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e x t r a s  in
DELTYL® E X TR A ?
• Extraordinary stability
• Freedom from oxidation
• Unique greaseless character
• No odor

Deltyl Extra—Givaudan's specially 
processed grade of isopropyl myris- 
tate—is the preferred emollient for 
cosmetic preparations. Extremely 
stable, free from oxidation, odor­
less and greaseless, Deity 1 Extra is 
economical to use in all types of 
cosmetics, with the assurance of a 
continuous supply from a carefully 
controlled dom estic production . 
Samples and technical data are

CIVAUDAN
C O R P O R A T I O N

321 West 44th Street, New York, N.Y., 10036
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EVANS^l
TESTED AND APPROVED FOR
COLD WAVE LOTIONS AND DEPILATORIES

/  f
THIOVANIC ACID
Evans’ brand of vadium 
distilled thioglycolic acid.

AMMONIUM
TH IO G LY C O iA T^
Made with vacifumdfetlj|£d 
thioglycolic acid. 0 j

CALCIUlwf 
THIOGLYCOLATE "
High purity for depilatories.

AND all other derivative? of
Thi. ic Acid. i f  A

» '  m

Write for samples and data sheets.

? E V A N S *

250 EAST 43rd  STREET 
PHONE 212-683-0071

NEW YORK, N.Y. 10017 
TWX 212.-867-4286

lili
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HalbV

are BEST for YOUR formulations

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

AMMONIUM and MONOETHANOLAMINE
THIOGLYCOLATES

}Y&£

■ I
I

THIOGLYCOLIC ACID | |
Write for technical 

information.

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

'Phone: (302) OL 6-5428

Thioglycolic & Thiodipropionic Acids & Derivatives
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Another first for you in 
aerosol anti-perspirants from REHEIS

(  CHLORACEL

Now availably 
the anti-perspj^
REHYDROL Afc(

As the leader in this field, Reheis 
offers you this new development 
backed by its 20 years of experi­
ence in aluminum hydroxy chlo­
ride technology.

REHYDROL ASC is the aerosol 
form of CHLORHYDROL

.yblrcms, creams, lotions and gels. 
It can be used in desired concentra­
tion and demonstrates excellent 
stability in aerosol formulations. It 
compares favorably in efficacy to 
roll-on anti-perspirants and has a 
safe pH value for skin and fabrics.

Extensive tests prove good shelf 
life with evidence of accept­

able container corrosion and valve 
performance.

Its development largely com­
pleted, REHYDROL ASC is now 
being offered in semi-commercial 
quantities and will soon be in full 
commercial production. For com­
plete technical information, phone 
or write Reheis today.

REHEIS CHEMICAL COMPANY
D ivision  o f A rm o u r  P h a rm a ceu tica l C o m p a n y  

401 N orth  W a b a s h  A v e . ,  P. O. B o x  1 0 22 , C h ic a g o , I l l in o is  6 0 6 9 C



P e r f u m e  c r e a t e s  a n  i m a g e . . .
A n  a i r  o f  m y s t e r y  o r  t h e  s w e e t n e s s  o f  f e m i n i n i t y . . .  

e a c h  m u s t  p o s s e s s  t h e  in d e s t r u c t i b le  lo o k  o f  s e l f - a s s u r a n c e .
Y o u  h e lp  t o  c r e a t e  t h e  im a g e  s h e  d e s i r e s  b y  o f f e r i n g  

h e r  D & O ’ s  e n c h a n t in g  f r a g r a n c e s .

D o d g e  ê *  O l c o t t  I n c .
SEVEN TY-FIVE 9TH AVENUE • NEW YORK, N.Y. 10011





and our com puter fielped.
H ow ? B y  narrowing down hundreds of possible 

hair spray propellent system s to com e up  
w ith  one blend w ith  ideal characteristics...

and at a lower than ever cost!
Our computer did a lot more than just 

cut research tim e and expense. It evaluated  
formulations for high-performance, 

high-quality — not only for hair spray, 
but aerosol paints, oven cleaners, and 

even baby oils. W h o  know s w hat’s next?  
A t our Isotron Laboratory, com ing  

y - i u p  w ith the right formulation for 
you is an essential part of our 

business. Helping improve your 
■ ;/ product’s performance, m aking
M R  it more profitable, and keeping

Gretchen happy, is our pleasure.
* & "" Departm ent, Penn salt

f o  V . - ' « ? i i  u icals Corp., 3 P enn Center,
P h ila d e lp h ia , P a . 19102.
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Croda has all the makin’s!
POLYCHOLS for Lanolin-rich gels of highest emollience \

Polyoxyethylene ethers of lanolin Alcoh\>ls^\\  \
VD LPO S for Odorless, water-white gels \\ ^

Polyoxyethylene oleyl ethers

CRODAFOS for Firm clear gels at lowest solids contents 
Anionic Phosphate Surfactants

ALL WILL GEL MINERAL OIL AND OTHER USUAL VEHICLES 
AT EXTREMELY LOW EMULSIFIER TO OIL RATIOS 
SKLIRO  Distilled Lanolic Acids 
SUPER HARTOLAN Distilled Lanolin Alcohols
E as ily  s o lu b iliz e d  su p e rfa ttin g  and c o n d itio n in g  agen ts .

Croda New York London 
Milan Dusseldorf

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

Are you receiving Croda's 
information bulletins— 
"LAMBS TALES'" regularly? 
If not, write now for 
this valuable information.
SEND FOR SAMPLES AND LITERATURE!

S ubs id iary: H um m el Lan o lin  C o rp ., 1 8 5  Foundry S t . ,  N e w a rk  5 ,  N .  Y .

C R O D A  brochures  
a v a i la b le :□ H A R T O L A N  &

SUPER H A R T O L A N
S O L A N
P O LY C H O L
F L U IL A N O L
S K LIR O
Lan. F a tty  Acids  
P O L A W A X  
N O V O L  
V O L P O
(R evised  S e p t. 6 4 J 

□  C R O D A F O S
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For nearly half a century . . . unparalleled creative 
artistry . . .  in the development and total expression of 
the fragrance concept and its infinite nuances . . . has 
been the dedicated role of Albert Verley & Company.

In the evolution of a promising essence from which 
beautiful fragrances are conceived . . . Verley insists 
upon ingredients of the highest quality . . . utilizes the 
finest laboratory facilities employing the most advanced 
of scientific techniques . . . and possesses, through 
extensive and continuing research, a comprehensive 
knowledge of consumer requirements. The materials used 
in the creation and production are carefully screened 
. . . the resulting compounds precisely checked and per­
formance tested in control and application laboratories. 
Objective evaluation of a fragrance through reliable 
panel procedures assures a market acceptability of 
Verley compounds.

Add to this unparalleled heritage the endless search for 
unique and provocative fragrances . . . the capture . . . 
then the subtle blending of rare and elusive qualities 
that embody the perfume long remembered and cherished. 
Each scent . . . developed solely to perform and fu lfill 
the function for which it was created . . . insuring the 
full aromatic expression and acceptance of your product.

for unparal le led fragrance . . .  for the expression . . .  
for your p r o d u c t . . .
check with the man from V E R L E Y

A l b e r t  V e r l e y  &  c o m p a n y

1375 EAST LINDEN AVENUE • LINDEN, NEW JERSEY
N. J.: WAbash 5*1105 N. Y.: MUrray Hill 3-3881 

1018 S. WABASH AVENUE • CHICAGO 5, ILLINOIS 
10325 LOWER AZUSA ROAD • TEMPLE CITY, CALIFORNIA 

AROMESCENCE INC.
10 RUE PERGOLESE • PARIS 16, FRANCE
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How? Consider the elements involved in the 
creation of a successful fragrance.

First, you start with the basics like the ex­
traordinary talent and the right instinct for 
which Firmenich scientists are recognized. 
Apply the collaborative help of great univer­
sities like Massachusetts Institute of Technol­

ogy, Cambridge, Mass. (U.S.A.), Swiss Federal 
Institute of Technology, Zurich, Switzerland, 
and Institut de Biologie Physico-Chimique, 
Paris, France.

Then place their findings in the hands of 
Firmenich creative perfumers to work with in 
their own special way, using the most modern
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This little tray represents 
6 Professors, 34Ph.D.’s,
10 international awards for 
organic synthetic research,
600 published scientific papers 
and a Nobel Prize.
In the hands of our creative perfumers, it could hold your next fragrance success.

equipment and facilities in the fragrance in­
dustry. Creations from Geneva, Paris and 277 
Park Ave., New York, produce fragrances sold 
in 109 countries throughout the world.

Add them together and you have the kind 
of research and applied technique that can 
help your new fragrance product to success.

T 1* r m  e  n i c  1]

FIRMENICH INCORPORATED, NEW YORK: 277 PARK AVENUE. NEW YORK 10017 ■ ILLINOIS: 
5422 N. MILWAUKEE AVE., CHICAGO 60630 ■ CALIFORNIA: 5455 WILSHIRE BLVD.. 
LOS ANGELES 90036 ■ FIRMENICH OF CANADA. LIMITED, ONTARIO ■ INTERNATIONAL 
■ GENEVA ■ PARIS ■ LONDON ■ MEXICO CITY •  MANAGUA ■ SAO PAULO ■ 
BUENOS AIRES ■ SANTIAGO ■ BOGOTA ■ LIMA ■ QUITO ■ CARACAS ■ SYDNEY
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This advanced 
creativity is 
as near as
your telephone dial... 
contact 
Florasynth 
today!

EXECUTIVE OFFICES 
900 VAN NEST AVENUE,
BRONX, NEW YORK 10462 

CHICAGO 6, LOS ANGELES 21,
OFFICES IN ALL PRINCIPAL CITIES 
AGENTS IN ALL PRINCIPAL COUNTRIES



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS xiii

Lanosol is first choice
i among emollients {

because
it is a coiioidal suspension of pure lanolin 

that facilitates the preparation of translucent, 
golden yellow, anhydrous cosmetic liquids 
with exceedingly high lanolin content.

A feature of such preparations is their marked 
emollient effect, spreadability and 

freedom from stickiness.
For complete data request Product Bulletin 48. 

ROBINSON WAGNER CO., Inc.
Leaders in Lanolin Research «6 Development 

628 W averly  A venue, M om aroneck, N.Y.



XIV JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

B E A ST S The mold, yeast and bacteria that threaten the life of your fine cosmetics 
and drugs can be effectively controlled with WASHINE PARABENS. 
These highly successful esters of para-hydroxy benzoic acid are 
approved for general or specific applications and generally recognized 
as safe. They are soluble and active independent of pH. Samples and 
complete data, as well as technical service, are available upon 
request and without obligation.

fAmmf WASHINE CHEMICAL CORPORATION
l  s'"cl {¿¿¿J B A S IC  IN  P A R A B E N S  L O D I, N EW  JER S E Y

MANUFACTURERS of Quaternary Ammonium Compounds • Parabens (esters of 
p-hydroxy benzoic acid) • p-Hydroxy Benzoic Acid • Ammonium Formate 
Ammonium Acetate • Calcium Acetate • Sodium Diacetate • Other Acetate Salts 
Salts of other organic acids • Sodium Hypochlorite
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J n a 00 &  EsteiJ n a 00 ^  EsteiJn a . 00 &  EsteiJ n a 00 &  EsteiJ n a 00 &  Estei
(Linalyl Acetate, Linalyl Benzoate, Linalyl 

Butyrate, Linalyl Cinnamate, Linalyl Formate, 
Linalyl Isobutyrate, Linalyl Acetate Epoxide, 
Linalyl Phenyl Acetate, Linalyl Propionate)

Consistent Quality 
Stable Price

Because they’re synthetic.
ROCHE CHEMICAL DIVISION AROMATICS DEPARTMENT. HOFFMANN-LA ROCHE INC..

NUTLEY. NEW JERSEY (201) 235-2474. IN NEW YORK: (212) 695-1400.
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Exciting, creative packaging based upon solid 
experience has become a FLUID tradition. 
Manufacturing chemists and contract pack­
agers since 1921, we have a proud reputation 
for product pioneering and quality continuity. 
No other contract packager is equipped to of­
fer such a complete line of packaging services 
to so many different industries. FLUID does 
not market any of its own products, so we 
never compete with you. “Trade secrets” are 
safe with us.
Whether your needs are product formulation, 
package design, test surveys, promotion, ware­
housing, packaging, shipping, we can and do 
assume all responsibility. With these problems 
off your shoulders, you can con- q
centrate on profitable marketing. ----
Call on FLUID for quality service. —

8 7 8  M T . P R O S P E C T  A V E N U E  
NEWARK, N. J.

Telephone: N. J.— UUrnboldt 4-1000 
N. Y.—White JIall 3-0540 

Cable: Fluidkem



76 NINTH AVENUE, NEW YORK, N Y. 10C



I  I ■■ ' ■ : 1 '

4 QUALITY

A series of non-ionic and anionic em ulsi­
fiers and opacifiers manufactured from 
finest grade triple pressed Stearic Acid 
with a maximum Iodine Value of 0.5, 
possessing superior heat and light 
stability, and stable over a wide pH 
range.
Of special interest:

CERASYNT IP —  Opacifier and pearl­
ing agent for cream 
lotion shampoos.

CERASYNT 945 —  A c i d s t a b i l i z e d  
em ulsifier for m edi­
cated creams and 
lotions.

CERASYNT D —  Emulsifier for hydro­
carbons in aerosol 
systems; also opaci­
fier for cream lotion 
sham  poo  c o n c e n ­
trates.

For technical bulletins on these and a 
wide variety of other em ulsifiers write:

VAN OYK S. COMPANY, INC.

MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY

— ■■ 111



This graceful racing sloop, skillfully manned by 
crewmen who are masters of the sailing arts, is 
an example of tru ly outstanding performance. At 
Fleuroma, the highly specialized skills and imagi­
native talents of world-renowned perfumers,

combined with the finest technical and chemical 
facilities available, create exciting fragrances 
that make your products unique . . . desirable 
. . . memorable. Fleuroma, 43-23 37th Avenue, 
Long Island City, New York 11101.

FLEUROMA«^
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Emulsify it with—

C A R O L A T E *
CETYL PALMITIC ALKYLOLAMIDE 

Self-Emulsifying Spermaceti-Amide
The sa tin y  fe e l

The most desirable properties and structure of Spermaceti 
and Cetyl Alcohol combined in an emulsifiable form.

• TECHNICAL DATA 

• TOXICOLOGICAL STUDIES 

• COSMETIC FORMULAS

available on request

E m u lsio n s in co rp o ra tin g  CAROLATE as th e  em u lsifier can be 
co n ven ien tly  a n d  econ o m ica lly  fo rm e d .

ROBECO CHEMICALS, INC.
51 Madison Avenue New York, N. Y. 10010

212-683-7500

®Reg. U. S. Pat. Off. Pat Pend.
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Pa rm avert FLO RAL G R E E N  N O T E  
N O N -IR R IT A T IN G  
ST A B L E  I N  A L K A L IE S  
E X T R E M E L Y  POW ERFUL

New York Office: 507 Fifth Avenue, MU 7-5133 /  Detroit: 14812 Alma Avenue, LA 7-5018 /  Chicago: 2141 West 
Touhy Avenue, 764-8668 / Compagnie Parento, Limited. 70 Mack Avenue, Scarborough, Ontario, Canada, 694-1123
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ONLY LANTROL6 IS DOCUMENTED BY RESEARCH 
THAT OFFERS THIS PROVEN SAFETY AND EFFICACY
Only LANTROL® among liquid lanolins documents* these claims for cos­
metics and pharmaceuticals because only LANTROL" (the oil and lipid sol­
uble 'de-waxed' liquid fraction of U.S.P. lanolin) has been proven in research 
in these areas:

PROVEN SAFETY
•  Non-sensitizing, not a primary 
irritant (repeated insult and 
rabbit eye irritation tests
plus clinicals)
•  Hypo-allergenic 
(lanolin-sensitive subjects 
react negatively)
• Negative toxicity (Oral LD 50)
• Meets all purity tests for 
U.S.P. lanolin
•  Virtually odorless and tasteless

PROVEN EFFICACY
•  A skin penetrant and lubricant 
to augment the protective lipoid 
barrier in the stratum corneum
•  A moisturizing agent to 
enhance skin hydration and 
moisture retention in the 
stratum corneum

• Improved drug release 
and penetration

• Reduced shampoo eye sting 
and irritation

P a te n te d  to r  y o u r p ro te c tio n  ( U S .  P at. N o . 2 .7 5 8 .1 2 5 )
PRODUCTS CONTAINING LANTROL® CAN BE ADVERTISED AS CONTAINING LANOLIN!

• R esearch repo rts  fre e ly  ava ilab le  and . lo r  NDA'S, th ro ug h  o ur .U S. FDA M aste r F ile  MF 399

O o r p .

1501 West Elizabeth Avenue, Linden, N. J. 07036 

Telephone (201) 925-7500

CANADA: Frank E. Dem psey & Co. Ltd ., 47 Davies Ave., T oro n to  8, Ont.
ENGLAND: Cyclo C hem ica ls  Ltd., M a n s fie ld  House, S trand , London, W.C.2 
FRANCE: S.A.C.I., 12 Rue Le C h a te lie r, P aris 17e 
GERMANY: R.E.W.O. Chem Fab GmbH., S te inau K re is  S ch lüch te rn  
MEXICO: P roduc tos  L ind est, A.P. 295, San B arto lo  N aucalpan



A PROUD TRADITION OF SUPERIOR SERVICE TO THE PERFUMERY INDUSTRY

ro u re -d u p o n t
new  york Chicago ■  hollywood



Chemicals To p  
Cosmetics 

from Lnjaij
There are quality Enjay products for everything from 

baby lotions to nail lacquer removers. In many 
cases special requirements can be built into 

Enjay products to meet special needs. The 
Enjay line includes ethanol, isopropanol, 
ethyl ether, isopropyl ether, glycol 

ethers, acetone, methyl ethyl ketone, 
butyl alcohol, neo-acids, ethyl acetate, 

isopropyl acetate, secondary butyl 
acetate, normal butyl acetate, 
isobutyl acetate, methyl amyl 
acetate . . .  and hexadecyl 
alcohol, the ideal emollient for 
many different cosmetics. But 
you get more than a chemical 
line when you come to Enjay.
There’s a highly trained 
cosmetics group ready to 
work on any problems you 
may have. Just drop a 
note to Enjay Chemical 
Company, Dept. Cl 08M,
60 West 49th Street,
New York, N.Y.
10020, orcall 
212-974-6318.

Snjayj Enjay Chemical Company



MOISTURIZERS
a m e r c h o l ® — sterol extracts. 
Amerchols such as L-101, CAB, C, H-9 and BL are a family of hypoallergenic lanolin derived products designed to provide a wide range of moisturizing and other valuable effects. Amerchol L-101, for example, is a superb emulsifier, emollient, stabilizer, and a powerful free sterol de­pressant of interfacial tension. 
a m e r l a t e ® p — isopropyl lano- late. Emollient ester of lanolin fatty acids. A particularly ef­fective conditioner, lubricant and penetrant. Functions as a moisturizer by holding water to the skin in emulsified form. Melts at body temperature to form a nongreasy protective film.
SOLUBILIZERS
s o l u l a n ® _  ethoxylated deriva­tives. Water soluble, yet emol­lient! Solubilizers of great gen­eral utility. Impart excellent plasticizing, lubricating, condi­tioning and pigment wetting qualities at low concentration.
PENETRANT
a c e t u l a n ® — acetylated lano­lin alcohols. Nonoily hydro- phobic liquid emollient. Pene­trates and lubricates, leaving a persistent velvety afterfeel that is truly remarkable.
EMOLLIENT
m o d u l a n ® — acetylated lano­lin.t Skin protective emollient with decided advantages over lanolin. Hypoallergenic, almost odorless, nontacky, oil soluble, and hydrophobic. Excellent for emulsions, soaps, baby oils, and brilliantines.
ENRICHERS
v is c o l a n ® — dewaxed lanolin. Supplies all the natural bene­fits of lanolin in intensified, convenient liquid form. Oil soluble, low odor and color. 
w a x o l a n ® — lanolin wax frac­tion. Adds gloss and grooming effects. Stabilizes emulsions. In­creases melting point, viscosity and consistency. 
c h o l e s t e r o l  usp— pure white and practically odorless. Suit­able for the most exacting uses in pharmaceuticals and cos­metics.
UNSATURATES
p o l y l a n ® — essential polyun­saturate. Liquid wax ester. Com­bines the natural benefits of linoleic acid with the softening, protective, and conditioning properties of lanolin’s most ac­tive components. 
r ic il a n ® — lanolin ricinoleates. Provide valuable new skin ori­ented properties. Unusual com­binations of selected lanolin alcohol and castor oil com­ponents designed especially for lipsticks.

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

Complete technical data, samples, and suggested formulas are available

Amerchol Park • Edison, New JerseyfU .S. & foreign patents
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FACILITIES 
AVAILABLE for

SKIN  IRRITANCY 
and

ALLERGENICITY
TESTING

All types of Panels 
Adult male 

Adult female 
Children— Institutional

BIOLOGIC
CONSULTANTS

55 Northern Boulevard 
Greenvale, New York 11548

516-MA 1-6644

COSMETICS
SPECIALISTS TO THE 

PRIVATE LABEL TRADE

* Formulating
* M anufacturing
* Styling
* Packaging

O ur experienced sta ff o ffers a com­

p le te  service fo r Distributors in 

the Atlantic and Central States.

COSMETIC LABORATORIES, 
INCORPORATED

2272 East Jefferson Avenue 

Detroit, Michigan 48207

P E R F U M E R
Continued corpora te  grow th, m ade possi­
ble by technical achievements in new 
products and applications, have created 
an opening o f exceptional challenge and 
responsibility fo r a Perfumer w ith e x ­
perience and a degree  in chemistry.

A pp lican t should possess a good knowl­
edge  o f modern techniques re la ted  to  
perfum ery m aterials and usage in the 
fields o f cosmetics, to ile tries and rela ted 
products.

Prompt and highly confidentia l in ter­
views w ill be arranged  with our tech­
nical staff.

P lea se  w rite  in fu ll con fiden ce  to :

M r. Carl S trub
M a na g e r— Adm inistrative Services

COLGATE-PALMOLIVE CO.
909  River Road, New Brunswick, N. J. 

An Equa l O p p o rtu n ity  Em p lo ye r

LEBERCO
LABORATORIES

Hormone Assays 
Drug Assays

Cosmetic and Pharmacological 
Research

Toxicity, Eye and Skin 
Irritation Studies

Anti-Biotic and Fungicidal
Assays

Sensitivity Tests

Patch Testing and Clinical 
Studies

123 HAWTHORNE ST. 
ROSELLE PARK, N. J.
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Serving the Cosmetic 

and Pharmaceutical

Industry fo r O ver 35 Years

TEGIN The E S T E R -B A LA N C E D  

Self-em ulsifying g lyce ry l monostearate 

fo r  anionic, neutral o r a lkaline systems.

TEGACID REGULAR
This unique ESTER-BALANCED self-em ul­

sifying g lyce ry l m onostearate fo r cationic 

systems, produces emulsions having prime 

cosmetic elegance.

TEGIN P The ESTER-BALANCED self-

em ulsifying propylene g lycol m onostearate fo r 

anionic, neutral o r a lkaline systems.

TEGACID SPECIAL
The ESTER-BALANCED self-em ulsifying g ly ­

ceryl m onostearate fo r  anionic, neutral, 

acid o r a lkaline systems.

TEGIN 515 The ESTER-BALANCED

non-self-em ulsifying g lyce ry l m onostearate fo r  use 

w ith  a ux ilia ry  emulsifiers and as a thickener and 

stab ilizer.

