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l)cim fif o/fnignmee.......
m û d e -to -m M s u w fir y o u r  s u c c e s s !

Beauty of fragrance is elusive . . . indefinable . . . yet vital to 
the success of a perfume or cosmetic!

It takes imagination to conceive a beautiful, original fragrance 
. . . skill and knowledge to give it exactly tbe right distinction 
and character.

Givaudan s imagination, skill and knowledge are reflected in 
many successful creations. They can provide you with match

less fragrances—made-to-measure for your 
success!

G  I V  A  U  D A NG I  VA U IIA  > - 1» liS.AWA A’ft A. MAC. 
3 2 1  W e s t  4 4 th  S tr e e t , N e w  Y o r k  36 , N .Y .
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Thiochemicals 
for the
Cosmetic Chemist
Ammonium Thioglycolate 
Monoethanolamine Thioglycolate 
Thioglycolic Acid

DL-TDP
Dilaurylthiodipropionate
DS-TDP
Distearylthiodlpropionate

Thiodipropionitrile

HALBY PRODUCTS CO., INC.
WILMINGTON, DEL 19899
phone: (302) OLympia 6-5428 
Thioglycolic & Thiodipropionic Acids & Derivatives



Have you tried
PENN-DRAKE PETROLATUM 
to add the extra sales appeal of

elegant smoothness?
long shelf life? 

effective eye appeal?
Penn-Drake is one of the country’s oldest and most experienced 

refiners of petrolatums. Precise manufacturing 
techniques enable us to produce petrolatum with the superb 

quality . . . the smooth amorphous structure and 
“body” . . . the pharmaceutical elegance that adds to the 

customer appeal of your products. Phone collect, or 
write today for technical information and samples. 

P E N N S Y L V A N IA  REFINING COM PANY  
Butler, Pa., Phone 412/287-2781.

r

penn-drake
WHITE MINERAL OILS 

PETROLATUMS
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Pa rm avert
FLORAL GREEN NOTE 
NON-IRRITATING 
STABLE IN ALKALIES 
EXTREMELY POWERFUL

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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Emulsion stabilizer? 
Suspending agent?

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

V eeg u m  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 V eeg u m  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 V e e g u m . Samples for 
experimental work on request. R. T. VANDERBILT Company, Inc.,
Specialties Department, 230 Park Ave. New York, New York 10017.



A PROUD TRADITION OF SUPERIOR SERVICE TO THE PERFUMERY INDUSTRY

r o u r e - d u p o n t
n e w y o rk  C h ica go  hollyw ood

Sole agents in the United States and Canada for SOCIETE ANONYME DES ETABLISSEMENTS ROURE-BERTRAND FILS et JUSTIN DUPONT
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EXECUTIVE OFFICES
900 VAN NEST AVENUE, N T .  62, N .Y .,
CHICAGO 6, LOS ANGELES 21,
OFFICES IN ALL PRINCIPAL CITIES 
AGENTS IN ALL PRINCIPAL COUNTRIES

L A B O R A T O R IE S  INC.

This advanced 
creativity is 
as near as
you r telephone dial... 
contact 
Florasynth  
today!

the
natural beauty 
of a 
whole 
scent
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L A N O L I N  D E R I V A T I V E S
for

COSMETIC and PHARMACEUTICAL
application

4 4
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LANOIL liquid lanolin
a pure fluid fraction of lanolin —  oil soluble 
—  used as a moisturizer, skin lubricant, W /0  
emulsifier.

LANTOX 5 5  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.

LANO LIN  ALCOHOLS
t ie  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 9 0
a self-emulsifying lanolin providing highest de
gree of water dispersibility and absorption prop- 
e-ties. Achieves milk-white emulsions with all 
proportions of water.

SAMPLES ON REQUEST 
SEND FOR TECHNICAL LITERATURE

THE LANAETEX PRODUCTS, INC.
m anufacturers o f  lanolin and lanolin  
derivatives fo r  over a quarter cen tury

151-157 THIRD AVENUE • ELIZABETH 1, N. J.
PHONE (Code 201) 351-9700



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Exciting, creative packaging based upon solid 
experience lias become a FLUID tradition. 
Manufacturing chemists and contract pack
agers since 1921. we have a proud reputation 
for product pioneering and quality continuity. 

ISO other contract packager is equipped to of
fer such a complete line of packaging services 
to so many different industries. FLUID does 
not market am 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- p
centrate on profitable marketing. -----
Call on FLUID for qualit\ service. ~

8 7 8 M T . P R  0 S P EC T A Y E N L E  
NEWARK, N. J.

Telephone: X. J.~ IIUmholdl 1-1000 
X. V. -White Hall .i-05 W 

Cable: Fluidkem

1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
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■■ -  Affiliates —

Schimmel International Ltd., Slough, England 
Schimmel do Brasil, Ltda., Sao Paulo, Brazil 

SOPAS, s .a .r .l ., Grasse, France



This graceful racing sloop, skillfully manned by crewmen who are masters of the sail
ing arts, is an example of truly outstanding performance • At Fleuroma, the highly 
specialized skills and imaginative talents of world-renowned perfumers, combined 
with the finest technical and chemical facilities available, originate and create exciting 
fragrances that make your products unique ... desirable ... memorable.

F L E U R O M A



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, 
j\nd a powerful free sterol de
pressant o f interfacial tension. 
AMERLATE®p —  isopropyl lano- 

late. Emollient ester of lanolin 
fatty acids. A particularly ef
fective 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
solulan®.— ethoxylated deriva

tives. Water soluble, yet emol
lient! Solubilizers o f great gen
eral utility. Impart excellent 
plasticizing, lubricating, condi
tioning and pigment wetting 
qualities at low concentration.

PENETRANT
acetulan®—  acetylated lano
lin alcohols, Nonoily hydro- 
phobic liquid emollient. Pene
trates and lubricates, leaving a 
persistent velvety afterfeel that 
is truly remarkable.

EMOLLIENT
modulan® —  acetylated lano
lin. f  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
viscolan ® —  dewaxed lanolin. 
Supplies all the natural bene
fits of lanolin in intensified, 
convenient liquid form. Oil 
soluble, low odor and color. 
waxolan®—  lanolin wax frac
tion. Adds gloss and grooming 
effects. Stabilizes emulsions. In
creases melting point, viscosity 
and consistency. 
cholesterol usp— pure white 
and practically odorless. Suit
able for the most exacting uses 
in pharmaceuticals and cos
metics.

UNSATURATES
polylan® —  essential polyun
saturate. Liquid wax ester. Com
bines the natural benefits of 
linoleic acid with the softening, 
protective, and conditioning 
properties o f lanolin’s most ac
tive components. 
ricilan® —  lanolin ricinoleates. 
Provide valuable new skin ori
ented properties. Unusual com
binations of selected lanolin 
alcohol and castor oil com
ponents designed especially for 
lipsticks.

AME!

A M 8RC H O L

A N S W E R S
waiting for problems
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.

l û
Complete technical data, samples, 
and suggested formulas are available 
from our research laboratories.

(rnnerchol
AMERICAN CHOLEETECHOLESTEROL PRODUCTS, INC.

Amerchol Park • Edison, New JerseyfU.S. & foreign patents
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CALL
ON

W H I T T A K E R
F O R . . .

T A L C
+

K A O L IN
+

O T T A S E P T
+

S T E A R A T E S
+

C O S M E T IC  C O L O R S
+

M IN E R A L  C O L L O ID S
+

T IT A N IU M  D IO X ID E  T G A

W hittaker, Clark & Daniels, Inc. 
100 Church St., New York, N. Y.
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For nea rly  h a lf a c e n tu ry  . . . unp a ra lle le d  crea tive  
a rtis try  . . .  in the  d eve lopm en t and to ta l expression  o f 
the  fra g ran ce  co nce p t and its  in f in ite  nuances . . . has 
been the  ded ica ted  role o f A lb e rt V erley & Com pany.

In the  e vo lu tio n  o f a p rom is ing  essence fro m  w h ich  
b e a u tifu l frag rances are conce ived  . . . V erley ins is ts  
upon ing re d ie n ts  o f the  h ig h e s t q u a lity  . . . u tiliz e s  the  
fin e s t labo ra to ry  fa c ilit ie s  e m p lo y in g  the  m ost advanced 
o f s c ie n tif ic  te ch n iq u es  . . . and possesses, th rough  
ex tens ive  and c o n tin u in g  research, a com prehens ive  
know ledge  o f consum er requ irem en ts . The m a te ria ls  used 
in the  c re a tio n  and p ro d u c tio n  are c a re fu lly  screened 
. . . the  re s u ltin g  com pounds p rec ise ly  checked and p er
fo rm a nce  tes ted  in c o n tro l and a p p lic a tio n  labora to ries . 
O b jec tive  eva lu a tion  o f a frag rance  th ro u gh  re lia b le  
panel p rocedures  assures a m a rke t a c c e p ta b ility  o f 
V erley com pounds.

Add to  th is  u np a ra lle le d  heritage  the  end less search fo r 
un ique  and p rovoca tive  frag rances . . . the  ca p tu re  . . . 
th e n  the  su b tle  b le n d in g  o f rare and e lus ive  q u a litie s  
th a t em body the  p erfum e  long rem em bered  and cherished. 
Each scen t . . . deve loped so le ly  to  p e rfo rm  and fu l f i l l  
the  fu n c tio n  fo r  w h ich  i t  was created  . . . in s u rin g  the  
fu l l  a ro m a tic  express ion  and accep tance  o f your p roduct.

for unparalleled fragrance . . .  for the expression . . .  
for your p ro duct. . .
check with the man from VERLEY

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 • TEM PLE CITY, CALIFORNIA 
AROMESCENCE INC.

10 RUE PERGOLESE • PARIS 16, FRANCE

ci
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Lanogene is first choice

among liquid lanolins

because
it is a natural oii, biologically akin 

to the lipids of human skin 
It is superior to its parent product 

lanolin — because it possesses a much higher 
spreading coefficient, is more penetrative

and deposits a water-binding film that 
promotes moisture retention. Preparations 

containing lanogene may be labelled 
“ contains lanolin” .

For complete data request Product Bulletin 28

ROBINSON WAGNER CO., Inc.
Leaders in Lanolin Research & Development

628 W averly  A venue , M am oroneck, N. Y.



iitoche
76 NINTH AVENUE, NEW YORK, N. Y. 10011
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Only Malmstrom offers a choice of 3 types 
of lanolins that are water and alcohol soluble.

LANFRAX* WS 55 — Alkoxylated Lanolin Wax; a
hard waxy solid, non-ionic emulsifier, emollient and 
plasticizer for a firmer emollient film.

ETHOXYLAr — Alkoxylated selected Cosmetic 
Grade Lanolin; a soft waxy solid, non-ionic emulsifier, 
emollient and plasticizer for a medium emollient film.

LANTROL® AWS — Alkoxylated Lanolin Oil; a 100% 
active liquid non-ionic emulsifier, emollient and plasti
cizer for a softer silkier emollient film.

With a choice of these three (3) water and alcohol soluble lanolins 
you can formulate the precise feel and characteristics you want; 
and, all three (3) are cosmetically elegant lanolins-light in color,
free from odor. ., . , , ,  , ,Write or phone for data and samples.

C o r p . 1501 West Elizabeth Avenue, Linden, N.J. 07036
Telephone (201) 925-7500

CANADA: Frank E. Dempsey & Co. Ltd., 47 Davies Ave., Toronto 8, Ont. 
ENGLAND: Cyclo Chemicals Ltd., Mansfield House, Strand, London, W.C.2 

FRANCE: S.A.C.I., 12 Rue Le Chatelier, Paris 17e 
GERMANY: R.E.W.O. Chem Fab GmbH., Steinau Kreis Schlüchtern 

MEXICO: Productos Lindest, A.P. 295, San Bartolo Naucalpan



SUCCESSFUI
FRAGRANCE:

D evelop ing perfum e com pounds for f: 
extracts, colognes and toilet waters 
the province o f the expert perfumer, 
the D&O Fine Perfum e L aborator 
a carefully integrated program  of 
s e a r c h  a n d  d e v e lo p m e n t  in t o  t  
ever-changing applications o f perfu. 
assures the custom er o f the m ost up
d a te  m a t e r ia ls  a n d  p r o c e s s e s .  O  
perfum ers stand ready to create in 
vidualized fragrance appeal for yc 
products.

SEVENTY-FIVE 9 th  AVE NEW YORK. N. Y. 1C

D k O

D o d g e  ê 9 O l c o t t  I n

SEEKING A
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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 
s h a m p o o  c o n c e n 
trates.

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

^ Q U A L I T Y

VAN DVK G. COMPANY, INC.
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY

1 1 1

■  
: I
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•  F R A G R A N C E S

S C IE N T IF IC A L L Y  D E VELO PED  A N D  M A N U F A C T U R E D  

E S P E C IA L L Y  FOR C O S M E T IC  F O R M U L A T IO N S

K n a p p  p r o d u c t s , in c .
^  LODI, N EW  J E R S E Y

Phone: PRescott 9 -6 9 4 5
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PERFUMER
Continued corpora te  grow th, m ade possi
b le  by  technical achievements in new 
products and applications, have created 
an opening o f exceptional challenge and 
responsibility fo r a Perfumer with exten
sive experience and a degree  in chem
istry.
A pp lican t should possess a good know l
edge  o f modern techniques re la ted  to 
perfum ery m ateria ls and usage in the 
fie lds o f cosmetics, to ile tries and re la ted  
products. Previous supervisory a b ility  
and the desire to eventually move into 
an adm inistrative level desired.
Prompt and highly confidential inter
views w ill be a rranged with our tech
nical staff.

Please write in full confidence to:
M r. Carl S tru b

M a na g e r— Adm inistrative Services

COLGATE-PALMOLIVE
COMPANY

909  River Road, New Brunswick, N. J.

An Equal Opportunity Employer

COSMETICS
SPECIALISTS TO THE 
PRIVATE LABEL TRADE

* Formulating
* Manufacturing
* Styling
* Packaging

O ur experienced sta ff offers a com
p lete service fo r Distributors in 
the A tlantic and Central States.

CO SM ETIC  LAB O R ATO R IES, 
IN C O R P O R A TED

2272 East Jefferson Avenue 
Detroit 7, Michigan

LEBERCO 
LABORATORIES

Hormone Assays 
Drug Assays

Cosmetic and Pharmacological 
Research

Toxicity, Eye and Skin 
Irritation Studies

Anti-Biotic and Fungicidal
Assays

Sensitivity Tests

Patch Testing and Clinical 
Studies

123 HAWTHORNE ST. 
ROSELLE PARK, N. J.

TEN VOLUME 
INDEX

Copies o f the Index fo r V o l

umes I— X (1 9 4 7 -1 9 5 9 ) a re  

a v a ila b le  a t Sw.Fr. 10 per copy 

from  the

S w iss  Society  of 
C osm etic  C h em ists

7, place de la Fusterie 
Geneva, Switzerland
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Topically Speaking—
Why Not ROBANIZE Your Product?

R O B A N E ®

Purified H exam ethyltetracosane, Squalane 

Liquid vehicle NATURAL to skin and sebum

A  N A T U R A L  adjunct to derm atologicals, topical pharmaceuticals
and cosm etics

C E T Y L  P A L M IT IC  A L K Y L 0 L A M 1 D E  

Self-Em ulsifying Spermaceti-Am ide

The satiny feel
The m ost desirable properties and structure o f Spermaceti 

and Cetyl A lcohol com bined in an emulsifiable form.

ROBECO CHEMICALS, INC

And Emulsify it with—

C A R O L A T E

51 Madison Avenue New York, N. Y. 10010
212-683-7500

®Reg. U. S. Pat. O ff. Technical data  a va ila b le



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS X X V



X X V I JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Society of Cosmetic Chemists 

Journal Advertising 

takes your 

message straight 

to the 

Chemists 

of the

Cosmetic Industry

For information address:

Editorial Assistant 

Society of Cosmetic Chemists
761 North Valley Chase Road 

Bloomfield Hills, Michigan 48013
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O K

MIRAHOL AMPHOTERIC SURFACTANTS 
FAMOUS FOR MILDNESS AND SAFETY...

The Surface Active Agents that Not Only Meet the 
DRAIZE TEST, but EXCEED its requirem ents . . . 
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!

272 COIT STREET • IRVINGTON, N. J. 
Phone: Area Code 201 • 374-2500

Agents in Principal Cities Throughout the World
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Croda has all the makin’s!
POLYCHOLS fo r Lanolin-rich gels of highest emollience \\ \

Polyoxyethylene ethers o f lanolin  Alcohols

VOLPOS fo r Odorless, water-white gels \\ N
Polyoxyethylene o leyl ethers

CRODAFOS fo r Firm clear gels at lowest solids contents 
Anionic Phosphate Surfactants

ALL WILL GEL MINERAL OIL AN D  OTHER USUAL VEHICLES 
AT EXTREMELY LOW EMULSIFIER TO OIL RATIOS 
SKLIRO Distilled Lanolic Acids 
SUPER HARTOLAN Distilled Lanolin Alcohols
Easily solubilized superfatting and conditioning agents.

Croda New York London 
Milan Dusseldorf

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

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

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

CRODA brochures 
availab le:
□  HARTOLAN & 

SUPER HARTOLAN 
H  SOLAN 
"  POLYCHOL 
"  FLUILANOL 
J  SKLIRO

Lan. Fatty Acids 
PO LAW AX 
NOVOL 
VOLPO
(Revised Sept. 64) 

□  CRODAFOS
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SYNOPSES FOR CARD INDEXES

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

Product stability: Prognostication, placement, parameters— Part I : L lo y d
K e n n o n . Journal of the Society of Cosmetic Chemists 17, 135 (1 9 6 6 )

Synopsis— C h e m ica l k in e tics  p ro v id e s  th e  b a s ic  p rin cip le s  w h ich  ca n  he lp  s tu d y  
o f  th e  d e te r io ra tio n  o f  p h a rm a ce u t ica l a n d  c o s m e t ic  p ro d u c ts . P rin cip le s  o f  k in 
e t ics , w h ich  c o u ld  be  used  t o  p r e d ic t  lo n g -te rm  s ta b ility  o f  fin ished  fo rm u la t io n s , 
are re v ie w e d , a n d  te ch n iq u e s  are d e scr ib e d  w h ich  ca n  be  u sed  in p ro g ra m m in g  s ta 
b ility  stu d ies . F in a lly , th ose  p ro p e r tie s  o f  em u ls ion s , su spen sion s , a n d  so lid s  arc  d is 
cu ssed  w h ich  are a m e n a b le  t o  m e a su re m e n t a n d  ca n  b e  u sed  as p a ra m eters  fo r  es
ta b lish in g  a n d  p re d ic t in g  d e te r io ra tio n  o f  fin ish ed  co n su m e r  p ro d u c ts .

Lanolin allergy? : E . A lle n  N e w c o m b . Journal of the Society of Cosmetic Chemists
17, 149 (1 9 6 6 )

Synopsis— A  re v ie w  o f  th e  lite ra tu re  in d ica te s  th a t  o n ly  a b o u t  100 cases o f  la n o lin  
s e n s it iv ity  h a v e  b e e n  d o cu m e n te d  d u r in g  th e  la s t  30  o r  40  years. I t  is c o n c lu d e d  
th a t  la n o lin  p resen ts  n o  h a za rd  in  c o s m e t ic s  a n d  is n o t  a  sen sitizer. P o ss ib le  reason s 
fo r  th e  o cca s io n a l la n o lin  a lle rg y  are  re v ie w e d , b u t  n o  d e fin ite  c o n c lu s io n s  ca n  b e  
d ra w n  fr o m  d a ta  a v a ila b le  so  fa r . I t  is n o te d  th a t  n o  sp e c ific  fra c t io n  o f  la n o lin  is 
im p lica te d  in th is  se n s itiv ity .
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S u r fa ce  m o d ify in g  e f fe c ts  o f  la n o lin  d e r iv a t iv e s : L e ste r  I . C o n ra d , H e n ry  F .
M a s o , a n d  S h ir ley  A . D e R a g o n . Journal o f the Society o f Cosmetic Chemists 17, 157 
(1 9 6 6 )

S y n o p s is — T h e  in flu en ce  o f la n o lin  d e r iv a t iv e s  on  th e  p h y s ica l a sp e cts  o f  d isp ers ion s  
is d iscu ssed . P a rticu la r  re feren ce  is m a d e  t o  p ig m e n t  w e ttin g , rh e o lo g ica l p a tte rn s  
in  em u ls ion  sy ste m s , s o lu b iliza t io n , em u ls ifica tio n , a n d  sp re a d in g  coe ffic ien ts . 
P ra ct ica l a p p lica t io n s  o f  th ese  p h e n o m e n a  are  illu s tra te d  b y  ty p ic a l  c o sm e t ic  
fo rm u la tio n s .

In s tru m e n ta l m e th o d  fo r  th e  d e te rm in a t io n  o f  ha ir  r a s p in e s s : W illia m  C . W a g 
g o n e r  a n d  G e o rg e  V . S c o tt . Journal o f the Society o f Cosmetic Chemists 17, 171 
(1 9 6 6 )

S y n o p s is— A s c o m b  te e th  arran ge  h a ir  fib ers  in  a  p a ra lle l m a n n er  a n d  ru b  a lo n g  
hair scales, v ib ra t io n a l freq u en cies  are e m itte d  a n d  p la y  a ro le  in th e  " f e e l ' '  o f  
ha ir. T h e  a u d ib le  fre q u e n c ie s , w h ich  d e n o te  rasp iness, m a y  b e  c o s m e t ic a lly  u n 
d esira b le . In  an  a t te m p t  to  re co rd  a n d  e v a lu a te  ha ir  rasp iness, an  e le c tro n ic  c o m b , 
sp e c ifica lly  d es ign ed  to  p ick  u p  freq u en cies  b y  c o n ta c t , w as co n s tru c te d . S evera l 
g ro u p s  o f  ha ir  tresses, w h ich  w ere  tre a te d  w ith  c o sm e t ic  ch e m ica ls , r in sed  an d  
d ried , w ere  c o m b e d  w ith  th e  in stru m en t. C o m p u te r  an a lys is  o f  th e  d a ta  sh o w e d  the 
e x p e c te d  d iffe ren ces  b e tw e e n  tresses ; a n d  som e  d iffe ren ces  re fle cted  e x ce llen t  p r o b 
a b ilit ie s  o f  te s t  r e p ro d u c ib il ity . T h e  m e th o d  len d s  itse lf t o  ra p id  la b o ra to r y  
screen in g  o f  a gen ts  d es ig n ed  to  r e d u ce  fr ic t io n  d u r in g  co m b in g .
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L I T E R A T U R E  S U R V E Y *

A n a lytica l

C o n d u c to m e tr ic  R a p id  D e te rm in a tio n  o f  S u lfa tes  in S u rfa ce  A c t iv e  S u b sta n ce s  a n d  O th e r  C o m 
p o u n d s . K ie m ste d t , K . ,  a n d  P fa b , W ., Z . A nal. Chem. 21 3 , 1 0 0 -0 7  (1 9 6 5 ) .

