d e r  v o rh e g e n , da ih re  
B ra g g 's c h e n  A b s tä n d e  g e n a u  d if fe re n z ie r t  w e rd e n  k ö n n e n . A u fg ru n d  d er

Abbildung 5

Cetylstearylschwefelsaures Natrium; Kiessig-Aufnahme mit 100 bzw. 200 mm Objekt- 
Filmabstand.



7 1 2 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

I n te n s i tä t s v e r te i lu n g  d e r  In te r fe re n z e n  is t  es o f fe n s ic h tlic h , d aß  b e i d em  
u n te r s u c h te n  P rä p a ra t d e r  k ü r z e rk e t t ig e  E ste r  d o m in ie r t .  W ä h re n d  d ie  in  
d ie s e m  N a tr iu m -n - A lk y ls u lf a tg e m is c h  fü r  d ie  k ü rz e rk e tt ig e  K o m p o n e n te  
e r m i t t e l t e n  B ra g g 'sc h e n  A b s tä n d e  g u t m i t  d en  v o n  R a w lin g s  u n d  L inga- 
f e l t e r  (16) fü r  das  N a tr iu m -C e ty ls u lf a t  k o r re lie re n , e rg ib t s ic h  k e in e  
Ü b e r e in s t im m u n g  m i t  d en  D a te n  fü r  d ie  lä n g e rk e tt ig e  K o m p o n e n te  m it  
d e n  v o n  d ie s e n  A u to r e n  p u b liz ie r te n  D a te n  fü r  d ie  C is -K o m p o n e n te  
(T ab e lle ). A u fg ru n d  v o n  d u rc h g e fü h r te n  B e re c h n u n g e n  k a n n  ab e r a n g e ­
n o m m e n  w e rd e n , d a ß  d ie  v o n  d ie se n  A u to re n  fü r  d ie  C is -K o m p o n e n te  
g e m a c h te n  A n g a b e n  n ic h t  k o r re k t  s ind .

3 .5 . E m u lg ie r e n d e r  C e ty ls te a r y la lk o h o l  (D A ß  7)

Im  E m u lg ie re n d e n  C e ty ls te a ry la lk o h o l (DAB 7) h e g e n  d iese  b e id e n  
N a tr iu m -n - A lk y ls u lf a t -K o m p o n e n te n  z w a r  n u r  z u  10 P ro z e n t vor, d e n n o c h  
s o l l te  m a n  b e i e in e r  g e t r e n n te n  K ris ta l l is a t io n  v o n  C e ty ls te a ry la lk o h o l 
u n d  d e r  C e ty ls te a ry la lk o h o ls u lfa te  a u s  e in e r  g e m e in s a m e n  S c h m e lz e  
e rw a r te n ,  d a ß  d e r  d a ra u s  r e s u lt ie r e n d e  E m u lg ie re n d e  C e ty ls te a ry la lk o h o l 
d ie  I n te r f e r e n z m e r k m a le  d e r  v e rsc h ie d e n e n  K o m p o n e n te n  träg t. D ie  
A b b ild u n g  6 ze ig t d ie  K ie s s ig -A u fn a h m e n  von  E m u lg ie re n d e m  C e ty l­
s te a r y la lk o h o l  in  100 bzw . 2 0 0  m m  O b je k t-F ilm a b s ta n d . D ie  A u sw e r tu n g  
d ie s e r  D if f r a k to g ra m m e  e rg ib t im  K le in w in k e lb e re ic h  fü r  d ie  In te r ­
fe re n z e n  h o h e r  I n te n s i tä t  e in e  P e r io d iz itä t  d e r  B rag g 'sch en  A b s tä n d e  
v o n  48 ,5  ±  0,1 A  (T abelle). D a ra u s  e rg ib t s ich , d a ß  b e im  E rs ta rre n  d er 
S c h m e lz e  v o n  E m u lg ie re n d e m  C e ty ls te a ry la lk o h o l C e ty la lk o h o l u n d  e in  
T e i l  d es  S te a ry la lk o h o ls  z u s a m m e n  m i t  d em  N a tr iu m -C e ty ls u lfa t  e in  
g e m e in s a m e s  M is c h k r is ta l l i s a t  u n te r  A u sb b ild u n g  e in e s  e in h e it l ic h e n  
N e tz e b e n e n a b s ta n d e s  lie fe rn . D a n e b e n  k ö n n e n  a b e r  n o c h  In te r fe re n z e n  
s c h w ä c h e re r  I n te n s i tä t  n a c h g e w ie se n  w erd en , d ie  e in e n  B rag g 'sch en  
A b s ta n d  v o n  52 ,8  ±  0,1 A  erg eb en . O ffe n s ic h t l ic h  is t  d a h e r  a u c h  d ie 
C i8 -S c h w e fe ls ä u re e s te rk o m p o n e n te  in  V e rb in d u n g  m it  e in e m  T e il  des 
S te a ry la lk o h o ls  in  d e r  Lage, e in  g e m e in s a m e s  K ris ta l lis a t u n te r  E n t­
w ic k lu n g  e in e s  e in h e i t l ic h e n  N e tz e b e n e n a b s ta n d e s  a u s z u b ild e n . D ie  b e im  
E m u lg ie re n d e n  C e ty ls te a ry la lk o h o l  g e fu n d e n e n  N e tz e b e n e n a b s tä n d e  
l ie g e n  d a b e i s te ts  in n e rh a lb  d e r  fü r  d ie  E in z e lk o m p o n e n te n  e r m i t te l te n  
W e r te . D a  d ie  W e itw in k e l in te r fe re n z e n  fü r d ie  110 u n d  200  N e tz ­
e b e n e n  in  ih r e r  L age e r h a l te n  b le ib en , is t  a n z u n e h m e n , d a ß  d ie b e id e n  
N a tr iu m -n - A lk y ls u l f a te  m i t  d e n  b e id e n  A lk o h o le n  e in  g e m e in s a m e s  
M is c h k r i s ta l l i s a t  a u s b ild e n  k ö n n e n , w a s  d u rc h  d e n  ä h n l ic h e n  A u fb a u  der 
o r th o r h o m b is c h e n  S u b z e lle  a l le r  K o m p o n e n te n  b e g ü n s tig t w ird .
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Emulgierender Cetylstearylalkohol; Kiessig-Aufnahme mit 100 bzw. 200 mm Objekt- 
Filmabstand.

3 .6 . D ic k f lü s s ig e s  P a ra ffin  u n d  W eiß es V a se lin

V o n  d e n  r e s t l ic h e n  B e s ta n d te i le n  d e r  H y d ro p h ile n  S albe (DAB 7) 
z e ig t  das  d ic k f lü s s ig e  P a ra ffin  e in e n  e in z ig e n  b re ite n , s ta rk  v e rw a sc h e n e n  
H a lo , d e r  a u f  e in e  g e w is se  b e v o rz u g te  N a h o rd n u n g  d e r  M o le k ü le  
h in d e u te t  (A b b ild u n g  7).

D a s  W e iß e  V a se lin  z e ig t im  W e itw in k e lb e re ic h  e rw a r tu n g s g e m ä ß  d ie 
s ta r k e n  I n te r f e re n z e n  d e r  110 u n d  2 0 0  E b en e n  d er o r th o rh o m b is c h e n  
S u b z e lle  d e r  P a ra f f in k o h le n w a s se rs to f fe . D ie  In te r fe re n z e n  im  K le in ­
w in k e lb e r e ic h  fe h le n . D ie s  r ü h r t  e n tw e d e r  d ah e r, d a ß  a u fg ru n d  der 
b r e i t e n  M o le k u la rg e w ic h ts v e r te i lu n g  e in  K ris ta l la u fb a u  v o rh a n d e n  is t, 
d e r  d ie  A u s b ild u n g  sc h a rfe r  d ia tro p e r  B e u g u n g sre flex e  n ic h t  z u lä ß t  u n d  
s o m i t  e in  F ra n s e n m ic e llv e rb a n d  v o rh e g t, o d er ab e r  d ie se  B asisre flex e  s in d  
so  s c h w a c h , d a ß  s ie  m i t  d e r  v e rw e n d e te n  S tra h lu n g sd o s is  n o c h  n ic h t  
e in d e u t ig  n a c h g e w ie s e n  w e rd e n  k o n n te n  (A b b ild u n g  7).