TEGOSEPTS The universally used

Parabens and o ther esters o f P -H ydroxy- 

benzoic acid . USP and Technical. M ethyl, 

Ethyl, P ropyl, Butyl.

Ask about our new customer service facilities
•  Technical laboratory service •  Formulations assistance 

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

Write For Data and Sam ples

G o l d s c h  m i d i  C h e m i c a l  C o r p o r a t i o n
147 W a v e r ly  Place • N e w  Y o rk , N . Y. 10014  • C H elsea 3 -47 9 2
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L A N O L I N  D E R I V A T I V E S
fo r

COSMETIC and PHARMACEUTICAL
application

4 4

\  P 
4 k

*  P 
4 k

%P 
4 4

< P 
4 4

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

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

LANOLIN ALCOHOLS
the unsaponifiable fraction of lanolin. A power­
ful W /0  emulsifier possessing high cholesterol 
content.

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

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

SAMPLES ON REQUEST 
SEND FOR TECHNICAL LITERATURE

THE LANAETEX PRODUCTS, INC.
m a n u fa c tu r e r s  o f  la n o lin  a n d  la n o lin  
d e r iva tive s  fo r  o ve r  a q u a r te r  c e n tu ry

151-157 THIRD AVENUE • ELIZABETH 1, N. J.
PHONE (Code 201) 351-9700
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Emulsion stabilizer? 
Suspending agent?

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

Veegum is a binder, disintegrating agent, viscosity modifier and thickener. It 
imparts thixotropy, improves spreadability and adds cosmetic elegance to for­
mulations. Do you have a specific emulsion, suspension, tableting or other 
formulating problem Veegum can help you solve? Write us on your company 
letterhead and we will send you our 32-page Technical Bulletin #44F 
containing 35 formulas illustrating the use of Veegum. Samples for 
experimental work on request. R. T. VANDERBILT Company, Inc.,
Specialties Department, 230 Park Ave. New York, New York 10017.
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MIRANOL AMPHOTERIC SURFACTANTS 
FAMOUS FOR MILDNESS AND SAFETY...

The Surface Active Agents that Not Only Meet the 
DRAIZE TEST, but EXCEED its requirements . . . 
NO irritation at any time!
NOT ONLY THE “ DRAIZE TEST", MIRANOLS PASS THE 
“ BABY TEST" THOUSANDS OF TIMES EVERY DAY. . .

Miranols do not cause irritation to eyes . . . have no 
unpleasant odor and feature unexcelled chemical 
stability.

Miranols come through where conventional surfactants 
cannot deliver the performance, solving product prob­
lems that other surface active agents can’t solve. Only 
the Miranol ionic balance in AMPHOTERIC SURFAC­
TANTS is the recognized, respected and accepted 
standard for complete application versatility.

MIRANOL AMPHOTERIC SURFACTANTS ARE IN 
A CLASS BY THEMSELVES!

Write for Technical and Product Development Data Book

' P Z l i r a n o l

272 COIT STREET • IRVINGTON, N. J. 

Phone: Area Code 201 • 374-2500
Agents in Principal Cities Throughout the World
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We have some new 
hardworking lanolin

II H

derivatives
(from Goode’s contented sheep) 
prepared to go to work for you
R .I .T .A . S u p er-S a t H y d ro g en a ted
L a n o lin s— S u p er-S a t H y d ro g en a ted
and  E th o x y la ted  L a n o lin s  provide:
1. S o lu b iliza tio n  of o il-in -w ater  

system s.
2. G ella tio n  of o il, o il-w a ter , and  

a lco h o l sy stem s.
3. T h e y  in crea se  an d  m a in ta in  proper  

m o istu re  co n ten t in  derm is.
4. P ro p er  m o istu re  co n ten t in  

v a n ish in g  cream s, stick  d eod oran ts, 
an d  o th er  p rep aration s.

•  “Non-irritating, non-sensitizing to both ocular and dermal tissues . . 
(rep ort from  in d ep en d en t  
la b o r a to r y ) .
A n d , th ese  h ard w ork in g  la n o lin  d e ­

r iva tives a lso  ad d  cosm etic  e leg a n ce  
w ith  a d esirab le  a fter -fee l, d em o n stra te  
ex c e lle n t  sp rea d a b ility  w ith o u t ta c k i­
n ess  or s t ick in e ss  . . . w ith o u t th e  greasy  
fee l o f  m a n y  gels, p a r ticu la r ly  h a ir  
p rep aration s.

L et ou r p rod u ct a p p lica tio n  la b ora ­
tory  a ss is t  y ou . W rite  or ca ll to d a y  for 
sa m p les  a n d  fu ll in form ation .

5. In crea se  th e  th era p eu tic  efficacy of 
m a n y  drugs w h en  a p p lied  to  th e  
skin.

6. P rov id e a su ita b le  b ase for barrier  
an d  p ro tectiv e  cream s.

R. 1. T. 4. C hem ica l C orporation
612  N orth  M ichigan Ave.
Chicago, 111. 60611  
T elephon e 312-787-0051
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■ ■ »You are the “ Doctor” 
You may write the 
prescription. . .
Your own
specifications. . .  for 
WHITE MINERAL OILS 
and PETROLATUMS

Specify the properties you 
require. Anything within the 
realm of practical possibilities. 
Penn-Drake will be happy to 
make it for you-just the way 
you want it.
Yes, “we try harder,” too.
We always have—since 1879. 
That is why we are so emphatic 
about quality and uniformity. 
That is why we maintain that— 
“YOU CAN ALWAYS DEPEND 
ON PENN-DRAKE”-  
in selecting the RIGHT 
product for your needs; in 
helping you save time, effort, 
and money; in finding solutions 
to development or process 
problems; or in the routine 
servicing of your orders.
For quick action on technical 
matters, telephone our 
Charles Steenbergen, collect, 
412-287-2781.
PENNSYLVANIA REFINING 
COMPANY Butler 32, Pa.

------------------------------------\

penn-drake
WHITE MINERAL OILS 

PETR O LATU M S

J
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S Y N O P S E S  F O R  C A R D  IN D E X E S

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

A new and realistic electronic approach to the evaluation of antiperspirant activity:
R. J. Jam es. J o u r n a l  o f  th e  S o c ie ty  o f  C o sm e tic  C h e m is ts  17, 749 (1966)
Synopsis—A new method for the evaluation of antiperspirant activity eliminates 
m any of the problems inherent in other proposed methods. The use of electronic 
equipment gives fast results. The use of phosphorus pentoxide cells minimizes the 
problem of tem perature control. Simultaneous measurements are recorded on an 
X-Y recorder instead of the strip chart recorder usually used. The method de­
scribed illustrates the measurement of the dynamic changes in rates of perspiration.

Caucasian hair, Negro hair, and wool: similarities and differences: J. M enkart,
L. J. Wolfram, and Irene Mao. J o u r n a l  o f  th e  S o c ie ty  o f  C o sm e tic  C h e m is ts  17, 769 
(1966)
Synopsis—Caucasian hair, Negro hair, and Lincoln wool are compared in term s of 
physical structure, mechanical properties, chemical composition, and rate of reac­
tion with various reagents. Several significant differences are found between wool 
and the two hair samples. The principal one is the extent of crosslinking, which 
is greater in the hair, as indicated by higher sulfur and cystine contents, and a higher 
proportion of the m aterial found in the y-keratose fraction after oxidation. The 
heavier crosslinking is reflected in greater resistance to  a ttack  by hot acid and in 
slower reduction by thioglycolate or sulfite solutions. The main difference be­
tween Caucasian and Negro hair is the fiber geometry; the Caucasian fiber approxi­
mates a cylinder, the Negro a twisted oval rod. In their physical and chemical prop­
erties, the two fibers are very similar.

The action of antiperspirants: Christopher M. Papa. J o u r n a l  o f  th e  S o c ie ty  o f  
C o sm e tic  C h e m is ts  17, 789 (1966)
Synopsis—Stripping experiments, methylene blue iontophoresis, and histological 
studies after induced sweating indicate th a t formaldehyde forms a physical plug in 
the sweat duct. On the other hand, similar experiments with aluminum chloride 
treated  skin suggest tha t this antiperspirant acts by altering the permeability of 
the  sweat duct.
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Molecular complex formation in aerosol emulsions and foams: Paul A. Sanders. 
Journal of the Society of Cosmetic Chemists 17, 801 (1966)
Synopsis—Previous studies in nonaerosol systems have shown th a t certain deter­
gents, such as sodium lauryl sulfate, form molecular complexes with long chain 
alcohols or acids a t a ir/w ater or oil/w ater interfaces. In the present investigation 
it has been shown th a t molecular complexes are also formed in aerosol emulsion 
systems. I t was found that, in many cases, the addition of a long-chain alcohol to 
an aerosol emulsion system prepared with the triethanolam ine salt of a fatty  acid or 
sodium lauryl sulfate as the surfactant produced a marked increase in emulsion 
and foam stability and a decrease in foam drainage. In some cases foam viscosity 
was increased. These effects of the long-chain alcohols occur in nonaerosol and 
aerosol systems and are indicative of molecular complex formation.



JOURNA L OF T H E  SO CIETY OF COSM ETIC CH EM ISTS XXXIX

L IT E R A T U R E  S U R V E Y *
Analytical
Chemical Microscopy—First Approach to Analysis. McCrone, W. C., and M artin, J. S., 
R / D  R e s .  D e v e lo p ., 16, 34-37 (May, 1966).
Analysis of Color Lakes Used in Cosmetics. Legatowa, B., and Gilcuska, C., R o c z n ik i  
P a n ts w e g o  Z a k la d u  H ig . ,  16, 541-44 (June, 1965) (in Polish).
Paper Chromatographic Determ ination of the /»-Phenylenediamine Content of Hair Dyeing 
Agents for Hygienic Evaluation. Pinter, I., and Kramer, M., E le h n is z e r v iz s g a la t i  K o z le n te n y ,  
11, 305-15 (October-December, 1965) (in Hungarian).
Isolation and Characterization of Glycerides in Hum an Hair Lipids by Thin-Layer and Gas 
Chromatography. Singh, E. J., e t a ! . ,  L i p id s ,  1, 274-78 (July, 1966).
How to  M easure M oisture in Solids. Roth, M., C h em . E n g . ,  73, 83-88 (August 1, 1966).
Studies in Gas Chromatographic Theory. Barr, J. K., D is s e r ta t io n  A b s tr . ,  26, P art 1: 6996- 
997 (June, 1966).
Chromatography. Heftm ann, E., A n a l .  C h em . A n n .  R e v .. 38, 31R-61R (April. 1966).
The Determ ination of Diethyl P hthalate in Cosmetic Preparations. Hancock, W., et a l .,  
A n a l y s t ,  91, 449-54 (July, 1966).
The Analysis of Fats Containing Cyclopropenoid F a tty  Acids. Hammonds, T . W., and 
Shone, G. G., A n a l y s t ,  91, 455-58 (July, 1966).
A Comparison of Some Stationary Phases Having M any Ester Groups by Gas Chroma­
tographic F a tty  Acid Analysis. Zeman, I., J .  G a s  C h ro m a to g ., 4, 314-17 (August, 1966).
An Improved Spray Reagent for Detecting Lipids on Thin-Layer Chromatograms. Jones, 
D.. et a l .,  J .  C h ro m a to g ., 23, 172-74 (June, 1966).
The Q uantitative Estim ation of Substances on Paper Chromatograms. I. A M achine for 
the T reatm ent of Paper Strips with Chemical Reagents. Bush, I. E., J .  C h ro m a to g ., 23, 94- 
119 (June, 1966).
Detection of PG, NDGA, BHT, and BHA in Fats and Oils by Thin Layer Chromatography. 
Scheidt, S. A., and Conroy, H. W., J .  A s s o c .  O ffic. A g r i .  C h e m is ts , 49, 807-09 (August, 1966).
Determ ination of W ater and E thyl Alcohol in Cosmetics by Gas Chromatography. Gross, 
F. C., J .  A s s o c .  O ffic. A g r i .  C h e m is ts , 49, 718-20 (August, 1966).
Analysis of Sunscreens in Sun-Tan Preparations. Davis, H. M., J .  A s s o e .  O ffic. A g r i .  
C h e m is ts , 49, 715-18 (August, 1966).
Biochemical Analysis. Hamilton, P. B., A n a l .  C h em . A n n .  R e v ., 38, 19R-31R (April, 1966).
Studies in Gas Chromatography. Locke, D. C., D is s e r ta t io n  A b s tr . ,  26, 56 (July, 1965).
Lipid M etabolism and Analysis. I. Cyclopropane F a tty  Acid Metabolism. II. Gas Liquid 
Chromatographic Analysis of Lipid Alcohols. Wood, R. D., D is s e r ta t io n  A b s tr . ,  26, 1333-334 
(September, 1965).

Prepared by Joseph H. Kratochvil and Joseph L. Rosenstreich.
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Infrared Spectrometry. Evans, J. C., A n a l .  C h em . A n n .  R e v ., 38, 311R-16R (April, 1900).
Determ ination of Cationic Surfactant Analysis: Amines, Polyamines, Quaternary Am­
monium Salts, by Chromatography. I. Gas-Liquid Chromatography. Kourovtzeff, K., 
R ev . F r a n c . C o rp s  G ra s , 13, 271-76 (April, 1966) (in French).
Preparation of Volatile Derivatives of Amino Acids for Gas-Liquid Chromatography. Lam- 
kin, W. M ., D is s e r ta t io n  A b s tr . ,  26, 662 (August, 1965).
Gas Chromatography. Dal Nogare, S., and Juvet, R, S., Jr., A n a l .  C h em . A n n .  R e v ., 38, 
61R-79R (April, 1966).
Ultraviolet .Spectrometry, Crum m ett, W., A n a l .  C h em . A n n .  R e v ., 38, 404R-16R (April. 
1966).
Mass Spectrometry. M cLafferty, F. W., and Pinzelik, J., A n a l .  C h em . A n n .  R e v ., 38, 350R- 
70R (April, 1966).
Gas Chromatographic Analysis of F a tty  Acids of Hum an H air Lipids. Gershbein, L. L., and 
Metcalfe, L. D., J .  I n v e s t .  D e r m a to l. , 46, 231-35 (May, 1966).
T itration  of Long Chain Quaternary Ammonium Compounds—Tetraphenylboron. M et­
calfe, L. D., et a l .,  J .  A m .  O il  C h e m is ts ’ S o c ., 43, 355-57 (June, 1966).
The Preparation and Characterization of Lyophilized Polyacrylamide Enzyme Gels for 
Chemical Analysis. Hicks, G, P., and Updike, S. J., A n a l .  C h e m .. 38, 726-29 (May, 1966).
Rapid, Sensitive Colorimetric M ethod for the Determination of Estrogens. Rehm, C. R., 
and Ubanyi, T., J .  P h a r m .  S c i . ,  55, 501-08 (May, 1966).
Flame Emission and Dual Flame Emission—Flame Ionization Detectors for Gas Chromatog­
raphy. Braman, R. S., A n a l .  C h e m .. 38, 734-41 (May, 1966).

Bacteriology
Survival of Bacteria on M etal Surfaces. Wilkinson, T. R., A p p l .  M ic r o b io l. ,  14, 303-07 
(May, 1966).
Fungistatic Effects of Controlled Atmospheres. Littlefield, N. A., et a l .,  A p p l .  M ic r o b io l. ,  
14, 579-81 (July, 1966).
Detection and Identification of Bacteria by Gas Chromatography. Henis, Y., et a l .,  A p p l .  
M ic r o b io l. , 14, 513-24 (July, 1966).
I n  V itr o  M ethods for the Study of Plaque Form ation and Carious Lesions. Jordan, H. V., 
and Keyes, P. H., A r c h .  O ra l B io l . ,  11, 793-801 (August, 1966).
Effect of Available W ater on Therm al Resistance of Three Non-Sporeforming Species of 
Bacteria. Calhoun, C. L., and Frazier, W. C., A p p l .  M ic r o b io l. .  14, 416-20 (May, 1966).
Bacteriostatic, Fungistatic and Algistatic Activity of F a tty  Nitrogen Compounds. Hueck, 
H. J., e t a l .,  A p p l .  M ic r o b io l. ,  14, 308-19 (May, 1966).
Effect of Various Nonionic Surfactants on Growth of Escherichia Coli. Rose, M. J., Jr.,
et a l .,  J .  B a c te r io l .. 91, 1863-868 (May, 1966).
M ethod for Determining the Bacterial Permeability of Plastic Films. Ronsivalli, L. J., 
et a l .,  F ood  T e c h n o l ., 20, 98-99 (August, 1966).
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Controlling Gram Negative Bacteria with IV-Propyl T in Halides and Oxides. Lr. S. Pat. 
3,256,143. Filed: Nov. 6, 1961. Patented: June 14, 1966. Granted to: M & T  Chem­
icals, Inc.
The Use of Phage to  Study Causes of Loss of Viability of Escherichia Coli in Aerosols. Cox,
C. S., and Baldwin, F., J .  G e n . M ic r o b io l. , 44, 15-22 (July, 1966).
Alkylhalodiphenyl Oxide Sulfonates as Microbiocides. U. S. Pat. 3,252,856. Filed: Sept. 
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Urocanic Acid, a Physiological Sun Protector. Zenisch, A., Hais, 1. M ., and Krai, J. A., 
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Component D istribution of Alcohol Ethylene Oxide Adducts. Weimer, D. R., and Cooper,
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The Sample Shelf. Michell, J. X., Aerosol Age, 11, 46, 108 (August, 1966).
Concerning M odern Toothpastes. Seifen-Ole-Fette-Wachse, 92, 480-81 (July 6, 1966) (in 
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Cosmetics and Climate. Czetsch-Lindenwald, H., Seifen-Ole-Fette-Wachse, 92, 543-45 
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Vanishing Creams. Bergwein, K., Specialities, 2, 16 (May, 1966).
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T he Emulsion and Its  Emulsifier. Rimlinger, G., Parfums, Cosmet. Savons. 9, 158-63 
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M en’s Toiletries M arket. Drug Cosmetic Ind.. 98, 159-66 (June, 1966).
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Richman, M. D., and Shangraw, R. F., Aerosol Age, 11, 36-39, 127 (May, 1966).
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Gas Chrom atography of F a tty  Acids. M aruyam a, M ., Yukagaku, 15, 89-93 (March, 1966) 
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150-53, 196-97 (1966).
Castor Oil and Oleoehemistry. Massoni, R., Double Liasion, 127, 349-61 (1966) (in French).
Fats and Their Derivatives in Cosmetics. M urthy, N. L., et a!., Soap, Perfumery Cosmetics, 
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Physical Properties of F a tty  Acid M ethyl Esters. VI. Viscosity. Gouw, T. H., et al., J. 
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Fioriti, J. A., et al., J. Am . Oil Chemists' Soc., 43, 487-90 (August, 1966).
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(August 3, 1966) (in German).
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Some S tructural Investigations on Phospholipids from M embranes. Van Deenen, L. L. M., 
J. A m . Oil Chemists' Soc.. 43, 296-304 (May, 1966).
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Lipid-Protein Interactions and Cohesional Forces in the Lipoproteins Systems of Membranes. 
Vandenheuvel, F. A., J .  A m .  O il  C h e m is ts '  S o c ., 43, 258-64 (M ay, 1966).
The Control of F a tty  Acid Composition in Glycerolipids. Lands, W. E. M., and H art, P.,
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A Simple Apparatus for Adsorption Studies. John, P. T ., and Sekhon, R. S., I n d i a n  J .  
T e c h n o l ., 4, 78-80 (M arch, 1966).
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Molecular Transport in M embranes. Ricklcr, R. N., h i d .  E n g .  C h e m .. 58, 18-35 (June, 1966).
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Solid Liquid Separation. Flood, J. E., Porter, N. F., Rennie, F. W., Tiller, F. M., Moyers, 
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Distillation of F a tty  Acids. Bioemen, Ir. F., Rev. Franc. Corps Gras, 13, 247-59 (April, 1966)
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Film Flow of a Non-Newtonian Liquid on a R otating Surface. Yachagin, K. D., et a l .,  I n t .  
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Capsular Adhesives. Huber, H. F., and Stroble, H. G., T a p p i ,  49, 41A-44A (May, 1966).
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II. Naturals. Champon, B., A m .  P e r fu m e r ,  81, 63-67 (June, 1966).
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A New and Realistic Electronic 
Approach to the Evaluation of 
A ntiperspirant Activity

R . J. JA M ES, B.S.* 

Presented M a y  10, 1966, N ew  York C ity

Synopsis—A new method for the evaluation of antiperspirant activity eliminates many of the 
problems inherent in other proposed methods. The use of electronic equipment gives fast 
results. The use of phosphorus pentoxide cells minimizes the problem of tem perature con­
trol. Simultaneous measurements are recorded on an X-Y recorder instead of the strip 
chart recorder usually used. The method described illustrates the measurement of the dy­
namic changes in rates of perspiration.

I n t r o d u c t io n

M a n y  sy stem s hav e  been  dev ised  to  m easure  p e rsp ira tio n  in  o rder 
to  e v a lu a te  a n tip e rsp ira n t m a te ria ls . G enera lly , th e y  can  be d iv ided  
in to  th re e  classifications. T h e  s im p lest of th ese  d e te c t p e rsp ira tio n  b y  
v isu a l o b se rv a tio n  of color effects w ith  dyes, s ta rc h  iodide p ap er, o r spe­
cia lly  p re p a re d  p la s tic  film s (1 -4 ). T h e  n ex t are  g rav im e tric  in  n a tu re  
an d  req u ire  th e  co llection  of sufficient p e rsp ira tio n  to  be w eighed (5 -7 ). 
T hese  m ay  e ith e r  ab so rb  p e rsp ira tio n  in  pre-w eighed  p ad s  an d  a b so rp ­
tio n  cup s or freeze i t  from  a gas s tream  in to  co n v en ien t tra p s . F in a lly , 
th e re  are  th o se  m e th o d s  w hich sense an d  reco rd  p e rsp ira tio n  e lec tro n ­
ically  (8 -1 4 ). O nly  th ese  are  su itab le  fo r co n tin u o u s ly  reco rd in g  th e  
changes in  p e rsp ira tio n  ra te s  d u rin g  a te s t  period . T h e  m e th o d  to  be 
described  is of th e  la s t ty pe .