Q u a n tita tiv e  A n a ly s is  o f  P h o sp h o lip id s  a n d  P h o sp h o lip id  F a t ty  A c id s  fro m  S ilica  G e l T h in -  
L a y e r  C h ro m a to g ra m s. P ark er, F ., an d  P eterson , N . F ., J. L ipid  Res. 6 , 4 5 5 -6 0  (O c to b e r , 
1965).

A . T e ch n iq u e  fo r  R a p id  P a p er  C h r o m a to g r a p h y . B u sh , I. E ., a n d  C ro w sh a w , K ., J. Chromatog. 
19, 1 1 4 -2 9  (J u ly , 1965).

A n a lys is  o f  S tero l E x tra c ts  fo r  C h o le s ta n o l. R o se n fe ld , R . S ., A nal. Biochem. 12 , 4 8 3 -8 7  
(S e p te m b e r , 1965).

A n a ly t ic a l  C h e m istry . J o h n so n , C . A ., M fg. Chemist 36, 8 0 -8 1  (S e p te m b e r , 1965).

A n  Im p r o v e d  M e th o d  o f  C a lcu la t in g  P a rtic le  S ize  D is tr ib u t io n  from  C e n tr ifu g a l S e d im e n ta t io n  
E x p e r im e n ts . M u r le y , R . D .,  Nature 2 0 7 , 1 0 8 9 -9 0  (S e p t. 4, 1965).

A n a ly t ica l and  Q u a lity  C o n tr o l  M e th o d s  fo r  E m u ls io n  P o ly m e rs . T y n a n , J . F ., an d  M e rk e n ,
H . Specialties 1, 1 2 -1 6  (A u g u s t , 1965).

Id e n t ifica tio n  o f  O rg a n ic  C o m p o u n d s . C h r o m a to g r a p h y  o f  P o ly e th y le n e  O x id e  C o m p o u n d s . 
B o re ck y , J ., Collection Czech. Chem. Commun. 3 0 , 2 5 4 9 -5 7  (A u g u s t , 1965) (G e r m a n ) .

Q u a n tita tiv e  E s t im a tio n  o f  Iso m e ric  M o n o g ly ce r id e s  b y  T h in -L a y e r  C h r o m a to g ra p h y .
T h o m a s , A . E ., el a l., J. A m . Oil Chemists' Soc. 4 2 , 7 8 9 -9 2  (S e p te m b e r , 1965).

B a c te r io lo g y

P o s t -Ir ra d ia t io n  R e c o v e r y  o f  E sch e r ich ia  C o li. L ee , J . S ., an d  S in n h u b er, R . O . Nature 20 7 , 
1 2 1 2 -1 4  (S e p t. 11, 1965).

R ep ress ion  o f  S ta p h y lo co c c u s  A u reu s  in  A sso c ia t iv e  C u ltu re . Ia n d o lo , J . J ., et al., A pp l. 
M icrobiol. 13, 6 4 6 -4 9  (S e p te m b e r  1965).

R e la te d  B a cter ia  D iffe re n tia te d  b y  G C . (1 5 0 th  A C S  M e e t in g )  Chem. Eng. News 4 3 , 69  (S e p t. 
27 , 19 65 ).

* P re p a re d  b y  J osep h  H . K r a to ch v il  a n d  J o se p h  L . R osen stre ich .

N e ith e r  th e  J o u r n a l , th e  E d ito r , n o r  th e  S o c ie ty  ca n  su p p ly  rep r in ts  o f  th e  articles . H o w 
ever , rep r in ts  can  b e  o b ta in e d , a t  n om in a l co s t , fr o m  on e  o f  th e  fo llo w in g :

T h e  N e w  Y o r k  P u b lic  L ib ra ry  
P h o to g ra p h ic  S erv ice  
F ifth  A v e n u e  &  42 n d  S tree t 
N e w  Y o r k , N . Y .  10018

T h e  C h e m is ts ’ C lu b  L ib ra ry  
52 E a s t  41 st S tree t 
N e w  Y o r k , N . Y .  10017

N e w  Y o r k  A c a d e m y  o f  M e d ic in e  
2  E a s t  103rd S tre e t  
N e w  Y o r k , N . Y .  10029

T h e  J o h n  C rera r  L ib ra ry  
3 5  W e s t  3 3 rd  S tree t 
C h ica g o , 111. 60616



X X X I V JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

M u ta n ts  o f  E sch er ich ia  C o li w ith  H ig h  M in im a l T e m p e ra tu re s  o f  G ro w th . O ’ D o n o v a n , G . A . 
et al., J . Bacterial. 9 0 , 6 1 1 -1 6  (S e p te m b e r , 19 65 ).

E ffe c t  o f  E th y le n e d ia m in e  T e tr a -A c e ta te  o n  th e  R es is ta n ce  o f  P se u d o m o n a s  A e ru g in o sa  to  
A n t ib a c te r ia l  A g e n ts . B ro w n , M . R . W ., an d  R ich a rd s , R . M . E ., Nature 20 7 , 1 3 9 1 -9 3  (S e p t. 
25 , 1965).

A p p lic a t io n  o f  th e  R y te r -K e lle n b e rg e r  F ix a tio n  M e th o d  to  E le c tro n  M ic r o s c o p ic  S tu d y  o f 
B a cte r ia  on  th e  S k in  S u rfa ce . M o n te s , L . F .,  et al., J . Invest. Dermatol. 4 5 , 9 3 -9 8  (A u g u s t , 
19 65 ).

E ffic ie n cy  o f  C h lo r in e  D io x id e  as a B a cte r ic id e . B ern a rd e , M . A ., et al., A pp l. M icrobiol. 13 , 
7 7 6 -8 0  (S e p te m b e r , 1965).

F a c to r s  A ffe c t in g  th e  A n tim ic ro b ia l A c t iv ity  o f  V ita m in  K s. M err ifie ld , L . S ., an d  T a n g , H . Y ., 
A pp l. M icrobiol. 13 , 7 6 6 -7 0  (S e p te m b e r , 1965).

W h e re  R esea rch  L ea d s  U s. In h ib it io n  o f  D e n ta l C aries. K a ilis , D . G ., Australian Dental J. 
10, 1 1 9 -2 0 2  (J u n e , 1965).

B a cte r ia l G ro w th  as a  P ra ct ica l In d ic a to r  o f  E x te n s iv e  B io d e g ra d a b ility  o f  O rg a n ic  C o m 
p o u n d s . P ro ch a zk a , G . J ., a n d  P a y n e , W . J ., A ppl. M icrobiol. 13, 7 0 2 -0 5  (S e p te m b e r , 
1965).

C h e m istry  an d  B io lo g y

A  M ic r o -T e c h n iq u e  fo r  P re p a ra t io n  o f  M e th y l E sters  o f  F a t ty  A c id s  from  C o m p le x  L ip id s . 
E b e rh a ge n , D . A .,  A nal. Chem. 2 1 2 , 2 3 0 -3 8  (1 9 6 5 ) (G e r m a n ) .

S y n th e t ic  P r o te c t iv e  C o llo id s . T h ie le , H ., a n d  v o n  L e v e rn , H . S ., J. Colloid Sci. 2 0 , 6 7 9 -9 4  
(S e p te m b e r , 19 65 ).

T h e  C o lo r is t ic  In flu en ce  o f  S u b stitu e n ts  on  N ew  P y r id in e  O x id a tio n  C o lors . L a n g e , F . W ., 
Seifen-O le-Fette-W achse  9 1 , 5 9 3 -9 5  (S e p t . 1, 1965).

T h e  C arrageen an s. I I .  T h e  P o s itio n s  o f  th e  G ly c o s id ic  L in k a g es  an d  S u lp h a te  E sters  In  
C a rra geen a n . D o la n , T .  C . S ., a n d  R ees , D . A ., J . Chem. Soc., 3 5 3 4 -3 9  (J u n e , 1965).

S eek  B io sy n th e s is  o f  R a d io a c t iv e  L a n o lin . Detergent A ge  2 , 57 (O c to b e r , 1965).

F ra c t io n a t io n  o f  N a tu ra lly  O ccu rrin g  L e cith in s  A c co r d in g  to  D eg ree  o f  U n sa tu ra tio n  b y  T h in - 
L a y e r  C h ro m a to g ra p h y . A r v id so n , G . A . E ., J. L ipid  Res. 6 , 5 7 4 -7 7  (O c to b e r , 1965).

S tu d ies  o f  P e p tid e  A n t ib io t ic s . II . C y c lo -L -V a ly l-L -O r n ith y l-L -L e u c y l-D -P h e n y la la n y l-L -  
P r o ly lg ly c y l. K a t o , T . ,  et al., Bull. Chem. Soc. Japan  3 8 ,1 2 0 2 -0 6  (J u ly , 1965).

M a k in g  A lu m in u m  D e r iv a tiv e s  fo r  M e d ic in a l A n ta c id s . G u cc io n e , E ., Chem. Eng. 7 2 , 1 6 8 -7 0  
(S e p t . 13, 1965).

P ro te in  from  P e tro le u m , C h a m p a g n a t, A ., Sci. A m . 21 3 , 1 3 -1 7  (O c to b e r , 1965).

T h e  C h e m is try  o f  C ell M e m b ra n e s . H o k in , L . E ., an d  H o k in , M . R . ,  Sci. A m . 2 1 3 , 7 8 -8 4 , 86 
(O c to b e r , 19 65 ).

P ro d u c t io n  o f  S tora g e  S ta b le  A c t iv e  O x y g e n  C o n ta in in g  L iq u id  C o n ce n tra te s . U . S. P at. 
3 ,1 9 4 ,7 6 8 . F iled  J u n e  30 , 1961, P a te n te d  J u ly  13, 1965. G ra n te d  to  H en k el &  C ie  G .m .b .H .

M ice lle  F o rm a tio n  b y  a  L o n g -C h a in  C a t io n  S u r fa cta n t  in A q u e o u s  S o lu tio n s  o f  th e  L o w e r  
Q u a te rn a ry  A m m o n iu m  B ro m id e s . S te ig m a n , J ., et al., J. Colloid Sci. 2 0 , 7 3 2 -4 1  (S e p te m b e r , 
19 65 ).
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E ffe c ts  o f  S o lv e n t  P u r ity  o n  N o n -N e w to n ia n  V is c o s ity . E rn st , W . D ., A m . Inst. Chem. Engrs.
J. 11 , 9 4 0 -4 1  (S e p te m b e r , 1965).

T h e  G e l-F ilt ra t io n  B e h a v io u r  o f  P ro te in s  R e la te d  t o  T h e ir  M o le cu la r  W e ig h ts  O v e r  a  W id e  
R a n g e . A n d re w s , P ., Biochem , J. 9 6 , 5 9 5 -6 0 6  (S e p te m b e r , 1965).

R e s o r p t io n  o f  F lu or in e . R in k , M ., a n d T w a r o c k ,  H ., Z . A nal. Chem. 2 1 3 ,3 1 -3 8 (1 9 6 5 ) .

F ra c t io n a tio n  o f B io lo g ica l M a te r ia ls  b y  M a g n e t ic a lly  S ta b ilize d  E le c tro p h o re s is . N e lso n , 
S. S ., an d  H a d e rm a n n , A . F ., A m . J. M ed. Electronics  4 ,  1 0 7 -1 2  (J u ly -S e p te m b e r , 19 65 ).

C o n s u m e r  P ro d u c ts

M icro o rg a n ism s  a n d  C o sm e tics . B ergw e in , K .,  Seifen-O le-Fette-W achse  9 1 , 5 6 7 -7 0  (A u g . 18, 
19 65 ).

D is in fe c ta n ts . W a lters , A . H ., M fg. Chemist 3 6 , 7 7 -7 9  (S e p te m b e r , 1965).

W h y  N e w  P ro d u c ts  F a il. B jo rk s te n , J ., Drug &  Cosmetic Ind. 9 7 , 3 3 4 -3 5 , 4 6 4 -6 5  (S e p te m b e r , 
19 65 ).

P rocesses  a n d  C o m p o s it io n s  fo r  D y e in g  H a ir  a n d  S im ila r  F ibres. U . S. P at. 3 ,1 9 ,4 7 3 4 . F ile d  
Ju n e  1, 1961. P a te n te d  J u ly  13, 1965. G ra n te d  to  L ’O real.

H a ir  D y e in g  C o m p o s it io n  o f  N a p h ta z in e  B ase . F re n ch  P a t . 1 ,3 79 ,1 57  G ra n te d  O c to b e r  12, 
1964, t o  C la iro l, In c .

C u ta n e o u s  R e a c t io n s  t o  C o sm e tics . M a r ch , C . H ., a n d  F ish er , A . A .,  M fg. Chemist 3 6 , 6 9 -7 0  
(S e p te m b e r , 19 65 ).

H a ir  C o lo r in g  C o m p r is in g  a  B a s ic  D y e , A  G ly c o l  a n d  an  A m p h o te r ic  S u r fa cta n t. U . S. P a t . 
3 ,1 9 4 ,7 3 5 . F ile d  F e b . 4 , 1964. P a te n te d  J u ly  13, 1965. G ra n te d  to  W a rn e r -L a m b e r t  P h a r 
m a c e u t ica l C o .

P o w d e r  F o rm  W a v in g  C o m p o s it io n s  C o m p r is in g  a M e ta l C o m p le x  o f  T h io g ly c o l ic  A c id  a n d  a 
C h e la tin g  A g e n t . U . S . P a t . 3 ,1 9 3 ,4 6 3 . F ile d  F e b . 6 , 1963. P a te n te d  J u ly  6, 1965. G ra n te d  
t o  T h e  P ro c te r  &  G a m b le  C o .

H a ir  D y e  C o m p r is in g  S u b stitu te d  A n th ra q u in o n e s  in  S h a m p o o  B ase. U . S. P at. 3 ,1 9 2 ,1 1 7 . 
F iled  F e b . 20 , 1962. P a te n te d  Ju n e  29 , 1965. G r a n te d  t o  T h e ra ch e m ie  C h e m isch  T h e ra - 
p e u tisch e  G .m .b .H .

H a ir  D y e in g  M e th o d  U sin g  G e la tin  as a  D y e  R e s is t . U . S. P at. 3 ,1 9 3 ,4 6 5 . F ile d  A p r . 13, 
1962. P a te n te d  J u ly  6, 1965. G ra n te d  t o  L e v e r  B ro th e rs  C o .

F ats a n d  O ils

T h e  R e g u la to r y  F u n ct io n  o f  th e  F a t -S o lu b le  V ita m in s . O lson , R . E ., Can. J. Biochem . 4 3 , 
1 5 6 5 -7 3  (S e p te m b e r , 1965).

E ffe c t  o f  D ie ta r y  C h o le s te ro l o n  M a n ’ s S eru m  L ip id s . G ra n d e , F ., et al., J. Nutr. 8 7 , 5 2 -6 2  
(S e p te m b e r , 1965).

T h e  S tu d y  o f  N a tu ra l F a t  T r ig ly c e r id e s : R e tr o s p e c t  a n d  P ro s p e c t . H ild itch , T .  P ., J. A m .
Oil Chemists’ Soc. 4 2 , 7 4 5 -4 7  (S e p te m b e r , 1965).

T h e  R e a c t io n  o f  an  A u to x id iz e d  L ip id  w ith  P ro te in s . A n d re w s , F ., et al., J. A m . Oil Chemists' 
Soc. 4 2 , 7 7 9 -8 1  (S e p te m b e r , 19 65 ).
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W o o l  F a t . I X .  P resen ce  o f  C a r b o n y l C o m p o u n d s  in  W o o l  F a t : A n  A tte m p t  at E x p la in in g  its 
S u sce p tib ility  t o  A u to o x id a t io n . J a n eck e , H ., an d  Y o e g e le , H ., Arzneimittel-Forsch  1 5 ,8 7 3 -  
78  (A u g u s t , 1965).

M a n u fa c tu r in g

C o n tr o llin g  L iq u id  F illin g  in  A e ro so l C o n ta in e rs . S heffler, R . J ., A erosol A ge  10 , 2 9 -3 4 , 37 , 40 , 
44 , 105 (S e p te m b e r , 1965).

F o u r  S tep s  t o  C o n tro l T ro u b le s o m e  O u tb re a k s  o f  S lim e. S a n b o rn , J . R .,  Paper Trade J. 149, 
5 6 -5 9  (O c t .  18, 1965).

A e ro so l F illin g  Q u a lity  C o n tro l. P ark er, D . X . ,  Soap Chew. Specialties 4 1 , 1 6 4 -6 5 , 168, 170 
(S e p te m b e r , 19 65 ).

A e ro so l S tu d ies  b y  L ig h t  S ca tter in g . IV . P re p a ra t io n  an d  P a rtic le  S ize D is tr ib u t io n  o f  A e r o 
sols C on sis tin g  o f C o n ce n tr ic  Spheres. E sp en sch e id , W . F ., et a!., J. Colloid Sci. 2 0 , 5 0 1 -2 1  
(A u g u s t , 1965).

A g ita te d  T h in -F ilm  E v a p o ra to r s . I. T h in -F ilm  T e ch n o lo g y . M u tz e n b u rg , A . B .. Client. Eng. 
7 2 , 1 7 5 -7 8  (S e p t . 13, 1965).

“ C la d ”  R e in fo rc e d -P la s t ic  E q u ip m e n t . M o o r e , S. A ., a n d  W e b e r , A ., Chem. Eng. 7 2 , 176, 178, 
1 8 0 -8 1  (S e p t. 27 , 1965).

S u rfa ce  D is in fe c t io n  v ia  th e  A e ro so l M e th o d  o f  A p p lic a t io n . Suss, H ., Specialties 1, 1 7 -2 0  
(A u g u s t , 1965).

S ca le -U p  fo r  V is co e la s t ic  F lu id s . S la tte ry , J . C ., A m . Inst. Chem. Engrs. J. 11 , 8 3 1 -3 4  (S e p 
te m b e r , 1965).

T h e  M a n u fa c tu re  o f  D isp ers ion s . M a rsh a ll, K .,  Soap, P erfum ery  &  Cosmetics 3 8 , 7 5 9 -6 8  
(S e p te m b e r , 1965).

W a te r  P o llu t io n  a n d  Its P re v e n tio n . Jen k in s , S . H ., Chem. &  Ind. 3 7 , 1 5 7 2 -8 7  (S e p t. 11, 
1965).

P a ck a g in g

P oss ib ilit ie s  in U n it  P a ck a g in g . Drug &  Cosmetic Ind. 9 7 , 3 3 6 -3 8 , 45 4 , 457 (S e p te m b e r , 
1965).

T u b e -I n -A -C a r t o n  E n g in eer in g  T r iu m p h . M od. Packaging  3 9 , 1 4 9 -5 1  (O c to b e r , 1965).

P a ck a g in g  in  th e  P e r fu m e ry  a n d  A llied  T ra d e s . L A I . P rogress  in C o a te d  a n d  Im p re g n a te d  
P a p ers— T h e ir  U se as B arrier  W ra p p in g s . D a y , F . T . ,  P erfum ery Essent. Oil Record 5 6 , 6 2 0 -2 2  
(S e p te m b e r , 1965).

P la stics  in  P a ck a g in g  fro m  th e  U sers ’ P o in t  o f  V ie w . B r is to n , J ., Perfum ery Essent. Oil 
Record 5 6 , 6 1 4 -1 9  (S e p te m b e r , 1965).

N e w  S ta tu s  o f  S aran  E m u ls ion s . A v e r y , R . F ., an d  v a n  L eer, R . K .,  M od. Packaging  3 9 , 1 4 4 - 
48 , 261 (O c to b e r , 19 65 ).

A  X e w  R esin  fo r  B o tt le s . L an d ers, L . A ., an d  X y q u is t ,  A . S ., M od. Packaging  3 9 , 186, 188, 190, 
2 5 1 -5 2  (O c to b e r , 19 65 ).
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P e r fu m e ry  a n d  E sse n tia l O ils

L a v e n d e r  O ils. M u lle r , P ., Seifen-Ole-Fette-W achse  9 1 , 6 2 8 -2 9  (S e p t . 15, 1965) (G e r m a n ) .

D e o d o ra n t  a n d  D is in fe c ta n t  A ir  F resh en ers a n d  P erfu m es fo r  T h e m . B ergw ein , K . Seifen- 
Ole-Fette-W achse  9 1 , 6 2 5 -2 7  (S e p t. 15, 1965) (G e r m a n ) .

C o m p o u n d in g  in  P e r fu m e ry . C arles, J ., Riechstoffe, A rom en, Koerperflegm ittel 15 , 28 7 , 28 9 , 
291 (A u g u s t , 1965).

S ta b iliz in g  P erfu m e  O ils in  T o i le t  S oap s, P re se rv a tio n  an d  E lim in a t io n  o f  C a ta ly s is  b y  M e ta ls . 
K e il, H ., Riechstoffe, A rom en, Koerperflegm ittel 15 , 3 0 6 -0 8  (A u g u s t , 1965).

C itro l. J a pa n ese  P at. 15 ,007 . G ra n te d  J u ly  15, 1965 t o  T o y o ta in a  P e rfu m e ry  C o ,, L td .

G r o w th  in F la v o u r  S cien ce . M o n e r ie ff, R . W ., M fg. Chem. 3 6 , 5 2 -5  (D e c e m b e r , 19 65 ).