3. 7. H y d r o p h i le  S a lb e  (D A B  7)

V e rg le ic h t m a n  n u n  das In te r fe re n z b ild  d e r H y d ro p h ile n  S albe (DAB 7) 
(A b b ild u n g  8) m i t  d e m  des E m u lg ie re n d e n  C e ty ls te a ry la lk o h o ls  (A b­
b i ld u n g  6), so  w ird  o f fe n s ic h tl ic h , d aß  s ic h  d ie ses  M is c h k r is ta l l is a t  a u c h  
in  d e r  G e s a m tr e z e p tu r  b e h a u p te t ,  w o b e i bei d e r  S albe n u r  n o c h  d ie 
s t ä r k s te n  B e u g u n g s re f le x e  d e r  k r i s ta l l in e n  B e s ta n d te ile  n a c h z u w e is e n  s ind . 
D ie  K ie s s ig -A u fn a h m e  d e r  H y d ro p h ile n  S albe z e ig t d e u t l ic h  das A u f tre te n

I
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Abbildung 7
Kiessig-Aufnahme mit 100 mm Objekt-Filmabstand von Dickflüssigem Paraffin (links) und 
weißem Vaselin (rechts).

v o n  a m o rp h e n  A n te i le n ,  d ie  v o r  a l le m  d e m  f lü ss ig e n  P araffin , te ilw e ise  
a u c h  d e m  in  d e m  V a se lin  e n th a l te n e n  n ie d e rm o le k u la re n  A n te il  z u ­
g e o rd n e t  w e rd e n  m ü s s e n .  E in  E in b a u  u n v e rz w e ig te r  P a ra f f in k o h le n w a s se r ­
s to f fe  e n ts p re c h e n d e r  K e tte n lä n g e  in  d as  K n s ta l l is a t  des E m u lg ie re n d e n  
C e ty ls te a ry la lk o h o ls  k a n n  d is k u t ie r t  w e rd e n , d a  d ie  o r th o rh o m b is c h e n  
S u b z e l le n  d e r  K o h le n w a s s e rs to f fk e tte n  a l le r  d ie se r  S u b s ta n z e n  n a h e z u  
id e n t i s c h  s in d .

Abbildung 8

Kiessig-Aufnahme von Hydrophile Salbe (DAß 7) mit 100 mm Objekt-Filmabstand.
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4. D is k u s s io n

D ie  E rg e b n is se  d e u te n  d a ra u f  h m , d a ß  d ie H y d ro p h ile  S albe (D A ß 7) 
a ls  G e m is c h  a u fg e fa ß t w e rd e n  m u ß , b e i d e m  V a se lin  u n d  d ic k flü ss ig e s  
P a ra f f in  v o n  d e m  k o n s is te n z g e b e n d e n  M is c h k r is ta l l is a t  des  E m u lg ie re n d e n  
C e ty ls te a ry la lk o h o ls  d u rc h z o g e n  w e rd e n . Es is t  a n z u n e h m e n , d aß  in fo lg e  
s e in e r  g e r in g e n  L ö s lic h k e i t  d e r  E m u lg ie re n d e  C e ty ls te a ry la lk o h o l in  d en  
g e s c h m o lz e n e n  P a ra f f in k o h le n w a s se rs to f fe n  b e im  E rs ta r re n  in  e in e r  f ib r i l­
lä r e n  S t r u k tu r  u n te r  A u s b ild u n g  b e s t im m te r  b e v o rz u g te r  W a c h s tu m s ­
r ic h tu n g e n  k r is ta l l i s ie r t .  E in  a u sg e p rä g te s  S p h ä ro l i th e n w a c h s tu m  w ird  
d u r c h  d ie  m e c h a n is c h e  B e a rb e itu n g  d e r  S a lbe  be i d e r  H e r s te l lu n g  w ä h re n d  
d e r  R e k r i s ta l l is a t io n s p h a s e  v e rh in d e r t .  Es r e s u l t ie r t  s o m it  e in  fe in g lied ri-  
g es  d r e id im e n s io n a le s  N e tz w e rk ,  d as  a ls  N e b e n v a le n z g e l a u fz u fa sse n  is t, 
in  d e m  d ie  f lü s s ig e n  K o m p o n e n te n  te ils  d u rc h  L y o so rp tio n , te ils  
d u r c h  m e c h a n is c h e n  E in s c h lu ß  o d e r K a p il la rw irk u n g  im m o b il is ie r t  
w e rd e n . D a  d as  S y s te m  P la s t iz i tä t  u n d  T h ix o tro p ie  a u fw e is t, s te l l t  d ie  
H y d ro p h i le  S a lbe  (D A ß  7) e in  P la s t is c h e s  G e l d a r  u n d  e n ts p r ic h t  s o m i t  d en  
v o n  M ü n z e l  (17) e n tw ic k e l te n  V o rs te llu n g e n  ü b e r  d ie  S t ru k tu re n  v o n  
S a lb e n .

Z u s a m m e n fa s s u n g

Z u r  C h a ra k te r is ie r u n g  d e r  k r is ta l l in e n  S tru k tu re n  in  d e r  H y d ro p h ile n  
S a lb e  (D A ß  7) u n d  ih re r  B e s ta n d te i le  w u rd e n  R ö n tg e n u n te rs u c h u n g e n  
n a c h  d e r  K iess ig  K le in w in k e l te c h n ik  u n d  d e m  G o n io m e te rv e r fa h re n  
d u rc h g e fü h r t .  S o w o h l d e r  C e ty la lk o h o l a ls  a u c h  d e r  S te a ry la lk o h o l 
s in d  d a b e i in  d e r  Lage, a ls  G e m is c h  d e r  ßo- u n d  r  4 -M o d if ik a tio n e n  z u  
k r is ta l l i s ie r e n ,  w o b e i in  A b h ä n g ig k e it  v o n  d en  K ris ta l l is a t io n s b e d in g u n g e n  
d ie  e in e  o d e r  a n d e re  p o ly m o rp h e  F o rm  ü b e rw ie g t. D a s  G e m is c h  d er 
b e id e n  A lk o h o le , d e r  C e ty ls te a ry la lk o h o l,  b ild e t e in  M is c h k r is ta l l is a t  au s  
m i t  e in e m  e in h e i t l i c h e n  B rag g 'sc h en  A b s ta n d , d e r  z w is c h e n  d e n e n  d er 
b e id e n  ß o -M o d if ik a tio n e n  d e r  A u s g a n g s k o m p o n e n te n  lie g t. A u s  d e m  
G e m is c h  N a t r iu m c e ty ls u l f a t  u n d  N a tr iu m s te a ry ls u lf a t  k r is ta l l is ie r e n  
d a g e g e n  d ie  K o m p o n e n te n  g e t re n n t.  B e im  E m u lg ie re n d e n  C e ty ls te a ry l­
a lk o h o l  d o m in ie r t  e in  M is c h k r is ta l l is a t ,  das s ic h  h a u p ts ä c h l ic h  au s  
C e ty la lk o h o l ,  e in e m  T e il  d es  S tea ry la llc o h o ls  u n d  d em  N a tr iu m c e ty l ­
s u l f a t  z u s a m m e n s e tz t .  In  g e r in g e m  U m fa n g  lie g t d a n e b e n  das M is c h ­
k r i s t a l l i s a t  a u s  S te a ry la lk o h o l u n d  N a tr iu m s te a ry ls u lf a t  vor. In  d er 
H y d ro p h i le n  S albe (D A ß  7) s e tz e n  s ic h  d ie se  M is c h k r is ta l l is a te  als 
g e rü s tb i ld e n d e  K o m p o n e n te n  d u rc h , in  d e n e n  d ie  f lü ss ig e n  B e s ta n d te ile
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d e s  d ic k f lü s s ig e n  P a ra ff in s  u n d  des w e iß e n  V ase lin s  e n tw e d e r  m e c h a n is c h  
o d e r  d u r c h  K a p il la rw irk u n g  im m o b il is ie r t  s in d . A u fg ru n d  d er n a h e z u  
id e n t i s c h e n  L age d e r  W e itw in k e lre f le x e  k a n n  a n g e n o m m e n  w erd en , d aß  
d ie  P a ra f f in k o h le n w a s s e r s to f fk e t te n  a l le r  B e s ta n d te ile  in  d e r  Lage s ind , 
ä h n l ic h e  o r th o rh o m b is c h e  S u b z e lle n  a u fz u b a u e n .
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Synopsis
Observed differences in the antiperspirant behavior of ALUMINUM chlorohydroxide and aluminum chloride 
have been attributed to differences in their INTERACTION WITH SKIN. The literature contains many 
references to methods for measuring the interactions of exogenous materials with skin. The electrical 
properties of skin have been used successfully as a means by which to describe this effect and it was thought 
appropriate to investigate this approach with respect to aluminum salts. Instrumentation and techniques for 
measuring the electrical impedance of excised epidermal membrane were developed. The effects of two 
aluminum salt antiperspirants on the impedance of guinea pig stratum corneum were measured. Aluminum 
chlorohydroxide reduced the impedance five times more than aluminum chloride. The results are in agreement 
with reported skin sorption behavior for these salts and with their antiperspirant activities in vivo. The 
hypothesis that antiperspirancy is based in part on antiperspirant/skin interaction is supported by the present 
study. The ELECTROMETRIC method described herein was found to be a viable TECHNIQUE for studying 
these interactions.