* Shulton, Inc., Clifton, N. J. 07015.
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T h e  m an n e r  in  w hich  d a ta  are  h an d led , e ith e r  as th e y  are  o b ta in ed  b y  
th e  eq u ip m en t or la te r  tr e a te d  b y  th e  in v estig a to r, is v e ry  im p o rta n t. 
T o  d a te , all of th e  m e th o d s  dev ised  hav e  erred  in  one fu n d a m e n ta l de ta il. 
T ho se  m e th o d s w hich  re ly  on th e  g rav im e tric  d e te rm in a tio n  of p e rsp ira ­
tio n  a u to m a tic a lly  c a rry  th e  e rro r in to  th e  d a ta . W here  e lec tron ic  
reco rd in g  has been  used , th e  e rro r has been  u n av o id ab ly , th o u g h  u n ­
know ing ly , included  in  th e  resu lts . T h e  e rro r is e ssen tia lly  th e  averag-

Figure 1. Idealized plot of the perspiration output of 
area A vs. area B. W ithout product (line 1) and with 

product applied to area A only (line 2)

ing  of te s t  resu lts  a t  v a rio u s  p e rsp ira tio n  ra te s  to  p rod uce  a single po in t 
ra tio  for a  series of d e te rm in a tio n s  m ade on a co n tro l a rea  as com p ared  to  
th ose  m ade on a  te s t  area . T h is  s itu a tio n  has occu rred  because too  
m uch  tim e  w ould  be req u ired  for a  single p ro d u c t ev a lu a tio n  if th e  o th e r  
m e th o d s w ere to  p rod uce  a  sufficien t n u m b er of p o in ts  to  assu re  th e  
constant nature  of th e  ra tio  for d ifferen t ra te s  of p e rsp ira tio n . T he  
m e th o d  described  in  th is  p a p e r  resolves th e  p rob lem  b y  co n tin u a lly  re ­
cording th e  ra tio  itself. B efore describ ing  th e  p roced ure , th e  princip les 
of o b ta in in g  p e rsp ira tio n  ra tio s  m u s t be review ed.
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M a t h e m a t i c a l  C o n s i d e r a t i o n s

W h en  one w ishes to  com p are  th e  effectiveness of a n t ip e rsp ira n t m a te ­
rials, i t  is obvious th a t  te s ts  m u s t be perfo rm ed  d irec tly  on  h u m a n  su b ­
jects. H ow ever, people p ersp ire  for m a n y  reasons o th e r  th a n  to o  h igh  a 
te m p e ra tu re  o r h u m id ity . M a n y  o th e r  fac to rs , such as em otion , te m ­
p e ram en t, an d  o th e r  psycho log ical s tim u li, s ta te  of h ea lth , v a r ia tio n  of 
d ie t, e tc ., also influence th e  degree of p e rsp ira tio n  (15). C o n tro l of all 
th ese  v ariab les  s im u ltan eo u sly  an d  from  te s t  to  te s t  is to ta lly  im possib le. 
F o r th is  reason  a  single x  to  x '  com parison , in  w hich th e  o u tp u t of per-

Figure 2. Plots of perspiration ou tpu t of area A vs. 
area B for different types of control tests

sp ira tio n , x, from  one area , A ,  of th e  b o d y  is com p ared  to  %' from  th e  
sam e a rea  of th e  b o d y  a f te r  a  p ro d u c t h as  been  app lied , c a n n o t be m ade 
w ith  accu racy . T h ere  is no  w ay  of know ing  how  m uch  of an  in fluence 
th ese  v a riab les  m a y  h av e  h ad  on  th e  change  in  th e  v a lu e  of x  to  x '  as 
opposed  to  th e  influence of th e  te s t  p ro d u c t co in c id en ta lly  app lied .

In  o rd er to  o b ta in  a  v a lu e  fo r x '  w hich rep resen ts  an  a n tip e rsp ira n t 
effect free of th ese  variab les , i t  has becom e s ta n d a rd  p rac tic e  to  m easu re  
th e  o u tp u t from  a n o th e r  area , B , s im u ltan eo u sly  w ith  th a t  from  a re a  A ,  
as o rig ina lly  p rop osed  b y  F red e ll an d  R ead  (5). T h e  ra tio  of p e rsp ira ­
tio n  b e tw een  th e  tw o  a reas  m ay  be defined as x /y ,  w here x  is th e  va lue
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o b ta in ed  from  a rea  A  a n d  y  is th e  v a lu e  from  a rea  B . T h is  te s t  is do ne  
once w ith  no p ro d u c t app lied  to  e ith e r  area . T h e  ra tio  itse lf becom es 
th e  con tro l.

In  a  second te s t  a n  a n tip e rsp ira n t m a te r ia l is ap p lied  to  a rea  A ,  
leav ing  a rea  B  u n tre a te d . If  th e  m a te r ia l is effective, a  low er p e rsp ira ­
tio n  ra te  will be o b ta in ed  from  a rea  A ,  to  w hich  a new  value  x '  is as-

Figure 3. Practical plot of the output of perspiration from area 
A & B under control and test conditions. The dotted lines rep­

resent the corrected test lines for a valid comparison
signed. T h e  o u tp u t  from  a rea  B  m ay  increase  o r decrease, b u t  ra re ly  
will i t  be th e  sam e as th a t  of th e  firs t te s t, because  of th e  influence of th e  
u n co n tro llab le  v ariab les . T h e  v a lu e  y '  is assigned to  it.

T h e  re su lt of th e  second te s t  is a  new  ra tio  of p e rsp ira tio n  from  th e  
tw o areas for th e  co n d itio n  w here a  p ro d u c t is app lied  to  one side only. 
I t  is expressed  as x ' / y ' .  H ow ever, x '  includes b o th  th e  effects of th e  
p ro d u c t an d  th ose  of th e  u n co n tro llab le  fac to rs  w hich  caused  y  to  change 
to  y '.  T h u s  th e  follow ing in e q u a lity  re su lts :

x ' x ^y y
A new  value of x  from  area  A , w hich does n o t include th e  effects of th e  

p ro d u c t w hen y '  is th e  va lue  for a rea  B , is now  requ ired . I t  m ay  be c a l­
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cu la ted  as x"  from  th e  p rev iou sly  d e te rm in ed  values x , y , an d  y '  in  th e  
follow ing e x p re ss io n :

x" x r » xy '
. = - or x =y y y ( 1)

If  th e  u n co n tro llab le  fac to rs  cause y '  to  be less th a n  y  in  th e  co n tro l 
a rea , th e n  x"  will be less th a n  x. I f  th e  converse is th e  resu lt, th e n  x"  
w ill be la rger th a n  x  (see Fig. 1).

If  th e  a n tip e rs p ira n t app lied  has been  effective, th e  ca lcu la ted  va lue  
x "  from  area  A ,  rep resen tin g  th e  co n d itio n  of no product ap p lied , will 
a lw ays be la rger th a n  x ' , th e  v a lu e  d e te rm in ed  from  a rea  A  rep resen tin g  
th e  co n d itio n  of a product applied. T h e  follow ing ca lcu la tion  will give 
th e  per cent depression  of p e rsp ira tio n  caused  b y  th e  p ro d u c t : 

x" -  x '-----„—  • 100 =  per cent depression (2)
T h is  is th e  m a th e m a tic s  used in  p rev iou s w ork  to  o b ta in  th e  desired  

in fo rm atio n  from  a n tip e rsp ira n t te s t  d a ta . H ow ever, these  ca lcu la tio n s 
w ere based  on th e  ta c i t  a ssu m p tio n  th a t  th e  ra tio  of th e  ra te s  of p e rsp ira ­
tio n  from  tw o  a reas  on  a  h u m a n  b o d y  rem ain ed  c o n s ta n t a t  all levels o f 
perspiration . P rev io us w o rk  has ta k e n  for g ra n te d  t h a t  th is  assu m p tio n  
is va lid  ; how ever, no d irec t p roo f has y e t been  offered. I t  is k now n th a t  
h u m a n  su b jec ts  persp ire  in e r ra tic  w ays an d  from  m an y  causes o th e r  th a n  
exercise, h ea t, an d  h u m id ity  (15). T h u s, th e  c o n s ta n t n a tu re  of th is  
ra tio  becom es of p rim e im p o rtan ce . If  p ro v en  to  be false, th e n  all p re v i­
ous w ork  becom es q u ite  inconclusive.

I n  p a r t  th is  p a p e r  will prove th e  valid ity  of th e  o rig ina l assu m p tio n  
an d  th a t  p rev iou s w ork , based  on th e  ca lcu la tion s ju s t  d iscussed, has 
c o n ta in ed  u n ex p ec ted  e rro rs  w hich  h av e  com p ro m ised  th e  re su lts . A 
g rap h ic  re p re se n ta tio n  of th ese  ca lcu la tio n s  co m p ared  to  th e  g rap h ic  
t r e a tm e n t of d a ta  b y  th e  p rop osed  p ro ced u re  will c la rify  th ese  erro rs  an d  
d e m o n s tra te  a  m eans for sep a ra tin g  th em  from  th e  desired  in fo rm atio n .

T h e  g ra p h  in  F ig. 1 p re sen ts  th e  re la tio n sh ip  of th e  p e rsp ira tio n  va lues 
o b ta in e d  from  a rea  A  as p lo t te d  ag a in s t th ose  from  a rea  B .  P o in t a is 
th e  specific ra tio , x /y ,  o b ta in ed  for th e  va lues x  an d  y  deriv ed  from  th e  
s im u ltan eo u s te s t  of a reas  A  an d  B  resp ective ly . B ecause th e  p e rsp ira ­
tio n  ra te s  from  th e  r ig h t an d  le ft axilla  of a  g iven in d iv id u a l are  ra re ly  
equal, th ese  v a lu es  will seldom  be th e  sam e. L ine 1 d raw n  th ro u g h  
p o in t a to  th e  orig in  of th e  g ra p h  rep resen ts , as assum ed, a  se t of equ a l 
ra tio s  for th e  va lues o b ta in ed  from  areas  A  an d  B  for various rates o f 
persp iration  in  th e  co n d itio n  w here no product is  applied  to  e ith e r  area .
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Figure 4. Diagram of equipment organization

P o in t b, th e  ra tio  x ' / y ' ,  rep re sen ts  th e  new  ra tio  o b ta in ed  from  a 
second te s t  in  th e  co n d itio n  w here a  product is  applied  to  a rea  A  only. 
S im ilarly , line 2 th ro u g h  p o in t b to  th e  orig in  of th e  g rap h  is a new  se t of 
equ a l ra tio s, b u t  in  th e  second cond ition . T h e  value x"  is o b ta in ed  b y  
ex ten d in g  a  h o rizo n ta l line from  p o in t y '  th ro u g h  b to  th e  in te rsec tio n  c 
on line 1 an d  d ro p p in g  a  p e rp en d icu la r  from  c to  th e  x-axis. N ow  tw o  
p e rsp ira tio n  ra te s , x '  w ith  product an d  x "  w ithout product, h av e  been  
e s tab lish ed  for a rea  A  w hile th e  va lue  for a rea  B  is u n chan ged , i.e ., equ al 
to  y '.  T hese  tw o  values of x  m ay  now be used  to  ca lcu la te  th e  p e r cen t 
dep ression  of p e rsp ira tio n  as described  p rev iou sly  (eq. 2).

T h is  t r e a tm e n t of d a ta , w h e th e r g rap h ic  o r ca lcu la ted , is v a lid  on ly  if 
th e  ra tio s  in  each  se t are  c o n s ta n t a t  d ifferen t p e rsp ira tio n  ra te s , i.e., th e  
lines on  th e  g ra p h  rep resen tin g  th e m  pass th ro u g h  th e  origin. A ssum e 
th a t  p o in t b h ad  fa llen  in s tead  on a  line such as 3, n o t p assing  th ro u g h  th e  
orig in. W ith  th is  single po in t th e re  is no  w ay  of know ing  w hich w ay  th e  
ra tio  line is d irec ted . As a  resu lt, th e  va lue  ca lcu la ted  for x "  w ould be in ­
correc t, because  i t  w ould  be based  on  one of th e  m a n y  ra tio s  found  on 
line 3, an d  th e  ra tio s  a long  line 3 v a ry .

In  th e ir  e ffo rt to  save tim e, or to  p rod uce  a  p rac tic a l n u m b er of te s ts  
econom ically , p rev iou s m e th o d s  h av e  e rred  b y  re ly ing  on a  single p o in t
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Figure 5. Gas supply and regulating system

d e te rm in a tio n  of th e  ra tio s  concerned. In  a sense th e y  hav e  been  forced 
to  do  th is  b y  th e  tim e req u ired  to  collect sufficien t p e rsp ira tio n  for an  
accu ra te  w eigh t to  be m ade or sufficient d a ta  to  p rod uce  th e  single p o in t 
b y  averag ing . T he  co n s tan cy  of th e  ra tio s  c a n n o t be d e te rm in ed  b y  th is  
ty p e  of d a ta  tre a tm e n t. T h e  ra tio  line or co n s tan cy  of th e  ra tio  can  be 
d e te rm in ed  co n v en ien tly  on ly  b y  th e  co n tin u o u s reco rd in g  of th e  ra tio  
itse lf r a th e r  th a n  its  com ponen ts.

T h e  p roced ure  described  in  th is  p a p e r  co n tin u o u sly  records th e  ra tio  
changes w hich re su lt d irec tly  in a ra tio  line r a th e r  th a n  a  single p o in t. A 
consequence of th is  precision  is th e  d iscov ery  of several form s of e rro r or 
d ev ia tio n s  from  th e  ideal ra tio  line. T h e  ana lysis  of th ese  d ev ia tio n s  an d  
th e  u n d e rs ta n d in g  of th e ir  o p e ra tio n  has led to  th e  d e te rm in a tio n  an d  
ap p lica tio n  of th e  necessary  co rrec tio ns to  o b ta in  v a lid  resu lts.

F o u r  ty p e s  of te s ts  are  rep resen ted  b y  th e  lines in  Fig. 2. L ine 4, 
passing through the origin, is th e  ideal te s t  a long  w hich th e  ra tio s  of th e



756 JOURNAL OF TH E SOCIETY OF COSM ETIC CHEM ISTS

Figure 6. Absorption cup. The outer concentric space 
uses a vacuum to  hold the cup to  the subject. M oisture is 

picked up in the center section

va lues from  area  A  to  th ose  of a rea  B  a re  equal. T h is  te s t, how ever, is 
q u ite  ra re . L ine 5, not passing through the origin, rep resen ts  th e  m ore 
com m on form  of te s t. I t  m ay  be d isp laced  to  one side or th e  o th e r  of th e  
ideal line. T h e  ra tio s  a long  th is  line are  n o t equal. L ine 6, an o th e r  
fo rm  of te s t, has th e  sam e p ro p e rtie s  as line 5 b u t a s ta r tin g  p o in t also 
above th e  orig in. A gain  th e  ra tio s  are  n o t c o n s ta n t a long th is  line. 
L ine 7 is q u ite  ra re  an d  re p re sen ts  th e  on ly  specific case of an  in d iv id u a l 
w ith  d iffe ren t p e rsp ira tio n  ra tio s  a t  d iffe ren t ra te s . I t  can  also be d is­
p laced  from  th e  origin.

T h e  im p o rta n t o b se rv a tio n  to  be m ade here  is th a t  th e  p e rsp ira tio n  
ra tio s  of m o st su b jec ts  change  a long  a  linear fu n c tio n  as illu s tra te d  by  
lines 5 an d  6. T h is  fac t has been  re p e a te d ly  d e m o n s tra te d  b y  th e  p ro ­
cedu re  to  be described . T h e  fa c t th a t  th e  ra tio s  a long  th ese  lines are  n o t 
c o n s ta n t is due to  an  a d d itiv e  fac to r, th e  source of w hich will be exp la ined  
la te r. I f  th is  ad d itiv e  fac to r is e lim in a ted , th e  lines will pass th ro u g h  th e  
orig in  an d  becom e ideal lines. C o n seq u en tly , th e  orig inal a ssum ptio n , 
th a t  tw o  a reas  on an  in d iv id u a l w ould  re ta in  a  c o n s ta n t ra tio  a t  d ifferen t 
p e rsp ira tio n  ra te s , has been  p ro v en  co rrec t. T h e  p rob lem  has rem ain ed  
w ith  th e  e lim in a tio n  of ex p erim en ta l erro rs.
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T h e  device used  to  refine th ese  d isp lacem en ts  or e rro rs  from  th e  
desired  in fo rm a tio n  is based  on th e  rea liza tio n  th a t  th e  slopes of th e  ra tio  
lines o b ta in ed  from  th e  te s ts  a re  th e  fac to rs  to  be com p ared . T h e  slope 
of th e  line is in d ep en d en t of its  p lacem en t on th e  g raph .

F ig u re  3 illu s tra te s  how  th is  com parison  m ay  be accom plished  g ra p h ­
ically. One d raw s new  lines re sp ec tiv e ly  para lle l to  th e  te s t  lines an d

Figure 7. Absorption cup in place

passing  th ro u g h  th e  orig in. T he  change  in  ra tio  from  p o in t a on  th e  
pa ra lle l to  th e  co n tro l r a tio  line to  th a t  of p o in t b on th e  p a ra lle l to  th e  
te s t  r a tio  line m ay  im m ed ia te ly  be read . P e rsp ira tio n  ra te  x"  has been  
red u ced  to  x '  b y  th e  ap p lica tio n  of a  p ro d u c t to  site  A . V alues x "  an d  x ’ 
ta k e n  from  Fig. 3 m ay  now  be used  to  ca lcu la te  th e  ab so lu te  red u c tio n  of 
p e rsp ira tio n , as in  e q u a tio n  2.

T h e  causes of th ese  a d d itiv e  sh ifts  in  po sition  of p e rsp ira tio n  ra tio  
lines are  n o t easily  defined. T e n ta tiv e  d a ta  suggest th a t  v a r ia tio n s  in
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th e  in itia l w etness of th e  sk in  d u rin g  th e  te s t  m ay  be th e  cause. I t  is 
su rp ris in g  how  long i t  tak es  to  d ry  w et sk in  even  w ith  a  v e ry  d ry  gas 
stream . C ap illa ry  creepage of liqu id  m o istu re  from  th e  w et side to  th e  
d ry  side u n d e r  th e  edge of th e  sep a ra tio n  in  th e  cup  m ay  be a n o th e r  
cause. If th is  is so, th e n  a n y  m e th o d  u tiliz in g  ab so rp tio n  cup s will be 
su b jec t to  th is  e rro r. A pply ing  grease to  th e  cup  can  possib ly  e lim in a te

Figure 8 Heating chamber

th is  creepage, b u t  g re a t care  m u st be used n o t to  sm ear th e  te s t  a rea  w ith  
i t  or th e  re su lts  will be com prom ised .

T h e  a d d itiv e  e rro r becom es con sid erab ly  m ore serious as  th e  te s t  
period  is reduced  or as  th e  ra te  of p e rsp ira tio n  u tilized  for th e  te s t  is d e ­
creased. H ow ever, if th e  te s t  pe rio d  is len g thened , one loses th e  a b ility  
to  follow th e  re la tiv e  change  in  p ro d u c t effectiveness w ith  tim e. If  
h eav y  p e rsp ira tio n  ra te s  are  used , a  w ash ing  aw ay  of th e  ac tiv e  m a te r ia l 
ren d e rs  th e  te s t  in accu ra te . Since th e  p roced ure  to  be described  can 
sep a ra te  th e  e rro r  from  th e  desired  d a ta , a  sh o rt te s t  pe rio d  does n o t im ­
p a ir  th e  resu lts . C o n seq u en tly , th is  p roced ure  can  b o th  follow a  p ro d u c t 
effect w ith  tim e an d  m easure, if any , a w ash -o u t effect as well.
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Figure 9. Tem perature controller

E x p e r i m e n t a l  P r o c e d u r e

T h e  block d iag ram  in  F ig. 4 illu s tra te s  th e  te s t  e q u ip m en t assem bled  
for th is  p rocedure . All gas connections are  of 3.2 m m  T eflon tu b in g  to  
m in im ize th e  p e rm ea tio n  of m o istu re  th ro u g h  th e  w alls of th ese  connec­
tions.

T h e  gas su p p ly  system  is show n in Fig. 5. D ry  n itro g en  from  th e  
cy lin der flows th ro u g h  a sensitive  reg u la to r to  reduce  th e  p ressu re  to  
ap p ro x im a te ly  1000-1500 m m . T h e  w et an d  d ry  gas va lues m a y  be 
b a lan ced  ag a in s t each  o th e r  to  a d ju s t  th e  de liv ery  of m o istu re  to  th e  
m ain  gas s tream  an d  to  c a lib ra te  th e  o p e ra tio n  of th e  system . T he  
m an o m ete r need n o t be accu ra te . I t  is used  on ly  to  in su re  th a t  th e  
p ressu re  from  te s t  to  te s t  rem ains th e  sam e or as a  cue to  a  leak in g  cup. 
T h e  m ix ing ch am b er assures th e  th o ro u g h  d is tr ib u tio n  of ad d ed  m o istu re  
before th e  gas s tream  is d iv e r ted  to  th e  re s t of th e  system .

C lear p la s tic  is used  in  fab rica tin g  th e  a b so rp tio n  cups (Fig. 6). T he  
im p o rtan ce  of re lo ca tin g  th em  precise ly  in  th e  id en tica l a rea  for a  te s t
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Figure 10. M oisture m onitor assembly
series req u ires  sufficient v is ib ility  for lo ca tin g  p lacem en t m ark s  exactly . 
N o te  th e  con cen tric  sections. D ry  a ir  in  th e  cen te r  one sw eeps aw ay  th e  
m o istu re  for m easu rem e n t w hile a v acu u m  in  th e  o u te r  section  ho lds th e  
cup  in p lace. A v acu u m  of m ore th a n  130 m m  shou ld  nev er be used, as 
th is  m ay  in ju re  th e  su b jec t. P re fe rab ly  i t  should  rem ain  b e tw een  50-75  
m m .

T he  cups are  p laced  in to  th e  sh av ed  axillae of th e  su b jec t a f te r  he has 
been  rolled in to  th e  h ea tin g  ch am b er (Fig. 7) an d  is com fortab le  on  his 
back . T h e  gas s tream  is tu rn e d  on a t  a b o u t 1200 cc p er m in u te , an d  th e  
w hole system  is allow ed to  d ry  dow n. T h e  su b jec t should  n o t be p e rsp ir­
ing  a t  th is  po in t.

T h e  h ea tin g  ch am b er (Fig. 8) consists  essen tia lly  of a  large in v e rted  
box on  legs in to  w hich a su b jec t, ly ing  on his back , m ay  be rolled. H is 
ho ld ing  th e  trapeze-like  accessory  b o th  po sition s an d  lim its  th e  m o tio n  of 
his a rm s w hich  m ay  d is tu rb  th e  cups. W ith  th e  side doors closed th e  
te m p e ra tu re  is ra ised  b y  a  c ircu la tin g  h o t a ir  blow er an d  con tro lled  b y  an  
e lec tron ic  te m p e ra tu re  sensing device. A clear p la s tic  p la te  (6 m m ) has 
been  used  th ro u g h o u t its  co n s tru c tio n  to  fo resta ll c lau stro p h o b ic  te n d ­
encies of th e  su b jec ts  b y  allow ing th em  to  see o u t on all sides.
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T he  te m p e ra tu re  co n tro lle r (Fig. 9) senses th e  te m p e ra tu re  in  th e  a ir  
d u c t r a th e r  th a n  in  th e  ch am b er an d  is se t for a te m p e ra tu re  h igh er th a n  
th a t  a c tu a lly  app lied  to  th e  su b jec t. H ow ever, i t  is ca lib ra ted  to  p ro ­
duce  th e  desired  exposure te m p e ra tu re s , w hich are  read  on  an  au x ilia ry  
th e rm o m ete r. T h e  rap id  cycling  of th e  h e a te r  th a t  re su lts  from  th is  
a rra n g e m e n t m a in ta in s  ex trem ely  s tab le  exposure te m p e ra tu re s

T h e  level of te m p e ra tu re  to  w hich each  su b je c t is exposed dep end s

Figure 11. Phosphorous pentoxide cell

u p o n  his p a r t ic u la r  n a tu re  an d  to  ou tsid e  re la tiv e  h u m id ity . E ach  in ­
d iv id u a l has a  d ifferen t an d  c ritica l te m p e ra tu re -h u m id ity  ra tio  above 
w hich ac tive  p e rsp ira tio n  ensues. T h e  re la tiv e  h u m id ity  te n d s  to  re ­
m ain  fa irly  s tab le  d u rin g  te s ts ;  th u s  th e  c ritica l te m p e ra tu re  of th e  su b ­
je c t is of g re a te r  concern  an d  is d e te rm in ed  a t  th e  s ta r t  of a  te s t  for each . 
D u rin g  a  te s t  th e  su b jec t is h e a ted  to  his c ritica l te m p e ra tu re  or s lig h tly  
below . H is p e rsp ira tio n  is th e n  b ro u g h t a b o u t b y  h av in g  h im  w o rk  his 
legs as  if r id ing  a  bicycle. T o  decrease th e  p e rsp ira tio n  he is allow ed to
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Figure 12. x-y recorder
rest. In  th is  w ay , th e  v a r ia tio n  in  p e rsp ira tio n  will cause  th e  x -y  r e ­
corder to  tra c e  a  sloped p a t te r n  on th e  g raph .