P h a r m a co lo g y

T o x ic i t y  o f  S e le cte d  C h em ica ls  t o  C erta in  A n im a ls . D o w d e n , B . F ., and  B e n n e tt , H . J., 
J .  A m . Water W orks A ssoc. 3 7 , 1 3 0 8 -1 6  (S e p te m b e r , 19 65 ).

M ic r o m e th o d  fo r  M e a su r in g  M icr o b ia l  S e n s it iv ity  t o  D ru gs . K o c h , W ., a n d  K a p la n , D ., 
Nature 2 0 8 , 5 0 -5 1  (O c t . 2 , 1965).

T h e  C lin ica l E v a lu a tio n  o f  S u sta in e d -R e le a se  D ru g s . F re d cr ik , W . S ., a n d  C ass , L . J ., J. New  
Drugs 5 , 1 3 8 -4 2  ( M a y -J u n e , 1965).

P h a rm a ce u t ica l A g e n ts  fo r  P re v e n tin g  C aries— A  R e v ie w . I I . T o p ic a l  A p p lic a t io n  P r o c e 
dures. M a n d e l, I. D ., a n d  C a g a n , R . ,  J. Oral Therap. &  Pharmacol. 2 , 1 2 8 -4 4  (S e p te m b e r , 
19 65 ).

H o w  R e lia b le  are E n te r ic -C o a te d  A sp ir in  P re p a ra tio n s?  C la rk , R . L ., a n d  L a sa g n a , L ., 
Clin. Pharmacol. Therap. 6 , 5 6 8 -7 4  (S e p te m b e r -O c to b e r , 1965).

V ita m in  K 6 as a  F u n g is ta t ic  A g e n t . M err ifie ld , L . S ., a n d  Y a n g , H . Y . ,  A p p l. M icrobiol. 13 , 
6 6 0 -6 2  (S e p te m b e r , 1965).

S k in  a n d  H a ir  P h y s io lo g y

D e p o s it io n  o n  th e  S k in  o f  P a rtic les  o f  A n t im ic r o b ia l  A g e n ts  fro m  D e te rg e n t  B ases . P a rra n , 
J. J .. J . Invest. Dermatol. 4 5 , 8 6 -8 8  (A u g u s t , 19 65 ).

T h e  E ffe c t  o f  H u m a n  S kin  S u rfa ce  L ip id s  U p o n  th e  A c t iv i ty  o f  A n t im o c r o b ia l  A g e n ts . P a rra n , 
J . J ., a n d  B r in k m a n , R . E .,  J . Invest. Dermatol. 4 5 , 8 9 -9 2  (A u g u s t , 19 65 ).

T h e  E ffe c ts  o f  H e a t  a n d  H u m id ity  on  th e  H u m a n  S k in . S u lzberger, M . B .,  A rch. Environ. 
Health 11 , 4 0 0 -0 6  (O c to b e r , 19 6 5 ).

D e rm a tit is— Its  P rev a len ce  a n d  C o n tro l. M od. Sanitation 17, 1 7 -1 8  (O c to b e r , 1965).

A n  I m p r o v e d  M ic ro re sp iro m e te r  fo r  T issu e  S lices . H a lp r in , K . M .,  a n d  G ilb e r t , D .,  A nal.
Biochew . 12 , 5 4 2 -4 6  (O c to b e r , 1965).

F ree  A m in o -A c id s  on  H u m a n  F in g e rs : T h e  Q u estion  o f  C o n ta m in a t io n  in  M icro a n a ly s is .
O ro , J ., an d  S k ew es, H . B ., Nature 2 0 7 , 1 0 4 2 -4 5  (S e p t . 4 , 19 65 ).

T h e  In te ra c tio n  o f  C o lla g e n  a n d  A c id  M u c o p o ly s a cc h a r id e s . A  M o d e l  fo r  C o n n e ct iv e  T issu e . 
M a th e w s , M . B ., Biochem . J. 9 6 , 7 1 0 -1 6  (S e p te m b e r , 1965).



E la s t ic  G lo b e s  in H u m a n  S k in . P in k u s, H ., et al., J. Invest. Dermatol. 4 5 , 8 1 -8 5  (A u g u s t , 
1965).

S y n th e t ic  S k in  R e a d y  t o  T r y  o n  H u m a n s . Chem. Eng. News 4 3 , 2 5 -2 6  (O c t .  4 , 19 6 5 ).

E sta b lish in g  E ffica cy  o f  D e rm a to lo g ica ls  t o  S u p p o r t  N e w  D r u g  A p p lica t io n s . S p o o r , H . J ., 
J. New Drugs 5 , 1 2 7 -3 7  (M a y -J u n e ,  1965).

K e ra t in  an d  the B arrier. C rou n se , R . G ., Arch. Environ. Health 11, 5 2 2 -2 8  (O c to b e r , 1965).

E n v iro n m e n ta l In flu en ces  o n  th e  M ic r o b io lo g y  o f  th e  S k in . T a p lin , D .,  et al., A rch. Environ. 
Health  11 , 5 4 6 -5 0  (O c to b e r , 1965).

T h e  H u m a n  E ccr in e  S w e a t G la n d . D o b s o n , R . L .,  A rch. Environ. Health  1 1 ,4 2 3 -2 9  (O c to b e r , 
19 6 5 ).

T re a tm e n t o f  L ig h t-S e n s it iv e  D e rm a to se s  w ith  C o m b in a t io n  T a b le t . N ierm a n , M . M ., Clin. 
M ed. 7 2 , 1 4 9 4 -9 8  (S e p te m b e r , 19 65 ).

P e n e tra tio n  o f  G u in e a  P ig  a n d  R a b b it  S k in  b y  D im e th y l S u lfo x id e  S o lu t io n s  o f  a Q u a tern a ry  
O x im e . M c D e r m o t ,  H . L ., eta l., Can. J. P hysiol. &  Pharmacol. 4 3 , 8 4 5 -4 8  (S e p te m b e r , 19 65 ).

P e rcu ta n e o u s  A b s o r p t io n . S to u g h to n , R . B .,  Arch. Environ. Health 11 , 5 5 1 -5 4  (O c to b e r , 
19 65 ).
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S u r fa ce  A ctiv ity

S ta b ility  o f  N o n -A q u e o u s  D isp ers ion s . I. T h e  R e la t io n sh ip  B etw een  S u rfa ce  P o te n tia l 
a n d  S ta b ility  in  H y d r o c a r b o n  M e d ia . M c G o w n , D . N . L ., et al., J. Colloid Sei. 20  , 6 5 0 -6 4  
(S e p te m b e r , 1965).

N o n io n ic  S u r fa ce -A c t iv e  C o m p o u n d s . X .  E ffe c t  o f  S o lv e n t  on  M ice lla r  P rop erties . B ech er , 
P ., J. Colloid Sei. 2 0 , 7 2 8 -3 1  (S e p te m b e r , 1965).

Im p ro v e m e n ts  in a n d  R e la t in g  to  S u rf a c e -A c t iv e  S u b sta n ces . B ritish  P at. 9 9 6 ,67 7 . P u b lish ed  
Ju n e  3 0 , 1965. G ra n te d  to  H en k e l &  C ie  G .m .b .H .

A lp h a  S u lfo  F a t ty  E ste rs  in  B io lo g ica lly  S o ft  D e te rg e n t  F orm u la tio n s . K n a g g s , E . A .,  et al., 
J. A m . Oil Chemists’ Soc. 4 2 , 8 0 5 -1 0  (S e p te m b e r , 19 65 ).

A  N e w  A p p ro a c h  t o  D e s o rp t io n  o f  S u r fa ce -A c t iv e  S u b sta n ces  a t  L iq u id -P h a se  B ou n d a ries . 
K u h lm a n , R . A ., Nature 2 0 7 , 1 2 8 9 -9 0  (S e p t . 18, 1965).

A lb u m in o u s  A n io n ic  D e te rg e n ts . S ch u ster , G ., M o d d e , H ., a n d  S ch e id , E ., Seifen, Öle, Fette, 
Wachse 9 1 , 4 7 7 -8 2  (S e p te m b e r , 19 65 ).

E v a lu a tio n  o f  S u r fa ce -A c t iv e  P rop erties  o f  S om e  E m u ls ify in g  A g e n ts  a n d  W a te r -S o lu b le  C e llu 
lose  E th ers . G lu g m a n , M . K h . an d  B osh u ra , G . S ., M aslozhir. Prom . 3 1 , 2 0 -2 2  (J u ly , 1965) 
(R u s s ia n ).

G e n e ra l

P ro fess ion a l O b so le sce n ce  a n d  T h is  R a p id ly  E x p a n d in g  T e ch n o lo g ic a l E ra . S ay les , D . C ., 
Nature 2 0 7 , 1 0 2 8 -3 0  (S e p t . 4 , 19 6 5 ).

L a d d ers  fo r  T e ch n ic a l S ta tu s  S eekers. M a lo n e y , P . W .,  Chem. Eng. 7 2 , 2 0 5 -0 8 , 210 (S e p t. 13, 
1965).
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T h e  C h a llen g e  o f  P erson a l P ro fess ion a l D e v e lo p m e n t . S in n ett, C . M ., Res./Develop. 16 , 63 
(O c to b e r , 1965).

M a c r o p h o to g r a p h y  o f  T h ic k  S e c tio n s  an d  G els  w ith  a R e g u la r  P h o to g ra p h ic  E n la rger . S h a n th - 
a v e e ra p p a , T .  R .,  et al., Stain Technol. 4 0 , 309 (S e p te m b e r , 1965).
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New Members
B a rr, T h o m a s  R .,  509 P h illip p a  S t ., H in s 

d a le , 111.
B a te m a n , B e r t  C ., 359 F lo ra  P L , H ig h la n d  

P a rk , 111. 60 035
B e ta n co u rt , R u b e n , 26  C o n ta n t , S t. T h o m a s , 

V irg in  Is la n d s  00 802
B o sh a rt , D r . G r e g o ry  L ., 36 0 0  N . S h ore  

D r ., C h ic a g o , 111.
D e m y a n , R ic h a r d  A ., 542 B lo o m fie ld  A v e ., 

V e ro n a , N . J. 07 044
E lo w e , D r. L o u is  M ., 5 D e e r fie ld  T e rra ce , 

R a m se y , N . J. 07 446
F e in g o ld , R o b e r t  M ., 25 8  M a in  S t., L itt le  

F e rry , N . J.
F e ld m a n , A d r ia n  J ., 36  W a v e r ly  PL,

M a ta w a n , N . J . 07747
G la s s , D r . H a r v e y , 58 4  E . 8 0 th  S t . , B r o o k 

ly n , N . Y . 11236
G o ld b e r g , R o n a ld , 34 13  A v e n u e  “ H ,"  

B r o o k ly n  X .  Y .  11210
K a te s , I rv in g , 33  E m e rso n  R d .,  C lark , 

N . J.
L a n d , C . E d w a rd , Tr., 41 5  W o o d b u r y  D r ., 

W y c k o f f ,  N . J . 07481
L a w re n ce , J a ck  A ., 65  B r o a d w a y  A v e ., 

C o lo n ia , X .  J. 07067
L e w ,  A d e le , 107 P a lm e r  S t ., P assa ic, N . I. 

07055
M in d lin , L e o n , 23  S y c a m o r e  T e rra ce , 

L iv in g s to n , N . J. 07039
M o n a c o , M ich a e l S ., 1508 A lim a  T e rra ce , 

L a  G ra n g e  P a rk , 111. 6 0 528
S a rd o , D r. F u lv io , 60 T in k h a m  R d ., 

S p rin g fie ld , M a ss .
S ch u ltz , K a r l F ., 166 B eech  w o o d , W a y n e , 

N . J. 074~0
S e ca rd , D o n a ld  L ., 307 B ella ire  R d .,  A v o n  

L a k e , O h io  44 012
S te in b e rg , W a lla c e  H ., 15 Iro n g a te  L a n e , 

M a ta w a n  X . J . 07747
S te in h a u e r , D r . A lfr e d  P ., 2521 S u g n e t C t., 

M id la n d , M ic h . 48642
S to lle r , L e o n a rd , 38 50  S e d g e w ick  A v e ., 

B ro n x , X . Y .  10463
S u ffis , R o b e r t , 107 D e e r fie ld  S t., B crg e n - 

fie ld , X . J.
T a p p a n , G en e  F ., 29  G a te w a y  D r ., S p rin g - 

fie ld , M a ss .
W a lk e r , Walter J. D ., 54533-2 Alvern Circle, 

L o s  Angeles, Calif. 90 045
W o lc o t t ,  D r. G e o r g e  L ., 25 0  In d ia n  T ra il 

D r ., F ra n k lin  L a k es , N . J. 07417
W o o d , D a v id  J ., 139 L a w le r  S t ., X e w  

B r ita in , C o n n .
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Literature Survey

T h e  L ite r a tu r e  S u r v e y , a  s e rv ice  in it ia te d  b y  th e  N e w  Y o r k  C h a p 
te r  o f  th e  S o c ie ty , w ill n o w  a p p e a r  in  th is  J o u r n a l . * I t  is  a p p a r e n t  th a t  
th e  n u m b e r  o f  p u b lis h e d  p a p e rs  w h ich  m a y  b e  o f  in te re s t  t o  re a d e rs  o f  th e  
J o u r n a l  is  in c re a s in g  so  r a p id ly  th a t  it  h as  b e c o m e  d if fic u lt  t o  k e e p  
a b r e a s t  o f  th e  lite ra tu re . I t  is h o p e d  t h a t  th e  S u r v e y  w ill s e rv e  as a n  u p - 
t o -d a t e  g u id e  t o  a r t ic le s  w h ic h  a p p e a r  t o  h a v e  in te re s t  a n d  in fo r m a t io n  
fo r  c o s m e t ic  ch e m is ts .

T h is  S u r v e y  is n o t  a  c o m p le te  lis t  o f  t e c h n ic a l  a r t ic le s  p e r ta in in g  t o  
c o s m e t ic s . N o  a t t e m p t  w ill b e  m a d e  t o  a b s t r a c t  o r  e la b o r a te  o n  th e  
m a te r ia l s u r v e y e d . H o p e fu l ly , re a d e rs  w ill  fin d  th is  S u r v e y  in te re s t in g  
a n d  ca n  u se  it  as a  v a lu a b le  t o o l  in  e x p a n d in g  th e ir  o c c u p a t io n a l  e ffi
c ie n c y .

J o s e p h  H . K r a t o c h v i l  
J o s e p h  L . R o s e n s t r e ic h

* The Survey appears on pages xxxiii-xxxix following the Synopses.
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L L O Y D  K E N N O N , P h .D .*

Presented before the Eleventh A n n ua l Seminar, 
September l f - 1 5 ,  1965 , Los Angeles

S y n o p s is— C h e m ica l k in e t ics  p ro v id e s  th e  b a s ic  p r in c ip le s  w h ich  ca n  h e lp  s tu d y  o f  th e  
d e te r io ra t io n  o f  p h a rm a ce u t ica l an d  co s m e t ic  p ro d u c ts . P rin cip le s  o f k in e tics , w h ich  c o u ld  
b e  u sed  t o  p re d ic t  lo n g -te rm  s ta b ility  o f  fin ish ed  fo rm u la t io n s , are  re v ie w e d , a n d  te ch n iq u e s  
are  d e scr ib e d  w h ich  ca n  b e  used  in  p ro g ra m m in g  s ta b ility  stu d ies . F in a lly , th o se  p ro p e r tie s  
o f  em u lsion s , su sp en sion s , a n d  so lid s  are  d iscu ssed  w h ich  are  a m e n a b le  t o  m e a su re m e n t a n d  
ca n  b e  u sed  as p a ra m e te rs  fo r  e s ta b lish in g  a n d  p re d ic t in g  d e te r io ra tio n  o f  fin ish ed  co n su m e r  
p ro d u c ts .

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

T o  b e g in  a  d is cu s s io n  o f  a  t o p ic  su ch  as p r o d u c t  s ta b il ity  
a n d  c h e m ic a l  k in e t ic s , it  p r o b a b ly  w o u ld  b e  f it t in g  t o  s ta r t  w ith  se v e ra l 
a p p r o p r ia t e  q u o t e s  f r o m  th e  O ld  T e s ta m e n t , o r  fa ilin g  th is , w e  m ig h t  
r e c o r d  s o m e  o f  th e  m u s in g s  o f  su ch  a ll -t im e -g r e a ts  as A r is t o t le  o r  A r c h i 
m e d e s . P r o b a b ly  m o s t  e f fe c t iv e , h o w e v e r , w o u ld  b e  t o  h a v e  fo u n d  a 
l o g - lo g  p lo t  o n  a b a s  re lie f  in  th e  E g y p t ia n  p y r a m id s . U p o n  s u ch  a 
fo u n d a t io n  o n e  th e n  c o u ld  b u i ld  a  c h r o n o lo g ic a l  h is to r ic a l  o u t l in e  w h ic h  
w o u ld  c o n n e c t  th e  w o r k  o f  a n t iq u it y  w ith  t h a t  o f  t o d a y . H o w e v e r , 
e x c e p t  f o r  o n e  b r ie f  b o w  t o  t r a d it io n , w e  w ill d isp e n se  w ith  th e  h is to r ic a l  
a p p r o a c h . T h is  b r ie f  la p se  e n ta ils  m e n t io n in g  th e  o b s e r v a t io n , p r o b 
a b ly  n o t  h is  a lo n e , o f  H e r a c l itu s  (H e r a c le ito s  o f  E p h e s o s ) ,  w h o  in  a b o u t  
5 0 0  B .C . sa id  “ p a n ta  r h e i ,”  o r , a ll is  flu x , e v e r y th in g  flo w s . C e r ta in ly ,

* R e se a rch  a n d  D e v e lo p m e n t  L a b o ra to r ie s , B r is to l-M y e r s  P ro d u c ts , H ills id e , N . J. 07207 .
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th is  f a c t  is  o n e  w h ich  a p p e a rs  t o  b e  r e la t iv e ly  im m u ta b le . P o s s ib ly  th is  
I o n ia n  G r e e k  p h ilo s o p h e r  w a s  s t im u la te d  t o  m a k e  th is  o b s e r v a t io n  b e 
ca u se  h e  w a s  l iv in g  in  a t im e  in  w h ich  fire  w a s  th o u g h t  t o  b e  o n e  o f  th e  
( i f  n o t  the) p r im o r d ia l  s u b s ta n c e s ; w e  t o o  h a v e , o f  co u r se , o b s e r v e d  th a t  
a f la m e , b e in g  su ch  a c h a n g e a b le  th in g , m a y  w e ll b e  a  s y m b o l  (p o s s ib ly  
a c lu e ? )  th a t  a ll th in g s  a re  s u b je c t  t o  a  g e n e ra l a n d  cea se less  p r o c e s s  o f  
a lte r a t io n . R e g a rd le s s , H e r a c litu s  s tre sse d  th e  c o n s t a n c y  o f  c h a n g e , 
a n d  h e re  w e  w ish  t o  d is cu ss  c h a n g e  as i t  a ffe c ts  th e  p r o d u c t s  w e  cre a te .

P r o g n o s t i c a t i o n

T h e  p u r p o s e  o f  th is  s e c t io n  w ill b e  t o  r e v ie w  b a s ic , c la ss ica l ch e m ica l  
k in e t ics , t o  in d ic a te  th e  ra t io n a le  b e h in d  c h o o s in g  c e r ta in  o f  th e  p e r t in e n t  
p r in c ip le s  f r o m  th is  s e g m e n t  o f  p h y s ic a l  c h e m is tr y , a n d  t o  d e m o n s tr a te  
h o w  th ese  n e w  to o ls  m a y  b e  u sed .

F o r  o u r  p u r p o se s , th e  b a s ic  a im  is t o  le a rn  h o w  t o  fo l lo w  r e a c t io n  
ra te s  in  a n  e ffic ie n t  a n d  o r d e r ly  m a n n e r , i .e . , in  a  w a y  th a t  m a k e s  p o s 
s ib le  p r e d ic t io n  o f  th e  fu tu r e  b e h a v io r  o f  th e  s y s te m  b e in g  o b s e r v e d . 
B y  r e a c t io n  ra te  w e  m e a n  th e  ra te  o f  d e g r a d a t io n  o f  a  m a te r ia l. W e  w ill 
e q u a te  th e  d e g r a d a t io n  o f  a  m a te r ia l  t o  th e  d is a p p e a r a n ce  o r  lo w e r in g  
w ith  t im e  o f  th e  c o n c e n t r a t io n  o f  a c o m p o n e n t  o f  th e  fo r m u la t io n  u n d e r  
o b s e r v a t io n . B a s ica lly , w e  ca n  r e v ie w  th e  p o s s ib le  h a p p e n in g s  b y  c o n 
s id e r in g  t w o  c o n c e p t s : m o le c u la r ity  a n d  o rd e r .

C o n s id e r  first th e  m o le c u la r ity  o f  re a c t io n s . A  u n im o le cu la r  r e a c t io n  
is o n e  in  w h ich  o n ly  o n e  m o le c u le  ta k e s  p a r t , as in , e .g ., a  d is s o c ia t io n  o r  
re a rra n g e m e n t . I n  a b im o le c u la r  r e a c t io n  t w o  m o le c u le s  are  in v o lv e d , 
a n d  c o ll is io n  o f  th e  t w o  is n e e d e d . M o s t  o f  th e  fa m ilia r  r e a c t io n s  o f  
fo r m a t io n  w o u ld  fa ll in t o  th is  c la ss . A  te r m o le c u la r  in te r a c t io n  in  w h ich  
th re e  m o le c u le s  are  in v o lv e d  in  s im u lta n e o u s  c o ll is io n  is ra re  a n d  is n o t  
u n lik e  th e  p r o b le m s  a c k n o w le d g e d  b y  th e  fa m ilia r  “ th re e  is a  c r o w d ”  
a d a g e . F o r  p r a c t ic a l  p u r p o se s , m o le c u la r ity  is m o s t  e a s ily  in te r p r e 
ta b le , i .e ., c a s t  in t o  u se fu l fo r m , b y  observing experimentally h o w  a ra te  
o f  r e a c t io n  o r  d e g r a d a t io n  is in flu e n c e d  b y  th e  c o n c e n t r a t io n s  o f  th e  r e a c t 
in g  o r  d e g r a d in g  m a te r ia ls , re g a rd le ss  o f  h o w  th e  a c tu a l h a p p e n in g s  are  
ta k in g  p la c e  o n  a m o le c u la r  sca le .