IN TRO DUCTIO N

The antiperspirant profiles o f  alum inum  chloride and alum inum  chlorohydroxide have 
been studied extensively in recent years (l,2). These studies indicated that at low 
concentration  ( <  0.44M Al), alum inum  chlorohydroxide exhibited greater antiperspirant 
activity, but as the concentra tion  an d /o r  the con tac t tim e was increased, the effect o f  the 
alum inum  chloride becam e m ore intensified and surpassed that o f  alum inum  chlorohy­
droxide. These differences in the bioavailability patterns o f  the tw o salts were suggestive 
o f  differences in their interactions with stratum  corneum .

D erm atological literature describes the stratum  corneum  as a barrier which is quite 
resistant to  penetration by exogenous agents (3-10). It has been dem onstrated that this 
barrier function can be related to  the electrical im pedance properties o f  the skin 
(6,11-17).

A com prehensive review and discussion o f  the factors governing the passage o f  electricity 
across the skin have been w ritten by Tregear (6), and evaluated by others (11, 13, 14, 18).

7 1 7
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Current flow is determ ined by the m igration o f  ions across the m em brane and is thus 
related to  the permeability o f  the m em brane to  the ions. Such relationships may be 
dem onstrated by the N ernst-Planck flux equations and the Nernst-Einstein and U ssing’s 
flux relations for ideal solutions (14, 19, 20), but can best be readily correlated with the 
analogy between m olecular (Fick's Law) and electrical (O hm ’s Law) transport. Fick's Law: 
(intergrated form applicable to  steady state)

Js =  kp • ACS

where J s, the am ount o f  solute diffusing across an area o f  m em brane per unit tim e is 
described by ACS, the concentration  difference across the m em brane m ultiplied by kp, the 
permeability constant. O h m ’s Law:

I =  V R “ 1

where I, the current is equal to  V, the potential difference m ultiplied by R _1, the reciprocal 
o f  electrical resistance, a constant. If ions carry current across an epiderm al m em brane, 
then J s and I are directly related in the proportionality,

Therefore, by follow ing changes in conductance (the reciprocal o f  R) o f  the skin, it is 
possible to  follow  changes in K p o f  ions. This inverse relationship between electrical 
resistance and permeability constant strictly applies only to  ions but, in the case o f  the 
stratum  corneum , m ost probably extends to  the perm eability o f  any small, highly polar 
m olecule as was show n by D ugard and Scheuplein (14) in their w ork with ionic 
surfactants.

M ATERIALS

Stratum corneum membrane. G uinea pig stratum  corneum  was obtained from  wax epilated 
animals. The stratum  corneum  m em brane was separated by am m onia vapors from  the 
tissue.

Sample preparation. The alum inum  solutions used in this study were m ade from  
com m ercial 50% stocks (The Reheis Com pany, Berkeley H eights, N.J.). Solution 
containing 1% alum inum  chloride (0.04444 Al) was prepared in deionized distilled water at 
pH  3.42. The ionic strength o f  the solution was adjusted to  0.544 with sodium  chloride. 
The contro l and rinse solution in this study was 0.544 sodium  chloride.

The chlorohydroxide solution was diluted to  0.5% (0.04444 Al). The pH  o f this solution 
was 4.71 and its ionic strength was adjusted  to  0.9AI sodium  chloride. The contro l and 
rinse solutions were 0.944 sodium  chloride. The ad justm ent o f  ionic strength with sodium  
chloride was made to  negate the effect o f  ionic differences on the im pedance and to  
reduce the effect, if any, o f  N a + ions on  one side o f  the m em brane by ensuring N a + 
w ould be present in both  sides o f  the m em brane cham ber.

Electrical impedance device. T he im pedance m onitoring device was a m odified half bridge 
circuit as shown in the photograph  below (Figure l). The circuit was pow ered by an audio 
generator (Heath Com pany, Benton H arbor, M ichigan) adjusted to  deliver 1.0V ac (rms) at
5.0 Hz. The resistance decade boxes and capacitance decade boxes bo th  from  (H eath 
Com pany, Benton H arbor, M ichigan) were m odified for ranges o f  10 ohm s to  10
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1%
Figure 1. Electronic instrumentation.

F ig u re  2. M em brane diffusion cells.
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m egaohm s; 0.001 ¿tF to  100 /uF and were adjusted to  balance the respective resistance and 
capacitance properties o f  the system. The resultant balance was m onitored on an 
oscilloscope. The oscilloscope m onitored 1.0V V dc and the horizontal and vertical 
amplifiers were m atched.

Diffusion cells. G lass diffusion cells (Figure 2) were m ade from  15mm i.d. vacum m -tight, 
O-ring, glass joints. The joints were cut and sealed to  hold 5.0ml and 3.0ml. Each cell had 
a side arm 5 cm long by 3 mm  i.d. for the insertion o f  the stainless steel electrode. The cells 
were joined by a standard glass clam p and a type "M ” O-ring.

Differences in im pedance between tissue samples, even from  the same animal, have been 
no ted  by several workers (14,21-23). For this reason, the im pedance o f  each section o f  
excised m em brane was m easured prior to  treatm ent. The m easurem ent served to  verify the 
integrity o f  the m em brane as well as to  establish a contro l value. The follow ing regim en 
was used for each piece o f  excised stratum  corneum  and each solution o f  interest. A 
2.5-cm square section o f  tissue was cut from  a larger sheet o f m em brane and placed on a
4-cm square piece o f  fiberglass screening; the tissue was then covered by another piece o f 
screening. The sandwiched m em brane was placed in an uncovered w eighing dish and 
dessicated over anhydrous calcium sulfate (10-20 mesh) for 24 hr to  stabilize the tissue. 
The weighing dish was then rem oved and placed over water in another covered dessicator 
for 17 hr to  hydrate the tissue to  a standard value. The skin was then rem oved from  the 
screening and placed between the diffusion cells. The O-rings were em ployed to  tension 
m ount the tissue in place. Standard glass joint clam ps were used to  hold the cham bers 
together. The appropriate contro l solutions were then added to  bo th  sides o f  the cells. The 
electrodes were inserted into the appropriate sidearm and the system was placed in the 
35°C w aterbath. Im pedance was then m easured. An X-vs.-Y m ode was used to  com pare 
and m atch the phase and m agnitude o f  voltage across the m em brane with those o f  the 
decade boxes. Balance was assum ed when a 45° angle was observed in relation to  the X-Y  
axis. From the decade units, values representing those o f  the m em brane were obtained and 
the related im pedance value, Z, in ohm s, was calculated, using the formula:

where R and C are the values observed on the resistance and capacitance decade boxes 
respectively, and f is the frequency o f  the alternating current. Thus, the ac conductance is 
the reciprocal o f  the calculated im pedance, Z.

A fter the im pedance had stabilized, the rinse solution was rem oved and the cham bers 
rinsed six tim es with additional rinse solution. The test solution was then added to  the 
5.0-ml side o f  the cham ber and the rinse solution added to  the 3.0-ml side. A teflon 
stirring bar (3 X 9 mm) was added to  the receptor side (control side) to  disperse any ions 
which m ight have diffused th rough  the m em brane. The cells were reintroduced to  the 
w aterbath and placed on a support over a m icrosubm ersible m agnetic stirrer. T he change 
in im pedance, AZ, was m onitored as a function o f  tim e until the im pedance again 
stabilized. All test solutions were m onitored for 5-6 hr. Tw enty-four hour m easurem ents 
showed that no  additional m ajor change in im pedance had taken place. T o  com pare the

METHOD
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effects o f  the various antiperspirant solutions on the im pedance o f  skin, A Z values were 
p lo tted  against time. The AZ values are the average Z ratios obtained per unit o f  tim e,

» y  _  treatm ent Z 
contro l Z ratio

RESULTS A N D  DISCUSSION

As a test o f  the instrum entation, the electrical im pedance o f  several untreated  excised 
stratum  corneum  sections was m easured using the appropriate rinse solutions. As show n in 
Figure 3, a p lo t o f  Z  values as function o f  time, using 0.09A1 sodium  chloride, 0.05A1 
sodium  chloride and 0.05AI acetate buffer, indicate that the im pedance rate o f  change at 5 
Hz is similar for all sections o f  stratum  corneum . Further, stabilized values for Z  (at 5.0 Hz) 
with guinea pig stratum  corneum  are closely related to  Z  values (at 5.0 Hz) given in the 
literature ( l l )  for animal stratum  corneum .