I t  has been  foun d  th a t  w hen  a  su b je c t lies still in  th e  w arm  a tm o s ­
ph ere  he m ay  be lu lled to  sleep b y  th e  h y p n o tic  d ron e  of th e  eq u ip ­
m en t. W h en  asleep, his p e rsp ira tio n  can  becom e q u ite  e rra tic . A n 
a c tu a l a lte rn a tin g  pu lse of one axilla  followed b y  th e  o th e r  has been  o b ­
served.

T h e  m o istu re  m o n ito rs  (Fig. 10) are  p laced  side by  side so th a t  th e ir  
m e te rs  m ay  be view ed sim u ltan eously . T he  tw o  flow m ete rs  on th e  to p  
r ig h t of each in s tru m e n t m easure  th e  to ta l  flow of gas an d  th e  q u a n t i ty  
th a t  is sam pled  for m o istu re  co n ten t. T h e  system  is ca lib ra ted  to  read  
in  yul/1 (p a r ts  p e r  m illion) of m o istu re  w hen  th e  sam ple flow is se t for 10 
m l/m in . Since th e  m easu rem en ts  req u ired  are  all re la tiv e , th e  exactness 
of th is  c a lib ra tio n  is u n im p o rta n t. H ow ever, th e  gas flows should  n o t 
change d u rin g  a te s t.

S everal scales m ay  be selected  b y  th e  a t te n u a to r  sw itch  on th e  le ft 
f ro n t of each in s tru m e n t. I ts  po sition  will dep end  on th e  re la tiv e  o u tp u t  
of p e rsp ira tio n  of th e  su b jec t u n d e r  te s t.
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The large black knob on the right front of each instrument encloses 
the moisture sensing cell (Fig. 11). I t consists of a capillary U-tube 
containing two separate spiral electrodes. The whole assembly is en-

Figure 13. Results of a series of tests as outlined in Table 1: 13a is the control; 13b is
Test 1; 13c is Test 2; and 13d is Test 3 (note changing slopes)

capsulated in epoxy resin. The electrodes are activated with phosphoric 
acid which, when subjected to an electric current, is converted to the non­
conducting phosphorus pentoxide by the electrolytic destruction of the 
water present. As a result, the conductivity of the cell is reduced essen­
tially to zero. When the cell senses moisture, its conductivity will rise 
accordingly. The meter reads this conductivity and will balance when 
the input of moisture equals its destruction.
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Test Test Test Test
T im e , hours

Figure 14. Graphic comparison of the test results obtained for five products, 
each tested on five subjects

This type of sensor was specifically chosen because it records all of the 
moisture present in the stream. It is insensitive to relative humidity 
variables in the gas stream caused by temperature changes. The slight 
changes which may occur in the gas velocity due to small temperature 
changes are negligible.

Finally, the electric signals representing changing moisture levels in 
the two gas streams are delivered to an x-y recorder (Fig. 12). This 
machine automatically plots the values received from each area being 
measured against one another. The simultaneous variations in perspira­
tion rates represented by these values appear as a line pattern with a
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distinct slope representing the desired ratio. Retraces should be run for 
a period of time, generally 15 to 30 min, which is sufficient to produce a 
suitable pattern from which an accurate slope may be determined. 
After each test a blank run is made to determine the normal slope the 
machine will produce with both cups sensing equal moisture levels. This 
may be done by first sealing the sensing part of the cups with plastic caps. 
Then, manual manipulation of the wet gas valve will cause this calibra­
tion line to be drawn. Deviations in the slopes of these lines appearing 
in a set of tests may be utilized to correct the test associated with them. 
It has become standard practice to correct all charts to a calibration with 
a slope of 1. All charts may then be compared directly.

R e s u l t s

A series of four charts (Fig. 13) illustrates the information developed 
from a test designed to obtain the maximum perspiration reduction in 
four hours. The testing procedure is as outlined in Table I.

In Fig. 13a the pattern labelled “control” is the recording obtained 
from an individual with no product applied to either side. The pattern 
labeled “calibration” represents what the system will record when both 
cups are sensing equal or nearly equal moisture levels. This graph 
represents the type of initial control information obtained from each test 
subject and demonstrates the normal ratio for the subject under test 
before a product is applied.

Figure 13b shows the new ratio (test 1) obtained, after the first 
application (See Table I) has depressed the perspiration of the left side. 
The dotted line lobeled “control” has been drawn in to show the relation­
ship of the original ratio to the new ratio labeled test 1. A reduction of 
75% of the original perspiration rate may be calculated from this chart.

Figures 13c and d show the further change in the ratios measured as 
more product is applied in accordance with the schedule in Table I. 
When compared to the original control line, the pattern, labeled test 2 in 
Fig. 13c, is lower than the one for test 1 and represents a depression in 
the perspiration rate of 96.5% in Fig. 13d. The pattern for Test 3 is 
even lower and represent a 98.5% reduction of the perspiration rate.

Data showing the effect of a product on five subjects which was ob­
tained in the manner described above are compiled in Table II. One can 
see how the effect of a product can vary from individual to individual, 
particularly on the initial application. Similar data comparing one 
experimental and four commercial products in Fig. 14 show a wide
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Tabic I
Outline of the Testing Procedure

Product
Time Test Application"
0 V

. 5 \
1
1.5 V2
2.5 V \
3
3 .5 V
4

“ Product applied before test.

'typ ical Results Obtained for
Table 11

a Test of One Product on Five Subjects
Product: A Test No. 1 Test No. 2 Test No. 3 Average Dev. Dev.2

W. V 89.0 80.0 94.5 87.8 T  5 .6 36
.1. M. 80.0 98.5 98,5 92.7 +  10.5 121
L. M. 95.0 96.5 95.0 95.5 +  13.3 169
F. S. 22.5 73.5 82.5 59.5 - 2 2 .7 529
R. G. 41.0 98.0 96.0 78.3 - 3 . 9 16

Average 65.4 89.3 92.0 82.7 S.D . ±  14.7
All values are per cent depression of perspiration.

variety of results. Considering the implication of the claims made for 
the commercial products B, C, D, and E, much investigation is still 
needed before these implications of high efficiency may be stated as fact.

S u m m a r y

In summarizing, a new electronic system of measuring anti-perspir- 
ancy has been described. Since it continuously records the ratio of 
perspiration rates between two areas it has illuminated several facts:

1. The ratio of perspiration rates between two areas on the same 
human body remains constant over a considerable range of perspiration. 
The original assumption that this was true has been proven to be correct.

2. Previous methods which developed the ratio from the averages of 
recorded data have had an unnoticed additive error built into their calcu­
lations.
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3. The new method has demonstrated a means of eliminating this 
error in order to obtain more accurate information about the effect of 
antiperspirants on human subjects.

4. The method produces results about as rapidly as the subject in 
test can generate perspiration.

(Received May 10, 1966)
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Caucasian Hair, Negro Hair, and 
Wool: Similarities and Differences
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Synopsis— Caucasian hair, Negro hair, and Lincoln wool are compared in term s of physical 
structure, mechanical properties, chemical composition, and rate of reaction with various re­
agents.

Several significant differences are found between wool and the two hair samples. The 
principal one is the extent of crosslinking, which is greater in the hair, as indicated by higher 
sulfur and cystine contents, and a higher proportion of the m aterial found in the y-keratose 
fraction after oxidation. The heavier crosslinking is reflected in greater resistance to attack  
by hot acid and in slower reduction by thioglycolate or sulfite solutions.

The main difference between Caucasian and Negro hair is in fiber geometry; the C au­
casian fiber approximates a  cylinder, the Negro a  twisted oval rod. In their physical and 
chemical properties, the two fibers are very similar.

I .  I n t r o d u c t io n

Human hair, the wool of the sheep, and the hairs of the various 
goat species of textile importance (angora, cashmere) are closely related 
to each other morphologically, chemically, and physically. The simi­
larities between them are, in most respects, so close that fiber investi­
gators at one time developed the habit of treating them as almost inter­
changeable. I t became customary to employ human hair for studies of 
fiber mechanical properties directed to the understanding of wool; the 
following quotation (1) is typical of numerous papers of the 30’s and 
early 40’s: “Human hair was selected for use in preference to wool

* Harris Research Laboratories, Inc., Gillette Research Institute. W ashington, D. C. 
20007.

769
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because of the greater uniformity of cross-sectional area of the fiber 
along its length.”

The practice came to be used as the realization grew that the various 
animal fibers differ significantly from each other in some important 
respects and that consequently caution needs to be exercised in applying 
results obtained on one fiber type to other keratin fibers. In Section II 
of this paper, differences between wool and hair are discussed; published 
data are the main source of the survey.

A narrower fiber comparison of interest to the cosmetic chemist is 
that between human scalp hair of different races. In this field, literature 
information is scanty except for data on fiber diameter and cross-sec­
tional shape gathered in anthropological studies (2-5). A comparison of 
some chemical, physical, and mechanical properties of Caucasian and 
American Negro hair was therefore undertaken; a standard wool 
(Lincoln) was examined at the same time. The results are reported in 
Section III.

II. W o o l  a n d  H a ir

In evaluating published comparisons of wool and hair, the problem 
of intraspecies differences comes into play. Most of the literature data 
are based on Caucasian hair, but in the case of wool many breeds and 
crossbreeds have been employed. The interbreed differences in most 
properties are probably minor, but in the review which follows the breed 
is specified wherever known.

1. Morphological
Both wool and hair fibers have the same main morphological com­

ponents—cuticle, cortex, and medulla. The cuticle, which consists of 
overlapping fiat scale cells about 0.5 p in diameter, surrounds the fiber. 
In wool, the cuticle layer is 1-2 scale-cells thick; in hair, 5-6 cells (6). 
The cuticle is more resistant to diffusion of reagents than the cortex (7) 
and more resistant to attack by chemical reagents, such as sodium sul­
fide (8). It thus acts as a protective barrier to the body of the fiber 
against chemical as well as mechanical degradation. The greater 
resistance of human hair to chemical attack by many reagents (see 
below) is at least partly due to the thickness of the cuticular layer.

The cortex of keratin fibers consists of spindle-shaped cells, oriented 
along the axis of the fibers. In wool, the cortex is divided into two com­
ponents, differing from each other in their structure and reactivity:*

* They are named (9) ortho- (the more reactive component) and para-cortex (the less 
reactive one).
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in Merino wool fibers, the two portions lie side by side, each comprising 
about half the cortex, and are wound around each other in phase with 
the fiber crimp (10, 11); in crimpless wools, the ortho component occupies 
the core of the fiber, and the para is located around it in the form of an 
annulus (12). No such differentiation is noted in Caucasian hair fibers; 
their cortex appears homogeneous, and it resembles the para component 
of the wool fiber cortex in composition and properties (13).

The protein within the cortical cells is organized in the form of paral­
lel microfibrils, embedded in a matrix. The microfibrils, which repre­
sent the crystalline component of the structure, contain little or no sul-

RELATIVE HUMIDITY, %

Figure 1. The adsorption regain isotherms of wool (19) 
and hair (20)

fur; the matrix is sulfur-rich and amorphous (14). In the para-portion 
of the fine wool cortex and in the cortex of hair, the microfibrils are 
packed in a hexagonal array. In the ortho-cortex of wool or mohair, 
the microfibrils are arranged in the form of whorls or spirals; the con­
trast between the microfibrils and the matrix, as revealed by staining 
with osmium, is much lower (14).

The innermost morphological component, the medulla, is not invari­
ably present either in wool or in hair, though it is more common in hair. 
In any case, it is believed to make little or no contribution to the chemi­
cal and mechanical properties of the fiber.

2. Chemical Composition
A keratin fiber does not constitute a single chemical entity. As al­

ready indicated, a complex substructure is present even within the 
individual morphological components. Thus, the whole fiber is clearly
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pH

Figure 2. The swelling of wool (21) and hair (23) in 
aqueous HC1

a mixture of proteins, and a total analysis represents an average value.
The cuticle contains more cystine than the cortex (15), and there are 

differences in other amino acids, also (16); the para-cortex of wool con­
tains more sulfur than the ortho-cortex (13). It is therefore to be ex­
pected that hair, with a higher ratio of cuticle to cortex and a cortex 
which is wholly para in nature, should differ significantly in its amino

Table i
Tensile Properties of Merino Wool and Hair at 21°C

At 65% R .H .(24) In pH/ Buffer (25)
Property Hair Wool Hair Wool

Initial modulus, mg c n r 2 55 31 21 12
Stress at yield point, mg cm -'2 1.16 0.62
Stress at 20% extn., mg cm ~2 0.52 0.45
Extension to post-yield, % 27 29
Post-yield modulus, mg cm --2 5.3  3 .4
Extension at break, % 37 20 51 41
Stress at break, mg cm -2 2.0 1 . 1 1.7 0.8

Table II
Dye U ptake of Different Fibers (7)

Diffusion Coefficient
Fiber Half-Dyeing Time (Hr) (A rbitrary Units)

Human hair A 56 7 .5
Hum an hair B 44 7.8
Hum an hair M 47 8 .5
Hum an hair N 54 8.7
80’s Merino wool 1 .8 10.7
56’s Down wool 2.0 17.4
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acid composition from wool. A comparison of a human hair sample 
with those from several breeds of wool indeed shows the hair to be richer 
in cystine and proline and poorer in alanine, leucine, tyrosine, phenyl­
alanine, glutamic and aspartic acids, lysine and arginine. Real, but 
smaller, differences are seen among the various wool samples (17).

3. Acid Binding, Moisture Regain and Swelling
The acid-binding of hair, which is an index of the number of basic 

groups present, is slightly lower for hair than for wool (18); this is in 
accord with the lower basic amino acid content of hair, noted above.

Wool and hair have practically identical moisture-adsorption iso­
therms at relative humidities up to 95%. Here, the regain* curves

Figure 3. A typical keratin fiber stress-strain curve

diverge (Fig. 1); in saturated water vapor, wool had a regain of 33 34% 
(19) and hair of about 30% (20).

The difference in saturation swelling is probably a function of the 
extent of restraint imposed by crosslinking. The effect is shown still 
more strikingly (Fig. 2) when the additional swelling caused by transfer 
from water to a strongly acidic medium is examined: Cotswold wool 
(21) and 64’s Merino wool (22) exhibit a volume swelling of about 6% 
when transferred from water to HC1 at pH 1, whereas human hair 
swells about 3%%. under the same conditions (23).

4. Mechanical Properties
The fiber tensile properties vary within an animal species and even 

from one fiber to another within a lock. One may nevertheless state
* “ Regain” is the moisture content based on the dry weight of the material.
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broadly that hair is somewhat stiffer, stronger, and more extensible than 
wool, both in air and wet. Typical data are given in Table I.

The lower elastic modulus of wool indicated by such extensometric 
data is due partly to the perturbing effect of fiber crimp; a greater rate 
of stress relaxation, made possible by the lower degree of crosslinking, 
may also play a part. The dynamic moduli of hair and Lincoln wool, as 
determined by sonic measurement, are closely similar (26).

Another mechanical parameter exhibiting a difference between wool 
and hair is the post-yield turnover point. When wool fibers are ex­
tended in water at different temperatures, the location of this point on 
the strain axis (Fig. 3) is constant up to a characteristic temperature and 
then shifts to higher strains; this effect has been ascribed to a second- 
order transition in the keratin (27). As shown in Table I, the extension 
at which the post-yield slope begins is similar for wool and hair at room 
temperature. However, the transition temperature is 72°C for B. A. 
fleece wool (1), 70°C for Merino wool, and 85°C for hair examined 
under the same conditions (28). It appears that a higher temperature

Table III
Fiber Mechanical Properties in pH 9.2 Buffer—Effect of Acid (34)

Fiber

Property

Human Hair 64's Wool

In tact
Acid-

Treated* Intact
Acid-

Treated*
Stress at 20% extension, mg cm "2 0.49 0.23 0.44 0.13
Stress at break, mg cm -2 1.28 0.46 1.18 0.19
Energy to break, g cm -2  X 10~ 'f 30 11 30 4
Extension to break, % 58 51 51 30

* 0.04 N  H îSOj , 16 hours at the boil.
f Per unit volume.

Table IV
Acid Hydrolysis: 0.5 g Fiber in 25 ml Solution, 105°C, 18 Hours

Residue Weight, %
Fiber 6 N  HC1 6 N H 2SO.i

Lincoln wool 0.06 C1.06
Caucasian hair

Brown 2.5 2: 2
White 1 .0 01.7

Xegro hair 2.7 O:.3
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is required in hair before disulfide-sulfhydryl interchange reaches 
sufficient proportions to have a significant effect on the mobility of the 
protein chains.

5. Diffusion of Reagents
Human hair fibers have a larger diameter than most wools; con­

sequently, the penetration of a reagent to the core of the fiber would 
take longer even if its diffusion through the keratin substance were the 
same. In fact, for most large molecules, such as dyes, the diffusion is 
slower in hair.

Data derived from measurement of uptake of an acid dyestuff a t 
()0°C by several fibers are shown in Table II (7). The half-dyeing time, 
which is affected by both the fiber diameter and the diffusion coefficient, 
is 25 times longer for hair than for wool.

Table V
Amino Acid Contents (M icrom oles/g)

Type of Side Chain and
Amino Acid Lincoln Wool Caucasian Hair Negro Hair

A liphatic 2830 2350 2470
Glycine 590 539 541
Alanine 601 471 509
Valine 570 538 568
Leucine 740 554 570
Isoleucine 333 250 277

Aliphatic Hydroxyl 1020 1520 1290
Serine 541 870 672
Threonine 483 653 615

A romatic 540 260 380
Tyrosine 266 132 202
Phenylalanine 273 130 179

A cidic 1400 1330 1350
Aspartic Acid 575 455 436
Glutamic Acid 828 871 915

Basic 1040 T90 son
Lysine 310 213 231
Arginine 662 512 482
Histidine 71 63 84

Sulfur Containing 750 1440 1380
Half-Cystine 745 1380 1370
Cysteic Acid 6 55 10
M ethionine 0 0 0

Heterocyclic
Proline 490 672 662

Ammonia 1030 780 985
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Figure 4. The rate of crosslinking of keratin by mer­
cury, as indicated by the increase in work to  stretch (29 i

0 4 8 12 16 20 24
T IM E  IN B O ILIN G  0 0 4 N  H 2 $ 0 4 , HOURS

Figure 5. Alkali insolubility as a function 
of time in boiling 0.04 N  H>SCh (10)

All four specimens of human hair have very similar diffusion co­
efficients. Those of both wools are higher: one slightly so, the other 
substantially.

The phenomenon has also been examined for the action of mercuric 
acetate on human hair and Lincoln wool, as measured by the increase 
in work required to stretch the fibers as shown in Fig. 4 ("29). The
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slopes of the lines are in the ratio of 3.9:1; correcting for the difference 
in mean fiber diameter between the two substances, the rates of diffusion 
are in the ratio of 2.2:1. (The staining of cross-sections with hydrogen 
sulfide showed that reagent diffusion was indeed the rate-controlling 
factor.) The “half-reaction times” are 5 hours for the wool and 75 
hours for the hair—a fifteen-fold difference.

G. Rates of Reaction
Differences in reaction rates among the keratin fibers are well 

demonstrated in the two standard solubility tests, in urea-bisulfite (30)
SUPERCONTRACTION FORCE IN 9M LiCI AT 97°C  

(Rebenfeld, W eigmann, D ansizer, 1963)

/ " meMERINO WOOL X  hair

0 10 20 30 40 50

TIME, MINUTES

Figure 6. R ate of development of supercontraction 
stress (24)

and in alkali (31). The urea-bisulfite test distinguishes quite sharply 
between wool and hair, the former being soluble to the extent of about 
50%, the latter about 15% (32).

In the alkali-solubility test, intact keratin libers all exhibit fairly 
small weight losses (4-6% for hair, 10-12% for wool). The weight loss 
is increased by prior exposure to oxidizing agents or acids; this increase 
is much greater for wool (and mohair) than for human hair (10). The 
effect of exposure to boiling 0.04 N  sulfuric acid is indicated in Fig. 5, 
where alkali insolubility (the weight fraction remaining after the test) 
is plotted, on a logarithmic scale, against the time of treatment with 
acid. The differences in ease of degradation are evident in microscopic 
examination: wool fibers, pretreated with acid and then examined in 
alkali, swell and lose their birefringence very rapidly, whereas hair is 
quite resistant (13). They are also reflected in the mechanical proper­
ties of the fiber, as indicated by the data of Table III (33).
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Table VI 
Fractionation

Fiber Type
Keratose (% )

a ß 7 Total*
M erino wool (34) 56 10 25 91
Caucasian hair 43 15 33 91
Xegro hair 43 14 33 90

Sulfur Content (% )
a ß 7 Whole Fiber f

Merino wool (34) 1.88 2.13 5.84 3 .3 8 (2 .7 2 )
Caucasian hair 2.56 3.69 6.04 5 .45(3 .65)
Xegro hair 2.38 4.00 6.60 5 .40(3 .77)

* The totals do not sum to 100%, due to incomplete recovery; the deficit is believed to
reside mainly in the 7-fraction.

t  The figure in parentheses represents the sum of the sulfur contents of the three fractions.

Table VII
M oisture Regain a t 22°C

Fiber Type
Desorption Regain at 

65%  R.H.
Absorption Regain at 

87% R.H.
Lincoln wool 15.4 23.4
Merino wool 14.8
Caucasian hair

White 15.2 23.3
Brown 16.2 24.1

Xegro hair 16.0 24.4

Table V III 
Tensile Properties

F'iber Type Denier
Yield Stress 
(g/denier)

Breaking Stress 
(g/denier)

Extension to 
Break (% )

65% R.H.
Lincoln wool 20 1 .1 0 2,04 43
Caucasian hair 46 0.93 1.68 44
Negro hair 37 1 1 1 1.81 40

pH  7 Buffer
Lincoln wool 20 0.35 1.70 (55
Caucasian hair 42 0.42 1.41 47
Negro hair 38 0.46 1.24 48
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7. Super contract ion and Set
Different animal fibers exhibit a wide range of supercontraction 

values after an hour’s boiling in several media (35). The kinetics of the 
process for different fibers have been examined in 9 M LiCl (24) and in 
cuprammonium hydroxide (3(5) with similar results: hair has a much 
longer initiation period before the onset of supercontraction and a slower 
rate of supercontraction (or generation of tension); the level of con­
traction or maximum force attained is sometimes also lower. Typical 
data are shown in Fig. (5.

In examining the acceptance of set by stretched keratin fibers in 
boiling water or borax, Mitchell and Feughelman (37) found that the 
amount of set diminished as the fiber diameter increased. On the other

Figure 7. R ate of set generation as a function of 
tim e of setting, at 40%  extension (one hour’s re­

lease in the same medium)
hand, Whewell (38) reports some specific differences: in setting fibers in 
boiling water for 2 hours, he obtained 12% set in hair and values ranging 
from 6 to 21% for four samples of wool.