T h e  n e x t  c o n c e p t  n e e d e d  th e n  is th a t  o f  r e a c t io n  o r d e r ; d e fin it io n s  
f o l l o w :

First Order. T h e  ra te  is d ir e c t ly  p r o p o r t io n a l  t o  th e  c o n c e n t r a t io n  
o f  th e  m a te r ia l  r e a c t in g . M a th e m a t ic a l  t r e a tm e n t  y ie ld s  a n  e q u a t io n  
d e s c r ib in g  th is  s itu a t io n :
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k  =  (2 .3 0 3 //)  log  (c0/c )  =  (2 .3 0 3 /1  log  (a/a -  x)

w h e r e :

t — tim e
Co =  c at t =  0, 
c =  c. at t =  t,
k  =  specific reaction  rate con sta n t; units =  t im e “ 1, 
a =  original am ount, 
x =  am ount reacting in tim e t.

B y  s u b s t itu t in g  c0 =  100 a n d  c — 50  th e  fa m ilia r  h a lf - l ife  e q u a t io n  a n d  
c o n c e p t  is  d e v e lo p e d :

¿1/2 =  0 .6 9 3 /6

O b v io u s ly ,  o n e  c a n  u se  th e s e  e q u a t io n s  a fte r  e n o u g h  d a ta  a re  a v a ila b le  
t o  e v a lu a te  th e  s p e c if ic  r e a c t io n  ra te  c o n s t a n t ;  a fte r  th is  e ith e r  o th e r  
t im e s  o r  o th e r  c o n c e n t r a t io n s  c a n  b e  s u b s t itu te d  in t o  th e  e q u a t io n s  t o  
d e te r m in e  u n k n o w n s . G r a p h ic a l ly , th e  m o s t  u se fu l m e t h o d  in v o lv e s  a 
p lo t  o f  lo g  c vs. t im e ; k th e n  e q u a ls  ( — 2 .3 0 3 ) t im e s  th e  s lo p e , w h ich  is 
n e g a t iv e .

Second Order. T h e  ra te  is p r o p o r t io n a l  t o  th e  c o n c e n tr a t io n s  o f  t w o  
m a te r ia ls  o r  in g re d ie n ts , e .g ., A a n d  B. M a th e m a t ic a l ly , tw o  resu lts  
a re  p o ss ib le . L o w e r  ca se  “ a "  a n d  “ b”  re p r e s e n t  c o r r e s p o n d in g  c o n c e n 
tr a t io n s  o f  A  a n d  B .

W h e n  a =  b: k =  (1 / t )  x / a { a  — x)\
W h e n  a b :  k =  [ 2 .3 0 3 /f (a  — 6 ) ]  l o g [ 6 ( o — x )ja (b  — ¿ j ] ;
U n its  o f  k =  v o lu m e  a m o u n t t i m e “ 1.

G r a p h ic a l ly , lo g  [b(ci — x ) / a { b — x)]  is p lo t t e d  vs. t im e ; k th e n  e q u a ls  
(2 .3 0 3 fa  — b) t im e s  th e  s lo p e , w h ic h  is p o s it iv e .

Pseudo First Order. I f  o n e  r e a c t a n t  is  in  g r e a t  e x ce ss  in  a  s e c o n d  o r 
d e r  r e a c t io n , th e  r e a c t io n  m a y  b e  b im o le c u la r , b u t  i t  w ill  a p p e a r  t o  b e  
fir s t  o r d e r ;  in  fa c t ,  i t  will a c tu a lly  b e  fir s t  o r d e r  b y  d e fin it io n . O rd e r  
is a n  e x p e r im e n ta lly  m a d e  o b s e r v a t io n  w h ich  is n o t  n e ce s s a r ily  c o n n e c te d  
t o  th e  r e a l ity  o f  a n y  p a r t ic u la r  m o le c u la r ity .

T w o  m o r e  o r d e r s  a re  w o r t h y  o f  m e n t io n , e v e n  th o u g h  t h e y  m a y  n o t  
b e  a p p lic a b le  t o  th e  t e c h n iq u e s  w h ic h  m a y  u lt im a te ly  b e  re q u ire d .

Zero Order. T h e  ra te  is n o t  a ffe c te d  b y  c o n c e n tr a t io n , b u t  ra th e r  
i t  is  s e t  b y  s o m e  c u t s id e  l im it in g  fa c t o r  su ch  as th e  a b s o r p t io n  o f  lig h t , 
th e  ra te  o f  d if fu s io n  in  a  s u r fa c e  r e a c t io n , o r  s o m e w h a t  s im ila r ly , th e  
m a in te n a n c e  o f  a  c o n s ta n t  c o n c e n t r a t io n  d u e  t o  th e  in v o lv e m e n t  o f  a 
s a tu r a te d  s o lu t io n .
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Third Order. T h e  ra te  is p r o p o r t io n a l  t o  th e  c o n c e n t r a t io n  o f  th re e  
r e a c t in g  su b s ta n ce s . F o r  th e se  p u r p o se s , th ir d  o r d e r  r e a c t io n s  are 
c o n s id e r e d  t o  b e  t o o  ra re  a n d  w ill n o t  h a v e  t o  b e  c o n s id e r e d .

O th e r  c o m p le x  r e a c t io n s  a re  n o te w o r th y , b u t  s im ila r ly , th e y  w ill n o t  
a ffe c t  o u r  u se  o f  c h e m ic a l  k in e t ic s . B y  c o m p le x  r e a c t io n s  a re  m e a n t  
c o n s e c u t iv e  r e a c t io n s , c o m p e t in g  re a c t io n s , a n d  re v e rs e  r e a c t io n s  in  
w h ich  e q u ilib r ia  a re  se t u p  w h ic h  m a ss -w is e  a re  n e ith e r  n e a r  t o  th e  b e 
g in n in g  n o r  n e a r  t o  th e  p o in t  o f  c o m p le t io n . T h e  r e a s o n  c o n fu s io n  
d o e s  n o t  ru n  ra m p a n t , c o n s id e r in g  th e  m a n y  r e a lis t ic  p o s s ib ilit ie s , is 
th a t , in  g e n e ra l, s o m e  l im it in g  s te p  p r e d o m in a te s  su ch  th a t  experimentally 
w e  are  a b le  t o  o b s e r v e  th e  b e h a v io r  o f  s o m e  s in g le  e n t i ty  o r  p a r a m e te r .

B e fo r e  w e  t r y  t o  o rg a n iz e  a n d  u se  th e  ju s t -d is c u s s e d  p h y s ic a l -c h e m ic a l  
in fo r m a t io n , o n e  m o r e  c o n c e p t ,  th e  ro le  o f  t e m p e r a tu r e , s h o u ld  b e  n o te d . 
T h a t  r e a c t io n  ra te s  in c re a se  w ith  te m p e r a tu r e  is a  w e l l-k n o w n  o b s e r v a 
t io n  a m p ly  illu s tr a te d  b y  e v e r y -d a y  e x p e r ie n ce . T h is  fa c t  h as  b e e n  
q u a n t ita te d  a n d  in c o r p o r a te d  in  th e  s ch e m e  o f  c h e m ic a l  k in e t ic s  b y  th e  
w e ll-k n o w n  A rr h e n iu s  e q u a t io n :

log  ikt/ki) =  ( A i ia/2 .3 0 3 i? )  (T 2 -  T i/ T 2T i)

w h e r e :

AH a =  heat o f  a ctiva tion
R  =  gas con stan t
T  =  absolu te tem perature ( ° C  +  273°)

G r a p h ic a l ly , a  s tra ig h t  lin e  o f  n e g a t iv e  s lo p e  re su lts  w h e n  lo g  k is  p lo t t e d  
vs. 1 / T ;  th e  s lo p e  =  ( — A H a/2 .3 0 3 R ) .

N o w  th a t  th e  fo u n d a t io n  h as  b e e n  la id , w e  m u s t  c h o o s e  w h ic h  t y p e  
o f  e d ific e  t o  b u i ld  a n d  th e n  ju s t i fy  th e  n a tu r e  o f  th e  a r c h ite c tu r e .

F irs t , it  is o b v io u s  th a t  th e  ro le  o f  te m p e r a tu r e  c a n  b e  in c o r p o r a t e d  
in t o  th e  s c h e m e  o f  th in g s  b y  e m p lo y in g  th e  w e l l -k n o w n  “ a c c e le r a te d  
s tu d ie s ”  in  w h ich  fo r m u la t io n s  are  s tre sse d  b y  s to ra g e  a t  v a r io u s  e le v a te d  
te m p e ra tu re s . S e c o n d ly , a  v a r ia t io n  o f  th e  h a lf - l ife  c o n c e p t  w ill b e  
u se d  in  w h ic h  a  ¿90 is  e m p lo y e d , i .e . , th e  t im e  i t  ta k e s  f o r  1 0 %  d e g r a d a 
t io n  o r  fo r  a  d r o p  t o  9 0 %  o f  th e  o r ig in a l  c o n c e n t r a t io n  o f  a  m a te r ia l. 
T h is  w ill b e  i l lu s tr a te d  la te r . T h ir d ly ,  f ir s t  o r d e r  k in e t ic s  w ill b e  u t i liz e d  
b e c a u s e  o f  th e  ea se  o f  a p p lic a t io n . A m p li f i c a t io n  o f  th e s e  p o in ts  w ill  b e  
e f fe c te d  in  re v e rs e  o rd e r .

F irs t , th e  v a l id i t y  o f  u s in g  first  o r d e r  k in e t ic s  s h o u ld  b e  v e r if ie d . 
O n e  s h o u ld  b e  su re  th a t  u se  o f  th is  o r d e r  w ill n o t  b e  m is le a d in g  i f  th e  s y s 
te m  u n d e r  o b s e r v a t io n  is, in  fa c t ,  d e g r a d in g  a c c o r d in g  t o  s e c o n d  o r d e r  
k in e t ic s . T h e  e x is te n ce  o f  c o n fu s io n  o r  th e  la c k  o f  it , w h ic h  w o u ld  e n te r
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T a b le  I
C a lcu la te d  R e su lts  o f  M o d e l  S e co n d  O rd e r  K in e t ic  R a te  E q u a tio n  I llu s tra tin g  D e g ra d a tio n  o f 

A  a n d  B ;  In it ia l C o n c e n tr a t io n  o f  A  =  10, B =  1

X t X  1 0 2 (A ) (5 ) lo g  ( .4 ) lo g  (B )

0 .1 0 .4 6 9  9 0 .9 0 .9 9 6 - 0 . 0 4 6
0 .2 0 .9 8 9 .8 0 . 8 0 .9 9 1 - 0 . 0 9 7
0 .3 1 .5 8 9 7 0 .7 0 .9 8 7 — 0 .1 5 5
0 .4 2 .2 7 9 .6 0 .6 0 .9 8 2 - 0 . 2 2 2
0 .5 3 .1 0 9 .5 0 .5 0 .9 7 8 - 0 . 3 0 1
0 .6 4 .1 2 9 .4 0 .4 0 .9 7 3 - 0 . 3 9 8
0 .7 5 .4 6 9 .3 0 .3 0 .9 6 8 - 0 . 5 2 3
0 .8 7 .3 6 9 .2 0 .2 0 .9 6 4 - 0 . 6 9 9
0 .9 1 0 .6 6 9 .1 0 .1 0 .9 5 9 - 1 . 0 0 0

T a b le  I I
C a lcu la te d  R e su lts  o f  M o d e l  S e co n d  O rd er  K in e t ic  R a te  E q u a tio n  I llu s tra t in g  D e g ra d a tio n  

o f  C  o r  D  w h en  In it ia l C o n ce n tr a t io n  o f  C — D =  1

X t ( C ) lo g  (C )

0 .1 0.11 0 .9 - 0 . 0 4 6
0 . 2 0 .2 5 0 .8 - 0 . 0 9 7
0 . 3 0 .4 3 0 .7 — 0 .1 5 5
0 . 4 0 .6 7 0 .6 - 0 . 2 2 2
0 . 5 1 .0 0 0 .5 - 0 . 3 0 1
0 . 6 1 .5 0 0 . 4 - 0 . 3 9 8
0 . 7 2 .3 3 0 . 3 - 0 . 5 2 3
0 . 8 4 .0 0 0 . 2 - 0 . 6 9 9
0 . 9 9 .0 0 0 .1 - 1 . 0 0 0

in t o  an  a t t e m p t  a t  a n a ly s is  o f  a  s y s te m  w h ic h  w a s  d e g r a d in g  in  s e c o n d  
o r d e r  fa s h io n  b u t  w h ic h  w a s  tr e a te d  as fir s t  o rd e r , c o u ld  b e  d e te r m in e d  
b y  s e t t in g  u p  m o d e l  sy s te m s , as w ill b e  il lu s tr a te d  n e x t.

T h e  s e c o n d  o r d e r  m o d e l  d a ta  s h o w n  in  T a b le  I  m a y  b e s t  b e  e x a m in e d  
b y  p lo t t in g  th e m  as i f  th e  s y s te m  w e re  fo l lo w in g  fir s t  o r d e r  k in e t ic s . 
T h e s e  d a t a  w e r e  o b t a in e d  fo r  th e  ca se  in  w h ic h  a =h b l e t t in g :

a =  original con cen tra tion  o f A =  10, 
b =  original con cen tra tion  o f B  =  1, 
x =  am ou nt o f  degradation  =  0 .1 , 0.2, . . ., 0.8, 0.9, and 
k =  2.303.

T h e n :  t =  1.9 lo g  (0 .1 )  (a — x ) / ( b  — x)  in  a r b it r a r y  u n its .
S o lv in g  fo r  t as A  d e c o m p o s e s  t o  a b o u t  9 0 %  a n d  B  t o  a b o u t  1 0 %  o f  

o r ig in a l c o n c e n t r a t io n s  p r o d u c e s  th e  fig u re s  o f  T a b le  I.
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F ig u re  1 s h o w s  th e  d a ta  o f  T a b le  I g r a p h ic a lly . I t  ca n  b e  seen  th a t  
in  th e  ca se  o f  “ A , ”  a first  o r d e r  p lo t  e x h ib its  c o n s id e r a b le  c u r v a tu r e  a fte r  
a b o u t  4 %  d e g r a d a t io n  h as ta k e n  p la ce . T h is  is n o t  t o o  g o o d  fr o m  th e  
p o in t  o f  v ie w  o f  n e e d in g  a s tr a ig h t  lin e  r e la t io n s h ip . H o w e v e r , th is  
ca se , in  w h ich  th e  o r ig in a l c o n c e n t r a t io n  o f  A  =  1 0  a n d  its  n em e s is , so

Figure 1. P e rc e n t  D e g r a d a t io n  o f  A

to  sp e a k , is B  w h ich  in it ia lly  e x is te d  a t  a c o n c e n t r a t io n  1 0 %  o f  th a t  o f  
A , le a d s  t o  s o m e  c o m fo r t  in  t w o  r e s p e c t s : F irs t, it  is  m o r e  l ik e ly  th a t  a 
s ig n ifica n t  n e m e s is  w o u ld  h a v e  a  h ig h e r  c o n c e n t r a t io n , a n d  s e c o n d ly , 
th e  d e g r a d a t io n  o f  A  w ill s to p  a fte r  1 0 %  d e c o m p o s it io n  fr o m  a “ 1 0 %  
n e m e s is .”

A d d it io n a l  s e c o n d  o r d e r  m o d e l  d a ta  s h o w n  in  T a b le  I I  illu s tra te  so m e  
d if fe r e n t  a s p e c ts  o f  th is  s itu a t io n . T h e s e  d a ta  w ere  o b ta in e d  fo r  th e  
ca se  in  w h ich  a =  b b y  l e t t in g :

a =  original con cen tra tion  o f C  =  1, 
x  =  am ount o f  degradation  =  0 .1 ,0 .2 , . . ., 0.8, 0.9, and 
k =  1 .

T h e n :  t =  x /a {a  — x ) in  a r b it r a r y  u n its .
S o lv in g  fo r  t as C  d e c o m p o s e s  t o  a b o u t  1 0 %  o f  its  o r ig in a l  c o n c e n t r a 

t io n  p r o d u c e s  th e  fig u re s  o f  T a b le  I I .
F ig u r e  2 illu s tra te s  th e  d a ta  o f  T a b le  I I .  I t  is a p p a r e n t  th a t  w h e n  

th e  o r ig in a l  A  is  a t ta c k e d  b y  “ s o m e o n e  its  o w n  s iz e ”  (lin e  “ C , ” a =  b)
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o r  b y  a  m u c h  la rg e r  a d v e r s a r y  (lin e  “ B , ”  1 0 x ) ,  f irst  o r d e r  k in e t ic s  p r e v a il  
as th e  lin es  a re  s tra ig h t  a ll th e  w a y  in  th e  la t te r  ca se  (B)  a n d  t o  a  p o in t  
a t w h ich  a t  le a s t  5 0 %  d e g r a d a t io n  h a s  ta k e n  p la c e  in  th e  fo r m e r  ca se  
(C ) . O u r  co n c lu s io n  is th a t  f ir s t  o r d e r  p lo ts  s h o u ld  b e  a p p lic a b le  t o  o u r  
w o rk .

W it h  re g a r d  t o  th e  u se  o f  h a lf -l ife  c o n c e p t s  it  w ill b e , as in d ic a te d  
p r e v io u s ly , u se fu l t o  th in k  in  te r m s  o f  tm v a lu e s . H a lf- l iv e s  re p r e s e n t  a 
t im e  u n it  w h ich  is t o o  l o n g ; o b v io u s ly  d e g r a d a t io n  m u s t  b e  m o n ito r e d  in

Figure 2. Percent Degradation of B or C

p r o d u c t s  d u r in g  a  s ta b il i ty  s tu d y  as s o o n  as sm a ll ch a n g e s  d e v e lo p . 
T h e r e fo r e , th e  i 90 c o n c e p t , w h ich  is th e  t im e  fo r  a  c o n c e n t r a t io n  t o  fa ll 
t o  9 0 %  o f  th e  o r ig in a l, is m o s t  u se fu l. I t  s h o u ld  b e  n o te d  a lso  th a t  th is  
t im e  c a n  b e  c o r r e la te d  (a c tu a lly , it  is in v e r s e ly  p r o p o r t io n a l  t o  “ k” ) t o  
th e  s p e c if ic  r e a c t io n  ra te  c o n s ta n t  as in d ic a te d  in  th e  h a lf - l ife  e q u a t io n . 
T h is  m e a n s  th a t  a n y  m a n ip u la t io n  p e r fo r m e d  w ith  k c a n  a lso  b e  p e r 
fo r m e d  w ith  ¿go. F in d in g  ¿ 90 e n ta ils  u s in g  first  o r d e r  e q u a t io n s  a n d  e x 
p e r im e n ta l  d a ta  t o  f in d  k;  th e n  h a v in g  fo u n d  k a t  a n y  p a r t ic u la r  t e m 
p e ra tu re , th e  sa m e  e q u a t io n s  are u s e d  a g a in  t o  f in d  t% b y  s e tt in g  c0 =  1 0 0  

a n d  c =  90.
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T h e  ro le  o f  t e m p e r a tu r e , w h ich  is th e  fo u n d a t io n  u p o n  w h ic h  a lm o s t  
a ll o f  th e  a c c e le r a te d  s ta b il i ty  te s t in g  p r o c e d u r e s  rest, ca n  b e  b r o u g h t  
in t o  p la y  b y  p lo t t in g  th e  t% v a lu e s  o b ta in e d  f r o m  d a ta  ta k e n  a t  v a r io u s  
t e m p e r a tu r e s  vs. 1 /7 '  t o  g e t  a n  A r r h e n iu s - l ik e  p lo t  b u t  w ith  a p o s it iv e  
s lo p e . T h e  p o in t  a t  w h ic h  th e  lin e  cro sse s  th e  a b sc issa  re p re se n t in g  
r o o m  te m p e r a tu r e  is  th e  le n g th  o f  t im e  i t  w o u ld  ta k e  th e  m a te r ia l  t o  
b r e a k  d o w n  t o  9 0 %  o f  its  o r ig in a l  c o n c e n t r a t io n . O b v io u s ly , th e  t im e  
t o  re a ch  a n y  o th e r  d e s ire d  d e g r e e  o f  b r e a k d o w n  c o u ld  b e  s o u g h t  b y  a 
p r o c e d u r e  a n a lo g o u s  t o  t h a t  ju s t  d e s c r ib e d  fo r  th e  d e te r m in a t io n  o f  tw.

O n e  fin a l p o in t  in v o lv e s  th e  q u e s t io n  o f  w h e th e r  r e a c t io n s  a t  h ig h e r  
te m p e r a tu r e s  re a lly  r e f le c t  w h a t  w ill h a p p e n  a t r o o m  te m p e ra tu re . 
O b v io u s ly , h ig h e r  te m p e r a tu r e s  m a y  n o t  i f  t h e y  d e s t r o y  th e  fu n d a m e n ta l  
n a tu r e  o f  th e  fo r m u la t io n . U n fo r t u n a te ly , th e  q u e s t io n  is n o t  an  e a sy  
o n e  t o  a n sw e r  c o n c lu s iv e ly . S o m e  in s ig h t  in t o  th e  v a l id i t y  o f  h ig h  t e m 
p e ra tu re  s ta b il i t y  s tu d ie s  m a y  b e  g a in e d , h o w e v e r , b y  c o n s id e r a t io n  o f  
s o m e  d a ta  a lr e a d y  p u b lis h e d .