The difference in Z values noted  in Figure 3 merely reflect the im pedance differences due 
to  salt and buffer concentrations. A lum inum  chloride and alum inum  chlorohydroxide 
solutions with an alum inum  con ten t o f  0.04AM  were com pared for their relative effects on 
the im pedance o f  the excised epiderm al m em brane. The results are graphed as Z ratios per 
unit o f  tim e and are presented in Figure 4. The graph represents an average o f  five trials per 
test condition. A lum inum  chlorohydroxide was show n to  reduce the electrical im pedance

M i n u t e s

Figure 3. Impedance of stratum corneum (bathed in control solutions) as a function of time. Frequency fixed 
at 5Hz for all experiments.
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A C H  v s  A 1 C I3 ( 0 .4 4  M  A l )

M i n u t e s

Figure 4. Impedance of aluminum salt treated membranes as a function of time.

o f  guinea pig stratum  corneum  by a factor o f  five when com pared to  alum inum  
chloride.

Studies from  a num ber o f  authors (7, 22, 24-28) have established som e o f  the fundam ental 
physical and chem ical characteristics required for epiderm al penetration or sorption. 
Scheuplein (22) clearly showed that the barrier to  skin perm eability was the horny layer and 
that individual com pounds show  different perm eability characteristics, dependent on their 
own particular properties o f  solubility and diffusion.

Allenby et al. (13) established by in vitro experim ents that the im pedance o f  skin is 
localized in the horny layer. A t low frequencies the im pedance approxim ates the direct 
current resistance and polarization is no t a problem . Im pedance in this case is largely 
determ ined by the resistance com ponent o f  skin ( l 1, 16) and this may be expected to  
correlate with ion m obility in the skin barrier. For the studies, an alternating current was 
used to  measure the hypothetical sorption  an d /o r  perm eation factors. The use o f  an 
alternating current overcom es problem s o f  polarization o f  bo th  m em brane and electrodes 
by preventing increasing charge accum ulation and the resultant falsely high, apparent 
resistance. However, the higher the alternating current frequency, the m ore readily current 
passes via capacitative channels which are no t dependent on  free ionic m ovem ent. 
Permeability and sorptive factors are thus better represented by the resistive current which 
dom inates at low frequencies. Passage o f  any electric current at a voltage greater than 1-2 
volts across hum an skin results in non-ohm ic behavior indicative o f  dam age to  the stratum
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corneum (14). Thus the low frequency, low voltage ac conductance can be employed to 
follow alterations in the barrier function of epidermal membranes during contact with 
various aluminum solutions.
The observed impedance of an epidermal membrane is dependent on the concentration 
and nature of the current-carrying ions. Thus molarity, ionic strength and pH are 
important variables in these measurements. LInfortunately when dealing with aluminum 
compounds, it is often difficult to achieve constant values for all of the above parameters. 
Thus, within an experiment, values were selectively assigned. In the experiments 
conducted, each membrane was balanced or stabilized for impedance and this measure­
ment was used as a reference for the test.
The relationship of impedance values obtained to the type of excised membrane used has 
been reported (6 , 1 1 , 14, 29, 30). Tregear (6 ), using rabbit and guinea pig stratum corneum 
reported values of 1 0 - 2 0  kilaohms. In the studies reported here, our ohmic values varied on 
the controls from 1 2 . 6  to 31.9 kilaohms. Thus good correlation with those reported in the 
literature was observed.
Allenby et al. (13) extensively looked at the effects of both temperature and pH on the 
electrical impedance of skin. They found that between 25 and 60°C the impedance 
changes very little. Additionally, between the pH's of 5.0 and 8 . 0  little variation was noted. 
However dramatic reductions were noted at pH 2 . 0  and 1 0 .0 . In our experiments, a pH of 
4.71 was maintained for the aluminum chlorohydroxide and the aluminum chloride 
solution was at pH 3-41. It should be noted that the major impedance change was 
observed with the aluminum chlorohydroxide at a pH value which is not as critical as the 
pH value of aluminum chloride in regard to impedance. Thus the differences observed in 
the role of these salts in altering skin impedance cannot be based merely on their self pH 
values but are based on their differences in their interaction with the tissue.
The rates of aluminum chloride and aluminum chlorohydroxide binding to skin has been 
reported by Putterman et al. (31). These authors found that aluminum chlorohydroxide 
bound to guinea pig stratum corneum at twice the rate of aluminum chloride. Similar 
findings for these salts were reported by Fitzgerald and Rand (32) using Sephadex G-25 as 
the sorption media. Subsequent work by Fitzgerald (33,34) has reaffirmed that aluminum 
chlorohydroxide binds more quickly than aluminum chloride. Recalling that the Z values 
for aluminum chloride and aluminum chlorohydroxide are based on R2, the resistive 
function of the plot, the differences observed between the salts should be a square of the 
change due to the sorption. Thus the AZ for aluminum chloride at 30 min was 
approximately 5 % and the corresponding AZ for aluminum chlorohydroxide was roughly 
25%. The magnitude is not an exact square since reciprocal frequency and capacitive 
functions are reflected in the Z values. From analyzing the impedance data and relating 
this data to recently established sorption times and rates for aluminum chlorohydroxide 
and aluminum chloride, it now can be stated that the aluminum chlorohydroxide does 
sorb more quickly than aluminum chloride and that this is shown directly by impedance 
changes. It now becomes apparent that the onset of antiperspirant activity can be related 
to the parameter of sorption which can be measured by the impedance change.

SUMMARY AND CONCLUSIONS
Instrumentation for measuring the electrical conductance of guinea pig skin has been 
developed. The results were reproducible and in agreement with other studies using similar
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tissues and common buffer systems. Sweat inhibition by aluminum can be related to some 
degree to tissue sorption and that relative sorption can now be measured as a function of 
impedance change on excised stratum corneum. Aluminum chlorohydroxide sorbs to skin 
more quickly than aluminum chloride and this is reflected in a five-fold greater effect on 
impedance. The skin impedance data for aluminum chloride and aluminum chlorohydrox­
ide correlate well with dextran and guinea pig stratum corneum binding data as 
determined by gel filtration chromatography and morin fluorescence analysis. The 
electrometric technique discussed in this report can be used as a laboratory method for 
estimating the sorption and/or antiperspirant potential of ionic salts.
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As the study of mutagenesis has developed over the past decade, our understanding of 
mutagenesis and related phenomena has undergone a rapid evolution that may have 
profound implications for public health. This rapid evolution is also compelling us to 
reconsider our methods of testing substances for their potential adverse effect on 
human health and their implications for regulatory decisions. Thus a series of questions 
have arisen for which society must find answers. I shall attempt to formulate several of 
the questions and to explain some of the scientific and regulatory considerations that 
determine the utility of presently available test systems for regulatory decision-making.
Society’s concern about preventing cancer and genetic damage is readily understood in 
terms of public health, but in my judgment this concern may not always be properly 
directed. The chief question is not primarily whether mutagenesis assay systems are 
useful for identifying compounds that have the potential for causing genetic damage in 
future generations, although that is a major question in itself. Instead, the question is 
whether the results of mutagenesis testing alone can enable us to decide if a substance 
poses an appreciable risk for inducing cancer in humans.
The scope of that question covers many related issues. For example, are the biological 
phenomena associated with positive results in mutagenesis assay systems relevant to 
cancer induction in humans? My answer is both “yes” and “no, not necessarily.” I 
answer “yes” because induction of mutations in the DNA of somatic cells appears to be 
associated with an important pathway in the cancer induction pattern in experimental 
animals by many chemical “carcinogens.” Furthermore, certain human cancers appear 
to be associated with exposure (primarily occupational) to chemicals all of which have 
the properties associated with the quality of carcinogenicity and, by definition from the 
results of mutagenesis tests, of m utagen ic ity  as well. Hence we could label some of 
these substances “carcinomutagens” or “mutacarcinogens.” The current leaders of this 
school of thought include Drs. Ames and McCann. They have accomplished a great 
deal by expanding their system so that many compounds can be tested rapidly, at 
moderate cost, and with results that are reproducible by independent laboratories. 
Their test system (1) has many attractive features, including the capability of assessing 
mutagenic potency quantitatively over a very wide range. Furthermore, their system is
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sensitive enough to detect biological phenomena associated with many (but not all) so- 
called chemical carcinogens. I have a favorable attitude toward the Ames system be­
cause I have been directly and indirectly associated with the development of mutagenic 
assay systems ever since the 1960’s, even before I came to the Food and Drug 
Administration. The outstanding accomplishments of Drs. Ames and McCann 
represent considerable progress and improvement on bacterial systems which have also 
been the subject of research by others, including FDA workers, since the 1960’s. 
FDA’s activities in this field have been substantial and have included tests of many 
compounds, including some on the so-called GRAS list, by various systems as those 
systems have evolved over the past decade. As we entered the phase of testing in 1970, 
we encountered problems in interpreting the results from some of the systems. It was 
not always evident whether or not we were dealing with true positives. We have always 
encouraged and recommended mutagenesis testing, for we believe that it is helpful to 
know whether or not “positive findings” are associated with particular compounds, 
both for developers of products and for those primarily involved in public health.
The question then arises, why doesn’t FDA require mutagenesis testing n o w ? This leads 
to another question: Which test should be required for what effect, and will the results 
be used any differently than they are now used on a voluntary basis? The second ques­
tion involves many issues.
In detecting genetic hazards, it would be helpful to measure the potency of a sample of 
mutagenic compounds in intact experimental mammals. This would provide a better 
correlation of in vivo effects inherited by succeeding generations. We could thus 
improve our assessment of genetic risk and our extrapolations from in vitro mutagenic 
test systems with high sensitivity such as the Ames system. However, the whole issue 
of forecasting the risk to future generations from mutagenic substances on the basis of 
our present testing capabilities is the subject of a “white paper” by a select committee 
functioning under the auspices of the DHEW Toxicology Coordinating Committee. 
Their report (2) may well serve as a foundation for the evolution of additional test re­
quirements in the future.
In deciding whether or not a test such as the Ames test should be required  by a Federal 
regulatory agency for controlling carcinogens, it must be recognized that results of a re­
quired test, both positive and negative, will have immediate regulatory significance in 
decision-making, either alone or in conjunction with other tests. If decisions are to be 
made on the basis of such tests, those tests must be able to stand up under legal 
scrutiny by the courts. In court, all relevant evidence will be considered and all relevant 
testimony by experts qualified by training and experience to assess toxicologic risk to 
human health is admissable. The following questions are fairly typical of those directed 
at chemists when they testify in court as to their findings.