Data from these laboratories show that Lincoln wool accepts set 
more rapidly than hair. The curves of Fig. 7 illustrate the results 
obtained with fibers set at 40% extension in boiling pH 7 phosphate 
buffer for the time indicated and released for one hour in the same 
medium.

The amount of set is affected by holding the fiber under strain prior 
to exposure to the setting process; this fact was noted at an early stage 
of studies in this field (27). The authors find that the extent of super-
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2 MINS SETTIN G . 30 MINS R ELAXATIO N  IN BOILING W A T E R , 4 0 %  EXTENSION

Figure H. Set as a  function of tim e extended, in cold 
water, prior to setting

contraction obtained after 2 minutes’ setting at 40% extension, followed 
by 30 minutes’ relaxation (both in boiling water), diminishes linearly 
with the time the fiber is held stretched prior to setting (Fig. 8); here 
again, hair has less supercontraction at any given time than Lincoln 
wool, but the decrease in supercontraction with time under tension runs 
in parallel for the two fiber types.

I I I .  C a u c a s ia n  a n d  N e g r o  H a ir

A. Materials
1. Caucasian Hair—Brown European hair, from mixed women’s 

combings, purchased from a New York hair dealer, was employed. The 
hair was about 28 cm long, in the “remis” state (bundled, root-to-tip 
oriented).

In one experiment (Table IV), white hair from the same source was 
used.

2. Negro Hair—A blended batch of barber’s clippings from a 
Chicago barber shop, 3-6 mm long, from some thirty male heads* was 
the material used in all the work other than the tensile tests (Table V III); 
these were carried out on fibers from one female head, purported to have 
had no hot combing or chemical treatment.

3. Lincoln Wool—This was a sample (SW 296) of one of the “Stand­
ard Wools” derived from pen-reared sheep maintained in the CSIRO

Kindly provided by J. L. Underwood, The Toni Co., Chicago, 111.
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Figure 9. Cross-sections of Caucasian and Negro hair
Ian Chinies Ross Laboratory, Prospect, N.S.W., Australia (39).* 
This wool is essentially nonmedullated, of 36’s quality (mean diameter 
about 40 ¡j) .

4. Merino Wool—Australian, of 64’s quality.
5. Fiber Preparation—The fibers were Soxhlet-extracted with 

methylene chloride for 4 hours and then with absolute ethanol for 2 
hours. They were then rinsed three times with deionized water, soaked 
in 0.01 N  HC1 overnight, and washed in repeated changes of deionized 
water until the rinse water has a pH of 5. The fibers were then dried 
by exposure to an atmosphere of 65% R.H. and 70°F, in which they 
were stored throughout the work.

6. Reagents—All the chemical reagents were of purified or higher 
grade.

B. Results and- Discussion
1. Morphological—Two features distinguishes Negro and Caucasian 

hair at the morphological level: the irregular crimp of the Negro fiber, 
presumably developed by the same mechanism which is responsible for 
the formation of crimp in wool (40), and the more oval shape of its cross- 
section f which twists irregularly as it progresses along the fiber axis;

* Kindly supplied by J. F. P. James, CS1RO Division of Textile Physics, Ryde, N.S.W.
f T he average ellipticity indices (ratio minor axis/m ajor axis) for the two hair specimens

of this study are: Caucasian 0.71, Negro 0.56.
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fibers of irregular section are occasionally evident (Fig. 9). In other 
respects—thickness of cuticle, shape and size of scale and cortical cells, 
for example—there is no discernible difference. Mercer (11) reports 
finding evidence of a bilateral structure (see II, 1) in the Negro hair cor­
tex. Observations here suggest that, if there is any such differentiation, 
its magnitude is much smaller than that found in wool.

Negro hair is typically heavily pigmented (Fig. 9). However, using 
the residue of hydrolysis in 6 N  HC1 as a measure of the melanin content
(41), it appears that brown Caucasian hair and black Negro hair are 
very much alike (Table IV). A significant weight of insoluble material 
is obtained when white Caucasian hair is subjected to this test; micro­
scopic examination of this residue shows it to consist largely of cell

Table IX
Urea-Bisulfite and Alkali Solubilities

Solubility, %
Fiber Urea-Bisulfite Alkali

Lincoln wool 52.5 10.4
Caucasian hair 27.0 5.0
Negro hair 37.2 4.1

Table X
Cysteine and Cystine Contents, ' ,

Origi nal Fiber Alkali Sol. Residue UB Sol. Residue
Fiber CySH CySSCy CySH CySSCy CySH CySSCy

Lincoln wool 0.31 9 .8 0.43 0.77 0.91 4.42
Caucasian hair 0 .78 17.2 0.46 2.23 1.66 11.4
Xcgro hair 0 .66 17.8 0.46 2.57 0.96 1 1 .0

Table XI
Acid Hydrolysis, 0.04 N  H0SO4, Reflux

Weight Loss (%  After)
Alkali Solubility Test, Following

Fiber 4 Hours 18 Hours 4 Hours* 18 Hours*
Lincoln wool 0.4 2 1 . 1  82.7 97.6
Merino wool 21.4
Caucasian hair 1.8 6 .0  13.8 74.4
Negro hair 0.2 8 .0  10.5 57.4

Based on original weight, prior to  acid exposure.
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membrane fragments. The values of the last column in the Table show 
that 6 N  H2S04 leaves a similar amount of residue.

One racial difference in the pigment has been reported, though on the 
basis of a very limited sample. Using the electron microscope, Swift
(42) had measured the size of isolated melanin granules and found 
those from Negro hair to be larger than those from Caucasian (and also 
Chinese) hair.

2. Chemical Composition—Table V lists the results of amino acid 
analyses, performed by column chromatography on the three fiber 
samples.* Acid hydrolysates were used; tryptophan, if present, was 
thus destroyed. Methionine was not detected in any of the samples.

The results for the Lincoln wool and Caucasian hair are in general 
agreement with those reported by others (17). The main interest 
resides in the Caueasian-Negro hair comparison. Here, the only 
notable differences are the deficiency of serine and threonine and the 
excess of tyrosine, phenylalanine, and ammonia in the Negro hair. One 
cannot place any meaningful interpretation on these data at present.

Another indication of the chemical structure is given by fractionation 
into “keratoses,” using the method developed by Alexander (43), which 
is based on oxidation with peracetic acid and dissolution in aqueous 
ammonia. The fraction insoluble in the ammonia, which is termed 
d-keratose, is believed to consist of cell membranes and similar material. 
The fraction precipitated by the adjustment of pH down to 4, called 
a-keratose, is thought to originate from the crystalline portion of the 
protein and the residue, y-keratose, from the amorphous protein of high 
sulfur content.

The values for the two hair samples were determined by the pro­
cedure of Corfield, Robson, and Skinner (34); the sulfur contents were 
determined by the oxygen combustion method of Parisot (44). The 
results are given in Table VI, along with those reported by Corfield et al. 
for Merino wool.

The two hair samples fractionate almost identically. Compared 
with the wool, they are higher in ¡3- and y- and lower in a-keratose, which 
indicates that the hair contains a higher proportion of amorphous, high- 
sulfur material. The sulfur contents of all three fractions are higher in 
the hairs, which is indirect evidence to the effect that the fractions are 
themselves complex mixtures of proteins and protein degradation 
products. Interestingly, the proportion of the sulfur content of the

We are indebted to Dr. E. Gross of the NIAM D , NIH , Bethesda, M d., for these data.
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wool recovered in the three fractions is lower in hair (138-70%) than in 
the wool (78%). The proportion of material unrecovered is the same; 
this must, therefore, have a higher sulfur content in the case of the hair.

3. Acid Binding and Moisture Regain—The acid binding of Cauca­
sian and Negro hair has been compared by Sagal (45); no difference was 
found. The^absence of pigment has no influence on the result in either 
kind of hair.
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Data for the moisture regain, determined under desorption conditions 
at 65% R.H. and under absorption conditions at 87% R.H., are given in 
Table VII. Only slight differences among the various fibers are seen.

4. Mechanical Properties—The data of Table VIII were obtained in 
single cycle force-extension tests to break on an Instron tensile tester, 
2.54 cm fiber specimens being extended at 2.54 cm min, the broken 
fibers being subsequently weighed on a torsion microbalance to establish 
their linear density. (As noted in Section III, A, 2, the Negro hair fibers 
are a different material from that used in the rest of the study.)

The two hair samples behave very similarly; the wool is stronger and 
more extensible—a finding in direct contrast to that in Table I. This 
strikingly illustrates the variability resulting from differences between 
samples and test procedures.

5. Diffusion of Reagents—Diffusion appears to be the rate-deter­
mining step in the reduction of keratin by mercaptans (46) and by sul­
fites (47). Thus, the rate of reduction may be used to compare the 
diffusion of the reagents in different fibers.

The results of such measurements at 36 °C, using ammonium thio- 
glycolate at pH 9.3 and ammonium sulfite at pH 6.0, are given in Figs. 
10 and 11. The two types of hair give practically identical curves, 
except for the slightly lower reduction level of Caucasian hair in the 
later stages of the reaction with thioglycolate; the wool is reduced much 
more rapidly. When the data are considered in terms of the fraction 
of the disulfide bonds ruptured, the equilibrium is found to be somewhat 
higher for wool in the case of thioglycolate (Fig. 12) and identical for all 
three fibers in the sulfite experiment.

6. Rates of Reaction—The solubilities of the three fibers in the urea- 
bisulfite and the alkali tests are recorded in Table IX.

As expected, the hair is more resistant to attack than wool in both 
media. In the UB test, a difference between the two hair types appears, 
the reasons for which are not clear.

When the cystine and cysteine contents of the residues from the 
tests were determined by the Zahn-Traumann method (48), the two 
hairs again behaved very similarly to each other and differently from 
the wool (Table X).

The response to boiling dilute acid was measured by determining the 
weight change (a) in the acid exposure itself and (b) in subsequent alkali 
solubility test. The results, which are summarized in Table XI, 
again show a large difference between the hair and wool, with the two 
hair samples quite closely matched.
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IV. C o n c l u s io n s

A comparison of the morphological structure, chemical composition, 
diffusion of reagents, rate of reaction with various agents, and setting 
and supercontraction behavior reveals some significant differences 
between wool and hair; the two hair types, Caucasian and Negro, ap­
pear very similar in all the features examined.

In acid binding and moisture regain, all the fibers are similar. The 
liber mechanical properties exhibit considerable variations even within 
a fiber type.

The slower rate of diffusion of reagents into hair and its greater re­
sistance to chemical modification are due to structural differences at 
both the morphological and molecular level; specifically, the important 
factors are the thicker cuticle and the more extensive covalent cross- 
linking of the hair keratin.
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The Action of Antiperspirants
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Synopsis—Stripping experiments, m ethylene blue iontophoresis, and histological studies 
after induced sweating indicate tha t formaldehyde forms a  physical plug in the sweat duct. 
On the other hand, similar experiments with aluminum chloride treated skin suggest th a t this 
antiperspirant acts by altering the permeability of the sweat duct.

Our fastidious population indulges in a significant amount of con­
cern about those usually private recesses, the axillae. Women require 
the area be denuded of hair, and both sexes apparently wish the under­
arms dry and odor free. While cold steel swiftly decides the fate of the 
useless pelage, the chemical attack on axillary perspiration remains un­
sure. If the compound to be applied has bacteriostatic properties, it will 
succeed as a deodorant since it retards the microbial growth which 
produces the offensive odor (1). Usefulness in sweat suppression, how­
ever, is a more vexing problem.

The eccrine sweat glands contribute the major portion of secretory 
products in the axilla. Therefore, interest has centered on chemicals 
which might produce anhidrosis, interference with the production or 
delivery of sweat to the skin surface. Both formalin and aluminum 
salts have been employed for this purpose for some time, without sure 
knowledge of their modes of action. The popular concept is that both

* D epartm ent of Dermatology, University of Pennsylvania, School of Medicine, Phila­
delphia, Pa. 19104.

Research supported by the U. S. Public Health Service, Postdoctoral Fellowship No. 
F2-AM -15-48801.

We are indebted to the inmates of Holmesburg Prison for serving as volunteers and to the 
adm inistration (Edward Hendrick, Superintendent) for use of the facilities.
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Figure 1. Anhidrotic square ol skin following treatm ent 
with 10'/; formalin solution. The lower half of the area 
has been stripped to remove stratum  corneum using cello­
phane tape. Following therm al stimulation sweat ap­
pears in the stripped area only as the superficial obstruc­
tion is relieved. The skin has been painted with a starch- 
castor oil suspension, and the perspiration shows as white 

droplets
produce some type of plug at or near the skin surface, occluding the 
eccrine ostium and preventing the exit of perspiration (2, 3). Formalin 
introduced into the skin by iontophoresis has also been reported to 
inhibit glandular secretion directly (4). Unable to find evidence for 
plugging, Sulzberger, et al. suggested that aluminum worked in an en­
tirely different manner. An inflammatory infiltrate, found about the 
intraepidermal and high dermal portions of the duct, was thought to 
interfere with transport of the sweat (5). This action was said to result 
from “chemotaxis.” By the use of sensitive in zitro studies, however, 
Blank, et al. concluded that aluminum did not penetrate into dermal tis­
sue ((i). It was with the hope of resolving these contradictory views that 
the following study was initiated.

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

Production of Anhidrosis
Twenty healthy men served as subjects. Square gauze pads (5 cm), 

with either 10% formalin, 20% aluminum chloride (hexahydrate), or 
distilled water, were placed on the volar surfaces of forearms under an 
occlusive dressing of Saran Wrap“* and Clear Tape"1" overnight for 18 
hours. Following removal of these patches, the men were exposed to
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Figure 2. Area of volar forearm treated with aluminum 
chloride solution remains anhidrotic even though the 
lower half has been stripped to remove the horny layer. It 
would thus be unlikely th a t a superficial block is operating 
in this instance. The few sweat puncta appearing in the 
stripped site reflect the unm asking of the anhidrosis pro­

duced by the aqueous vehicle

38 °C and 90% relative humidity in a controlled heat chamber. Sweat­
ing was demonstrated by painting a starch-castor oil mixture over the 
skin; droplets of perspiration are observed as white puncta on the sur­
face (7). Initially all treated areas are anhidrotic, but within an hour 
the water site gradually recovers sweating as the skin dries. All subse­
quent test procedures in the formalin and aluminum areas, therefore, 
were carried out only after allowing time for the effects of simple hydra­
tion to disappear. When undisturbed, the aluminum and formalin 
anhidrosis was complete for 3 to 4 days, slowly returning to normal 
within 7 to 14 days. The following experimental maneuvers were then 
carried out on the anhidrotic sites to determine how each agent had 
brought about sweat suppression.

Horny Layer Removal
Half of each anhidrotic test site was stripped with Scotch Tape"* 

until the major portion of the stratum corneum was removed and the 
“glistening layer” was reached. Coupled with the visual estimation of

* Dow Chemical Co., M idland, Mich, 
f Johnson & Johnson, New Brunswick, N. J. 
t  M innesota M ining Co., St. Paul, Minn.
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Figure 3. M ethylene blue pattern  produced by ionto­
phoresis into normal skin. This is the typical, specific 
pattern  normally obtained. Each punctum  represents 
passage of dye down the duct and diffusion into the sur­

rounding epidermal tissue

sweating, this technique immediately demonstrates whether a superficial 
plug is actually present. Removal of the horny layer to relieve such 
blockage would allow prompt return of normal sweating.

Stripping of both the water and formalin treated sites brings perspira­
tion back to the previously dry skin (Fig. 1). The aluminum-salt 
treated area of anhidrosis, on the other hand, showed little except a few 
droplets, representing no more than reversal of residual hydration effect 
(Fig. 2). The tentative conclusion was that formalin and water did 
actually produce some type of block within the stratum corneum, while 
the cause of aluminum anhidrosis was deeper in the skin.

Methylene Blue Iontophoresis
When methylene blue dye is introduced into the skin by iontophore­

sis, a typical punctate pattern develops which is entirely localized about 
the eccrine ducts (Fig. 3). This staining represents transport of the dye 
down the eccrine ducts and diffusion through the duct wall into the
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Figure 4. M ethylene blue iontophoretic pa ttern  in alu­
minum salt treated area. The coarse, darker puncta are 
produced by greater transductal permeation of the dye 

and more extensive epidermal staining
surrounding epidermal tissue (8). To accomplish this, the sweat glands 
must be active and their lumina patent. To test for these conditions, 
an attempt was made to produce pore patterns in the formalin and 
aluminum sites of anhidrosis. Thus, after the obligate one hour delay to 
negate the effects of hydration, a 0.1% methylene blue solution was 
iontophorized into the treated areas using 0.5-0.75 ma; cm! for 5 min­
utes.

It was not possible to produce an eccrine pore pattern in the formalin 
treated skin. Since the stripping experiment already demonstrated 
superficial blockage, passage of the dye into the ducts was not expected. 
In the aluminum-salt treated site, however, not only was the characteris­
tic blue pattern present, but the puncta were sharper and larger (Fig. 4). 
It was thus ascertained that the ducts were patent and the glands func­
tioning. As regards the augmented pattern, it was shown that this was 
due to increased transductal permeation of the methylene blue and wider 
diffusion into the surrounding epidermis. It now remained for histologic 
studies to verify these gross observations.
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Figure 5. Biopsy of formalin treated 
skin before forced sweating. Amorphous 
m aterial is seen plugging the uppermost 
coils of the duet within the stratum  
corneum. These masses are removed by 
the stripping procedure and allow sweat 
to  flow onto the skin surface again. 
Note th a t the duct is not dilated. (H. 

& E. 250X)

Figure 6. Formalin treated site after 
sweat stress, dem onstrating distension of 
the sweat duct and accumulation of in tra­
luminal masses of PAS positive diastase 
resistant material. These serial sections 
show the depth and extent of the ductal 
dilatation resulting from sweating into the 
plugged eccrine unit. Note the absence of 
periductal inflammation as seen in alumi­
num anhidrosis. (PAS with diastase di­

gestion X100)

Effect of Forced Sweating in Anhidrotic Sites
Biopsy samples from each treated, unstripped, anhidrotic site and 

control volar forearm skin were obtained from five subjects immediately 
after removal of the occlusive patches. The men were then sweated for 
one hour and repeat specimens taken from sites adjacent to the prior 
biopsy. Tissues were fixed overnight in 10% neutral buffered formalin 
and sections stained with hematoxylin and eosin (H. & E.) and periodic 
Acid-Schiff (PAS), with and without diastase digestion.

The purpose of the sweat stress imposed on the subjects between the 
biopsy procedures was to assess the functional state of the secretory 
glands and to observe the effect of forcing perspiration into a duct which 
in the case of formalin treatment was presumed occluded, but more sus­
ceptible to transductal permeation in the case of aluminum salt induced 
anhidrosis.
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-1 • Formalin-  Pre-sweat samples in the formalin treated areas were 
characterized by the presence of amorphous intraluminal masses of 
eosinophilic material plugging the superficial coils of the eccrine duct 
(Fig. o). These intraluminal masses were not PAS staining. The 
dermal and intraepidermal portion of the ducts appeared patent and 
normal. A good complement of PAS positive (diastase digestible) gly­
cogen was contained in the secretory coil.

Following the heat stress, biopsies from the same areas showed a 
marked change in the microscopic picture. Ducts were widely dilated

F ig u re  7. P e rid u c ta l iiifla inm atio in  in a lu m in u m  sa lt 
tre a te d  sk in  a f te r  one h o u r sw eating . T h e  eccrine u n it  is 
o th erw ise  n o rm al w ith o u t d u c ta l d ila ta tio n . T h e  “ plug- 
lik e” a p p e a ran ce  of th e  h o rn y  layer is an  a r t ifa c t  of sec­
tion ing . P re -sw ea t sam ples of th is  sk in  a re  w ith o u t in ­
flam m ation , lead in g  to  th e  conclusion th a t  p e rsp ira tio n  
p o u rin g  in to  th e  derm is in v ite s  th e  reac tio n . (H . & E . X 

100)

throughout their entire epidermal course and occasionally deep into the 
dermis. Intraluminal masses of PAS positive (diastase resistant) mate­
rial, not seen in the pre-sweat samples, now were present along the length 
of the duct (Fig. 6). In the past this material was thought to play a role 
in the development of sweat retention and miliarial lesions (9), but it is 
more likely a secondary event due to the superficial obstruction present. 
Granules of the PAS positive (diastase resistant) substance are normally 
secreted by the sweat glands (10), and since the material cannot escape 
onto the skin surface when the duct is blocked it tends to accumulate 
intraluminally.
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F ig ure  8. Skin b iopsy  from  area of a lu ­
m inum  sa lt in d u ced  anh id rosis. D u c ta l 
ru p tu re  an d  leakage of sw ea t w ith in  th e  
ep iderm is p ro d u ce  th e  a c u te  in flam m ato ry  
in filtra te . N o te  th a t  th e  superficial coils 
ab o v e  th e  lesion are  p a te n t, a n d  th e  d u c t 
is n o t d ila ted . C lin ically  these lesions 
resem bled  th e  p rick ly  h e a t rash  (H . &

E . X 250)

Both the dilatation of the ducts and the appearance of the PAS posi­
tive nonglycogen material speak for continuing glandular function in the 
anhidrotic skin. Further evidence is seen by the disappearance of gly­
cogen, the PAS positive diastase digested substance, from the secretory 
cells. In contrast to the pre-sweat samples, those specimens taken after 
the forced sweating show depletion of this material.

It is appropriate to comment that both the pre- and post-sweat sam­
ples taken from the water treated skin sites were identical in histologic 
appearance to those obtained from the formalin areas, with but one im­
portant exception. No discernible physical plug was present in the 
hydrated skin which could explain the high level blockage. This is not 
an unexpected result since poral closure by water is a temporary, func­
tional event due to swelling of the horny layer cells at or near the eeerine 
ostium (11, 12).
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B. Aluminum- -Skin obtained from the areas of aluminum salt 
induced anhidrosis before the subjects were sweated was normal. No 
plugs or casts were seen, the ducts were not dilated and there was no 
evidence of inflammation. The secretory coil contained abundant gly­
cogen. Following the hour of forced sweating, a striking picture had 
developed. A well formed infiltrate of polymorphonuclear and lym ­
phocytic leukocytes localized in the periductal tissue about the epider­
mal-dermal function, where the eccrine duct traverses the rete peg (Fig. 
7). Occasionally the infiltrate involved the epidermis and duct wall, 
coincident with spongiotic changes. This represented incipient mili- 
arial lesions (see below). Glycogen disappeared from the secretory coil 
after the thermal stress, verifying normal glandular secretion.

The above sequence of histologic events are interpreted as demon­
strating that aluminum chloride produces anhidrosis by altering the 
permeability or resorptive function of the epidermal portion of the ec­
crine duct. Under conditions of forced sweating the perspiration pours 
into the dermis faster than it can be cleared, inciting the periductal 
inflammatory reaction. This concept is supported by the demonstration 
of increased transductal permeation of iontophoresed methylene blue. 
It also explains why the stripping maneuver is ineffectual in restoring 
perspiration in aluminum anhidrosis.

Finally, it is to be reported that 3 of the 20 subjects developed scat­
tered erythematous papules in aluminum salt treated areas only. These 
lesions erupted beneath the patch and closely resembled prickly heat or 
miliaria rubra. This diagnosis was confirmed on biopsy, which showed 
intraepidermal vesicles about the sweat duct, with an acute inflamma­
tory reaction (Fig. 8). Finding miliaria only in aluminum chloride 
treated skin also speaks for a mechanism whereby damage to the intra­
epidermal duct, either anatomic or physiologic, permits transductal es­
cape of sweat.