E x a m p le s  f r o m  th e  l ite r a tu r e  w ill b e  u se d  t o  e x a m in e  so m e  k in e t ic  
d a ta  ta k e n  a t  w id e ly  d if fe r e n t  te m p e ra tu re s . A s  w ill b e  seen , th e  sa m e  
k in e t ic  e x p re s s io n s  fo r  th e  d e g r a d a t io n  o f  th ia m in e  h y d r o c h lo r id e  a p p e a r  
t o  b e  v a lid  o v e r  a  v e r y  w id e  te m p e r a tu r e  r a n g e ; th is  is not so , h o w e v e r , 
in  th e  ca se s  o f  th e  d e g r a d a t io n  o f  g lu c o s e  in  a c id  s o lu t io n  o r  o f  a q u e o u s  
p r o c a in e  h y d r o c h lo r id e  so lu t io n s .

S ta b i l i t y  s tu d ie s  w h ic h  u t i liz e  q u ite  h ig h  te m p e r a tu r e s  are  a lw a y s  
s u s p e c t  b e c a u s e  th e  q u e s t io n  a lw a y s  a r ise s : A r e  th e  sa m e  o r  d if fe r e n t  
d e g r a d a t iv e  r e a c t io n s  p r e d o m in a n t  a t  th e se  h ig h e r  te m p e ra tu re s  as a t 
lo w e r  t e m p e r a tu r e s ?  T h e  l it e r a tu r e  c o n ta in s  in fo r m a t io n  w h ic h  i l lu 
s tra te s  th a t , in  th e  ca se  o f  a q u e o u s  s o lu t io n s  o f  th ia m in e , th e  sa m e  r e a c 
t io n s  a p p e a r  t o  p r e d o m in a te  b o t h  a t  r o o m  te m p e r a tu r e  a n d  a t 140 ° C . 
H o w e v e r , n o  o n e  se e m s  t o  h a v e  s tu d ie d  th is  p o in t  e x p lic it ly . F o r  e x 
a m p le , F a rr e r  ( 1 - 4 )  in  h is  fa ir ly  e x te n s iv e  re se a rch e s  o n  th e  th e r m a l d e 
s t r u c t io n  o f  V ita m in  B j h as  n e v e r  re la te d  h is  d a ta  o b ta in e d  a t  1 0 0 ° C  to  
w h a t  m ig h t  b e  h a p p e n in g  a t  2 5 °C . O b v io u s ly , th e  a n sw e r  t o  o u r  im 
p lie d  q u e s t io n  is o f  th e  u tm o s t  im p o r ta n c e  w h e n  o n e  is c o n s id e r in g  a  s tu d y  
o f  th e  s ta b il i ty  o f  B j in  p h a r m a c e u t ic a l  fo r m u la t io n s . A lth o u g h  th ia m in e  
c o u ld  n o t  a r b it r a r ily  b e  d e c la r e d  a  “ t y p i c a l ”  d ru g , i t  is a  ra th e r  c o m p le x  
m o le c u le  w h ic h  c a n  (w ith  a p p r o p r ia te  re a g e n ts )  d e g r a d e  in  se v e ra l w a y s , 
ju s t  as m a n y  o th e r  c o m p o u n d s  m a y . O n  th is  b a s is  th e n , i t  is in te r e s t in g  
t o  see  th e  re su lts  o f  s o m e  c a lc u la t io n s  u s in g  d a ta  in  th e  lite ra tu re .

M a c e k , F e lle r , a n d  H a n u s  (5 ) s tu d ie d  th e  d e g r a d a t io n  o f  a q u e o u s  s o lu 
t io n s  o f  th ia m in e  m o n o n it r a te . T h e  p H ’s w e re  a d ju s te d  t o  4  w ith  H C1
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so  th a t  th e  io n ic  s p e c ie s  r e s u lt in g  w e r e  e s se n t ia lly  th e  sa m e  as in  th e  
W a ta n a b e  s t u d y  m e n t io n e d  b e lo w ;  th e  sa m p le s  w e re  s to r e d  a t  r o o m  
te m p e r a tu r e  a n d  40  ° C  fo r  v a r y in g  p e r io d s  o f  t im e  u p  t o  o n e  y e a r . T h e s e  
w o r k e r s  d id  n o t  c a lc u la te  e ith e r  k in e t ic  s p e c if ic  r e a c t io n  ra te  c o n s ta n ts  
o r  th e  h e a t  o f  a c t iv a t io n  o f  th e  d e g r a d a t iv e  r e a c t io n . H o w e v e r , u s in g  
th e ir  1 , 6 , a n d  1 2  m o n th  d a ta , a p p r o x im a te  v a lu e s  c a n  b e  c a lc u la te d :

2 5 °C : k =  4.80 X  1 0 '3 m o . '1
4 0 °C : k  =  4.05 X  1 0 '2 m o . ' 1

T h is  s itu a t io n  c o r r e s p o n d s  t o  a  h e a t  o f  a c t iv a t io n  o f  2 9 ,0 0 0  c a l . /m o le .  
W a ta n a b e  ( 6 , 7) c a r r ie d  o u t  s im ila r  s tu d ie s  a t  te m p e r a tu r e s  o f  100, 110, 
120, 130, a n d  140 °C . F o r  h is  s tu d y  d o n e  a t  p H  4 .2  h e  lis ts  th e se  s p e 
c if ic  r e a c t io n  ra te  c o n s ta n ts :

10()°C : k =  2.7 X  1 0 '2 h r . ' 1
1 U )°C : k  =  6.9 X  1 0 '2 h r . ' 1

T h is  s itu a t io n  c o r r e s p o n d s  t o  a  h e a t  o f  a c t iv a t io n  o f  2 6 ,1 0 0  c a l . /m o l e ;  
W a ta n a b e , o n  th e  b a s is  o f  a ll h is  d a ta , lis ts  th e  v a lu e  o f  th e  A I Ia as 3 1 ,0 0 0  
c a l . /m o le .

I t  m a y  b e  c o n c lu d e d  th a t  th e  a g r e e m e n t  b e tw e e n  th e  t w o  d if fe r e n t  
g r o u p s ’ v a lu e  fo r  th e  h e a t  o f  a c t iv a t io n  is  v e r y  g o o d . O f  co u r se , th is  
a lo n e  d o e s  n o t  in d ic a te  c o n c lu s iv e ly  th a t  th e  d e g r a d a t iv e  r e a c t io n  a t  
25 a n d  1 1 0 ° C  is  th e  sa m e , b e c a u s e  th e  p o s s ib i l i t y  o f  a  fa m ily  o f  lin es  
e x is t in g  o n  a n  A rr h e n iu s  p lo t  m u s t  n o t  b e  o v e r lo o k e d  e v e n  th o u g h  th e  
s lo p e s  o f  th e  lin e s  m ig h t  b e  th e  sa m e . H o w e v e r , e v e n  w ith  th e  c o n v e r 
s io n  fa c t o r  7 20  h o u r s  =  1 m o n th , th e  d a ta  f r o m  th e  d if fe r e n t  t e m p e r a 
tu re s  d o  fo r m  a s in g le  lin e a r  A rr h e n iu s  p lo t .  C o n s id e r in g  th e  d if fe r e n t  
in v e s t ig a to r s , th e  v a r ia b i l i t y  o f  th e  a ss a y  m e t h o d  f o r  th ia m in e , a n d  th e  
a p p r o x im a t io n  o f  t im e  v a lu e s  in  th e  y e a r - lo n g  s tu d y , a g r e e m e n t  b e tw e e n  
th e  t w o  s tu d ie s  is s u rp r is in g ly  g o o d . T h e  d a ta  in d ic a te  th a t  th e  sa m e  
k in e t ic  s itu a t io n  p r e d o m in a te s  b o t h  a t  v e r y  h ig h  a n d  a t  lo w  t e m p e r a 
tu res . T h is  th e n  is  o n e  ca se  w h ic h  c a n  b e  c o n s id e r e d  n e ith e r  c o m p le t e ly  
t y p ic a l  n o r  c o m p le t e ly  a ty p ic a l  b u t  in  w h ich  s tu d ie s  a t  h ig h  t e m p e r a 
tu re s  p r o v e  t o  b e  s ig n ifica n t.

I t  is e a sy  f o r  a n y o n e  w h o  h a s  s tu d ie d  th e  k in e t ic s  o f  r e la t iv e ly  c o m 
p le x  p h a r m a c e u t ic a l  fo r m u la t io n s  t o  c ite  e x a m p le s  w h e r e in  th e  re su lts  
o f  h ig h  a n d  lo w  t e m p e r a tu r e  s tu d ie s  d o  n o t  p r e s e n t  su ch  a  t id y  p ic tu r e  
as in  th e  th ia m in e  ca se  ju s t  d is cu sse d . I t  is p o s s ib le  a lso  t o  c i t e  e x a m 
p le s  w h ic h  c o n c e r n  s y s te m s  w ith  o n ly  o n e  d e g r a d in g  in g r e d ie n t  t o  i l lu 
s tra te  s u ch  s itu a t io n s . H e im lic h  a n d  M a r t in  ( 8 ) in  a  d e ta ile d  s t u d y  o f  
th e  d e g r a d a t io n  o f  g lu c o s e  in  a c id  s o lu t io n  h a v e  s h o w n  th a t  a c h a n g e  in
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m e c h a n is m  a p p e a rs  t o  ta k e  p la ce  a t  t e m p e r a tu r e s  a t  a n d  b e lo w  100  °C  
as c o m p a r e d  t o  s tu d ie s  d o n e  b e tw e e n  100 a n d  150 °C . S im ila r ly , O o te -  
g h e m  a n d  S te ig e r  (9 ) s h o w e d  th a t  th e  h y d r o ly t i c  p r o c e s s  in  d e g r a d in g  
a q u e o u s  p r o c a in e  h y d r o c h lo r id e  s o lu t io n s  is  n o t  th e  sa m e  a t  20  °C  a n d  
a b o v e  8 0 ° C , so  th a t , e .g ., a  s t u d y  d o n e  a t  1 0 0 °C  w ill  n o t  p e r m it  c a lc u la 
t io n  o f  th e  d e g r a d a t io n  ra te  a t  20  °C .

F in a lly , a lth o u g h  th e  k in e t ic  b a s is  u p o n  w h ic h  s ta b il i t y  s tu d ie s  re s t  
is n o t  a b s o lu te ly  u n e q u iv o c a l ,  w e  m a y  still c o n c lu d e  th a t  c h e m ic a l  k i 
n e t ics  g iv e s  u s  a p o t e n t ia l ly  u s e fu l t o o l .

P l a c e m e n t

T h e  p r e c e d in g  s e c t io n  c o v e r e d  th e  b a s ic  s t r u c tu r e  o f  m e th o d s  w h ich  
u se  c h e m ic a l  k in e t ic s  t o  p r e d ic t  p r o d u c t  s ta b il i ty . C e n tr a l  t o  p r e d ic t iv e  
t e c h n iq u e s  is, o f  c o u r s e , th e  n e c e s s ity  o f  p la c in g  sa m p le s  a t  v a r io u s  e le 
v a t e d  t e m p e r a tu r e s — o r  s tre ss in g  th e m  in  s o m e  w a y  s u ch  as e x p o s in g  
th e m  t o  f r e e z e -th a w  c y c le s . N o r m a lly , s to ra g e  te m p e r a tu r e s  h a v e  b e e n  
ch o s e n  m o r e  o r  less  a r b itr a r ily , a lth o u g h  th e  e v o lu t io n  o f  th e  c h o ic e s  
h as  re s u lte d  in  a  v e r y  re a s o n a b le , u se fu l, a n d  w o r k a b le  s y s te m  fo r  m o s t  
fo r m u la to r s .

T h e  p u r p o s e  o f  th is  s e c t io n  is s im p ly  t o  ca ll a t t e n t io n  t o  th e  f a c t  th a t  
th e re  e x is t  c e r ta in  th e o r e t ic a l— a n d  p r a c t ic a l— r e a s o n s  w h ich  h a v e  b e e n  
u se d  b y  s o m e  w o r k e r s  t o  d e v e lo p  p a r t ic u la r  s y s te m s  o f  s to ra g e  t e m p e r a 
tu re s  a n d  a ssa y  s ch e d u le s  fo r  s ta b i l i t y  s tu d ie s . E x a m p le s  w h ich  illu s 
tr a te  th is  w ill n o w  b e  c ite d .

T o o t i l l  (1 0 ) b a s e d  h is s u g g e s t io n s  o f  s to r a g e  t e m p e r a tu r e s  o n  a  s lo p e  
r a t io  e x p e r im e n ta l  d e s ig n . T h is  is a  s ta t is t ic a l  te r m  fo r  a  c e r ta in  e x p e r i 
m e n ta l d e s ig n  w h ic h  fa c il ita te s  th e  a p p lic a t io n  o f  s ta t is t ic a l m e th o d s  t o  
th e  a n a ly s is  o f  th e  re su lts . T h is  s y s te m  is  v a lu a b le  w h e n , o f  n e ce s s ity , 
im p r e c is e  a ssa y  m e th o d s  m u s t  b e  u s e d . H e r e  th e  a im  is lo o se  in  th e  
sense th a t  th e  e x a c t  p a th  o f  d e g r a d a t io n  is  n o t  d e te r m in e d , b u t  ra th e r  
s ta t is t ic s  a re  u se d  t o  e s t im a te  e x p ir a t io n  d a te s . T h e  d e s ig n  c o r r e c t s  th e  
s itu a t io n  in  w h ic h  o n e  o b ta in s  e q u iv o c a l  k v a lu e s  a n d  A rr h e n iu s  p lo t s  d u e  
t o  a la rg e  n u m b e r  o f  u n r e p lic a te d  s a m p lin g  t im e s  w ith  a  m in im u m  n u m 
b e r  o f  s to ra g e  te m p e ra tu re s . T o o t i l l ’s m e t h o d  re q u ire s  s ix  t im e -t e m 
p e ra tu re  c o m b in a t io n s  in  a d d it io n  t o  th e  in it ia l a ssa y . T h e  t e m p e r a 
tu re s  o f  s to ra g e  a re  ch o s e n  so  th a t  th e  r e c ip r o c a l  a b s o lu te  te m p e r a tu r e  
v a lu e s  are  in  a r ith m e t ic a l  p r o g r e s s io n . T h is  w ill  ca u se , i f  th e  A rr h e n iu s  
r e la t io n s h ip  h o ld s , th e  s lo p e s  o f  th e  in d iv id u a l  d e g r a d a t io n  lin es  t o  b e  
in  g e o m e t r ic  p r o g r e s s io n ; th is  f a c t  is e x p re s s e d  as th e  s lo p e  ra tio . F u r -
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T a b le  I I I
S u g g ested  S ta b ility  S to ra g e  T e m p e ra tu re s  (T o o t i l l )

Series

1 2 3 4

" C ° F ° c ° F  ° C °F ° C  ° F

39 102 42 108 52 126 60 140
63 145 63 145 6 4 .5 148 69 156
91 196 87 189 78 172 7 8 .5  173

T a b le  IV
S u g g ested  S ta b ility  T e s t  D es ig n  (K e n n o n )

T e m p e ra tu re A ssa y  o r  S a m p lin g  T im e s  (M o n t h s )

“ C ° F 1st 2 n d 3rd 4 th

60 140 1 .3 4
45 113 3 4 6 8
37 99 6 8 12

R T R T 8 12 18 24

T a b le  V
S u g g ested  S ta b il i i } ' T e s t  D esign  (L o r d i  a n d  S c o t t )

T e m p e ra tu re A ssa y  or S a m p lin g  T im e s  (M o n t h s )

° C °F 1st 2 n d 3rd

41 .,"> 107 0 .8 4 2 5
60 140 0 .3 5 0 .8 4 2
46 115 0 .4 3 1 .3 4
70 158 0 .1 4 0 .4 3 1 .3

th e r m o r e , th e  t im e  sca les  t o  g e t  th e  sa m e  a m o u n t  o f  b r e a k d o w n  a t  ea ch  
te m p e r a tu r e  w ill a lso  b e  in  g e o m e t r ic  p r o g r e s s io n  in  th e  o p p o s it e  d ir e c 
t io n  f r o m  th e  te m p e r a tu r e s  (as  th e  h ig h e r  te m p e r a tu r e s  re q u ir e  less  t i m e ) . 
T h e  t im e s  a re  se t  o n  th e  b a s is  o f  a n  e s t im a te  o f  th e  s lo p e  r a t io . T h u s , 
o n e  n e e d s  a n  e s t im a te  o f  th e  s lo p e  r a t io  t o  s ta r t  th e  e x p e r im e n t . T h is  
m a y  b e  o b ta in e d  fr o m  lite r a tu r e  d a ta  o r  f r o m  a p r e l im in a r y  s tu d y . T h e  
e x p e r im e n ta l  d e s ig n  w ill  th e n  re s u lt  in  a p p r o x im a te ly  th e  sa m e  a m o u n t  
o f  d e g r a d a t io n  a t  th e  t im e s  s a m p le s  a re  w ith d r a w n  a n d  a ss a y e d  r e g a r d 
less  o f  t e m p e r a tu r e . T h e  d e s ig n  ca lls  f o r  sa m p le s  t o  b e  w ith d r a w n  a t 
tw o  t im es fo r  e a ch  o f  th r e e  te m p e r a tu r e s , w ith  th e  s e c o n d  t im e  b e in g  se t 
f o r  5 0 %  d e c o m p o s it io n .

T o o t i l l  h a s  s h o w n  th a t , f o l lo w in g  th is  a r r a n g e m e n t , e a ch  in d iv id u a l  
d e g r a d a t io n  c u r v e  is  e s t im a te d  w ith  a p p r o x im a te ly  e q u a l p r e c is io n  a n d
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th a t  th is  s im p lifie s  b o t h  th e  s ta t is t ic a l  a n a ly s is  a n d  th e  ta sk  o f  ju d g in g  
th e  d e g re e  o f  c o n fo r m it y  o f  th e  re su lts  t o  th e  A rr h e n iu s  e q u a t io n . T a b le  
I I I  sh o w s  fo u r  series  o f  s u g g e s te d  s to r a g e  te m p e r a tu r e s  w h ich  fit  T o o t -  
i l l ’ s d e s ig n . T im e s  a n d  te m p e r a tu r e  se t  ch o s e n  w o u ld  b e  d e te r m in e d  
d e p e n d in g  o n  th e  d e g r a d a t io n  ra te , t o  g e t  th e  le n g th  o f  th e  e x p e r im e n t  
t o  a  m a n a g e a b le  o r  c o n v e n ie n t  le n g th .

K e n n o n  (1 1 ) i llu s tr a te d  th e  u t i l i t y  o f  m a th e m a t ic a l  m o d e ls  in  d e t e r 
m in in g  c h e m ic a l  s ta b il ity . T h e  c o n s t r u c t io n  o f  th e  re fe r e n c e  r e a c t io n  
p a th s  h e  u s e d  w a s  b a s e d  o n  c o n s id e r a t io n s  in v o lv in g  h e a ts  o f  a c t iv a t io n  
a n d  sh e lf -l ife  g o a ls . F r o m  th e se  p a th s  a lo g ic a l  a ssa y  s ch e d u le  a rose . 
T h e  s ch e d u le  is a c tu a lly  b a s e d  o n  th e  te m p e r a tu r e s  ch o s e n  fo r  s a m p le  
s to ra g e  a n d  w o u ld  ch a n g e  i f  a n o th e r  se t o f  s to r a g e  c o n d it io n s  w e re  u sed . 
A n  e x a m p le  o f  a se t  o f  s u g g e s te d  s to ra g e  c o n d it io n s  a n d  an  a ssa y  s ch e d u le  
a re  s h o w n  in  T a b le  IV .

L o r d i  a n d  S c o t t  (1 2 ) r e p o r te d  o n  th e ir  d e v e lo p m e n t  o f  n o m o g r a p h ic  
s ta b il i ty  c h a r ts  w h ic h  w e re  d e s ig n e d  t o  fa c il ita te  th e  a n a ly s is  a n d  e n 
h a n c e  th e  u t i l i t y  o f  d a ta  o b ta in e d  f r o m  s ta b il i t y  te s ts . In  c o n n e c t io n  
w ith  th e s e  e f fo r ts , th e y  a lso  s u g g e s te d  a  s ta b il i t y  p r o g r a m  d e s ig n  b a s e d  
o n  p r o b a b le  h e a ts  o f  a c t iv a t io n  a n d  ¿90’ s. T h e y  s u g g e s t  th e  t im e s  a n d  
te m p e ra tu re s  s h o w n  in  T a b le  V . N o r m a lly  o n ly  o n e  o f  th e  sets  (e ith e r  
th e  4 1 .5 -6 0  °C  o r  th e  4 6 -7 0  ° C )  w o u ld  b e  u sed .

T w o  a d d it io n a l— a n d  u n tr a d it io n a l— ty p e s  o f  s ta b il i t y  te s t in g  p r o c e 
d u res  a re  a lso  w o r t h y  o f  n o te . T h e s e  m e th o d s  o f  “ p la c e m e n t ”  are  q u ite  
d if fe r e n t  f r o m  th o s e  d is cu s s e d  s o  fa r .

E rik sen , P a u ls , a n d  S w in to s k y  (1 3 ) in v e s t ig a te d  th e  a c c u r a c y  o f  
h e a t in g -t im e  m e a su r e m e n ts  as th e y  are  a ffe c te d  b y  t im e  la g s  d u r in g  th e  
h e a t in g  a n d  c o o l in g  o f  sa m p le s  d u r in g  a s ta b il i t y  s tu d y . T h e y  d e v e lo p e d  
a n  e q u a t io n  r e la t in g  s a m p le  h e a t in g  o r  c o o l in g  ra te , s to ra g e  t im e  a n d  
te m p e ra tu re , a n d  th e  h e a t  o f  a c t iv a t io n . T h is  p r o v id e d  th e  E T T E  o r  
“ e q u ilib r iu m  te m p e r a tu r e  t im e  e q u iv a le n t ,”  a n d  th is  in fo r m a t io n  e n 
a b le d  o n e  t o  g e t  b e t t e r  d a ta  f o r  k in e t ic  c a lc u la t io n s . T h e s e  te c h n iq u e s  
m a y  n o t  a p p e a r  t o  b e  e s p e c ia lly  u se fu l fo r  o u r  p u r p o se s , b u t  th e y  are  m o s t  
v a lu a b le  w h e n  o n e  w o r k s  w ith  h ig h  te m p e r a tu r e s  fo r  s h o r t  t im e s , o r  w ith  
v e r y  la rg e  b u lk s , o r  w h e n  h e a t  c o n d u c t iv i t y  fa c t o r s  are  n o t  id e a l. In  
a s u b s e q u e n t  p a p e r  th e se  a u th o r s  (1 4 ) p re s e n te d  s o m e  a d d it io n a l  in fo r 
m a t io n  c o n c e r n in g  a p p lic a t io n s  o f  th is  t e c h n iq u e  in  a  ta b le t  s ta b il i t y  
s tu d y .