1. Is the test sensitive in the sense of being capable of detecting the parameters of 
concern?
2. Is the test specific for detecting the parameters of concern (or are other qualities 
also detected as positive responses, necessitating another independent test to 
confirm the identity of the parameter being detected)?
3- Does the test q u a n tita tiv e ly  measure the parameters of concern and what is the 
range of error?
4. Is the test as performed acceptable by the current standards of good scientific 
practice?
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My comments on those questions reflect current issues and important considerations, 
but some of my judgments will undoubtedly change as the data base improves.

1. SENSITIVITY

The Ames test is extremely sensitive. It will detect the majority of chemical 
carcinogens presently identified as such in our current data base, except for hormones, 
metals, and carcinogens dependent on physicochemical effect, such as asbestos. So far 
there is a strong statistical association with known carcinogens (3, 4). The test system 
has been greatly modified to improve its sensitivity to known carcinogens, such as the 
activation systems and the modification of the bacterial cell wall.
It must be recognized that the incidence of cancer in test animals or in man can be af­
fected by many other factors that have not been (nor should be) identified as 
carcinogens. Some of these factors affect susceptibility to cancer, such as nutritional 
and metabolic factors important to the mammalian body’s defense against toxicity, 
including cancer. Other modifying factors are more appropriately classified as tumor 
promoters. Examples are hormonally active substances which can stress target receptor 
cells; they may lead directly to adenocarcinomas or to certain epithelial changes, more 
properly called metaplasia, in which glandular or transitional epithelium is transformed 
to squamous, and a squamous cell or undifferentiated type of tumor can form. These 
factors are associated with overall patterns of cancer induction, but are not necessarily 
involved in causation or mechanism; latent viruses and their genomes may play a 
substantial part in the etiology of some cancers in humans. Thus reducing the number 
of mutacarcinogens in our environment will generally help to control cancer but will 
not solve the entire problem. The public cannot be protected against all or even most 
cancers by using a very sensitive test system to identify all "positive” compounds and 
then trying to reduce all human exposures to these positives to infinitesimal levels. 
Other Federal laws also affect regulatory decisions. A relevant statute known as the 
“Delaney Clause” prohibits the intentional addition to foods of a substance legally 
classified as a food additive if that substance induces cancer in animals or man or has 
been shown by appropriate tests to induce cancer. The question of whether the Ames 
test is an appropriate device to support the Delaney Clause should be considered in the 
context of statistical association with identified carcinogens. We should likewise ques­
tion the relevance of in vivo long-term feeding experiments in rodents to the human 
situation.

2. SPECIFICITY
So far, the test system has been fairly specific for the substances tested in that muta­
genic effects have been detected for many carcinogens. Thus the present designation of 
true positives is acceptable, but the question of false positives has not yet been 
answered satisfactorily. Most of the substances tested so far have been carcinogens; 
relatively few so-called noncarcinogens have yet been tested. Many more substances 
commonly accepted as safe for human exposure or consumption should be tested 
before a judgment is made. I did not say “commonly accepted as being noncarcino- 
genic,” because, under our present in vivo bioassay system and current dosing 
regimens, some substances will register positive in an animal feeding experiment even 
though they are not carcinogens. Any factor—carcinogen, promoter, or modifier—can
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register as positive in a feeding experiment if the right convergence of factors is 
present under the particular experimental circumstances. If the Ames test is less 
specific in actuality than some of its proponents now believe, a number of unexpected 
positives are likely to be identified in the near future. What do these positives mean? 
Are they more truly positives than bioassay positives, or are they less potent 
carcinogens for the intact mammal? And how should we extrapolate these results to 
humans? Some advocates propose that the Ames test should be used as a screening test 
and that all compounds found positive should then be tested by appropriate exposure 
to intact mammals in vivo. Others propose that compounds found positive by the 
Ames test should be withdrawn from use until they have undergone bioassay testing in 
mammals and have been demonstrated negative in two rodent species. Still others 
maintain that a compound which is Ames-positive and bioassay-negative merely proves 
that carcinogenic bioassay is insensitive either because of species-specific metabolism 
or the /3 error problem inherent in using practical sample sizes of 50 male and 50 fe­
male rodents per dose and controls. Obviously the term “screening test” can have 
many connotations, especially in regulatory judgments.
What a manufacturer chooses to do after voluntarily testing for mutagenesis and find­
ing a positive result is still largely a matter of free choice. He can try to eliminate the 
positive component from his product, he can shift tc an alternative compound, or he 
can undertake lifetime bioassays which are expensive and whose outcome is un­
predictable. But in a strict regulatory approach, the number of false positives must be 
kept to an acceptable level. Undoubtedly, false positives occur in bioassays; that 
problem, however, was identified only after the carcinogenic bioassay system was ac­
cepted by most of the scientific community. Even then, some scientists had reserva­
tions about whether the bioassay protocols are a relevant model for human exposures 
that occur at substantially lower levels than those to which test animals are exposed.
In summary, the question of how false positives relate to the specificity of the Ames 
test can be resolved only by expanding the number of chemicals tested; however, it is 
essential not to select only those chemicals known to have the characteristics of 
carcinogens. The question of relation of false negatives to the specificity of the Ames 
test does not appear to be a significant problem. Many other criteria can be used to 
help determine whether a substance should be tested for carcinogenic activity.

3. QUANTITATIVE MEASUREMENT OF THE PARAMETERS OF CONCERN
In one sense, the ability of the Ames test to measure the strength of biological activity 
of the parameter of concern (reverse mutations) over an exceedingly broad range ap­
pears better than the ability of the intact animal assay to measure carcinogenesis. 
However, each test measures different—although probably related.—parameters. The 
carcinogenesis bioassay measures the capability of a substance in a limited system to 
statistically affect the incidence of tumors in test animals. For true positives, it 
measures the ability of the substance to express its carcinogenic activity in the intact 
mammal. Thus penetration through defense mechanisms is involved, and the critical 
convergence of intrinsic capability (penetration to the target of opportunity and sur­
vival in activatable form) has resulted in a carcinogenic hit. In my judgment, dosage 
must be considered, as well as many parameters of classical toxicology that show the 
ability of a chemical to penetrate to the target after having survived various defense
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mechanisms that tend to operate on classical dose response curves. Others believe that 
any exposure to a carcinogen, however small, presents a substantial risk to human 
health. The Ames test is sensitive enough to detect activities that may be involved in 
the causation of cancer, but it does not measure penetrability of the substance nor se­
lective parameters such as biological resistance, which are important to evaluation of 
toxicity, including carcinogenicity.