D i s c u s s i o n

Superficial obstruction of the eccrine outlet has long been favored as 
an explanation of how spontaneous sweat disorders develop as well as 
how antiperspirants produce anhidrosis. The same mechanism has been 
indicted in sweat retention complication in the chronic dermatoses such 
as psoriasis and atopic dermatitis (13, 14). Such high level blockage, re­
gardless of the cause, may be demonstrated by the following procedures : 
i, removal of the stratum corneum relieves the obstruction, bringing 
about an immediate return of sweating ; ii, occluded eccrine ostia prevent
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development of the eccrine pore pattern produced by the iontophoresis of 
methylene blue; and Hi, forced sweating into the obstructed ducts causes 
wide dilatation and the accumulation of PAS positive diastase resistant 
material. The actual nature of the occlusion is quite variable; in the 
chronic dermatoses it is a hyperkeratotic or parakeratotic plug, in 
formalin produced anhidrosis an intraluminal mass resulting from the 
protein precipitant properties of the chemical. In the sweat suppression 
by hydration, a functional poral closure alone is operative.

Aluminum anhidrosis meets none of the requirements that demon­
strate a high level blockage. Removal of the horny layer does not re­
verse the sweat suppression and, rather than preventing formation of the 
methylene blue pattern, actually facilitates the staining. Forced 
sweating, rather than producing ductal dilatation, leads to periductal 
inflammation and, in extreme instances, ductal disruption as in miliaria 
rubra. This total picture suggests that aluminum salts alter the epi­
dermal duct and permit large amounts of sweat to pour into the sur­
rounding tissue. Perspiration will not reach the skin surface, in the 
same way that a multi-punctured garden hose, regardless of the head of 
pressure, prevents water from reaching the nozzle. Interestingly, 
Sulzberger (5) had described the same histologic findings in his studies on 
aluminum salt anhidrosis. Without employing the sequential biopsy 
technique and forced sweating as above, he concluded that the leukocytic 
infiltrate resulted from the “chemotaxis” of aluminum or its products 
and that the inflammation then interfered with ductal transport of sweat.

Finding miliarial lesions in several subjects parallels Shelley’s experi­
ence with aluminum salt anhidrosis (3). This does not, however, mean 
that one should regularly expect to find rashes produced by underarm 
deodorants. As a matter of fact, these agents, primarily composed of 
aluminum salts, rarely cause such effects in practice. The explanation 
for this paradox rests in the fact that experimenters wisely choose gla­
brous skin such as the forearm or back, not the axilla, to study eccrine 
anhidrosis. While aluminum efficiently prevents perspiration in these 
areas, its effects in the underarm area are reduced. Miliaria probably 
does not develop because the chemical does not exert its full effect. The 
reason for the failure is not clear. The forehead is another resistant area
(15), and it is interesting that both these regions (as well as the palmar 
surface) also do not permit easy development of eccrine pore patterns 
with methylene blue iontophoresis (8). It is necessary to state that 
these areas share a common difference which distinguishes them from the 
remainder of the body: The eccrine glands of the axilla, forehead, and
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palm respond primarily to emotional rather than thermal stimuli. 
There is no evidence for anatomical differences between the eccrine units 
of the body. Therefore another yet unidentified variable is to be 
sought.

S u m m a r y

Local eccrine anhidrosis was produced in human volunteers by appli­
cation of 20% aluminum chloride, 10% formalin solutions, and water it­
self, under occlusive patches. It can be demonstrated that the sweat sup­
pression of simple hydration and formalin is due to a high level obstruc­
tion of the eccrine duct. Removal of the stratum corneum relieves this 
type of anhidrosis. M ethylene blue iontophoresis fails to produce a 
sweat pore pattern since the dye cannot enter the ducts, and there is 
histologic evidence of ductal dilatation following sweating into the closed 
system. A physical plug can be seen in the case of formalin induced 
anhidrosis, while the water effect is temporary and due to a functional 
closure of the eccrine ostium.

In aluminum salt produced anhidrosis, stripping off the stratum  
corneum does not bring about return of sweating, and an accentuated 
eccrine pore pattern results from the iontophoresis of methylene blue. 
Only after sweating is there an inflammatory infiltrate localized in the 
periductal tissue surrounding the eccrine duct at the epidermal-dermal 
junction. It is concluded that aluminum chloride increases transductal 
absorption of sweat.

(Received May 10, 19(i(>)
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S y n o p sis— P rev io u s  s tu d ies in nonaerosol system s h av e  show n th a t  ce rta in  d e te rg en ts , such 
as sodium  la u ry l su lfate , form  m olecu lar com plexes w ith  long chain  alcohols or acids a t  a i r /  
w a te r  o r o il/w a te r  in terfaces. In  th e  p re sen t in v estig a tio n  i t  has been show n th a t  m olecular 
com plexes are  also form ed in aerosol em ulsion system s. I t  was found  th a t ,  in m an y  cases, 
th e  a d d itio n  of a  long-chain  alcohol to  an  aerosol em ulsion system  p rep ared  w ith  th e  t r i ­
e than o lam ine  sa lt of a  f a t ty  acid  or sodium  la u ry l su lfa te  as th e  su r fa c ta n t p roduced  a  m ark ed  
increase in em ulsion an d  foam  s ta b ility  and  a decrease in foam  d ra inage . In  som e cases foam  
v iscosity  w as increased. T h ese  effects of th e  long-chain  alcohols occur in  nonaeroso l and  
aerosol system s an d  a re  ind ica tive  of m olecu lar com plex form ation .

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

It has been known for a long time that combinations of certain 
surfactants produce unexpected effects in emulsion systems. The reason 
for this remained obscure for many years, and in many cases the causes 
are still unknown. However, the effect of combinations of surfactants 
and long-chain polar compounds, such as the fatty alcohols, has been 
shown to be due to the formation of molecular complexes between the 
surfactants and the alcohols. The study of these molecular complexes 
has clarified much of the phenomena observed with these combinations.

The investigation of molecular complexes was initiated in 1937 by 
Sehulman and Rideal (1) with the discovery that sodium cetyl sulfate 
and cholesterol formed stable complexes at air, water interfaces. These 
complexes formed because of the attraction between the polar groups of

* " F re o n ” P ro d u c ts  L ab o ra to ry , E. I. du P o n t de N em ours an d  Co., W ilm ing ton , D el.
801
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the two compounds and the association between the hydrophobic por­
tions of the molecules which resulted from the Van der W aal’s forces of 
attraction. The strength of the complexes was found to be dependent 
upon the stereochemical configurations of the two interacting molecules
(2). Sodium cetyl sulfate and cholesterol, cetyl alcohol, or elaidyl 
alcohol formed strong complexes. However, sodium cetyl sulfate and 
oleyl alcohol formed weak complexes because the cTs-configuration of 
oleyl alcohol prevented a close association between the two molecules.

The effects of the complexes at oil water interfaces in emulsion sys­
tems were found by Schulman and Cockbain (3) to be similar to those 
observed previously at air water interfaces. Sodium cetyl sulfate alone 
or with oleyl alcohol gave poor emulsions of mineral oil in water, while 
combinations of sodium cetyl sulfate with cetyl alcohol or cholesterol 
gave good emulsions.

Studies of molecular complexes have also been carried out in con­
nection with an investigation of the drainage rates of liquids through 
foams and the drainage properties of films from aqueous solutions. 
Miles et al. (4, 5) observed that the drainage rates of liquids through 
sodium lauryl sulfate foams were markedly decreased by the presence of 
lauryl alcohol. It was also noted that aqueous solutions containing 
combinations of sodium alkyl sulfates and cetyl alcohol gave slow drain­
ing films, while those with sodium alkyl sulfates alone or with oleyl 
alcohol gave fast draining films.

The slow draining property of the foams and films was attributed to 
a high surface viscosity which resulted from complex formation between 
the alkyl sulfates and alcohols. When the temperature of the slow 
draining films was increased, the film ultimately became fast draining 
at a specific temperature, called the film drainage transition temperature. 
The transition from slow to fast draining of the foams and films oc­
curred at a temperature at which the molecules in the complex had 
sufficient thermal energy to overcome the bonding energies ((¡). Similar 
experiments were carried out on nonionic ethoxylated lauryl alcohols 
with lauryl or cetyl alcohol by Beefier and Del Vecchio (7). These com­
binations also were found to give slow draining films.

The compositions of a number of molecular complexes have been 
determined. Epstein et al. (8) reported crystalline intermolecular 
products in which the sodium alkyl-sulfates and long-chain alcohols were 
combined in a mol ratio of 2:1. Rung and Goddard 0, 10) have also 
investigated the composition of complexes. Lithium, potassium, am­
monium, and magnesium lauryl sulfates formed complexes in which the
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sulfate/alcohol ratio was 1:1, while calcium and tetramethyl ammonium  
salts did not form complexes. Complexes between stearic acid and 
sodium stearate with mol ratios of acid to salt of 1:1, 3:2, and 2:1, 
respectively, were reported by Ryer (11), while other acid/soap com­
plexes with ratios of 1 :2 were found by John and McBain (12).

The investigation of molecular complexes in aerosol emulsions and 
foams appeared to be a promising field of study from both a fundamental 
and practical aspect. Aerosol systems offered a unique opportunity to 
study complex formation in both an emulsion system and a foam derived 
from the same emulsion system. Aerosol emulsions consist of disper­
sions of liquefied propellants in an aqueous phase. When these products 
are discharged, the liquefied propellants vaporize and produce a foam. 
From a practical point of view, the use of emulsion systems for formu­
lating aerosol products is now well established, and the number of aerosol 
products formulated as emulsion systems is increasing each year. Aero­
sol foams are particularly useful for cosmetic and pharmaceutical appli­
cations. These applications vary widely, and so do the properties 
desired for the aerosol products. Some basic information on aerosol 
emulsions and foams is already available (13-22), but the present 
knowledge is relatively small compared to what remains to be learned 
about these systems. If molecular complexes formed in aerosol emul­
sions and foams, this could provide an additional method for varying the 
properties of the systems. This in turn could lead to new and more 
effective applications for aerosol products.

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

Complex formation was judged by the effect of the alcohols on the 
properties of the aerosol emulsions and foams. The properties that were 
determined were as follows:

son

1. Emulsion viscosity 5. Foam stability
2. Emulsion stability (). Foam density
3. Foam stiffness 7. Type of discharge
4. Foam drainage

All of the properties, except foam stability, are summarized in tables. 
As a result of the difficulty of attempting to assign a numerical value to  
foam stability, the foam stability properties of the systems are discussed 
in the body of the report and are not present in the tables.

The reasons for selecting the preceding properties and the methods 
used to determine them were as follow s:
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Emulsion Viscosity
An increase in the viscosity of the bulk phase when an alcohol is 

added to an aqueous surfactant solution is generally considered an indi­
cation of complex formation between the surfactant and alcohol (4). 
In the present study, samples were prepared in glass bottles for visual 
observation. The approximate viscosity of the emulsions was esti­
mated by inverting the bottles slowly and noting the flow characteristics 
of the emulsions. The viscosity was rated “low” if it was close to that 
of water and “high” if the emulsion was very thick. Products with 
viscosities in between these two extremes were rated medium.

Emulsion Stability
Emulsion stability was judged visually by the time required for 

phase separation to occur after the samples had been hand shaken. The 
samples were emulsified by a modification of the Briggs intermittent 
method of emulsification (23). The samples were shaken 20 times by 
hand, allowed to stand overnight, and reshaken 20 times immediately 
before stability determination. Phase separation, or creaming, is a 
common method for judging emulsion stability, even though it does not 
necessarily indicate coalescence of the droplets and breaking of the 
emulsions (24). Becher (25) has pointed out that, although creaming 
does not represent actual breaking of the emulsion, creaming is favored 
by large droplet size, and this may be an indication of a process which 
will lead to démulsification. Schulman considered phase separation to 
be sufficiently valid for comparison purposes when all the samples were 
prepared in the same way (3). As mentioned previously, Schulman 
found that complex formation could cause a considerable increase in 
emulsion stability.

Foam Stiffness
Foam stiffness was determined with a Cherry-Burrell Curd Tension 

Meter as described in Reference 16. Foam stiffness values are reported 
in grams and indicate the relative resistance of a foam to deformation 
resulting from the downward penetration of a curd knife. Although it 
is difficult to place an exact physical interpretation upon foam stiffness, 
it is assumed to be an aspect of foam viscosity. Complex formation 
has been reported to increase the surface viscosity of foams, and in the 
present case an increase in foam stiffness resulting from the addition of 
a unionized polar compound was interpreted as an indication of complex 
formation



COMPLEX FORMATION IN AEROSOLS 805

Stiffness values below about 30 indicate that the foams have low 
viscosity and are quite thin. Typical aerosol shaving lather foams have 
stiffness values ranging from about 50 to over 100.

Foam Drainage Rates
One of the most common indications of complex formation is the de­

crease in the rate of foam drainage that occurs with the addition of a 
polar compound to a surfactant solution. This is considered to be due 
to an increase in the viscosity of the liquid foam films, or laminae, that 
occurs with complex formation. Foam drainage rates were determined 
in the present work by discharging a known quantity of foam into a 
funnel and determining the amount of liquid that drained from the foam 
at various time intervals. With most series of foams, there were certain 
time intervals after discharge when the differences in drainage rates 
between the various foams were the most distinct. The comparative 
foam drainages that showed the greatest differences in the foams were 
selected. The time required for this varied with the different series of 
foams and is given in the tables.

Drainage from foams results from gravitational forces on the liquid 
films, which causes thinning of the foam laminae without rupture, or 
from rupture and collapse of the foam structure itself (26). Thus, the 
liquid which drains from a foam can have two different origins.

Foam Stability
Foam stability has two aspects, foam drainage and persistence of the 

foam. Thus, a foam may drain and become quite thin but may retain 
its structure. Foams also may collapse as a result of rupture of the 
foam structure. In the present study, comparative foam stabilities 
were judged visually by discharging a series of foams onto paper towels 
and noting the appearance of the foams after various time intervals. 
The rapidity with which the foam wet paper was an indication of the 
drainage, and the rate at which the foam collapsed was an indication of 
the stability of the foam structure. It was possible to line up a series 
of foams in order of their relative stabilities by this procedure, but it was 
not feasible to place any numerical value upon the stability.

Foam Density
Foam density was determined by weighing a known volume of the 

foam as soon after discharge as possible. The volume of the vessel used 
for density determinations was 350 cc.
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Type of Discharge
The type of discharge of the products is indicated in the tables. 

Some of the products had a quiet discharge, while others had a noisy dis­
charge. Some samples also discharged as liquids which subsequently 
expanded into foams. These products are described as having a liquid 
discharge. Others discharged a mixture of liquid and foam which also 
expanded into a foam. These are described as having a semiliquid dis­
charge. The remaining products gave an immediate foam during dis­
charge.

Microscopic Examination
Observations of the foam structures were made using a Bausch and 

Lomb Sterozoom microscope, Model BVB-73, equipped with a 10 X 
paired widefield eyepiece and a power pod magnification of 3 X . Ap­
proximate bubble sizes in the foams were determined using a microm­
eter disc (#31-16-08) which measured intervals of 0.001 in.

The fact must be stressed that the bubble sizes reported are approxi­
mate. Some of the cells appeared to be fairly round, while others were 
very irregular in shape. The dimensions given in the report indicate 
the largest dimension of a specific bubble. All of the foams had bubbles 
which varied considerably in size. The sizes of the smallest and the 
largest bubbles were determined in order to show the range of sizes. 
No attem pt was made to determine the frequency of any particular size.

Microphotographs were obtained with a Spencer triocular single- 
stage microscope, manufactured by the American Optical Company. 
It was equipped with a 15 X eyepiece and a 3.5 objective lens. The 
camera was focused through 10 X eyepieces with 3.5 objectives. The 
pictures were taken with a MP-3 Polaroid Multipurpose Industrial View 
camera with a 4 X 5 film adapter, using surface illumination and a one 
second exposure.

Preparation of the Aerosol Emulsions
The anionic surfactants, sodium lauryl sulfate and the triethanol­

amine salts of lauric, myristic, palmitic, and stearic acids were used in 
the present studies. Although sodium lauryl sulfate is not suitable for 
packaging in metal aerosol containers as a result of its corrosive effect, 
it has been widely used in complex formation studies in nonaerosol sys­
tems; and much information was already available about combinations 
of sodium lauryl sulfate and the long-chain alcohols. The triethanol­
amine salts of the fatty acids are used extensively in aerosol products,
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and an investigation of systems with these surfactants was particularly 
desirable from a practical viewpoint.

Emulsions containing the triethanolamine soaps were prepared as 
follows: The fatty acid was heated until it melted (about 6 0 -70°C). 
An equimolar quantity of triethanolamine was dissolved in the water, 
and the aqueous solution was heated to about the same temperature as 
that of the melted fatty acid. The hot aqueous solution was then 
added slowly with stirring to the fatty acid. After the addition was 
complete, the mixture was removed from the heat and allowed to cool 
to room temperature with stirring. When alcohols were included in the 
formulation, they were melted together with the fatty acid.

Aqueous solutions of sodium lauryl sulfate were prepared by dis­
solving the surfactant in water. When alcohols were included, they 
were melted, and the aqueous solution of sodium lauryl sulfate, heated 
to the same temperature as that of the alcohols, was added with stirring 
to the alcohols.

Concentrations of the Surfactants
The concentrations of the surfactants in the aqueous phase were 

chosen so that the stability of the emulsions and foams from the sur­
factants alone would be low. Thus, any effect of the alcohols upon the 
system would be noticeable. Sodium lauryl sulfate, triethanolamine 
laurate, and triethanolamine myristate were normally used at concen­
trations of 0.10 m in the aqueous phase. On a weight percent basis, 
this amounted to about a 3.5% solution for these compounds. The 
addition of sufficient alcohol to produce a 1:1 molar ratio with the sur­
factant increased the weight percent to about 4.5%, depending upon 
the molecular weight of the alcohol. When other concentrations are 
used, this is noted in the tables.

Triethanolamine palmitate and stearate normally were used at con­
centrations of 0.025 m in the aqueous phase. This gave solutions of 
slightly over 1% on a weight basis. The addition of sufficient alcohol 
to give a 1 :1 molar ratio with the alcohol increased the weight percent 
of the surfactant-alcohol complex to slightly over 2%.

Composition of the Aerosol Emulsions
Unless otherwise indicated, all aerosol emulsions were prepared with 

a composition of 90% aqueous phase and 10% Freon-12/Freon-114* 
(40 60) propellant. In some cases other propellants were tested, and 
this is indicated in the tables.

F reo n  is a  reg istered  tra d e m a rk  of E . I. du P o n t de N em ours a n d  Co., W ilm ing ton , Del.
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Materials
The materials used in the present study were obtained from the 

following sources:
Fatty Acids

Laurie acid, myristic acid, palmitic acid and stearic acid were ob­
tained from the E. F. Drew Chemical Corp. These acids are marketed 
under the trade names of “Wecoline” 1295, “Wecoline” 1495, “Wecoline” 
1695, and “W ecoline” 1892, respectively.
Alcohols

Lauryl alcohol (“Lorol” 11), cetyl alcohol (“Lorol” 24), and stearyl 
alcohol (“Lorol” 28) were obtained from the E. I. du Pont de Nemours 
and Co. Oleyl alcohol was supplied by Croda, Inc., myristyl alcohol 
by the Eastman Chemical Corp., and cholesterol by American Choles­
terol Products.
Sodium Lauryl Sulfate

Sodium lauryl sulfate (Duponol* C) was obtained from the E. I. du 
Pont de Nemours and Co.

E x p e r i m e n t a l  R e s u l t s  
Sodium Lauryl Sidfate Systems 

Variation in Alcohols
The addition of lauryl, myristyl, or cetyl alcohols to sodium lauryl 

sulfate systems increased emulsion viscosity and stability and decreased 
foam drainage. This is shown in Table I. Lauryl and myristyl alco-

* D uponol is a reg istered  tra d e m a rk  of E . I. du  P o n t de N em ours & Co., W ilm ington , Del.
T ab le  I

V aria tio n  in A lcohols-S odium  L au ry l S u lfate  Systems'*
F oam  P ro p erties

E m ulsion  P ro p erties-------------------------------------- D ra in ag e  Stiffness D en sity  T y p e  of
A lcohol6 V iscosity S tab ility (60 m in) (g) (g /c c ) D ischarge

N one Low < 1  m in 82 11 0 .0 5 5 Q uiet
L au ry l M edium > 5  hr 0 40 0 .0 6 4 S ligh tly  noisy
M y ris ty l M edium > 5  h r 0 38 0 .0 6 8 N oisy
C ety l Low  to  m edium > 5  hr 2 14 0 .0 6 2 Q uiet
S teary l Low < 5  m in 71 12 0 .071 Q uiet
Oleyl H igh 30-60  m in 84 10 0 .0 6 7 Q uiet
C holesterol Low to  m edium 1 -5  m in 84 13 0 .061 Q uiet

“ Sodium  lau ry l su lfate  c o n c en tra tio n  =  0.10 M .
6 Sodium  lau ry l su lfa te /a lc o h o l ra tio  (m o lar) =  1:1 .



F ig u re  2 . P h o to m icrog rap h  of a sodium  lau ry l su lfa te /la u ry l alcohol foam
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hols increased foam stiffness. Judging by these results, sodium lauryl 
sulfate forms complexes with these alcohols in the aerosol systems. 
Stearyl alcohol, oleyl alcohol, and cholesterol had little effect.

The effect of the alcohols upon foam stability was quite marked. 
W etting results correlated well with drainage tests. Foams from 
sodium lauryl sulfate alone, or in combination with oleyl alcohol and 
cholesterol, caused immediate wetting, followed by that with stearyl 
alcohol. Foams with lauryl, myristyl, or cetyl alcohol did not wet for 
at least an hour.

The effect upon foam persistence was similar. The foam from so­
dium lauryl sulfate alone disappeared completely in 15 minutes, followed 
shortly thereafter by that with oleyl alcohol and cholesterol. The foam 
with stearyl alcohol was partially collapsed after one hour, while the 
remaining foams showed slight thinning but very little other change.

The effect of the alcohols upon wettability and foam persistence can 
be summarized as follows:

Foam wettability (in order of increasing wettability)
Lauryl alcohol None
Myristyl alcohol <  Stearyl alcohol <  Oleyl alcohol 
Cetyl alcohol Cholesterol

Foam persistence (in order of decreasing foam persistence)
Lauryl alcohol
M yristyl alcohol >  Stearyl alcohol >  Oleyl alcohol >  None 
Cetyl alcohol Cholesterol

Microscopic observation of the sodium lauryl sulfate foams showed 
bubble sizes ranging from about 0.001 to 0.01 in., with laminae thick­
nesses of about 0.001 to 0.003 in. The foams with lauryl alcohol 
present had a smaller bubble size and thinner laminae. The differences 
between the two foams are illustrated very effectively by the micro­
photographs in Figs. 1 and 2. These pictures indicate that complex 
formation between sodium lauryl sulfate and lauryl alcohol decreases 
bubble size considerably.
Variation in Concentration of Lauryl Alcohol

Increasing the concentration of lauryl alcohol in sodium lauryl sul­
fate systems increased emulsion stability and decreased foam drainage, 
as shown in Table II. The samples that were used to obtain the data 
in Table II were also photographed four hours after they had been shaken



COMPLEX FORMATION IN AEROSOLS 811

T ab le  II
V aria tio n  in C o n cen tra tio n  of L au ry l A lcohol in Sodium  L au ry l S u lfate  System s

F o am  P ro p erties6
E m ulsion  P ro p erties--------------------------------------------  D ra in ag e  Stiffness D en sity

V iscosity  S tab ility  (60 m in ) (g) (g /cc )
1 :0 Low < 1  m in 93 12 0 .0 5 6
1 : K Low < 1  m in 33 34 0 .0 5 9

Low 15-20 m in 24 32 0 .0 6 2
Low 30 -6 0  m in 4 38 0 .0 6 3

1:1 M edium > 1 6  hr 0 34 0 .0 6 5
0 Sodium  lau ry l su lfa te  co n cen tra tio n  =  0.10 M .  
6 All sy stem s had  a q u ie t discharge.

so that the effect upon emulsion stability could be illustrated visually. 
This is shown in Fig. 3. The sample on the left in Fig. 3 contained no 
lauryl alcohol and showed complete phase separation. The remaining 
samples had increasing concentrations of lauryl alcohol, corresponding 
to the compositions given in Table II. The sample on the extreme right, 
which had the highest sulfate/aleohol ratio (1:1), showed no phase 
separation.