S o m e  y e a rs  la te r  E r ik s e n  a n d  S te lm a c h  (1 5 ) d e v is e d  a n d  illu s tr a te d  
w ith  a p p r o p r ia te  d a ta  a “ o n e  s t e p ”  m e th o d  o f  im p le m e n t in g  a  k in e t ic  
s tu d y . T h e  te c h n iq u e  u ses  a  “ r e c ip r o c a l  h e a t in g  m a c h in e ”  t o  m a k e  a
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s in g le  n o n is o th e r m a l  ru n  w h ic h  is  c o n s id e r e d  t o  b e  e q u a l t o  a  c o m p le te  
s t a b i l i t y  s tu d y . E ss e n t ia lly , th e  s a m p le  is s u b je c t e d  t o  a  p r o g r a m m e d  
c h a n g e  o f  t e m p e r a tu r e -t im e  c o n d it io n s . S o m e  fu n c t io n , th e n , w h ic h  
r e p r e s e n ts  b o t h  te m p e r a tu r e  a n d  c o n c e n t r a t io n , is o b ta in e d  fr o m  sa m p le s  
r e m o v e d  a n d  a n a ly z e d  d u r in g  th e  ru n . P lo t t in g  o f  th e  fu n c t io n  vs. t im e  
p r o d u c e s  a s tr a ig h t  lin e  f r o m  w h ic h  b o t h  th e  h e a t  o f  a c t iv a t io n  a n d  th e  
s p e c if ic  r e a c t io n  ra te  c o n s ta n t  m a y  b e  c a lc u la te d . R o g e r s  (1 6 ) a lso  
p r e s e n te d  a s im ila r  a c c e le r a te d  s to ra g e  te s t in g  te c h n iq u e  in  w h ich  b o t h  
th e  h e a t  o f  a c t iv a t io n  a n d  th e  r o o m  te m p e r a tu r e  r e a c t io n  ra te  c o n s ta n t  
c o u ld  b e  o b ta in e d  fr o m  a n a ly se s  m a d e  o n  sa m p le s  w ith d r a w n  w h ile  th e  
te m p e r a tu r e  o f  th e  s y s te m  w a s  ra ise d  in  a c c o r d a n c e  w ith  a c e r ta in  p r o 
g ra m .

(R e c e iv e d  O c t o b e r  27, 196 5 )
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Lanolin Allergy?

E . A L L E N  N E W C O M B ,  B .S .*

Presented before the N ew  England Chapter, November 1 8 ,1 9 6 5

Framingham, M a ss.

S y n o p s is -  A re v ie w  o f  th e  lite ra tu re  in d ica te s  th a t  o n ly  a b o u t  100 cases o f  la n o lin  se n s itiv ity  
h a v e  b e e n  d o cu m e n te d  d u r in g  th e  last 3 0  o r  40  y ea rs . It  is c o n c lu d e d  th a t  la n o lin  p resen ts  
n o  h a za rd  in  c o s m e t ic s  an d  is  n ot a sen sitizer. P o ss ib le  reason s  fo r  th e  o cca s io n a l la n o lin  
a lle rg y  are  re v ie w e d , b u t  n o  d e fin ite  c o n c lu s io n s  ca n  b e  d ra w n  from  d a ta  a v a ila b le  so far. 
It is n o ted  th a t  no  sp ec ific  fra c t io n  o f la n o lin  is im p lica te d  in  th is  s e n s itiv ity .

H i s t o r i c a l  U s e  o f  L a n o l i n

F o r  c e n tu r ie s  la n o lin  a n d /o r  its  d e r iv a t iv e s  h a v e  b e e n  a n d  c o n 
tin u e  t o  b e  so m e  o f  th e  m o s t  c o n s is t e n t ly  a p p e a r in g  s in g le  c o m p o n e n ts  
in  c o s m e t ic  a n d  t o i le t r y  fo r m u la t io n s . W h ile  la n o lin  is  a d d e d  to  f o r 
m u la s  o c c a s io n a l ly  b y  a m a n u fa c tu r e r  fo r  “ m a g ic ”  a p p e a l o f  th e  w o r d , 
th e  c o n t in u e d  w id e  u se  o f  th e  m a te r ia l  o v e r  su ch  a  lo n g  t im e  ca n  o n ly  b e  
r e la te d  t o  its  fu n c t io n a l  v a lu e  in  th e  m a n a g e m e n t  o f  d r y  sk in . L ite r a lly  
m ill io n s  u p o n  m ill io n s  o f  p o u n d s  o f  la n o lin  a n d  its  d e r iv a t iv e s  h a v e  b e e n  
a p p lie d  t o  th e  sk in  a n d  h a ir  o f  m illio n s  u p o n  m illio n s  o f  p e o p le  o v e r  a 
p e r io d  o f  ce n tu r ie s .

T h e  use o f  c r u d e  w o o l  g re a se  as a n  e m o llie n t  h a s  a  h is t o r y  th a t  m a y  
p r e d a te  e v e n  r e c o r d e d  c iv i liz a t io n . T h e r e  are  in d ic a t io n s  th a t  th is  p r e 
c u r s o r  o f  la n o lin  fo u n d  its  w a y  in t o  th e  b e a u t y  a id s  a n d  m e d ic a l  b a lm s  
o f  th e  e a r ly  E g y p t ia n s . S o m e  s p e c u la te  th a t  th e  m a te r ia l  w a s  k n o w n  
t o  th e  e a r ly  C h in e se . E v e n  th e  O ld  T e s ta m e n t  m a k e s  re fe r e n c e  t o  c r u d e  
w o o l  w a x . T h e  use o f  c r u d e  w o o l  w a x  as an  o in tm e n t  b a se  h as  b e e n

* Malmstrom Chemical Corp., Linden, N. J.
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tr a c e d  t o  th e  d a y s  o f  P lin y  in  th e  first  c e n tu r y  b e fo r e  th e  b ir th  o f  C h r is t

( 1 ).
L a n o lin  as w e  k n o w  it  n o w  h a d  its  b ir th  in  th e  c e n tr ifu g e  o f  t w o  G e r 

m a n  s c ie n tis ts , B r o w n  a n d  L ie b r ic h , w h o  p r e p a r e d  th e  fir s t  re fin e d  n e u 
tra l w o o l  g re a se  a n d  o b ta in e d  a  p a te n t  o n  th e  p r o c e s s  in  th e  y e a r  1 8 8 2 (2 ) . 
T h e s e  re s e a rch e rs  are  a lso  c r e d ite d  w ith  c o n fe r r in g  th e  n a m e  la n o lin  on  
th e ir  re fin e d  h y d r o u s  p r o d u c t . U p  u n til  W o r ld  W a r  I th e  U n ite d  S ta te s  
d e p e n d e d  t o  a  g r e a t  e x te n t  o n  th e  im p o r ta t io n  o f  la n o lin  fr o m  G e r m a n y . 
A t  th e  s ta r t  o f  th e  w a r  th e se  s u p p lie s  b e c a m e  u n a v a ila b le . T h is  s h o r t 
a g e  le d  t o  th e  ra p id  g r o w th  o f  th e  la n o lin  in d u s tr y  in  th is  c o u n tr y .

In  th e  y e a rs  s in ce  F ir s t  W o r ld  W a r , a  b o o m  h a s  ta k e n  p la ce  in  th e  use 
o f  la n o lin  a n d , m o r e  p a r t ic u la r ly , o f  its  d e r iv a t iv e s . T h e  tr e n d  to w a r d  
d e v e lo p m e n t  o f  th e  n e w e r  d e r iv a t iv e s  o f  la n o lin  c o m e s  fr o m  a d es ire  t o  
c re a te  n e w  m a te r ia ls  f r o m  th e  a lr e a d y  p r o v e d  v a lu a b le  la n o lin  n ew  
p r o d u c t s  m o r e  s p e c if ic  in  fu n c t io n , m o r e  v e r sa t ile  in  use a n d  m o r e  es- 
th e t ic a lly  e le g a n t  th a n  la n o lin . B y  fr a c t io n a t io n  a n d  b y  c h e m ic a l  r e a c 
t io n , su ch  as e th o x y la t io n , n e w  d e r iv a t iv e s  are  c r e a te d , la b o r a t o r y  a n d  
c l in ic a lly  te s te d , a n d  fin a lly  ju d g e d  in  co n s u m e r  u se  t o  d e m o n s tr a te  
th e ir  w o r th  in  th e  fie ld s  o f  c o s m e t ic s  a n d  d e r m a to lo g y .

I n c i d e n c e  o f  D e r m a t i t i s  A t t r i b u t e d  t o  L a n o l i n

F o llo w in g  th e  in c re a s in g  w id e  sp re a d  u se  o f  th e  m a te r ia l , in s ta n ce s  
o f  c u ta n e o u s  r e a c t io n  w e re  d is c o v e r e d  a n d  p re s u m e d  t o  b e  ca u s e d  b y  
la n o l in ; it  is o n ly  n a tu ra l th a t  d e r m a to lo g is ts  a n d  a lle rg is ts  w o u ld  a t 
t e m p t  t o  s tu d y  th is  p h e n o m e n o n . A m o n g  th e  fir s t  in  th is  c o u n t r y  t o  
r e p o r t  ca ses  o f  a lle rg y  a t t r ib u ta b le  t o  la n o lin  w e re  R a m ir e z  a n d  E lle r  (3 ) 
( o n e  ca se ) a n d  S u lz b e rg e r  a n d  M o r s e  (4 ) ( tw o  ca s e s ) . S e z a r y  (5 ) m a d e  
a  s im ila r  r e p o r t  o f  th re e  ca se s  in  F r a n c e . B o n n e v ie  (6 )  in  1939  r e p o r te d  
o n e  ca se  in 2 3 5 8  p a t ie n ts  th o r o u g h ly  in v e s t ig a te d  in  C o p e n h a g e n . E llis
(7 ) la te r  r e p o r te d  a ca se  o f  a lle rg ic  c o n t a c t  d e rm a t it is  d u e  t o  w o o l  fa t  
a n d  c h o le s te r o l . S c h w a r z fe ld  (8 ) ,  in  r e p o r t in g  o n  s o m e  te n  ca ses  se n s i
t iv e  t o  la n o lin  a n d  A q u a p h o r *  (a  la n o lin  e s te r  a n d  a lc o h o l  a b s o r p t io n  
b a s e ) , fe lt  th a t  th e  E llis  w o r k  g a v e  s o m e  p h y s ic ia n s  th e  im p r e s s io n  a lle r 
g ic  r e a c t io n  t o  la n o lin  w a s  r a th e r  c o m m o n . N o  s ta te m e n t  in  th e  E llis  
r e p o r t  c o u ld  b e  so  c o n s tr u e d . S u lz b e r g e r  a n d  L a z a r  (9 ) in  r e p o r t in g  o n  
fo u r  p a t ie n ts  r e a c t in g  t o  la n o lin  m a d e  th e  s ta t e m e n t  t h a t  th is  t y p e  o f  
r e a c t io n  “ o c c u r s  s u rp r is in g ly  r a r e ly .”  S u lz b e rg e r  et al. (1 0 )  in  la te r  
s tu d ie s  fo u n d  12 la n o lin -s e n s it iv e  p a t ie n ts  o u t  o f  s o m e  1048  a l le r g y  p a -

D u k e  L a b o ra to r ie s , I n c ., S ta m fo rd , C on n .
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tie n ts— a n  in c id e n c e  o f  1 .1 %  in  th is  select p o p u la t io n . W a r s h a w  (1 1 ) in  
a  r e p o r t  c o n t in u in g  th is  s tu d y  a d d e d  th r e e  m o r e  la n o lin -s e n s it iv e  p a 
t ie n ts  d is c o v e r e d  a t  th e  N e w  Y o r k  S k in  a n d  C a n c e r  U n it  p lu s  s e v e n  o th e r  
p a t ie n ts  fr o m  p r iv a te  p ra c t ice .

H jo r t h  (1 2 ) in  D e n m a r k  d e s c r ib e d  21 la n o lin -s e n s it iv e  p a t ie n ts  o u t  
o f  2 5 ,0 0 0  allergy p a t ie n ts  e x a m in e d  o v e r  a  twenty year period  o r , in  th is  
select p o p u la t io n  o f  a l le r g y  ca ses , an  in c id e n c e  o f  la n o lin  s e n s it iv ity  o f  
less  th a n  0 .1 % .  I t  m u s t  b e  s tre sse d  th a t  in  th is  s itu a t io n , as in  th e  ca se  
o f  S u lz b e r g e r ’s p a t ie n ts , h e  w a s  d e a lin g  n o t  w ith  n o r m a l h e a lth y  in d i 
v id u a ls  b u t  r a th e r  w ith  in d iv id u a ls  w ith  p r e d is p o s it io n  t o  s e n s it iv ity .

T r u t e r  (1 3 ) in  r e p o r t in g  o n  o n e  ca se  o f  d e r m a l r e a c t io n  t o  la n o lin  h e ld  
th a t , f r o m  th e  d e r m a to lo g ic a l  l ite ra tu re , i t  w a s  a p p a r e n t  th a t  cu ta n e o u s  
h y p e r s e n s it iv ity  t o  la n o lin  is “ e x tr e m e ly  u n c o m m o n ."  I n  1955  B a e r  
et al. (1 4 ) c la im e d  t o  h a v e  o b s e r v e d  28  la n o lin -s e n s it iv e  p a t ie n ts  o u t  o f  
(137 te s te d . T h e n  in  1962 C a ln a n  (1 5 ) r e p o r t e d  11 cases.

A  re c e n t  r e p o r t  b y  W e r e id e  (1 6 ) in  O s lo  m e r its  c o n s id e r a t io n  b e ca u se  
o f  th e  u n u su a l te s t  p r o c e d u r e  u se d  a n d  th e  b r o a d  co n c lu s io n s  r e a ch e d . 
H e  te s te d  2 70  e c z e m a  p a t ie n ts  w ith  a n h y d r o u s  la n o lin , E u c e r in *  (7  p e r  
c e n t  la n o lin  a lc o h o ls f  in  s o ft  p a ra ffin ) a n d  m ix tu re s  o f  th e  tw o . In  ea ch  
te s t  5 %  o f  s a lic y lic  a c id  w a s  a d d e d . H e  r e p o r te d  t w o  r e a c t io n s  t o  th e  
la n o lin  a n d  th re e  t o  E u c e r in  b u t  15 t o  th e  m ix tu re  o f  th e  t w o ;  h e  c o n 
c lu d e d  th a t  la n o lin  s e n s it iv ity  w a s  c o m m o n  in  e c z e m a  p a t ie n ts . I t  is 
w e ll r e c o g n iz e d  th a t  s in g le  m a te r ia ls  m a y  b e  in n o c u o u s  b y  th e m s e lv e s  
b u t  t o x ic  in  c o m b in a t io n . H o w e v e r , o n e  c a n ’t  h e lp  b u t  s u s p e c t  th e  p o s s i 
b i l i t y  W e r e id e  o b s e r v e d  s o m e  o th e r  k in d  o f  p r im a r y  ir r ita t io n  d u e  t o  th e  
r ig o r  o f  th e  te s t  o r  a  p o ss ib le  s y n e r g is t ic  p h e n o m e n o n  ra th e r  th a n  a  tru e  
la n o lin  s e n s it iv ity .

C a r n e y  (1 7 ) r e p o r te d  th a t  in  f if te e n  y e a r s  h e  h a d  se e n  o n ly  o n e  p r o v e d  
ca se  o f  la n o lin  s e n s it iv ity . K la u d e r  a n d  E llis  (1 8 ) r e p o r t e d  f iv e  ca se s  in  
p r iv a t e  p r a c t ic e . O re n tre ich  (1 9 ) in  t r e a t in g  a  ser ies  o f  s o m e  154  d e r 
m a to lo g ic a l  ca ses  w ith  th e  o il s o lu b le  l iq u id  f r a c t io n  o f  la n o lin  a n d  p r e p a r a 
t io n s  m a d e  fr o m  it  fo u n d  n o  in s ta n ce s  o f  in to le r a n c e . H e  d id  r e p o r t  o n e  
ca se  d is c o v e r e d  in  r o u t in e  p a t c h  te s t in g  a t  th e  H a ir  C lin ic  in  N . Y .  (2 0 ). 
M a s te r s  (2 1 ), in  d is cu ss in g  c o s m e t ic  a lle rg ie s , fe lt  th a t  la n o lin  a n d  its  
d e r iv a t iv e s  are n o t  p r im a r y  ir r ita n ts  a n d  th a t  a lle rg ic  m a n ife s ta t io n s  t o  
th e ir  u se  are sm all. I n  th e  r e g u la t io n s  issu e d  fo l lo w in g  th e  c o lo r  a d d i 
t iv e  le g is la t io n  w h ich  w e re  p u b lis h e d  in  1963 , la n o lin  is in c lu d e d  in  th e

* B e ie rsd o r f &  C o . A . G . 
f  S u p e rh a rto la n -C ro d a , L td .
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list o f  “ s a fe ”  d ilu e n ts  fo r  c o s m e t ic  use. T h e  r e p o r t  o f  th e  E u ro p e a n  
C o m m it te e  o n  C h r o n ic  T o x ic i t y  H a z a r d s  (E u r o t o x )  (2 2 ) lists  la n o lin  as 
c o m p le t e ly  a c c e p ta b le  in  th e  c a t e g o r y  o f  v e h ic le s  a n d  so lv e n ts .

I t  s h o u ld  b e  p o in t e d  o u t  th a t  th is  r e v ie w  o f  th e  l ite r a tu r e  o f  r e p o r te d  
in s ta n ce s  o f  la n o lin  s e n s it iv ity  y ie ld s  a  t o ta l  o f  a b o u t  100 o d d  ca ses—  
r e p o r te d  o v e r  a p e r io d  o f  30  y e a rs  a n d  f r o m  se v e ra l co u n tr ie s . In  sp ite  
o f  a ll th ese  d a ta  la n o lin  c o n t in u e s  t o  b e  s u sp e c t  in  so m e  q u a r te r s  a n d  w ith  
so m e  d e r m a to lo g is ts .

P r e t e s t i n g  o f  C o s m e t i c s  a n d  I n g r e d i e n t s

U n d e r  th e se  c ir c u m s ta n c e s  it  seem s  u n n e ce s s a ry  th a t  th e  c o s m e t ic  
m a n u fa c tu r e r  s h o u ld  b e  g r e a t ly  c o n c e r n e d  w ith  th e  p r o b le m  o f  c u ta n e o u s  
r e a c t io n  t o  la n o lin  b e c a u s e  th e  r e p o r te d  in s ta n ce s  o f  su ch  r e a c t io n s  are 
so  in fin ite s im a lly  lo w . H o w e v e r , n o  r e p u ta b le  m a n u fa c tu r e r  o f  c o s m e t 
ics  a n d  to i le tr ie s  w o u ld  w a n t  t o  p la c e  o n  th e  m a r k e t  a  p r o d u c t  th a t  
w a s  u n sa fe  f o r  u se . W ith  th e  e x c e p t io n  o f  19(H) le g is la t io n  r e q u ir in g  th e  
p r e te s t in g  o f  th e  cla ss  o f  c o s m e t ic s  d e fin e d  as c o lo r  a d d it iv e s , F e d e ra l 
le g is la t io n  d o e s  n o t  r e q u ir e  th e  p r e te s t in g  o f  c o s m e t ic s  fo r  s a fe ty . T h e  
la w  as it  s ta n d s  p r o v id e s  fo r  th e  se izu re  o f  d a n g e r o u s  co s m e t ic s , b u t  only  
a fte r  th e  G o v e r n m e n t  h as  p r o v e d  t h e y  are  d a n g e r o u s . A s  p o in te d  o u t  
b y  M il le r  (2 3 ), th e  F o o d  &  D r u g  A d m in is t r a t io n  h as  u r g e d  th a t , ju s t  as 
in  th e  ca se  o f  n e w  d ru g s  a n d  c o lo r  a d d it iv e s , th e re  b e  a r e q u ir e m e n t  fo r  
p r e te s t in g  all co s m e t ic s . T h e  H a rr is  B ill n o w  p e n d in g  b e fo r e  C o n g re s s  
w o u ld  re q u ire  su ch  p re te s t in g .

L e v e n s te in , D r a iz e  et al. ( 2 4 -2 6 )  d e s c r ib e  se v e ra l o f  th e  a n im a l te s ts  
c u r r e n t ly  in  use t o  s cre e n  c o s m e t ic s  a n d  in g re d ie n ts  fo r  p o ss ib le  t o x ic i t y  
a n d  ir r ita t io n . L e v e n s te in  fe e ls  th e re  is e n o u g h  c o r r e la t io n  b e tw e e n  
a n im a l p r e te s t in g  a n d  h u m a n  u se  e x p e r ie n ce  t o  w a rr a n t  su ch  tests . 
R ie g e r  a n d  B a t t is ta  (2 7 ) p o in t  o u t  th a t  it  is n o t  a lw a y s  p o ss ib le  t o  c o r 
re la te  b e tw e e n  a n im a ls  a n d  h u m a n  te s ts  b u t  u rg e  th a t  b o t h  b e  u sed . 
T h e  fo l lo w in g  are b a s ic  s cre e n in g  te s ts  c o n s id e r e d  t o  b e  a  re a s o n a b le  m in i
m u m  fo r  m o s t  t o p ic a l ly  u se d  in g re d ie n ts .