4. SCIENTIFIC ACCEPTABILITY OF THE TEST
The Ames test is very acceptable at present for limited purposes, namely, decision­
making on a voluntary basis with considerable latitude for exercising judgment. 
However, regulatory decision-making requires stricter criteria for applying judgment, 
and the answer ultimately must be a simple yes or no. At present there still is 
considerable controversy over the use of in vitro test systems for assessing risk to 
human health. Some of the controversy is legitimate. If the Ames test is to be used as a 
screening test, then what is the definitive test—in vivo carcinogenic bioassay? What 
happens if the latter test is negative? In how many rodent species and strains? How re­
liable is this assay system? How much evidence will be needed to make the chemical 
acceptable if such should be the true and correct response of society? Should the Ames 
test then be the definitive test? That would be a major decision that would also invoke 
consideration of changes in how the Delaney Clause is applied.
Many issues are involved that should be settled concurrently to the best of our ability 
as we continue to evaluate the potential utility of the Ames test for regulatory pur­
poses. At present, if results of a carcinogenic bioassay were equivocal but selected 
mutagenicity tests were positive, I would consider that observation to be of regulatory 
importance. The Ames type of test has some regulatory use for evaluating which me­
tabolites of a drug given to humans or to food-producing animals should receive atten­
tion if we are to protect the public against carcinogens. However, a decision-tree 
approach to regulation based solely on positive versus negative results of any single 
short-term test may cause confusion. For example, what happens if positive results are 
obtained with natural constituents of foods, spices and flavors? My major recom­
mendation is that we devote more effort to expanding the number of substances tested 
during the next few years before making a final decision. We need further insight into 
the specificity of the test system to detect mutacarcinogens. It has been said that most 
chemical carcinogens have mutagenic activity. With some exceptions, I agree. 
However, a more relevant question is whether or not most mutagenically positive com­
pounds are also carcinogenic in the sense of posing a substantial hazard to public 
health. What regulatory decision should be made about weak mutagens or weak 
carcinogens? We could, of course, make these decisions on a day-to-day basis, but it 
would be better to answer some of the pressing questions before we settle on such tests 
for regulatory decision-making. Otherwise the distinction between a screening test and 
a definitive test will rapidly disappear.

The Ames test and other similar tests have great utility for voluntary decision-making 
and may be directly useful for regulatory decision-making in the not too distant future. 
But a premature rush to regulatory judgment may create unanticipated regulatory 
difficulties and lead to a controversy with connotations similar to the Delaney Clause.



7 3 2  J O U R N A L  O F  T H E  S O C IE T Y  O F  C O S M E T IC  C H E M IS T S

Moreover, a premature confrontation in a judicial setting may create legal decisions 
adverse to the appropriate regulatory significance of such test systems as the Ames test.
We in FDA recommend using mutagenic tests, including Ames-type tests, to evaluate 
products. These test systems have many advantages, and further experience with them 
may demonstrate direct regulatory utility. At present, some of the disadvantages, 
including the larger questions relating to society’s policies about mutacarcinogens, 
should be addressed and resolved.
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Synopsis

STRUCTURE-FUNCTION RELATIONSHIPS of various classes of SURFACTANTS as ANTIM I­
CROBIAL AGENTS have been reviewed. It was concluded that while polar groups of the biocide tend to 
predict activity against a given genera, the chain length of the lipophilic group determines the most active 
member of the chemical class. In general, cationic surfactants are more active than anionic and nonionic 
agents. Optimum chain length for activity is between 10-16 carbon atoms. Gram (— ) and yeast organisms are 
affected by the lower chain members while gram ( + ) organisms are affected by the longer chain surfactants. 
Nonionics, which in the past were considered not to have antimicrobial activity, were shown to be active 
when the mono-esters were formed from lauric acid.

Because of this new property, nonionics, particularly monolaurin (Lauricidin™), may be useful germicides in 
addition to their surface active properties. Their nontoxic and low irritation properties make them ideal 
candidates for cosmetic and toiletry formulations.

IN T R O D U C T IO N

Surface active agents are defined as substances which alter the energy relationships at 
interfaces. Compounds displaying surface activity are characterized by containing hy­
drophilic (polar) and hydrophobic (hydrocarbon or nonpolar) groups. In our paper the 
term surfactant was chosen as descriptive of those compounds under discussion. Such 
terms as wetting agents, detergents or emulsifying agents should be reserved for 
surfactants denoting specific functions.
Before 1930 the lack of success in the search for active antibacterial agents had slowly 
formed the philosophy that bacteria could never be expected to respond to chemo­
therapy. The discovery of antimicrobial sulfonilamides, first observed by Trefouels 
in Fourneau’s laboratory in France in 1935, gave impetus to test other classes of 
chemicals (1). The recognition and study of the germicidal action of certain surfactants 
stimulated widespread interest in the possible bactericidal potential of this class of 
chemicals. For early review of the subject, the reader is referred to Glassman (2). A 
recent edition of a 1958 treatise is also highly recommended even though the new text 
is without extensive revision ( 3  ). I will limit the scope of my discussion to include only
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those germicides which are aliphatic surfactants. My reason for concentrating on ali­
phatic rather than aromatic surfactants is their lower toxicity. In general, the lipophilic 
group of the aliphatic surfactant is metabolized to carbon dioxide and water.
Since 1966, our goal has been to discover a highly effective and relatively nontoxic ger­
micide. This review is a summary of these efforts. Our findings combined with others 
have pointed to certain structure-function (antimicrobial) relationships that may have 
universal application in the germicide field.

C H E M IC A L  S T R U C T U R E — G E N E R A L  C O N S ID E R A T IO N S

Compounds exhibiting surface activity are characterized by an appropriate structural 
balance between one or more water-attracting groups and one or more water-repellent 
groups. In light of my discussion, the hydrophobic group may be a hydrocarbon chain, 
branched or straight. Both saturated and unsaturated chains must be considered. The 
kind, geometric form (cis, tra n s) and position of unsaturation on antimicrobial 
properties also must be studied.
It is generally recognized that the antimicrobial property of an aliphatic surfactant is 
dependent on chain length. This relationship is complex since it varies in a nonlinear 
fashion and is somewhat dependent on the specific class of organism tested. This non­
specific drug action is best understood in terms of Ferguson’s principle (4). This prin­
ciple is modified to include the statement that on ascending a homologous series, 
although the potency should increase, equipotent concentrations should require 
increasing thermodynamic concentrations and beyond one particular member the 
series should become less active. More simply, the antimicrobial affect of an aliphatic 
surfactant becomes optimal at some specific chain length. This optimum length will 
vary depending upon the polar group and test organism used.
Whether n or /rebranched fatty acids are more active is controversial. Recent studies 
indicate that branched-chain acids, like those of the straight-chain acids, are specific 
with regard to the test organism. There appears to be little overall difference in bacteri­
cidal effect which can be ascribed to branching (5).
With a given chain length, the position of the hydrophilic group(s) is an important 
variable in determining surface properties and biological activity. The kind, geometric 
isomer and position of unsaturation can influence biological activity. In general, the 
acetylenic containing fatty acids are more active than the ethylenic members. In the 
ethylenic series, the cis form is more effective against microorganism than the trans  
form.
The polar or hydrophilic portion of the surfactant determines its class. Among the 
various classes of surfactants, the cationic and, more particularly, the quaternary am­
monium compounds have high commercial application. The cationic compounds are by 
far the most effective wide-spectrum germicides (6 ). This series can kill or inhibit 
growth of organisms over a rather wide pH range. The anionic surfactants are 
frequently active only against gram ( + ) and yeast organisms and are rarely effective 
against gram ( —) strains. Their action is less rapid than the cationics and is more sus­
ceptible to changes in the pH of the system. The nonionic surfactants are not generally 
considered to be germicidal. However our own research on this group has indicated 
otherwise. Suffice to say that esters of polyhydric alcohols, amides and aminimides are 
nonionic surfactants but still have good germicidal properties, as will be discussed later.
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C H E M IC A L  S T R U C T U R E  VS. A N T IM IC R O B IA L  A C T IV IT Y

As noted in prior publication, chain length is one of the more important variables relat­
ing chemical structure to antimicrobial activity (7). For anionic-saturated compounds, 
the optimum length is 1 2  carbons (Table I). This statement is true for gram ( + ) 
organisms alone since compounds active against yeast are generally one or two carbons 
shorter in length. Fatty acids with six carbons or less, are active against gram (—) 
organisms. While the esterification of a fatty acid to a monohydric alcohol leads to an 
inactive ester, esterification to a polyhydric alcohol forms an active biocide (8 ). 
Interestingly enough, the size of the polar group has little effect on the chain length op­
timum. Glycerol, as well as polyglycerol (t r i , hexa  and decaglycerol), derivatives seem to 
have lauric acid as the most important acyl fatty acid. The bulkier hydrophilic groups 
seem to impart a narrower spectrum of antimicrobial activity to the surfactant struc­
ture.
Indeed, polar groups direct action towards specific organisms while the hydrocarbon 
chain determines over-all activity of the compound. This is noted in comparing 
surfactant activity against gram ( —) strains. In these cases cationic agents are active 
against most organisms while anionic and nonionic materials (esters, amides and 
minimides) have narrower germicidal activities. Except where noted for fatty acids and 
their esters, amines, amides and aminimides reach optimal biocidal activity with chain 
lengths of Cu—Ci6 (9, 10). In the case of aminimides, chemical agents with rather 
diverse polar groups, all were active at a chain length of Ci6 (1 1 ).
All of these studies emphasize the priority of the hydrocarbon chain as compared to 
the polar group in determining surfactant biocidal activity against a given species.
Whether unsaturation was important to biological activity was greatly dependent upon 
the length of alkyl chain. This fact has not been stressed in earlier reports. Unsaturated 
fatty acids with chain length of C12 or lower were generally less active than the satu­
rated derivative. Unsaturated fatty acids with chain length of Ci4 to Ci8 were more ac-