F ig ure  3 . C o m p ara tiv e  em ulsion s ta ­
bilities of sodium  laury l su lfa te  system s 
w ith  increasing co n cen tra tio n s of laury l 
alcohol (from  le ft to  rig h t). T h e  
p ic tu re  w as ta k e n  fou r hours a f te r  th e  

sam ples w ere shaken

An increase in foam stiffness occurred with the first addition of lauryl 
alcohol, but subsequent additions caused little change. There appeared 
to be a slight tendency towards increasing density with increasing lauryl 
alcohol concentrations.

Foams with sulfate/aleohol ratios up to 1: Yj wet paper immediately, 
but the other foams with higher concentrations of alcohol did not wet

S u lfa te“/
A lcohol

R a tio
(m o lar)
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for an hour. The foam with no lauryl alcohol also collapsed soon after 
discharge, but the remainder of the foams retained their shapes for at 
least an hour. However, those that wet paper became quite thin on 
aging as a result of loss of liquid from drainage. In this series, as in 
many of the series to be discussed later, it is possible to select foams 
which wet and collapse, or which wet and retain their structure, or are 
quite stable.
Variation in Propellants

The effect of different propellants upon the properties of sodium 
lauryl sulfate, lauryl alcohol systems is shown in Table III. Freon-12 
and Freon-12,, Freon-114 (40/60) gave foams with the lowest drainage 
rates, and Propellant 152a and Propellant 142b gave foams with the 
highest. The former two propellants gave the stiffest foams and the 
latter two the lowest density foams.

W ettability data generally correlated with the foam drainage results. 
The foams with Propellant 152a and Propellant 142b wet paper within 
five minutes after discharge. The foams with the other propellants did 
not wet during at least one hour after discharge. The foam with Pro­
pellant 152a collapsed within 15 minutes and that with Propellant 142b 
collapsed within one hour. The other foams retained their shape.

Microscopic examination did not reveal any significant differences 
between foams formulated with Freon-12, Freon-12/Freon-l 14 (40/60), 
Freon-114, or Freon-12/Freon-ll (50/50). However, the foams with 
Propellant 142b or Propellant 152a had much larger laminae that

T ab ic  I II
V aria tion  in P ro p e lla n t— Sodium  L au ry l S u lfa tC '/L a u ry l A lcohol System s'’

P ro p e llan t
E m ulsion  P ro p erties

F oam  P roperties
T y p e  of 

D ischarge
D rainage 

(2  h r)
Stiffness

(g)
D ensity
(g /c c )V iscosity S tab ility

F 'reon -12 H igh > 5  h r 20 28 0 .061 S ligh tly  noisy
F reo n -1 2 /F reo n - 114

(40 /60 ) H igh > 5  hr 0 44 0 .0 6 2 Q uiet
Freon-114 H igh > 5  hr 0 48 0 .0 7 3 Q uiet
F reon-12 /F reon-■ 11

(5 0 /50 ) H igh > 5  h r 2 16 0 .0 5 9 N oisy
P ro p e llan t 142b H igh > 5  h r 41 16 0 .0 4 3 S ligh tly  noisy
P ro p e llan t 152a M edium > 5  h r 84 14 0 .0 3 9 S ligh tly  no isy

0 Sodium lauryl sulfate concentration = 0.10 M.
h Sulfate/alcohol ratio (molar) = 1:1.



F igure 4 . P h o to m icrog rap h  of a  sodium  laury l su lfa tc /la u ry l alcohol foam  w ith  F reon-
12 /F reon-114  (40 /60 ) p ro p e llan t

Figure 5. Photomicrograph of a sodium lauryl sulfate/lauryl alcohol foam with fluorocarbon
142b as the propellant
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ranged in thickness from about 0.003 to 0.008 in., and the entire system  
appeared to be very fluid. The foams with the other propellants had a 
closer packed bubble structure with laminae approximating 0.001 in. 
in thickness. Microphotographs of the foams prepared with Freon-12/ 
Freon-114 (40/60) and Propellant 142b are illustrated in Figs. 4 and 5. 
The photographs show the increase in foam bubble size that occurs with 
Propellant 142b.

The effect of the propellants in systems with sodium lauryl sulfate 
alone was also investigated. However, in all cases, the foams were very 
unstable, and no differences due to a variation in propellants were 
detected.

Triethanolamine-Fatty Acid Systems 
Variation in Alcohols

The effect of various alcohols upon the properties of triethanolamine- 
fatty acid systems is shown in Tables IV, V, VI, and VII. Cholesterol 
was evaluated separately, and the effect of cholesterol, in comparison 
with that of the fatty alcohol corresponding to the fatty acid used, is 
shown in Table VIII. In all of the systems, certain alcohols caused a 
pronounced increase in emulsion viscosity and stability and a decrease 
in foam drainage. In these cases, molecular complex formation between 
the alcohols and the triethanolamine salts was judged to have taken 
place as a result of the effect of the alcohols upon the properties of the 
systems.

In each triethanolamine-fatty acid system, certain alcohols were 
more effective than others as far as complex formation with the tri­
ethanolamine salt was concerned. The data indicate that there is a 
slight tendency for the alcohols having about the same number of carbon 
atoms as that of the fatty acids involved to be the most effective for that 
particular system. Thus, lauryl alcohol was fairly effective in forming 
complexes with triethanolamine laurate but not with triethanolamine 
stearate. Likewise, stearyl alcohol forms strong complexes with tri­
ethanolamine stearate but not with triethanolamine laurate.

The over-all effects of the alcohols upon the various properties of the 
triethanolamine-fatty acid systems are summarized in Table IX . This 
summary should aid in the selection of a triethanolamine-fatty acid 
system with specific emulsion and foam properties. The effects of the 
various alcohols upon foam stability varied with the particular system  
involved, and each system will be discussed separately.
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T ab le  IV
V aria tio n  in A lcohols— T rie th an o la m in e  L a u ra te “ S ystem

A lcohol4
E m ulsion  P ro p erties

F oam  P ro p e rtie s“' d
D rainage  
(30 m in)

Stiffness
(g)V iscosity S tab ility

N one Low < 1  m in 82 8
L au ry l L ow  to  m edium > 5  hr 2 20
M y ris ty l L ow  to  m edium > 5  hr 0 33
C ety l M ed ium > 5  hr 0 18
S teary l Low  to  m edium > 5  h r 67 10
Oleyl Low 15-30 m in 2 12
° T rie th an o la m in e  la u ra te  co n c en tra tio n  =  0.10 M .  
4 S o a p /a lc o h o l ra tio  (m o lar) =  1:1 . 
c All d ischarges are  qu iet.
d F o a m  densities ran g e  from  0.062 to  0.067 g /cc .

T ab le  V
V aria tio n  in A lcohols— T rie th an o la m in e  M y ris ta te “ S ystem s

A lcohol6
E m ulsion  P ro p erties

F o am  Properties"
T y p e  of 

D ischarge
D rainage 

(2  h r)
Stiffness

(g)V iscosity S tab ility
N one Low 1 -5  m in 47 36 Q uiet
L au ry l M ed iu m  to  high > 5  h r 0 48 S ligh tly  no isy
M y ris ty l M ed ium  to  high > 5  hr 0 48 S lig h tly  no isy
C ety l M ed iu m  to  high > 5  hr 0 28 S lig h tly  no isy
S teary l M ed ium  to  high > 5  hr 4 26 S ligh tly  noisy
Oleyl M ed iu m > 5  hr 3 22 Q u iet

" T rie th an o la m in e  m y ris ta te  co n c en tra tio n  =  0.10 M .  
b M y ris ta te /a lc o h o l ra tio  (m o la r) =  1 :1 .
'  F o am  densities ranged  from  0.067 to  0.073 g /cc .

T ab le  V I
V aria tio n  in A lcohols— T rie th an o la m in e  P a lm ita te"  S ystem s

F o am  P ro p erties
E m ulsion  P ro p erties_____________________  D ra inage  S tiffness D en sity  T y p e  of

A lcoho l6 V iscosity S tab ility (60 m in) (g) (g /c c ) D ischarge
N one Low < 1  m in 33 25 0 .0 9 S ligh tly  no isy—  

liqu id
L au ry l Low < 1  m in 27 20 0 .1 4 N oisy— sem iliqu id
M y ris ty l M ed ium > 2 4  h r 1 32 0 .1 5 N oisy— liqu id
C ety l M ed ium > 2 4  h r 5 34 0 .1 8 N oisy— liquid
S teary l M edium > 2 4  h r 2 29 0 .1 5 N oisy— liqu id
“ Triethanolamine Palmitate concentration = 0.025 M.
b Palmitate/alcohol ratio ( molar) = 1:1.
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T ab le  V II
V aria tio n in A lcohols—-T rie th an o lam in e  S te a ra te “ S ystem s

F o am  P ro p erties
L m ulsion  P ro p erties D rainage

(2  h r)
D en sity
(g /cc )

T y p e  of 
D ischargeAlcohol'* V iscosity S tab ility (g)

N one Low < 1  m in 53 14 0 .1 9 N oisy— liquid
L au ry l Low 5 -15  m in 52 8 0 .2 1 N oisy— sem i­

liqu id
M y ris ty l Low  to  

m edium
> 2 4  h r 0 .5 32 0 .1 7 N oisy— liquid

C ety l M edium > 2 4  hr 2 21 0 .2 7 N oisy— liquid
S teary l M edium > 2 4  hr 4 15 0 .3 3 N oisy— liquid
" T rie th an o la m in e  S te a ra te  co n c en tra tio n  =  0.025 M . 
h S te a ra te /a lc o h o l ra tio  (m o lar) = 1 : 1 .

T ab le  V II I
E ffec t of C ho lestero l in T rie th an o la m in e— F a t ty  A cid System s

F o am  P ro p erties
E m ulsion  P ro p ertiesF a t t y ________________________D ra in ag e  Stiffness D en sity  T y p e  of

A cid“ A lcohol6 V iscosity S tab ility (60 m in) (g) (g /cc ) D ischarge
L aurie N one Low 1 -5  m in 84 6 0 .0 6 Q uiet
L aurie L au ry l Low to  

m ed ium
> 2 4  hr 11 20 0 .0 6 Q uiet

L aurie C holestero l Low  to  
m edium

> 2 4  hr 36 3 0 .0 8 N oisy

M y ris tic N one Low 1 -5  m in 34 34 0 .0 6 Q uiet
M y ris tic M y ris ty l H igh > 2 4  hr 0 50 0 .0 7 N oisy
M y ris tic C holestero l M edium > 2 4  h r 5 17 0 .1 0 N oisy
P a lm itic N one Low  to  

m edium
5 -1 5  m in 0 39 0 .0 6 Q uiet

P alm itic C ety l H igh > 2 4  hr 0 42 0 .0 9 S ligh tly  noisy
P a lm itic C holestero l M ed ium > 2 4  hr 2 12 0 .1 0 S ligh tly  noisy
S tearic N one Low  to  

m edium
5 -1 5  m in 0 30 0 .1 1 N oisy— sem i­

liqu id
S tearic S teary l H igh > 2 4  hr 0 88 0 .2 3 N oisy
S tearic C holestero l M edium > 2 4  h r 2 16 0 .1 2 Sligh tly  noisy

to  high
“ Triethanolamine-fatty acid concentration = 0.10 M.
'* Soap/alcohol ratio (molar) = 1:1.
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Triethanolamine Laurate Systems— Systems which caused the most 
rapid wetting generally had the highest drainage rates. In the tri­
ethanolamine laurate series, the foams from triethanolamine laurate or 
those with oleyl or stearyl alcohols wetted paper almost immediately 
after discharge. These foams also had the highest drainage rates. 
Foams with lauryl, myristyl, or cetyl alcohols did not wet paper for over 
an hour.

The effect of the alcohols upon foam persistence followed a somewhat 
similar pattern. The foams from triethanolamine laurate alone, or in 
combination with oleyl or stearyl alcohols, started to collapse within 30 
minutes after discharge. Foams with lauryl, myristyl, or cetyl alcohols 
retained their structure for over an hour.

Triethanolamine Myristate Systems— All of the alcohols increased the 
stability of triethanolamine myristate foams. The foam from triethanol 
amine myristate wetted paper immediately, but none of the foams con­
taining lauryl, myristyl, cetyl, stearyl, or oleyl alcohol wetted paper 
during one hour after discharge. These results correlate with the foam 
drainage results.

Although the foam from triethanolamine myristate alone showed 
rapid drainage, it maintained its structure for over an hour but became 
progressively thinner. The foams with lauryl and oleyl alcohols showed 
some thinning after 30 minutes. The most stable foams were obtained 
with myristyl, cetyl, and stearyl alcohols.

Triethanolamine Palmitate and Stearate Systems— Foams from tri­
ethanolamine palmitate or stearate also wetted paper immediately, 
followed by those that contained lauryl alcohol. It must be remem­
bered that the triethanolamine palmitate and stearate systems have a 
soap concentration only one-fourth that of the laurate and myristate 
systems. The foams with myristyl, cetyl, or stearyl alcohols did not 
wet paper for at least two hours. Those wetting results again correlate 
well with the foam drainage data.

The foams from triethanolamine palmitate or stearate alone col­
lapsed after about one hour; those with lauryl alcohol became increas­
ingly thinner as a result of drainage but maintained their structures for at 
least two hours. Foams with myristyl, cetyl, or stearyl alcohols de­
veloped slight surface crazing during two hours but otherwise showed 
little change.

One of the most interesting effects of the alcohols in the triethanol­
amine palmitate or stearate series was upon the product discharge. 
All of the systems gave a liquid or semiliquid discharge which sub­
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sequently expanded into a foam. However, the rate at which the 
product expanded into a foam after it had been discharged was a function 
of the chain length of the alcohol. For example, the discharge from 
triethanolamine stearate alone expanded almost immediately into a 
foam, and was followed by that with lauryl alcohol. The discharge

T ab le IX
E ffect of V arious A lcohols upon  P ro p erties of T rie th a n o la m in e -F a tty  A cid S ystem s

F a tty  Acid Alcohol
E m ulsion  P ro p erties F o a m  Propertie i
V iscosity S tab ility S tab ility D rainage Stiffness

L aurie L aury l X X X X X X

M y risty l X X X X X X X

C ety l X X X X X X X

S teary l X X X o o o
Oleyl o o o o
C holestero l X X X - - 0

M y ristie L au ry l X X X X X 0

M y risty l X X X X X X o
C ety l X X X X X X 0

S teary l X X X X - -
Oleyl X X X X 0 -
C holestero l X X X X - - -

P a lm itic L au ry l o o X o o
M y ris ty l X X X X X X o
C ety l X X X X X X o
S teary l X X X X X X 0

C holestero l X X X - 0 -
S tearic L au ry l o o o 0 0

M y risty l X X X X X ?
C ety l X X X X X X o
S teary l X X X X X X 0

C holestero l X X X X - C) -
x =  P o sitiv e  effect, 

xx =  P ron o u n ced  p ositive  effect, 
o =  E ssen tia lly  no effect.
- =  N eg ativ e  effect.

- - =  P ronounced  n eg a tiv e  effect.
from the system containing myristyl alcohol required still more time to 
expand into a foam, and that with stearyl alcohol required almost five 
minutes for expansion into a foam. The rate at which the liquid dis­
charges expand into a foam may be an indication of the relative strength 
of the molecular complexes. The strongest complexes might be expected 
to show the most resistance to expansion during vaporization of the 
propellant after the product had been discharged.

The foam density also increased in the triethanolamine stearate/
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alcohol series as the molecular weight of the alcohol increased. Again, 
this effect may be related to the strength of the molecular complex.

Microscopic Examination— Microscopic examination of the tri­
ethanolamine laurate and triethanolamine laurate/lauryl alcohol foams 
did not reveal any marked differences, although the presence of lauryl 
alcohol appeared to cause a slight decrease in bubble size. However, 
the addition of cetyl alcohol to triethanolamine palmitate systems or the 
addition of stearyl alcohol to triethanolamine stearate foams caused a 
very noticeable decrease in bubble size. This effect of the molecular 
complexes upon the bubble size of the foams is similar to that noted 
with the sodium lauryl sulfate foams. The effect of stearyl alcohol in 
decreasing the bubble size of triethanolamine stearate foams is illustrated 
by the microphotographs in Figs. 6 and 7. These foams had the com­
positions described in Table VII.

The effect of cholesterol upon the bubble size of foams was opposite 
to that observed with the long-chain alcohols. Cholesterol caused a 
noticeable increase in bubble size. This is illustrated by the micro­
photographs in Figs. 8 and 9 of triethanolamine palmitate systems with 
and without cholesterol. The data in Table V III also show that cho­
lesterol decreased foam stiffness, which again is an effect opposite to that 
found with long-chain alcohols. These two effects, the increase in 
bubble size and the decrease in foam stiffness, suggest that the triethanol­
amine-fatty acid/cholesterol complex is very fluid, and during discharge 
the vaporization of the propellant into a gas expands the film more than 
when cholesterol is not present. This would explain both the increase 
in bubble size and the decrease in foam stiffness.
Variation in Alcohol Concentration

The effect of increasing concentrations of alcohol with triethanol­
amine laurate/lauryl alcohol and triethanolamine m yristate/m yristyl 
alcohol systems is shown in Tables X  and X I. In the triethanolamine 
laurate system, increasing concentrations of lauryl alcohol caused an 
increase in emulsion stability and a decrease in foam drainage. There 
was a slight tendency toward increasing foam stiffness.

Increasing lauryl alcohol concentration also increased foam stability. 
The foams with no lauryl alcohol or with a soap/lauryl alcohol ratio of 
1: / 4 wetted paper immediately after discharge. That with a soap/ 
alcohol ratio of 1: x/i wetted paper in about 25 minutes, and the foam 
with a soap/aleohol ratio of 1:3,4 wetted in about an hour. These re­
sults correlated essentially with the foam drainage results.
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T ab le  X
V aria tio n  in L au ry l Alcohol C o n ce n tra tio n -T rie th a n o lam in e  L a u ra te  System s

L a u ra te " /L a u ry l 
Alcohol R a tio  

(M ols)
E m ulsion  P roperties

F oam  P ro p erties6 ''
D rainage 
(60 m in)

Stiffness
(g)V iscosity S tab ility

1 :0 Low 1-5 m in 8 6 .0 8
1 :M Low 30-60  min 8 3 .0 10

Low > 6 0  m in 6 5 .0 16
Low > 1 6  h r 4 0 .0 18

1 :1 Low to  m edium >  16 hr 1 1 .0 22
° T rie th an o la m in e  la u ra te  co n cen tra tio n  =  0.10 M .
6 All d ischarges w ere quiet.
r All foam  densities ranged  from  0.062 to  0.063 g /cc.

T ab le  X I
V aria tion  in M y ris ty l Alcohol C o n c e n tra tio n -T rie th a n o lam in e  M y ris ta te  System s

M y ris ta te » / E m ulsion p rupertics
Alcohol R a tio  ------------------------------------------

(M ols) V iscosity S tab ility

F oam  P roperties '’
D ra inage  Stiffness T y p e  of

(3 h r)  (g) D ischarge
1 :0 Low 15-30 min 56 42 Q uiet

Low > 5  hr 9 45 Q uiet
i - H H igh > 5  hr i 42 Sligh tly  noisy
1 : H High > 5  hr 0 52 N oisy
1 :1 High > 5  hr 0 56 N oisy

" T rie th an o la m in e  m y ris ta te  co n cen tra tio n  =  0.10 M . 
b F o am  densities ranged  from  0.064 to  0.069 g/cc.

T ab le  X II
V aria tio n  in P ro p e llan t-T rie th a n o lam in e  L a u ra te /L a u ry l A lcohol System s

F o am  P ro p erties
L m ulsion .Properties D rainage 

(60 m in)
D ensity
(g /cc )

T y p e  of 
D ischargeP ro p e llan t V iscosity S tab ility (g)

Freon-12 Low to  
m edium

> 5  h r 4 18 0 .0 5 2 Q uiet

F reo n -1 2 /F reo n -1 1 4
(40 /60 )

Low to  
m edium

> 5  hr 4 21 0 .0 6 5 Q uiet

F reo n -114 Low to  
m edium

> 5  hr 2 26 0 .0 6 7 Q uiet— sem i­
liquid

F re o n -1 2 /F re o n -l l
(50 /50 )

Low to  
m edium

> 5  hr 44 8 0 .053 Q uiet

P ro p e lla n t 142b Low > 5  hr 65 12 0 .0 4 2 N oisy
P ro p e llan t 152a Low to  

m edium
> 5  hr 3 14 0 .0 3 6 N oisy
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F ig u re  7. P h o to m icro g rap h  of a  tr ie th a n o lam in e  s te a ra te /s te a ry l alcohol foam
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The same order occurred with foam persistence. The foam with no 
alcohol disappeared in about 30 minutes, and that with a soap/alcohol 
ratio of 1: disappeared in one hour. The remainder became thin
but retained most of their structure for over an hour.

In the triethanolamine m yristate/m yristyl alcohol series, the first 
increment of myristyl alcohol had a pronounced effect upon emulsion 
stability, foam drainage, and foam stability but subsequent additions 
of myristyl alcohol had much less effect. The foam with no myristyl 
alcohol wetted paper in about 25 minutes, while those with myristyl 
alcohol did not wet paper in an hour.

After two hours, the triethanolamine myristate foam had disap­
peared; but the remaining foams maintained most of their structure 
although the foams with the lower concentrations of alcohol became very 
thin.
Variation in Propellant

The effect of variation in propellants upon the properties of tri­
ethanolamine laurate/lauryl alcohol systems is shown in Table XII. 
All of the emulsions were quite stable, and differences in emulsion stabil­
ity  due to propellant variations were not detected. Freon-12/Freon-ll 
(50/50) and Propellant 142b gave the most rapidly draining foams, and 
Propellant 142b and Propellant 152a gave foams with the lowest density.

The foams with Freon-12/Freon-ll (50/50) propellant and Propel­
lant 142b wet paper immediately after discharge, while foams with the 
other propellants did not wet during an hour after discharge. These 
results therefore correlate with the foam drainage data.