P rim ary Derm al Irritation

P r im a r y  ir r ita t io n , o r  a  sk in  r e a c t io n  fo l lo w in g  a s in g le  c o n t a c t  w ith  
a s u b s ta n c e , is u s u a lly  d e te r m in e d  b y  p a tc h  te s t in g  th e  m a te r ia l  o n  b o th  
th e  in t a c t  a n d  a b r a d e d  sk in  o f  r a b b its . A  m o r e  r e a lis t ic  a p p r o a c h  is th e  
use o f  h u m a n  s u b je c ts  w h e r e  p o ss ib le . In  th e  in s ta n ce  o f  la n o lin  a n d  
th e  o il  s o lu b le  liq u id  fr a c t io n  o f  la n o lin ,*  S h e la n sk i (2 8 ) r e p o r te d  th a t

* Lantrol®— Mahnstrom Chemical Corp.



LANOLIN ALLERGY? 1 5 3

te s ts  o n  5 0  h u m a n  s u b je c t s  in d ic a te d  th e y  are  n o t  p r im a r y  ir r ita n ts . 
K lig m a n  (2 9 ) r e p o r te d  a n o th e r  te s t  f o r  ir r i ta n c y  b e fo r e  th e  S o c i e t y  o f  

C o s m e t i c  C h e m i s t s . T e s t e d  w ith  th is  p r o c e d u r e  b o t h  la n o lin  a n d  th e  
l iq u id  la n o lin  s h o w e d  “ a  r e m a r k a b ly  lo w  o r d e r  o f  i r r i t a n c y .  . . e x 
t r a o r d in a r ily  in n o c u o u s  fo r  h u m a n  s k in ”  (3 0 ).

A cute Oral Toxicity

T h is  is a  b a s ic  t e s t  fo r  a n y  c o s m e t ic  o r  in g r e d ie n t  w h ich  m a y  b e  in 
g e s te d , e v e n  i f  a c c id e n ta l ly . R a ts  are  fe d  s u cc e s s iv e ly  in c re a s in g  d o se s  
o f  th e  m a te r ia ls  t o  d e te rm in e  th e  m in im u m  a m o u n t , i f  a n y , r e q u ir e d  t o  
k ill  5 0 %  o f  th e  a n im a ls . In  th e  in s ta n ce  o f  la n o lin , its  l iq u id  f r a c t io n  
a n d  o th e r  la n o lin  d e r iv a t iv e s  r e la t iv e ly  m a ss iv e  d o se s  a re  to le r a te d  (3 1 ) .

Rabbit E y e  Irritation

T h e  u su a l m e th o d  o f  t e s t  f o r  e y e  ir r ita t io n  is th a t  d e s c r ib e d  b y  D r a iz e  
(2 6 ). S u ch  te s ts  o n  la n o lin  a n d  so m e  o f  its  d e r iv a t iv e s  c o n s is te n t ly  
s h o w  a v e r y  lo w  o r d e r  o f  ir r ita t io n  (3 2 ) .  G o ld e m b e r g  (3 3 ) p o in te d  o u t  
th e  p o s s ib i l i ty  o f  f o r m u la t in g  w ith  a n t i- ir r ita n ts , th a t  is, s u b s ta n c e s  
w h ich  m ig h t  r e d u c e  th e  ir r i ta n c y  o f  o th e r  m a te r ia ls . R u ss e ll  a n d  H o c h  
(3 4 ) r e p o r te d  th a t  th e  a d d it io n  o f  th e  l iq u id  fr a c t io n  o f  la n o lin  t o  d e t e r 
g e n t  sy s te m s  seem s  t o  r e d u c e  th e  e y e  ir r ita t io n  o f  th e  d e te r g e n t  sy s te m .

Sensitization and A llergenicity

O n e  te s t  f o r  s e n s it iz a t io n  in v o lv e s  th e  in t r a d e r m a l in je c t io n  o f  th e  
te s t  m a te r ia l  in  g u in e a  p ig s  o v e r  a p e r io d  o f  d a y s , fo l lo w e d  b y  a  c h a lle n g 
in g  in je c t io n . A re a s  o f  th e  w h e a ls  r e s u lt in g  fr o m  th e  fin a l in je c t io n  are 
c o m p a r e d  w ith  a v e ra g e  re sp o n se s  in  th e  p r e v io u s  o n e s . A  s u b s ta n t ia l  
in cre a se  in  re sp o n se  t o  th e  fin a l in je c t io n  is c o n s id e r e d  e v id e n c e  th a t  th e  
m a te r ia l is a sen sitizer . H u m a n  te s t in g  is g e n e r a lly  c o n s id e r e d  m o r e  
d e s ira b le . K la u d e r  (3 5 ) fe e ls  th a t  s u ch  p r e d ic t iv e  p a t c h  te s t in g  u s in g  
as m a n y  as 2 0 0  h u m a n  s u b je c t s  w o u ld  o n ly  b e g in  t o  d e t e c t  a lle r g e n ic ity  
a t  a b o u t  th e  m id -r e g io n  o f  a  s ca le  o f  m a te r ia ls  “ w h e re  a t  o n e  e n d  o f  
w h ich  a lle r g e n ic ity  is v e r y  ra re  (la n o lin )  a n d  a t  th e  o th e r  e n d  it  is  f r e 
q u e n t  (p a r a p h e n y le n e d ia m in e ) . ’ ’ R e g a rd le s s  o f  th is  fe e lin g , th e  r e p e a te d  
in su lt  te s t  is c o n s id e r e d  d e s ira b le . I n  th e  ca se  o f  la n o lin  a n d  th e  l iq u id  
fr a c t io n  o f  la n o lin  su ch  te s ts  o n  25 h u m a n  m a le  a n d  25  h u m a n  fe m a le  
s u b je c t s  (3 6 ) in d ic a te  th ese  m a te r ia ls  a re  n o t  se n sitizers . S ilv e r m a n  
(3 7 )  s tu d y in g  a s u p p o s it o r y  b a se  c o n ta in in g  4 0 %  o f  th e  l iq u id  fr a c t io n  o f  
la n o lin  r e p o r te d  a s im ila r  resu lt.
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C a u s a t i v e  F a c t o r s  i n  L a n o l i n  A l l e r g y

W it h  r e s p e c t  t o  th e  r e la t iv e ly  fe w  ca se s  o f  a lle rg y  a t t r ib u te d  t o  la n o 
lin  it  is s ig n if ica n t  t o  n o te  th e  la c k  o f  a g re e m e n t  as t o  th e  c a u s a t iv e  fa c t o r  
in v o lv e d . S o m e  re se a rch e rs  h a v e  m a d e  fa ir ly  d e fin ite  s ta te m e n ts  as to  
th e  n a tu re  o f  th e  a lle rg e n . H o w e v e r , th e  re su lts  h a v e  b e e n  a t  b e s t  c o n 
t r a d ic t o r y .  S u lz b e rg e r  a n d  L a z a r  (9 ) ,  fo r  e x a m p le , in  th e ir  r e p o r t  o n  
fo u r  la n o lin  s e n s it iv e  p a t ie n ts  s ta te d  th a t  th e  a lle rg e n  w a s  a  c o n s t itu e n t  
o r  c o n s t itu e n ts  o f  th e  m ix e d  a lc o h o ls . I t  d id  n o t  se e m  t o  b e  p r e s e n t  in  
o th e r  fr a c t io n s  o f  la n o lin  su ch  as th e  m ix e d  f a t t y  a c id s , c h o le s te ro l , o r  
la n o s te ro l . T h e n  S u lz b e r g e r  et al. (1 0 )  a n d  W a r s h a w  (1 1 ) in  th e ir  c o n 
t in u in g  s tu d ie s  fe lt  t h e y  h a d  is o la te d  th e  a lle rg e n  in  th e  m ix e d  a lip h a t ic  
a lc o h o ls . T h e y  a lso  g o t  o c c a s io n a l  p o s it iv e  r e a c t io n s  fr o m  th e  e x t r a c te d  
f a t t y  a c id s  o f  th e  sa m e  s o u rce  w h ich  c o u ld  ca u se  so m e  d o u b t  b o t h  as t o  
th e  p u r if ic a t io n  o f  th e  fr a c t io n s  a n d  t o  th e  n a tu re  o f  th e  a lle rg e n . T h e y  
a lso  r e p o r te d  th a t  m o d if ic a t io n  o f  th e  la n o lin  a n d  th e  a lip h a t ic  a lc o h o ls  
w ith  a c e ty l  ra d ic a l  r e d u c e d  th e  in c id e n c e  in  s o m e  b u t  n o t  in  a ll ca ses . 
S c h w a r z fe ld  (8 ) in  h is  r e p o r t  o f  te n  ca se s  fo u n d  th a t  t w o  w ere  s e n s it iv e  
t o  la n o lin  a n d  A q u a p h o r , fo u r  w e re  s e n s it iv e  t o  la n o lin  a lo n e  a n d  fo u r  
w e re  se n s it iv e  t o  A q u a p h o r  a lo n e . T h e n , F a n b u r g  (3 8 )  c i t e d  a  ca se  o f  
c o n t a c t  d e r m a t it is  d u e  t o  A q u a p h o r . T h is  p a t ie n t  g a v e  a  p o s i t iv e  r e a c 
t io n  t o  “ p u r if ie d  c h o le s te r o l  e s te r s ”  d e r iv e d  fr o m  la n o lin  b u t  g a v e  a 
n e g a t iv e  r e a c t io n  t o  la n o lin  itse lf.

F o l lo w in g  th e  S u lz b e rg e r  et al. r e p o r ts , E v e r a ll  a n d  T r u te r  (1 3 ) te s te d  
fu r th e r  s u cce s s iv e  fr a c t io n s  o n  th e ir  o n e  la n o lin -s e n s it iv e  p a t ie n t -  - g o in g  
b e y o n d  th e  S u lz b e rg e r  e x p e r im e n ts . T h e  p a t ie n t  r e a c te d  n e g a t iv e ly  t o  
e x t r a c te d  a lip h a t ic  a lc o h o ls ; o n  th e  o th e r  h a n d , th e re  w a s  a p o s it iv e  
r e a c t io n  t o  th e  c r u d e ly  e x t r a c te d  c h o le s te ro l . T h e n , o n  p u r if ic a t io n  o f  
th e  ch o le s te r o l , t h e y  g o t  a  n e g a t iv e  r e a c t io n . T h e y  f in a lly  is o la te d  a  
y e l lo w , g la s s y  s o lid  w h ich  th e y  c o n s id e r e d  a n  im p u r ity  a n d  t o  w h ich  th e  
p a t ie n t  h a d  a p o s i t iv e  r e a c t io n . T h is  m a te r ia l  w a s  n o t  fu r th e r  id e n t i 
fied . A c e t y la t io n  o f  th e  “ im p u r it y ”  g a v e  a n e g a t iv e  r e a c t io n . K la u d e r  
a n d  E llis  (1 8 ) te s te d  th e ir  f iv e  la n o lin -s e n s it iv e  p a t ie n ts  w ith  th e  o il s o lu 
b le  l iq u id  fr a c t io n  o f  la n o lin . A ll  f iv e  w e r e  n e g a t iv e  t o  th e  l iq u id  la n o lin . 
T h e y  te s te d  fo u r  o f  th ese  p a t ie n ts  w ith  th e  s o lid  w a x y  fr a c t io n *  o b 
ta in e d  fr o m  la n o lin  b y  th e  sa m e  p r o c e s s  a n d  also g o t  n e g a t iv e  resu lts . 
E llis  te s te d  o n e  o f  th e  p a t ie n ts  w ith  w o o l  w a x  f a t t y  a c id s  a n d  a lip h a t ic  
a lc o h o ls  a n d  g o t  a  n e g a t iv e  r e a c t io n ;  a n o th e r  g a v e  a  p o s i t iv e  re a c t io n  
t o  ch o le s te ro l .

Lanfrax®-Malmstrom Chemical Corp.
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F r o m  th e  a b o v e  it  w o u ld  se e m  d if fic u lt  t o  m a k e  a p o s it iv e  s ta te m e n t  
c o n c e r n in g  th e  n a tu re  o f  th e  c a u s a t iv e  a g e n t  in v o lv e d . In  th e  ea se  o f  
th e  f r a c t io n a te d  la n o lin , th a t  is, fr a c t io n a te d  in to  th e  o il  s o lu b le  l iq u id  
a n d  th e  w a x y  so lid , th e  m ix e d  a lc o h o ls  a n d  a lip h a t ic  a lc o h o ls  m u s t  b e  
p re s u m e d  p re s e n t  in  b o t h  fra c t io n s . I f ,  as T r u t e r  su g g e sts , th e  a lle rg e n  
m a y  b e  an  im p u r ity , th e n  i t  is  c o n c e iv a b le  th a t  fu r th e r  p u r if ic a t io n  o r  
o th e r  t r e a tm e n t  is  o n e  a n sw er . A t  b e s t , a v a ila b le  lite r a tu r e  d o e s  n o t  
c la r i fy  th e  ca u s a t iv e  fa c t o r  w h ich  re su lts  in  a  r e a c t io n  a t t r ib u te d  t o  la n o 
lin  in  th e  r e la t iv e ly  fe w  s u b je c t s  d is c o v e r e d  a n d  te s te d .

I t  m u s t  b e  r e m e m b e r e d , t o o ,  th a t  la n o lin  is a  v e r y  c o m p le x  n a tu ra l 
m a te r ia l  w h ich  is n e v e r  c o m p le t e ly  id e n t ifie d . I t  m a y  e v e n  v a r y  s e a s o n 
a lly . T h e r e  c a n  b e  w id e  v a r ia t io n s  in  th e  g ra d e s  a n d  th e  p u r it y  o f  la n 
o lin  o n  th e  m a rk e t . O n e  c a n n o t  p o s s ib ly  k n o w  th e  e f fe c t  o f  th e se  v a r i 
a b le s  o n  th e  re su lts  o f  r e p o r te d  cu ta n e o u s  re a c t io n s , a t t r ib u te d  t o  
la n o lin . I t  is  k n o w n , h o w e v e r , th a t  la n o lin  a n d  its  d e r iv a t iv e s  o f  v a s t ly  
im p r o v e d  p u r it y  a re  a v a ila b le  o n  th e  m a r k e t  t o d a y  as a re su lt  o f  n e w e r  
re fin in g  te ch n iq u e s .

S u m m a r y

T h e  c o s m e t ic  c h e m is t  m u s t  b e  o n  th e  a le r t  fo r  p o ss ib le  a lle rg ic  r e a c 
t io n  t o  o r  ir r ita t io n  fr o m  m a n y  m a te r ia ls . A ls o , it  is a  g e n e r a lly  a c c e p te d  
fa c t  th a t  n o  m a te r ia l  is u n iv e r s a lly  sa fe . In  th e  ca se  o f  la n o lin , h o w e v e r , 
th e  b u lk  o f  th e  e v id e n c e  seem s  t o  in d ic a te  th a t  it  is n o t  a  p o t e n t  sen s itizer . 
T h e  k n o w n  in c id e n c e  o f  a lle r g y  a t t r ib u te d  t o  la n o lin  as r e p o r te d  in  th e  
lite ra tu re  is e x tr e m e ly  lo w . T h e  e v id e n c e  o n  th e  n a tu re  o f  th e  c a u s a t iv e  
fa c t o r  in  s o -c a lle d  la n o lin  a lle r g y  d o e s  n o t  s e e m  t o  b e  c o n c lu s iv e . T h e  
fu r th e r  p u r if ic a t io n  o f  la n o lin , th e  f r a c t io n a t io n  o f  la n o lin , a n d  th e  d e v e l 
o p m e n t  o f  th e  n e w  d e r iv a t iv e s  m a y  c o n t r ib u te  t o  a  r e d u c t io n  o f  th e  a l
r e a d y  v e r y  lo w  in c id e n c e  o f  r e a c t io n . H o w e v e r , r e d u c t io n  o f  th e  re la 
t iv e ly  in fr e q u e n t  cu ta n e o u s  r e a c t io n s  t o  la n o lin  h a s  n o t  b e e n  a  p r im e  
o b je c t iv e  o f  re s e a rch , w h ic h  in s te a d  is c o n c e r n e d  w ith  th e  d e v e lo p m e n t  
o f  n e w  c o s m e t ic  a n d  p h a r m a c e u t ic a l  m a te r ia ls .

(R e c e iv e d  O c t o b e r  18, 196 5 )
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Synopsis— T h e  in flu en ce  o f  la n o lin  d e r iv a t iv e s  o n  th e  p h y s ica l a sp e c ts  o f  d isp ers ion s  is d is 
cu ssed . P a rticu la r  re feren ce  is m a d e  t o  p ig m e n t  w e ttin g , rh e o lo g ica l p a tte rn s  in  e m u ls ion  
sy stem s , so lu b iliza t io n , em u ls ifica tio n  a n d  sp re a d in g  c o e ffic ie n ts . P ra c t ica l a p p lic a t io n s  o f  
th ese  p h e n o m e n a  are  illu stra ted  b y  ty p ic a l  c o s m e t ic  fo rm u la tio n s .

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

This presentation is concerned primarily with the influence of 
lanolin derivatives on the physical aspects of dispersions. Lanolin is 
known to contain many chemical groups and configurations which are 
potentially surface-active. However, due to the manner in which these 
groups are chemically bound, they cannot achieve that potential. As a 
result, lanolin itself is relatively poor when considered from the view
point of surface activity. Fortunately, by means of chemical and phys
ical procedures lanolin can be converted into very useful functional deriv
atives of predictable surface activity. Whereas formerly lanolin was 
employed mostly for the marketing advantages of having “ Contains 
Lanolin” on the label, derivatives of lanolin are now widely used for their 
ability to modify the surfaces of dispersed systems as well as for emollient 
effects on the skin.

* A m e r ica n  C h o le s te ro l P ro d u c ts , In c ., E d iso n , N . J.
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C h e m i s t r y  o f  L a n o l i n

For a clear understanding of the subject it is necessary to review 
briefly the chemistry of lanolin and its derivatives. Unfortunately, the 
composition of lanolin fluctuates widely, both qualitatively and quanti
tatively, from lot to lot. Variables such as heredity, environment, and 
food supply affect the complex chemistry of this natural secretion of the 
sheep’s sebaceous glands. Additional variations are introduced by 
aging, wool storage conditions, and scouring methods.

Esters

Lanolin consists of approximately 95% esters, 4%  free alcohols, and 
1% free fatty acids and hydrocarbons. The ability of lanolin to form 
W 0  emulsions is due to the small free alcohol and fatty acid content.

LANOLIN ESTERS
DIHYW IC ALCOHOIS 5 %

Figure 1. C o m p o s it io n  o f  lan olin  
esters

The ester fraction contributes very little to surface activity but is im
portant as a chemical intermediate and raw material of unique composi
tion for the synthesis of derivatives. The nature of the esters is pre
sented graphically in Figure 1, which shows a 50/50 division of the alco
hols and acids which compose the esters. There are present both mono- 
and dihydric alcohols as well as normal, branched, and hydroxy acids. 
This assortment of reactive groups in compounds having a wide range of 
molecular weights (C a to C3i) results in an extremely large variety of 
esters.

A Icohols

The composition of lanolin alcohols is detailed in Table I . Cholesterol, 
of course, is the best known of these, but there are many other useful 
alcohols present. It is interesting that squalene, the highly unsaturated 
hydrocarbon characteristic of human sebum, is not found in the unsapon- 
ifiable fraction of lanolin. Glycerol is also completely absent.
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T a b le  I
C o m p o s it io n  o f L a n o lin  A lc o h o ls

A lip h a tic  A lcoh o ls

N o rm a l (C is  t o  C m ) 
B r a n c h e d  ch a in  (C n  t o  C jg) 1 1 8 %

D io ls  (C i6  t o  C 24) fiv e  m e m b e r s  iso la te d  in 1951 4 - 5 %
S terols

C h o le s te ro l C 2,H 460 2 5 %
D ih y d r o ch o le s te r o l  (c h o le s ta n o l)  C jtH jsO 5 %
C e re b ro s te ro l C 27H 47O 2 sm all a m o u n t

T riterp en e  A  Icohols

L a n o s te ro l C 30H 50O 10%
D ih y d ro la n o s te ro l C:,oH 520 10%
A g n o s te ro l c 30h 48o 1%
D ih y d ro a g n o s te ro l C 30H 50O 4 %

H yd roca rb on s < 1%
U nclassified — at p resen t 2 0%

T a b le  II
C o m p o s it io n  o f  L a n o lin  F a t ty  A c id s  (f r o m  W e itk a m p )

N u m b e r
o f  A c id s  Series S tru ctu ra l F o rm u la %

9 N o rm a l C H :,— ( C H 2)2n— C O O H  (n  =  4 t o  12 in ch ) 9 .5
2 H y d r o x y C H 3— ( C H . C H — C O O H  (n  =  6, 7 )

I
4 .2

1
O H

10 Iso CH .3— C H — ( C H -T n — C O O H  (n  =  3  t o  11 in c h )
I

2 9 .3

1
C H 3

11 A n tc is o C H S— CH-2— C H — (C H -O -o— C O O H  (n  =  2  t o  13 in c l .)  
|

3 7 .3

1
C H ,

D is t illa t io n  L o ss 6 .0
R e s id u e 1 3 .0

9 9 .3

Acids
Table II presents data on the composition of the lanolin acids as ob

tained by Weitkamp (1). Since his publication many additional acids 
have been identified. This laboratory found that hydroxy acids can 
comprise as much as 40%  of the total lanolin acids (2). These fatty 
acids offer interesting opportunities for the synthesis of functionally 
active preparations for use on skin and hair.
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Flow Diagram

The Lanolin Derivatives Flow Diagram (Fig. 2) graphically portrays 
the chemical and processing relationships between the various deriva-

acylation (acetic)-----------------

ethoxylation (75 moles E O )-

solvent fractionation-

-Acetylated lanolin 

-Ethoxylated lanolin 

-Lanolin oil

______ 1 1_____
TOTAL

ALCOHOLS
FA TTY
ACIDS

-esterification (isopropanol) -

fractionation

adsorption

SURFACE

—  ethoxylation-

extraction ACTIVE

ALCOHOLS

-further fractionation— 

-  blending------------L
-crystallization -

- Isopropyl lanolate

-L iquid  multi-sterol extract

- Solid multi-sterol extract

- Absorption base

-Cholesterol USP

----- ethoxylation (24 moles EO)-------Ethoxylated cholesterol

—(16 moles EO)~ 

—(25 moles E O )-

- Ethoxylated lanolin alcohols

- Ethoxylated lanolin alcohols

— esterification—

-(a cetic )— fractionation—Acetylated lanolin alcohols 

(ricinoleic)----------------Lanolin alcohols ricinoleate

r— acetylation - 
ethoxylation-4

I—acetylation -

----- Partially acetylated ethoxylated ester

------Completely acetylated ethoxylated ester

Figure 2. F lo w  d ia g ra m  sh o w in g  th e  u su a l p rocesses  e m p lo y e d  fo r  th e  m a n u fa c tu re  o f
d iffe ren t la n o lin  d e r iv a t iv e s

tives. It will be noted that there are four general processes applicable 
to lanolin directly. These are acylation, ethoxylation, solvent fractiona
tion, and saponification. An additional process, rearrangement, is also 
being used to produce new products by the acidolysis of lanolin (3).