Table I
Minimal Inhibitory Concentrations of Saturated and Unsaturated Fatty Acids2

Pneumococci
Streptococcus 

Group A

Streptococcus
betahemolytic

non-A Candida S. Aureus

Caproic NI NI NI NI N I
Caprilic NI NI NI NI N I
Capric 1.45 1.45 2.9 2.9 2.9
Lauric 0.062 0.124 0.249 2.49 2.49
Myristic 0.218 0.547 2.18 4.37 4.37
Myristoleic 0.110 0.110 0.110 0.552 0.441
Palmitic 0.48 3.9 3.9 NI NI
Palmitoleic 0.024 0.098 0.049 0.491 0.983
Stearic N I NI NI NI NI
Oleic NI 1.77 NI NI NI
Elaidic N I N I NI N I N I
Linoleic 0.044 0.089 0.089 0.455 NI
Linolenic 0.179 0.35 0.35 NI 1.79
Linolelaidic NI NI NI N I NI
Arachidonic NI NI N I NI NI

“ Results are given in mM. N I = not inhibitory at the concentrations tested (1.0 mg/ml or 3 to 6.0 mM).
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tive than the saturated compound. The unsaturation contributes the most biological 
activity to the longer chain fatty acid (Table I). Whether or not the position of unsatu­
ration was important to biocidal activity follows this same trend, i.e., the position of un­
saturation had no influence on Cm fatty acids activity (1 2 ), some importance to Ciai 
derivatives and reached maximum effect in Ci8;i compounds (13). This was true 
whether unsaturation was ethylenic or acetylenic (Figures 1 and 2). In general the 
acetylenic derivatives were slightly more active than ethylenic isomers. In the Ciai 
series the most active isomer was the A10 Ci2: i, while in the Ci8: i series the A2, A7 and A8 

were more inhibitory to group A Streptococcus than were the other Ci8: i acids.
The addition of a second ethylenic bond to Ci8:i further increases the biocidal activity 
(13). In contrast to mono-unsaturated fatty acids, the addition of a second double bond 
increases the activity of the fatty acid but without concern to specific positions of the 
ethylenic bond. The addition of a third ethylenic bond, as in linolenic acid, made the 
fatty acid less active.

The Effects of Unsoturoted Dodecyl 
Fatty Acids on Group A Streptococci

Figure 1. The minimum inhibitory concentration (MIC) values for unsaturated lauric acid derivatives are 
presented. All compounds are less toxic than lauric acid (MIC = 0.12 mM).



S U R F A C T A N T S  A S  A N T IM IC R O B IA L  A G E N T S 737

The E f fe c ts  o f  Unsaturoted Octadecyl Fo t ty  Acids on Group A Streptococci
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Bond Posit ion

Figure 2. The minimum inhibitory concentration (MIC) of Cig:i acids. MIC value for Ci8:0 is 3-52 mM and 
greater than C ig: i derivatives.

Similar experiments involving other unsaturated surfactants have not been carried out. 
In those few instances wher comparisons are possible, the oleic derivatives are more 
active than stearic derivatives (9, 14).
While the lipophilic (hydrocarbon) portion of the surfactant is important to biological 
function in general, the polar group also contributes to biocidal activity. In our early 
studies, I was interested in the question: what modifications of the carboxyl group are 
possible and still retain or improve antimicrobial activity?
The answer to that question lead us to examine over 500 compounds before finding 
monolaurin (LauricidinllM) (15, 16). In our initial studies, I was interested in the 
chemical reduction of the carboxyl group to aldehyde and alcohol. In general, the 
order of increasing antimicrobial activity was COOH CHO < C—OH (7). While 
the reduction of the carboxyl group lead to a more active species, the oxidation of 
lauric acid to the dicarboxylic acid produced a less active compound. Wyss et al. (17) 
reported a similar finding. The esterification of the fatty acid with a mono-hydric al­
cohol produced an inactive ester. In contrast, esterification carried out with a polyhy- 
dric alcohol and yielding a monoester lead to biocidal compounds more active than the 
parent acid (8 ). This distinction of monoester formation is extremely important since di 
and tri esters were less active (8 ).
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Other modifications of the carboxyl group were studied. The formation of a 
hydroxamic acid derivative lead to an inactive specie, while amide and substituted 
amide species retained or increased their biological activity (10). Aminimides, a hybrid 
between amides and amines, represent a new class of surfactants (18). These com­
pounds were particularly effective against yeast and fungi while possessing weak an­
tibacterial activity. Of special note was the fact that aminimides,

Z -  +/ CH3
RiC—NN—R2

V h 3

are effective when Ri or R2 was C14—Cw in length (10, 11). This again emphasizes the 
importance of chain length over polar structure. The final change in surfactant struc­
ture studied was the structure-function activity of amine compounds. Amines possess 
wide spectrum activity and are particularly active against gram ( —) organisms (Figure 
3). From this figure two observations can readily be made and reinforce previous con­
clusions. Where agents are tested against the gram ( —) genera, lower chain (Cm—Cm) 
derivatives are active. Alkyl amines with chain length between Cm—Cm were more ac­
tive against gram ( + ) organisms. From these and other studies I have concluded that all

8 9  10  n  12 13 14 15 16 18 2 0

C H A I N  L E N G T H

Figure 3. Effect of chain lengthening on amine activity tested against Klebsiella-Enterobacter sp. (K), E. colt 
(E), 5". aureus (S) and 5. pyogenes group A (O).
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basic compounds, whether aliphatic or aromatic and when active, will show effect on 
gram ( —) organisms.
To summarize, acidic or neutral compounds (amides, aminimides or esters) are active 
against gram ( + ) and yeast organisms while amine compounds characteristically enjoy 
wide spectrum biocidal activity.

A N T IM IC R O B IA L  A C T IV IT Y  VS. H U M A N  T O X IC IT Y

The aspect of toxicity and irritation and surfactant biological activity while representing 
two separate functional properties are today of great concern, especially to the cos­
metic chemist. Regardless of the practicality of the zero-risk concept, regulatory 
agencies have challenged the cosmetic chemist to seek better and safer alternative 
chemicals. Because all cells (microorganisms) are not alike, it may be possible to design 
compounds which are effective against microorganisms but not man. All cells are 
unique and they should be expected to react differently, quantitatively if not qualita­
tively, to chemical agents. This uniqueness resides primarily in the cellular walls and/or 
membranes. Indeed it may be the membrane (wall) that not only gives the cell its 
unique character but also controls its metabolic function. The above argument needs 
no supporting references for acceptance. Despite this recognition, most drugs have 
been designed to affect the interior of the cell rather than the membrane. It is my 
hypothesis that drugs, and surfactants in particular, can be made to act more selectively 
if their action is directed to certain cells or classes of cells. This hypothesis, conceived 
during my work with aliphatic surfactants, has now reached fruition.
The best example of this can be found in our study of unsaturated fatty acids. Oleic acid 
is considered a growth factor for mammalian cells (19). Jenkin et al. (20) found that 
while A3 18:1 was inhibitory for kidney cells and the A2, A7 and A8 18:1 isomers were 
growth stimulators, Kabara et al. (13) reported these latter isomers to be lethal against 
group A Streptococcus. This is the first example that I am aware of where a compound 
such as the A2 Ci8; i derivative can be a growth stimulator for a mammalian cell and an 
inhibitory agent for a microorganism. Such specificity can only stimulate the imagina­
tion to look for other examples.
Among the surfactants there is a distinct trend towards higher toxicity for aromatic 
compounds as compared to lipophilic groups, which are aliphatic and natural in origin. 
Aliphatic surfactants offer germicidal activity which are reasonably high and safe since 
their biotransformation products—water, carbon dioxide and ammonia or trimethyl 
amine—are rather innocuous. From a toxicity point of view, the cationic surfactants, 
while representing the most active biocides, are also the most toxic. The oral LD50 
toxicity of these basic compounds is between 50-500 mg/kg, the amide and 
aminimides between 1-3 g/kg, anionic compounds 2-8 g lkg, while the nonionic 
surfactants, the least toxic, have values between 5-50 g/kg.
The above generalization on agent toxicity suggests that nonionic surfactants de­
serve greater attention in the future as compared to the past. Past experience, how­
ever, has suggested that nonionics have little antimicrobial activity. Our research has 
demonstrated that this conclusion was based on nonionic compounds composed of 
mixed acids and representing mixed esters. Our laboratory data with purified 
surfactants reveal that mono-esters of polyhydric alcohols and esterified with lauric
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acid are biologically active (15). The most active of these mono-esters is monolaurin 
(Lauricidin, > 90% mono-ester), which is considered GRAS material. While the 
parent compound has useful but limited antimicrobial activity, monolaurin has been 
successfully compounded with other food-grade materials to yield products with wide 
spectrum activity and a short killing time (16). I’m sure other successful nontoxic 
formulations will be developed in the future.
The other toxicological aspect of surfactants of particular concern to the cosmetic 
formulator is skin irritation (contact dermititis). Lipophilic chains (C8 and Cio) in satu­
rated soaps are highly irritating while Cj2 chain length is less irritating and Ci4 to Ci8 
are the blandest. Thus, among soaps, short chains and high alkalinity are conducive to 
irritation. Commonly, long, straight chain surfactants are less irritating than short, 
branched chain products. Again, as with toxicity, the quaternaries are, in general, much 
more irritating than the anionics or nonionics. The nonquaternary amine salts tend to 
be at least as irritating as the quaternaries and possibly even more hazardous.
In terms of eye irritation, the U.S. Food and Drug Administration laboratories have 
found a wide variation among individual surfactants and surfactant mixtures. As a 
general statement, the nonionics are least injurious, the cationics the most injurious 
and the anionics as intermediate.