The foams with Freon-12/Freon-ll (50/50), Propellant 142b and 
Propellant 152a collapsed almost completely within 30 minutes after 
discharge. Those with Freon-12, Freon-12/Freon-114 (40/60), or 
Freon-114, retained their structure for over an hour after discharge, 
although they showed surface decomposition and thinning.
Variation in Soap/Alcohol Concentration

The properties of triethanolamine laurate/lauryl alcohol and tri­
ethanolamine m yristate/m yristyl alcohol systems at concentrations of
0.025 and 0.100 M in the aqueous phase are shown in Table X III. In­
creasing the soap/alcohol concentration in the triethanolamine laurate/ 
lauryl alcohol system increased emulsion viscosity and emulsion stability 
but decreased the rate of foam drainage. Foams at both concentrations 
showed some thinning after two hours but retained their shapes.
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F ig u re  9. P h o to m icrog rap h  of a tr ie th a n o lam in e  p a lm ita te /ch o le s te ro l foam
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Increasing the concentration of the triethanolamine m yristate/ 
myristyl alcohol complex increased emulsion viscosity, emulsion stabil­
ity, and foam stiffness. The foams with either soap alcohol concen­
tration were fairly stable and, except for a slight surface crazing, changed 
very little in two hours.
Variation in Fatty Acid/Triethanolamine Ratio

Free fatty acids are normally present in solutions of the salts of 
fatty acids as a result of hydrolysis. These free fatty acids have been 
reported to form molecular complexes with the salts under certain cir­
cumstances. As previously mentioned, sodium stearate and stearic 
acid have been shown to form such complexes. The triethanolamine 
salts of the fatty acids, which are salts of weak bases and weak acids, 
would also hydrolyze to form free fatty acids. Complexes between the 
free fatty acids and the triethanolamine salts might be formed in the 
aerosol systems.

It was hoped to obtain evidence for the existence of such complexes 
in the triethanolamine-fatty acid systems by changing the concentration 
of free fatty acid. Samples were prepared in which the ratios of fatty  
acid to triethanolamine were 1:1.5 and 1.5:1. In the first system, 
there was an excess of the triethanolamine, and in the second system  
there was an excess of the fatty acid. If the aerosol system containing 
the higher concentration of fatty acid exhibited the usual properties

T ab le  X II I
E ffect of V ariations in Soap A lcohol C oncen tra tions"

S alt C o n cen tra tio n  in A queous P h ase
0.025 M  0.100 M

T rie th an o la m in e  L a u ra te /L a u ry l Alcohol
E m ulsion viscosity Low Low to  m edium
E m ulsion s ta b ility <1 m in > 5  hr
F o am  d ra in ag e  (60 m in) 20 6
F oam  stiffness (g) 20 20
T y p e of discharge Q uiet Q uiet
D ensity  (g /cc ) 0.06 0 .0 6

T rie th an o lam in e  M y ris ta te /M y ris ty l A lcohol
E m ulsion viscosit}' Low H igh
E m ulsion  s ta b ility 1 -5  m in > 5  hr
F o am  d ra inage (60 m in) 2 0
F o am  stiffness (g) 24 56
T y p e  of d ischarge L iqu id— noisy N oisy
D en sity  (g /c c ) 0 .1 3 0 .0 7
" S o ap /a lco h o l ra tio  (m olar) =  1:1.
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associated with complex formation, this would be considered evidence 
for the formation of the complexes.

The data obtained with lauric, myristic, and palmitic acids in com­
bination with triethanolmine are given in Table XIV. In the triethanol­
amine laurate system, the addition of excess lauric acid had essentially 
no effect upon the properties of the system. There also was little effect 
upon foam stability. Foams from both mixtures wetted paper almost 
immediately after discharge and started to collapse. These results indi­
cated that molecular complex formation was negligible in the triethanol­
amine laurate systems.

The addition of excess myristic acid to the triethanolamine myristate 
system had a noticeable effect upon the properties, however. Emulsion 
viscosity, emulsion stability, and foam stiffness increased, and the rate 
of drainage decreased. Foam stability was affected similarly. The 
foam with an excess of triethanolamine started to wet paper within 10 
minutes, became very thin, and started to collapse. The foam with an 
excess of myristic acid showed little change after an hour. This effect 
of myristic acid upon the properties of the triethanolamine myristate 
system are typical of complex formation.

In the triethanolamine palmitate system, excess fatty acid resulted 
in an increase in emulsion stability and in foam stiffness. The rate of 
drainage was low regardless of the acid base ratio, and the foam stability 
was high. Foams with both acid/base ratios showed little change after 
two hours. It seems likely that strong molecular complexes between 
palmitic acid and triethanolamine palmitate were formed, regardless of 
the acid/base ratio.

T ab le  X I Y
V aria tio n  in F a t ty  A c id /T rie th a n o lam in e  R a tio

Acid
A cid /B ase  

R a tio  (M ols)
E m ulsion  P ro p erties

F o am  P ro p e rtie s ' - d
D rainage 
(60 m in)

Stiffness
(g)V iscosity S tab ility

L auric 1:1.! &« Low <1 m in 85 9
1:1 4 " Low <1 m in 86 10

M y ris tic 1:1 } # Low <1 m in 71 21
Low to  m edium >1 h r 5 37

P a lm itic 1 : 13|N Low to  m edium 15-30 m in 0 23
1.4 : 1' ’ Low to  m edium >1 h r 0 42

0 1 : 13'2 ra tio  =  0.10 M  a c id /0 .15 M  base. 
b l l - iy l  ra tio  =  0.15 M  a c id /0 .1 0  M  base. 
c All d ischarges are quiet.
''A ll densities range from  0.060 to  0.069 g/cc .
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D i s c u s s i o n  o f  R e s u l t s

The addition of many of the long-ehain alcohols to aerosol emulsions 
based either on sodium lauryl sulfate or the triethanolamine salts of the 
fatty  acids has a pronounced effect upon such properties as emulsion 
viscosity and stability and foam drainage, stiffness, and stability. 
These effects are similar to those observed previously in nonaerosol sys­
tems and indicate that complex formation occurs between the surfac­
tants and the alcohols in the aerosol systems. The aerosol systems used 
for the study were relatively simple. In aerosol products, where there 
may be many more ingredients, the effects of the added alcohols might 
be modified by the other components present, particularly if they were 
surface active.

The molecular complexes generally had an observable effect on the 
properties of both the aerosol emulsions and the resulting foams. Com­
plex formation, therefore, occurred initially at the propellant/water 
interface in the aerosol emulsions and subsequently influenced the 
properties of the foams when the emulsion was discharged. Complex 
formation probably occurred in the bulk phase of the emulsion by 
solubilization of some of the alcohol molecules in the surfactant micelles 
as well as at the propellant/water interface.

The wetting properties of the foams on paper correlated well with 
the drainage rates and, in many cases, with foam persistence. The 
effect of the complexes in decreasing foam drainage was very marked 
and was consistent with the results reported on the effect of molecular 
complexes in nonaerosol foams. The effect of the complexes in decreas­
ing foam drainage is considered to result from an increase in surface 
viscosity. In the present work, there were many cases in which an 
obvious decrease in foam drainage and an increase in foam stiffness 
could be interpreted on the basis of complex formation. In other cases, 
a decrease in foam drainage occurred, but there was no apparent increase 
in foam stiffness. It is probable that the foam stiffness measurements 
are much less sensitive than drainage tests and do not show increases in 
foam viscosity unless the increase is fairly large.

Cholesterol had little effect upon the properties of sodium lauryl 
sulfate systems and apparently did not form strong complexes with 
sodium lauryl sulfate in aerosol systems. Previous work indicated that 
cholesterol did form complexes with sodium alkyl sulfates in nonaerosol 
systems.

In triethanolamine palmitate and stearate systems, cholesterol in­
creased foam drainage slightly and decreased foam stiffness. It also
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increased the bubble size of the foams. I t  is possible th a t these effects, 
which are opposite those of the long-chain alcohols, are due to the for­
mation of liquid complexes with cholesterol. Previous work showed 
th a t cholesterol formed liquid complexes with sodium cetyl sulfate, 
while cetyl alcohol formed solid complexes (3). The addition of 
cholesterol to the triethanolamine-fatty acid systems may have resulted 
in the formation of a film which had a lower viscosity than that of the 
triethanolamine salt-fatty acid complex. This would produce a foam 
with lower stiffness. The increased bubble size would also account for 
the slight increase in the drainage. Miles and his co-workers showed 
th a t the flow of liquids through foams decreased with a decrease in 
bubble size in the foam (4). The increased bubble size resulting from 
the presence of cholesterol might be accounted for by the increased 
fluidity of the liquid films. Such films would be expected to expand 
more during discharge of the product and subsequent vaporization of 
the propellant than more solid films. The greater expansion should 
produce large bubble sizes.

Another interesting effect th a t occurred with the addition of many 
alcohols was the change from a quiet discharge to a noisy, sputtery 
discharge. There probably are a number of factors involved in this 
effect. If combinations of alcohols and surfactants form strong, solid 
complexes a t the propellant/water interface in the emulsion, these com­
plexes might resist expansion when the product was discharged and the 
propellant vaporized into a gas. The fact tha t triethanolamine palmi- 
tate or stearate emulsions also gave noisy discharges without any 
alcohols present is an indication tha t fairly strong complexes between 
the free fatty  acid and the triethanolamine soap are formed in these 
systems.

Another factor may be the droplet size of the dispersed propellant 
in the aerosol emulsion or possibly the uniformity of the droplet size. 
Emulsions containing large-size droplets might produce a noisier dis­
charge than those with smaller droplets. There is no direct evidence for 
this, bu t a larger droplet size might explain why some of the cholesterol 
emulsions gave noisy discharges and also why some propellants gave a 
product with a noisier discharge than other propellants.

S u m m a r y  a n d  C o n c l u s io n s
The effect of various alcohols upon the properties of aerosol emulsions 

and foams was studied to determine if the alcohols formed molecular 
complexes with the surfactants. In many cases, the addition of an
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alcohol had a marked effect upon the aerosol system. Emulsion vis­
cosity and stability were increased, foam drainage was decreased, and 
foam stability was increased. Foam stiffness was increased in some 
systems. On the basis of these results, it was concluded that molecular 
complexes were formed in aerosol systems. The effect of these com­
plexes upon the properties of the systems was similar in many respects 
to tha t previously reported with nonaerosol systems.

The use of molecular complexes is an effective method for varying 
the properties of aerosol foams. By the proper choice of surfactant, 
alcohol, and propellant, foams may be obtained which wet immediately 
after discharge and then collapse or which wet immediately but retain 
their foam structure. Foams may also be obtained which are quite 
stable and show no wetting or collapse for extended periods. Aerosol 
emulsions can be formulated to give an immediate foam discharge or a 
liquid discharge which subsequently expands into a foam.

The aerosol emulsions were prepared with sodium lauryl sulfate or 
the triethanolamine salts of lauric, myristic, palmitic, and stearic acid 
as the surfactants and fluorinated hydrocarbon propellants as the dis­
persed phase. The effect of alcohols upon the emulsions and foams was 
studied with lauryl, myristyl, cetyl, stearyl and oleyl alcohols and 
cholesterol.

The extent to which any alcohol affected the properties of a specific 
aerosol emulsion or foam depended upon such factors as the type and 
concentration of the alcohol, the surfactant, and the propellant. The 
saturated fatty  alcohols formed complexes in both sodium lauryl sulfate 
and triethanolamine-fatty acid systems. Microscopic observation 
showed tha t complex formation usually reduced the bubble size of the 
foams. In  some instances, the addition of an alcohol resulted in a 
product which had a noisy or sputtery discharge. This was attributed 
to the formation of a solid molecular complex which resisted expansion 
when the liquefied propellant vaporized during discharge.

Cholesterol had little effect in sodium lauryl sulfate systems but 
formed fluid complexes in the triethanolamine-fatty acid systems. 
These complexes expanded easily during discharge, and this increased 
bubble size and decreased foam stiffness. Oleyl alcohol likewise had 
little effect in sodium lauryl sulfate systems but appeared to form weak 
complexes in some of the triethanolamine-fatty acid emulsions.

The type of propellant had a considerable influence on the properties 
of surf actant/alcohol systems. In general, the most stable emulsions 
and foams were obtained with Freon-12, Freon-12/Freon-114 (40/60)
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or Freon-114. Freon-12/Freon-ll (50/50), Propellant 142b, and Pro­
pellant 152a gave less stable foams. The latter two propellants gave 
foams with the lowest density.

Triethanolamine-fatty acid systems with an excess of fatty  acid 
were investigated to a limited extent. The data indicate that fatty  
acids also form complexes with the triethanolamine salts.

The results of the present study show tha t molecular complex for­
mation can vary the properties of aerosol emulsions and foams over a 
wide range. These data were obtained with simple aerosol systems. 
The extent to which the present findings can be applied to modify the 
properties of practical aerosol products remains to be determined. 
Possible applications include the formulation of more heat stable foams, 
resulting from a potentially higher film drainage temperature with the 
foams containing molecular complexes, and the preparation of aerosol 
emulsion systems with powder suspensions. The increased viscosity of 
the aerosol emulsion systems with molecular complexes might retard 
settling and agglomeration of the powder sufficiently so tha t a practical 
product could be obtained.

(Received March 29, 1966)

R e f e r e n c e s
(1) Schulman, J. H., and Rideal, E. K., Proc. Roy. Soc., I22B, 29, 46 (1937).
(2) Schulman, J. H., and Stenhagen, F., Proc. Roy. Soc., 126B, 356 (1938).
(3) Schulman, J. H., and Cockbain, E. G., Trans. Far. Soc., 36, 51 (1940).
(4) Miles, G. D., Shedlovsky, L., and Ross, J., J. Phys. Chem.. 49, 93 (1945).
(5) Miles, G. D., Ross, J., and Shedlovsky, J., J. Am. Oil Chemists' Soc., 27, 268 (July, 1950).
(6) Epstein, M. B., Ross, J., and Jakob, W. C. W., J. Colloid Sei., 9, 50 (1954).
(7) Becher, P., and Del Vecchio, A. H., J. Phys. Chem., 68, 3511 (December, 1964).
(8) Epstein, M. B., Wilson, A., Jakob, W. C. W., Conroy, L. E., and Ross, J., J. Phys. 

Chem., 58, 60 (1954).
(9) Kung, H. C., and Goddard, E. D., J. Phys. Chem., 67, 1965 (1963).

(10) Kung, H. C., and Goddard, E. D., J. Colloid. Sei., 20, 766 (September, 1965).
(11) Ryer, F. V., Oil and Soap, 23, 310 (1946).
(12) John, L. M., and McBain, J. W., J. Am. Oil Chemists' Soc., 25, 141 (1948).
(13) Reed, F. T., Chemical Specialties Manufacturers’ Association, Proc. 39th Annual Meet­

ing, p. 32 (December 1952).
(14) Foresman, R. A., Ibid., p. 35.
(15) Carter, P., and Truax, H. M., Proc. Sei. Sect. Toilet Goods Assoc., 35, 37 (May, 1961).
(16) "Freon” Aerosol Report, FA-21, Aerosol Emulsions with the "Freon” Propellants, E. I. 

du Pont de Nemours & Co.
(17) Sanders, P. A., J. Soc. Cosmetic Chemists, 9, 274 (September 1958). Also available as 

“Freon” Aerosol Report, A-49, E. I. du Pont de Nemours & Co.
(18) Sanders, P. A., Aerosol Age, 5, No. 11, 33 (November 1960). Also available as "Freon” 

Aerosol Report, A-53, E. I. du Pont de Nemours & Co.



830 JOURNAL OF T H E  SOCIETY OF COSM ETIC CHEM ISTS

(19) Id., Ibid., 8, No. 7, 33 (July, 1963). Also available as “Freon” Aerosol Report, A-58, E.
I. du Pont de Nemours & Co.

(20) “Freon” Aerosol Report, A-59, Aqueous Alcohol Aerosol Foams, E. I. du Pont de Nemours 
& Co.

(21) Sanders, P. A., Soap and Chem. Specialties, 39, No. 9, 63 (September, 1963). Also 
available as "Freon” Aerosol Report, A-60, E. I. du Pont de Nemours & Co.

(22) Sanders, P. A., Am. Perfumer, 81, 31 (February, 1966). Also available as "Freon” 
Aerosol Report, A-62, E. I. du Pont de Nemours & Co.

(23) Sumner, C. G., Clayton’s, The Theory of Emulsions and Their Technical Treatment, 5th 
Edition, p. 497, The Blakiston Co., Inc., New York (1954).

(24) Schwartz, A. J., Perry, J. W., and Berch, J., Surface Active Agents and Detergents, Voi.
II, p. 474, Interscience Publishers, Inc., New York (1958).

(25) Becher, P., Emulsions: Theory and Practice, 2nd Edition, p. 151, Reinhold Publishing 
Corp., New York (1965).

(26) Bikerman, J. J., Foams: Theory and Industrial Applications, Chapter 4, Reinhold
Publishing Corp., New York (1953).



Book Reviews

Atomic  A b so r ptio n  Spec tro sco py , 
by James W. Robinson, Marcel 
Dekker, Inc., New York, N. Y. 1966. 
204 pages, illustrated and indexed. 
Price $9.75.

Atomic absorption spectroscopy is 
a relatively new analytical tool but its 
importance is growing steadily. De­
spite the difficulties of interferences 
by extraneous elements, the rising 
popularity of this technique is due to 
its speed and relatively low cost. 
Atomic absorption spectroscopy is, in 
effect, the reverse of emission spec­
troscopy. The major difficulty is the 
problem of generating the element 
(usually metallic) from its compounds 
before atomic absorption spectros­
copy can be carried out. Thus, a 
large portion of this book is devoted 
to descriptions of atomizers, i.e., 
equipment which generates neutral 
atoms.

This book is concerned primarily 
with practical problems. Accord­
ingly, the theory of spectroscopy is 
deemphasized; instead, much space is 
devoted to equipment and to methods 
for the determination of about 50 ele­
ments. This includes most of the 
metallic elements which are present in 
cosmetics either deliberately or as im­

purities. It is likely that this tech­
nique, for which relatively inexpen­
sive commercial equipment is avail­
able, will soon receive wider applica­
tion in the cosmetic and other indus­
tries. This book should prove to be a 
worthwhile introduction to these 
newer methods and a practical guide 
for the analyst.—M. M. R ie g e r —  
Warner-Lambert Research Institute.

Ag in g , edited by  William Montagna, 
Pergamon Press, Oxford, England. 
1966. 237 pages, illustrated and
indexed. Price $15.

“Aging” is the report of the May, 
1964, “Oregon Symposium” ; it con­
tains contributions from some of the 
foremost authorities in their respec­
tive fields. Thus, this reader looked 
forward eagerly to the task of review­
ing this, the sixth volume in Mon­
tagna’s Advances of the Biology of 
Skin. Unfortunately, his anticipa­
tion was not fulfilled by this book.

Publication more than two years 
later of the papers delivered at a 
meeting is a delay which materially 
reduces interest. In the meantime, 
several of the papers, especially those 
presenting new findings, have ap­
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peared in various scientific journals; 
repetition now can be justified only by 
the attempt to publish the complete 
proceedings of the symposium.

Aging of the skin and of its ap­
pendages is an important social prob­
lem for older members of a youth- 
oriented society. It is surprising, 
therefore, that this book includes only 
one chapter on attempts to improve 
or rejuvenate aging skin by clinical 
methods. On the other hand, about 
15 of the 17 chapters of this book deal 
with comparisons between young and 
old skin. Unfortunately, the reader 
is not alerted to the fact that horizon­
tal aging studies—and this book is 
concerned only with comparisons be­
tween skin of different individuals of 
different ages—are not as definitive as 
longitudinal studies.

The reader of a scientific book is en­
titled to expect the author to delineate 
new problems, point out unusual 
findings, and if possible give some 
scientifically sound explanation. 
Thus, it is disturbing that one author 
neglected to mention that amino acid 
analyses of dermal tissue suggest that 
the total collagen content of elastotic 
skin is closer to that of skin from pre­
mature infants than that of normal 
(?) adults.

This reviewer is not qualified to 
judge the histological and morpholog­
ical observations of aging skin which 
account for several major chapters in 
the book. On the other hand, some 
of the gross observations of the gray­
ing of hair appear to be not quite 
justified. One of the authors states 
that “graying appears first on the 
temples. . . .  In a recent examina­

tion of eight octogenarians, virtually 
no hypomelanotic hairs were found in 
the axillae, presternum and pubis.” 
From personal observation, this re­
viewer knows that graying in males 
frequently occurs first in the prester­
num area. In the same section it is 
noted that “before the hair becomes 
completely white, the pigmentation of 
the individual hairs that together 
with others look gray, may cover the 
entire range of color dilution.’ This 
statement implies that fibers grad­
ually change color until they finally 
turn completely white and is, there­
fore, contrary to observed facts.

Despite the above-voiced objec­
tions to the book, this volume is im­
portant reading for those of us who 
are interested in the aging of skin and 
related phenomena. The book pre­
sents some significant new data, on 
one hand, and, at times, is an excel­
lent and comprehensive review. The 
reader is, however, advised to analyze 
and examine observations and state­
ments with considerable care before 
accepting all the conclusions made by 
the contributors.—M. M. R ie g e r—  
Warner-Lambert Research Institute.

E ncyclopedia  o f  C h e m ist r y , 2nd 
Edition, edited by G. L. Clark and 
G. G. Hawley. Reinhold Publishing 
Corp., New York, N. Y. 1966. 1114
pages, illustrated and indexed. Price 
*25.

The reviewing of an encyclopedia is 
not an easy task: Sometimes the
value of an encyclopedia lies in the 
number of entries, and sometimes it is 
to be found in the completeness of
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coverage of the subject. Neither of 
these criteria can be applied to this 
particular volume. Instead, the orig­
inal meaning of the Greek word, en­
cyclopedia, i.e., instruction in a broad 
area of knowledge, describes this vol­
ume more precisely. In fact, this en­
cyclopedia is an alphabetically ar­
ranged textbook of chemistry and 
chemical technology. The number of 
entries is limited, but each of them is 
detailed enough to provide broad 
coverage of the subject under scru­
tiny. This book is not for the novice 
but requires some background in 
chemistry. Each entry is carefully 
explained, and some derivation of 
equations is given; it serves as an in­
troduction to the subject and at the 
same time is an excellent review for 
those who are already familiar with it. 
What is particularly noteworthy is 
the fact that each entry is truly a 
brief and readable discussion of an im­
portant subject. Typical is the 
three-page entry on foam. There are 
no separate entries for the Gibbs ad­

sorption theorem, the Laplace and 
Marangoni effects, and antifoams; 
instead, these points are presented in 
a logical manner and in a clear and 
concise style, which makes for pleas­
urable reading.

This reviewer was impressed by the 
large list of contributors, many of 
whom are well-known experts in their 
respective fields. Although it may be 
presumptious to recommend reading 
of an encyclopedia from cover to 
cover, such an activity would be an 
excellent refresher course in chemis­
try. Even occasional browsing 
through this volume will be reward­
ing; and finally, this book will serve 
well as a desk reference. The empha­
sis of this encyclopedia is not on de­
tails (which can be found readily in 
the various handbooks of chemistry) 
but on the broad principles and theo­
retical aspects. Therein lies the main 
value of this book, which can be rec­
ommended to all unequivocally.— 
M. M. R ie g e r—Warner-Lambert 
Research Institute.
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Transla t ions  Available

English translations of the following papers may be obtained by w rit­
ing to Mr. Robert A. Kramer, Evans Chemicals, Ine., 250 East Forty- 
third Street, New York, New York 10017.

“Studies of the Phenomenon of Permanent Waving of Human H air,” 
by Dr. Hans Freytag.

“Alteration of Hair Keratin by Cosmetic Processing and Natural 
Environmental Influences,” by Dr. Peter Berth and Dr. Gunter 
Reese.

“New Information about the Morphological Structure of the H air,” 
by Dr. Rudolf Randebrock.

“The Application of the Analytical Methods of Sulfur Chemistry to 
Permanently Waved H air,” by Prof. Dr.-Ing Helmut Zahn, Dr. 
Tarsilla Gerthsen, and Dipl.-Chem. Marie-Luise Kehren.
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