S U M M A R Y

I have, thus, presented some structure-function associations which relate to cationic, 
anionic, amphoteric and nonionic surfactants as biocides. Of the large number of 
fatty acid surfactants used, the nonionics appear to be the most attractive. Based on 
their low index of toxicity and irritability and derived from renewable resources, 
nonionic surfactants offer real advantages to the cosmetic chemist. Contrary to the art 
for other nonionics, the high antimicrobial properties of the lauryl monoesters are 
unusual in that they can impart “medicated” or preservative quality to cosmetic 
formulations without added toxicity.
With the current rage of “returning to nature,” these fatty acid derivatives can rightly 
claim to be composed of “all natural ingredients.” Current research indicates their use­
fulness as food-grade preservatives, anticariogenic agents and in topical antimicrobial 
products (15, 16). As petro chemicals become less available and toxicology, rather than 
high germicidal property, becomes a greater consideration, I predict a wider and more 
diversified use for nonionic surfactants, particularly lauryl derivatives, as antimicrobial 
agents in foods, cosmetics and toiletry formulations.
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B o o k  R e v i e w
T he Fragrance and  Flavor 
Industry, Wayne E. Dorland and James 
A. Rogers, Jr., Wayne E. Dorland Com­
pany, Box 264, Mendham, New Jersey, 
1977, XV + 444 pages. Price 
$30.00 + $2.00 for postage and handling.

This most comprehensive text dealing 
with the fragrance and flavor industry 
consists of 18 chapters covering almost 
every aspect of this subject. The authors 
have succeeded in presenting the subject 
material in a most interesting and 
enlightening manner.

Chapter I educates the reader about the 
nature of fragrances and flavor while 
Chapter II indicates the role of a flavor 
and fragrance in the success of a product. 
Many examples of this are given and the 
authors recount many of the success 
stories about products we all are familiar 
with. It was of particular interest to this 
reviewer to read about the start of the 
“Wrigley” empire and the success which 
followed. The same can be said of 
products such as “Coca-Cola,” “Yardley’s 
Lavender,” “Shulton’s Old Spice” and 
many others. Chapter III gives the reader 
an insight into how the fragrances and 
flavors are developed by quoting many of 
the individuals in the industry. Defini­
tions, classification of both flavors and 
fragrances, and natural and synthetic raw 
materials are covered in Chapters IV 
through VIII in a most comprehensive

manner. Some of the most important 
properties of each material is covered.

The history and anatomy of the in­
dustry (Chapters IX and X) make worth­
while reading material since it gives the 
reader a personal insight into the 
fragrance and flavor industry. The history 
is covered by giving a brief review of the 
accomplishments of different individuals 
and the role they played in developing 
specific fragrance and flavor companies. 
Most of the present-day companies are in­
cluded along with the names of the indi­
viduals associated with them.

The newcomer to the industry will 
enjoy reading Chapter XI since it deals 
with production processes and equip­
ment. It was interesting and educational 
to read about the “enfleurage process,” 
“distillation,” “solvent extraction,” 
“expression” and the other methods used 
to produce these materials. It gives much 
of the necessary background information 
to the formulator of cosmetic products 
which will enable one to better utilize 
these products.

The scientific side of the industry has 
also been covered in Chapter XII which 
has been authored by Dr. Ernst Theimer. 
He covers in detail the composition of 
various materials and the basic chemistry 
involved. The remainder of the chapter is 
devoted to the use of instrumental 
analysis for the identification of each 
component. The use of gas chromatog­
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raphy for perfumes and fragrances is cov­
ered in great detail. Various spec­
trometers including UV, IR and mass 
spectrometer are included along with 
methods which will utilize a computer 
hookup. The use of the “nose” as an 
analytical instrument is not forgotten and 
its use is indicated.

The final chapters include a discussion 
of quality control (Chapter XIII), product 
safety and regulations (Chapter XIV), and 
a description of various associations re­
lated to essential oils and the perfume and 
fragrance industry (Chapter XV). It is 
interesting to note that our own SCC is 
included along with a description of our 
activities. Chapter XVI reviews the many 
journals, magazines and books concerned 
with this industry and is entitled, “We 
Share Our Knowledge.” It is only fitting 
that one of the final chapters be 
concerned with “People” and the im­
portant role they play in the industry. The 
training necessary to develop suitable 
skills to function properly in the industry 
is covered. The authors also include job 
descriptions for people in the industry 
along with suitable qualification. The final 
chapter is devoted to some statistics of the 
industry.

This reviewer has had a great difficulty 
in putting this book aside rather than 
reading it from “cover to cover” in one 
sitting. The authors are to be congratu­
lated on this accomplishment since this 
book represents a “must” for anyone 
concerned with any aspect of the develop­
ment of cosmetic products and any other 
product containing a fragrance or flavor. 
It should be required reading for all 
newcomers to the industry. Not only is 
this book an “encyclopedia of fact,” but it 
makes reading enjoyable while one is 
learning. I recommend that it be on the 
literature shelf of every laboratory or 
office.—John J. Sciarra—Arnold & 
Marie Schwartz College of Pharmacy and 
Health Sciences.

Synthetic Detergents, 6th Edition, 
A. Davidsohn and B. M. Milwidsky, 
Halsted Press, New York 1978 
VIII + 263 pages. Price $25.00.

In the preface, the authors state that 
“this is a work by practical men for 
practical men” and, in general, they have 
accomplished this objective quite well. 
This book is intended primarily for the 
manufacturing chemist in the detergent 
field and it should be very useful for that 
purpose. However, for cosmetic chemists 
and others working with surfactants, it 
could be of inestimable value to know 
how these detergents are prepared, what 
methods are used in their quality control, 
and their applications. A knowledge of all 
phases of production of raw materials one 
uses in cosmetic and pharmaceutical 
development can be very useful in tracing 
down troublesome problems in stability, 
component interation and packaging in­
tegrity.

The first chapter deals with the 
development of the detergent industry 
and is brief but comprehensive. Next 
the authors deal with principle groups of 
synthetic detergents—anionics, cationics, 
and non-ionics and their constituent 
subgroups. Again brevity is the rule, but 
not at the expense of accuracy and 
comprehension. Such things as basic 
structural formulas, common methods of 
preparation, and salient characteristics of 
each group are catalogued. This chapter is 
followed by one dealing with inorganic 
components of detergents, builders and 
other additives covering such groups as 
phosphates, silicates, carbonates, oxygen­
releasing materials and sundry inorganic 
builders. A whole chapter is devoted to 
sundry organic builders such as anti-rede- 
position agents, thickening agents, optical 
brighteners, chelating agents, 
hydrotropes, enzymes, bacteriostats, 
amines and solvents. Chapters five and six 
deal with the synthesis and manufacture
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of detergents and this is handled in a suc­
cinct and informative way. These chapters 
are followed by one on application and 
formulation of detergents where various 
helpful starting formulas for various types 
of finished products are presented. Most 
of these deal with straightforward de­
tergent applications; however, there is a 
section on toilet preparations such as 
shampoos, bubble baths and household 
and cosmetic soaps.

The final chapter, which deals with a 
brief exposition of analytical methods

used in the detergent field, is most 
noteworthy for a schematic procedure for 
the analysis of detergents.

In summary, this is an excellent book 
dealing with the practical aspects of the 
preparation, use and characterization of 
synthetic detergents and is intended pri­
marily for technologists in this field. Its 
use would be limited for most cosmetic 
chemists except for the reasons cited pre­
viously.—Robert Marchisotto—Bio­
services Inform ation Service, 
Philadelphia, Pa.
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