The lanolin fatty acids lend themselves to esterification, neutraliza
tion to form soaps, and ethoxylation. The lanolin alcohols are subjected 
to many processes including fractionation, adsorption, and extraction
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to obtain the surface-active fraction, which can then be processed further 
to form multi-sterol extracts and absorption bases. Cholesterol is pro
duced from this fraction by crystallization. By ethoxylating cholesterol, 
a derivative with hydro-alcoholic solubility properties is obtained. 
Other lanolin alcohol products are prepared directly from the surface- 
active alcohol fraction by ethoxylation. Another process employed is 
esterification. Steps such as ethoxylation and acetylation are then car
ried out on esterified lanolin alcohols. Ouaternization has resulted in 
interesting experimental products with unusual substantivity when ap
plied to skin and hair.

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

Pigment Wetting
The effect of lanolin derivatives on the wetting and dispersing of 

finely ground solids in various liquid vehicles has been explored exten
sively. Lanolin products differ considerably in their pigment wetting 
action, a number of them being outstanding in this regard. It was as
sumed that wetting and dispersing implied deflocculation or reduction of 
agglomerated particles to the primary particle state. Consideration was 
given to the role of the derivative in terms of its orientation to and ad
sorption on the particle surface. The hydrophilic-lipophilic contrast 
within the molecule and association tendencies of portions of the deriva
tive molecule were all regarded as important factors contributing to 
compatibility between the particle surface, the lanolin derivative, and 
the vehicle. Lanolin products probably also function by lubricating 
the particle surface and by displacing therefrom materials which might 
interfere with their adsorption onto the surface.

Wetting is regarded as a significant interfacial phenomenon involved 
in dispersing solids. After preliminary studies, a simple technique was 
selected to evaluate the comparative wetting performance of lanolin 
derivatives. The method employed was adapted from the paint indus
try where it has been used extensively (4). Recent studies have also ap
plied this method to materials of interest in cosmetics (5).

The test consists of adding increments of vehicle from a burette to 
powders containing lanolin derivatives as additives. The incorporation 
of each increment is accomplished manually, and the mixture is worked 
to a uniform consistency. When a cohesive mass is formed, an end 
point is read, referred to as the “ Wet Point.” Further vehicle additions 
soften the mixture until a point is reached at which it flows; this volume 
is called the “ Flow Point.”
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The Wet Point and the Flow Point are indicative of the wetting 
ability of a particular additive for a specific system. Since the wetting 
activity is inversely proportional to the volume of liquid vehicle added, 
a lower value signifies greater activity.

The ratios of derivatives to powders employed were in practical 
ranges for eventual use in finished formulations. The Wet and Flow 
Points were found to be reproducible and demonstrated a quantitative 
relationship in each specific system.

Table III shows the comparative efficiency of three lanolin deriva
tives in the wetting of several powders in mineral oil (70 Saybolt).

T a b le  I I I

W e t  a n d  F lo w  P o in ts  in M in e ra l O il (7 0  S a y b o lt )

TÌO-. T a lc O x y  R e d D & C  R e d  #9

W e t F lo w W e t F low W e t F lo w W e t F lo w
D e r iv . /p o w d e r  ra tio P t. P t. P t. P t. P t. Pt. P t. P t.

Am erchol L-101

1 0 %  o f  p o w d e r 30 23 8 31 174 30 113 28 105
2 0 %  o f p o w d e r 12 47 18 165 7 58 16 83

A  c etui an

10% , o f p o w d e r 34 242 28 198 30 129 32 98
2 0 %  o f p o w d e r 14 34 15 184 7 .5 109 18 86

Am erlate P

1 0 %  o f p o w d e r 23 61 27 127 11 43 35 93
2 0 %  o f  p o w d e r 16 51 18 106 3 3 5 20 81

Control (M in . Oil)

1 0 %  o f p o w d e r 44 258 33 259 38 124 33 108
2 0 %  o f p o w d e r 36 249 23 247 26 112 23 96

The results are given in terms of cc. of mineral oil per 100 g. of powder. 
Controls at 10 and 20% show the effect of using mineral oil instead of the 
derivative in the powder mixture. The data in Table III represent only 
one phase of the work on pigment wetting and are included here to show 
the value of the test method as a screening technique. Differences in 
wetting performance are shown. These are validated by actual experi
ence with finished formulations employing the above materials.

Microscopic examination was also employed and found to be very 
useful for supplementing Wet and Flow Point data. Systems examined 
microscopically at the Flow Point exhibited complete deflocculation and 
good dispersion when the Flow Point was low. At high Flow Points
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incomplete deflocculation and poor dispersion were apparent under fairly 
low magnification (100X). Sedimentation studies were utilized for 
estimating the influence of lanolin derivatives on the deflocculation of 
agitated liquid dispersions. It is apparent at this stage of the investiga
tion that Amerlate P is an outstanding dispersing agent for pigments in 
both emulsified and anhydrous systems. This may be attributed to its 
chemical composition, consisting of the isopropyl esters of branched and 
hydroxy lanolin fatty acids in a broad range of carbon lengths. The 
unique lubricity resulting from this composition may play a significant 
role in the dispersing activity of the product. These factors also con
tribute to a reduction of shear requirements in formulations containing 
Amerlate P. The data in Table III confirm empirical findings which 
had led to the extensive use of this material in pigmented products.

The following formulas (a and b )  illustrate the practical application 
of these principles in makeup items:

(a ) Anhydrous M akeup (6 ) Liquid Cream M akeup (H ighly Pigmentée

A ce tu la n 6 % A m e rch o l L -1 0 1 4 .0
A m e r la te  P 3 A m e r la te  P 3 .0
M in e ra l o il (7 0  S a y b o lt ) 36 S tea ric  a c id , X X X 2 .0
M ic r o w a x , m .p . 17 0 ° F 15 G ly c e r y l  m o n o ste a ra te 1 .0
T a lc ,  T iO ?, P ig m e n ts 40 M in e ra l o il (7 0  S a y b o lt ) 1 5 .0
P e rfu m e q.s. T  r ie th a n o la m in e 0 .8

P ro p y le n e  g ly co l 5 .0
W a te r 6 9 .2
P erfu m e q.s .

1 0 0 .0  P arts
P igm en ts 1 5 -2 5  P a rts

These are elegant emollient preparations with good application 
properties on skin. They spread well with matte coverage and without 
streaking or feathering. Acetulan in the anhydrous makeup acts as a 
degreasing agent for the waxy vehicle. The lubricant properties of 
Amerlate P help to overcome the frictional drag of the high pigment 
levels of these two formulations.

R h e o l o g i c a l  A c t i v i t y

Lanolin derivatives influence the rheological pattern of emulsion sys
tems in a profound manner. They participate as emulsifiers in the for
mation and stabilization of an emulsion and can also affect development 
of its ultimate viscosity. Such viscosity trends are often thought of 
only in terms of the external phase. Elementary emulsion considera
tions point to crowding of the external phase by the volume of the dis
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persed phase and the use of external hydrocolloids as the prime sources of 
viscosity control. These studies show that the incorporation of lanolin 
derivatives in the interfacial film is an effective way to modify viscosity 
behavior and simultaneously add emollient properties.

The formulations shown in Table IV utilize Solulan C-24, an O /W  
emulsifier, together with cholesterol, a W /O  emulsifier, in various ratios 
which determine the viscosity pattern of a cosmetically elegant O /W  
lotion. Brookfield readings show the dramatic influence of slight ad-

T a b le  IV

V is c o s ity  C h a n g es  in O /W  L o t io n

C h o le s te ro l U S P 0 . 5 % 0 . 5 % 0 .5 % 0 . 5 %
S olu la n  C -2 4 0 .1 5 0 .3 0 .7 5
S te a ric  A c id  X X X  
G ly c e ry l m o n o ste a ra te

3 .0 % 3 .0 3 .0 3 .0 3 .0

(p u r e ) 3 .0 3 .0 3 .0 3 .0 3 .0
M in e ra l o il (7 0  S a y b o lt ) 2 5 .5 2 5 .0 2 5 .0 2 5 .0 2 5 .0
T r ie th a n o la m in e 1 .0 1 .0 1 .0 1 .0 1 .0
P ro p y le n e  g ly co l 4 .0 4 .0 4 .0 4 .0 4 .0
W a te r

Observations after one 
month:

6 3 .5 6 3 .5 6 3 .3 5 6 3 .2 6 2 .7 5

A p p e a ra n ce  at ro o m  
te m p .

m e d iu m  h e a v y  
flow

n o  flow h e a v y  flow m e d iu m  h e a v y  
flow

m e d iu m
flow

V is co s ity  rea d in gs  
B  rook fie l d — cp  s . 

#3 sp in d le  @ 3  rprn

2 3 ,0 0 0 o ff-s ca le
(s o lid )

3 9 ,0 0 0 2 6 ,0 0 0 9 ,4 0 0

R o o m  te m p , s ta b ility g o o d g o o d g o o d g o o d g o o d
In c u b a to r  s ta b ility

(4 2 ° C )
g o o d g o o d fair g o o d fa ir

justments in concentration of Solulan C-24 [ethoxylated (24 moles) 
cholesterol] on the reduction of the viscosity of the system. Extended 
time studies of this formula show that an optimum concentration of 0.3% 
Solulan C-24 prevents the undesirable thickening of this formula while 
maintaining its stability. This antigelling effect is a very useful prop
erty which may be applied to many lotion systems.

S o l u b i l i z a t i o n

Transparent gels involve the use of microemulsions in modern cos
metic technology. Lanolin derivatives are essential components in 
many of these interesting systems in which the dispersed phase is in
visible to transmitted light (theoretically a particle size of less than one-



SU RFACE E FF E C T OF L A N O L IN  D E R IV A T IV E S 165

fourth of the wavelength of light). Extensive studies of this type of 
solubilization have been reported previously (6). The following formu
las (c and d) illustrate some of the transparent gels; in these cases, the 
lanolin derivative promotes stability in the presence of a large amount 
of both oil and water phases at a relatively low surfactant to oil ratio, 
important from irritation considerations.

S olu la n  C -2 4

Em ollient Clear Gels ( c. and d) 
1 5 %  S olu la n  16 10

Is o p ro p y l m y r is ta te 25  A tla s  G -1 2 9 2 10
O ley l a lco h o l 5 M in e ra l o il (7 0  v is .) 20
A tla s  G -1 2 9 2 15 O ley l a lco h o l 4
P r o p y le n e  g ly co l 5 P ro p y le n e  g ly co l 5
W a te r 35  H o s ta p h a t  K L 3 4 0 4

W a te r 47

Experience with transparent colloidal dispersions indicates that, al
though they are generally considered to be thermodynamically stable, 
they must be formulated very carefully if they are to survive the tem
perature extremes to which commercial products are normally exposed. 
Aging tests with microemulsions should take this into consideration, and 
the formulator should examine his experiments closely for changes in 
their physical state indicated by gradual opacification, loss of consistency, 
and a loss of their resonant or vibrating character. The latter often ap
pears first and may precede other adverse changes.

E m u l s i f y i n g  E f f e c t s

The performance of lanolin derivatives as emulsifiers has been re
ported previously in some detail (7). More recently these laboratories 
have been concerned with the participation of lanolin derivatives in as
sociation phenomena related to the construction of emulsion interfaces. 
Much of this work has been of an empirical nature, and many formulas 
have been developed in which so-called theoretically balanced systems 
(e.g., HLB) utilizing conventionally paired O /W  and W /O  emulsifiers 
have been supplemented by the addition of lanolin derivatives. For 
example, use of one of the Amerchols (W /O ) together with a Solulan 
(O /W ) will add stability by associating at the interface with the other 
hydrophilic and lipophilic emulsifiers. This can be demonstrated in 
both nonionic and ionic systems and, in addition, leads to added bene
fits in terms of improved feel and texture. This work is actually an out
growth of the classical experiments demonstrating the interfacial cou
pling of cholesterol with anionic emulsifiers of the sodium alkyl sulfate 
type (8). Examples of emulsion formulas (e,f ,  and g) having well as-
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sociated interfaces, with lanolin derivatives as the key auxiliary emulsi
fiers, are given below:

(e )  A n ion ic  Lotion  Q /T F  (g )  N onionic Lotion O f'W
H air Dressing  ( / )  Cationic Lotion 0 / W  Roll-On A ntiperspirant

W a x o la n 5 .0 % A m e rch o l L -10 1 5 .0 % A m e r la te  P 1 .5 « /
A m e rch o l L -1 0 1 4 .0 S olu la n  98 2 .0 A m e rch o l L -10 1 3 .5
A m e r la te  P 3 .0 C e ty l a lcoh o l 1 .0 S olu la n  98 2 .0
S tea ric  a c id 2 .0 A rlace l 165 4 .0 C e ty l a lco h o l 2 .0
M in e ra l o il (7 0 1 0 .0 E m c o l E -6 0 7 S 0 .1 G ly ce ro l 2 .0

S a y b o lt ) G ly c e ro l 2 .0 P o ly o x y l  40  stearate 4 .0
G ly c e ry l m o n o ste a ra te 1 .0 W a te r 8 5 .9 Y e e g u m  H Y 1 .0
U co n  50 H B  660 5 .0 P erfu m e q.s . W  ater 3 8 .0
W a te r 6 8 .8 6 C h lo rh y d ro l, ¡50%, 3 6 .0
C a r b o p o l 941 0 .1 5 A lco h o l 1 0 .0
T rie th a n o la m in e 1 .0 P erfu m e q.s
P erfu m e q.s .

Formula e is a heavy bodied lotion with good grooming qualities for 
hair. It behaves like a cream-oil type but is washable and non-oily. 
The cationic lotion /  may be used for general hand and body applications 
or for removing static from hair for good manageability. The roll-on 
g is a relatively non-tacky system which resists crystallization on the 
ball applicator and deposits a flexible antiperspirant film on skin.

S p r e a d i n g  P r o p e r t i e s

Surface activity can be expressed in terms of spreading coefficient
(5) calculated from the following equation:

S =  y n — y A — 7 ah

where y B is the surface tension of water; yA surface tension of the oil; 
and y AB is the interfacial tension between oil and water. The following 
Table V presents surface and interfacial tension data determined on 
mineral oil solutions of several products; these data are compared with 
the calculated spreading coefficients.

The higher the value of S, the greater the tendency for the oil to 
spread over the water surface. It is interesting to note here that several 
lanolin derivatives, which do not fit the classical description of emulsi
fiers because their molecular configurations show no hydrophilic-lipo
philic contrast, nevertheless reduce interfacial tension considerably and 
show correspondingly high spreading coefficients. This indicates that 
there are other factors which may determine the interfacial activity of 
lanolin derivatives. An example of this is a comparison of the value of 
Acetulan with that of isopropyl myristate: Acetulan demonstrates a
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T a b le  V

S p re a d in g  C o e ffic ie n ts  ( 5 )

7 a (o i l ) 7 A ü (o il/w a te r ) S ( ca lc u la te d  fo r  y s  =  
72 .3  fo r  w a te r )

o S olu tion s in  m in era l oil 
(7 0  S ayb olt)

A ce tu la n 3 2 .0 2 1 .2 1 9 .1
A m e r c h o l L -10 1 3 2 .8 7 .6 3 1 .9
M o d u la li 3 2 .5 1 5 .0 2 4 .8
P o ly la n 3 1 .7 1 6 .8 2 3 .8
R ic ila n  B 3 2 .6 1 9 .1 2 0 .6
R id ia l i  C 3 2 .4 2 1 .7 1 8 .2
V isco la n 3 1 .8 5 .7 3 4 .8
Is o p r o p y l m y r is ta te 3 1 .7 3 2 .9 7 .7
P E G  40 0  d ila u ra te 3 2 .7 0 .4 3 9 .2

1 0 0 %  M ateria ls

A ce tu la n 3 2 .9 1 7 .2 2 2 .2
I s o p ro p y l  m y r is ta te 3 0 .9 1 6 .7 2 4 .7
M in e ra l o il (7 0  S a y b o lt ) 3 2 .4 4 5 .3 - 5 . 6

depressant effect on interfacial tension even after dilution to 5%  in 
mineral oil; isopropyl myristate does not show this effect.

The following formulas (h , i  and j )  for bath oils utilize these principles 
to promote their spreading characteristics on water. This action of the 
lanolin derivatives can be fortified, if desired, by the addition of an 
oil soluble surfactant which will, in turn, promote emulsification of 
bath oil throughout the bath water. The above formulas are surface 
orienting. Reducing the surfactant, in this case polyethylene glycol 
400 dilaurate, favors migration of the dispersed oil droplets to the sur-
face of the water.

E m ollien t B a th  O ils

h i j
A ce tu la n 5 %
M o d u la n 5
V isco la n 1 0 %
P o ly la n 3 .5 '
P E G  40 0  d ila u ra te 5 5 4 .5
Is o p ro p y l m y r is ta te 25 25 3 7 .5
M in e ra l o il (7 0  S a y b o lt ) 60

S u m m a r y

60 5 4 .5

Various aspects of studies concerned with the participation of lanolin 
derivatives in surface phenomena were presented. These surface active 
effects are valuable supplemental properties to the established emollient 
character of these derivatives.
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Data on pigment wetting performance were presented utilizing a 
simple technique which permits the comparative evaluation of lanolin 
derivatives in a quantitative manner.

The influence of lanolin derivatives on the rheological pattern of emul
sion systems was illustrated by the viscosity and stability behavior of 
these systems.

Solubilizing and emulsifying effects of lanolin derivatives were dis
cussed, and formulas were presented illustrative of the principles in
volved.

Finally, data on the spreading properties of several lanolin derivatives 
along with their practical applications were presented.

(Received April 21, 1965)
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A p p e n d i x

Raw Materials Used

( A )  L a n o lin  D e r iv a tiv e s*

A ce tu la n ® A c e ty la te d  la n o lin  a lco h o ls
A m e r ch o l®  L -1 0 1 L iq u id  m u lt i-s te ro l e x tra c t
A m e r la te ®  P Is o p r o p y l la n o la te
M o d u la n ® A c e ty la te d  la n o lin
P o ly la n ® L a n o lin  a lco h o ls  lin o lea te
R ic ila n ®  B L a n o lin  a lco h o ls  r ic in o lea te
R ic ila n ®  C A c e ty la te d  la n o lin  a lco h o ls  r ic in o le a te
S olu lan ®  16 E th o x y la te d  la n o lin  a lcoh o ls
S o lu lan ®  97 C o m p le te ly  a ce ty la te d , e th o x y la te d  la n o lin  a lco h o l-e s te rs
S olu lan ®  9 8 P a r tia lly  a ce ty la te d , e th o x y la te d  la n o lin  a lco h o l-e s te rs
S olu lan ®  C -2 4 E th o x y la te d  ch o le s te ro l
V isco la n ® L a n o lin  oil
W a x o la n ® L a n o lin  w a x

* T h e  a b o v e  p ro d u c ts  are m a n u fa c tu r e d  a n d  th e  T ra d e  M a r k s  are  o w n e d  b y  A m e r ica n  
C h o le s te ro l P ro d u c ts , I n c ., E d is o n , N . J.
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C a r b o p o l 941 
C h lo rh y d r o l @ 0 %  
E rn co l E -6 0 7 -S

A tla s  G -1 2 9 2

H o sta p h a t  K L 3 4 0

M ic r o w a x  (ir. p. 
1 7 0 °F )

U co n  50 H B  660 
V e e g u m  HAr 
O x y  R e d

( B )  M isce lla n e o u s  In g re d ie n ts

G ly c e r y l m o n o ste a ra te , a c id  ty p e , self em u ls ify in g , A tla s  
C h e m ica l In d u stries .

C a r b o x y  v in y l p o ly m e r , B . F . G o o d r ic h  C h e m ica l C o .
A lu m in u m  c h lo r h y d ro x id e  c o m p le x , R e h e is  C o ., In c.
X - (S t e a r o y l  c o la m m o  fo rm y l m e th y l)  p y r id in iu m  c h lo 

ride , E m u lso l D iv is io n , W it c o  C h em ica l C o .
E th o x y la te d  h y d r o g e n a te d  ca s to r  o il, A tla s  C h em ica l 

In d u stries .
T e r t ia r y  ester  fro m  o -p h o s p h o r ic  a c id  a n d  la u ry l te tra - 

g ly co l  e th er , H o s ta c h e m  C o rp o ra t io n .
M ic r o c ry s ta ll in e  h y d r o ca rb o n  w ax , w h ite , 1 7 0 °F  m .p .,

B a re c o  W a x  C o .
P o ly a lk y le n e  g ly c o l , U n io n  C a rb id e  C h e m ica ls  C o m p a n y .
M a g n e s iu m  a lu m in u m  silica te , R . T . V a n d e rb ilt  C o .
P u rified  g ra d e  o f ferr ic  o x id e , W h itta k e r , C la rk  an d  

D an ie ls .

E F F E C T  OF L A N O L IN  D E R IV A T IV E S  169



170 JO U RN AL OF T H E  SO C IE T Y  OF C O SM E T IC  C H EM ISTS

Society of Cosmetic Chemists 
1966 Meetings

The Society of Cosmetic Chemists will hold the following meetings in 
1966:

Date
May 10, 1966

Sept. 20, 1966 
Sept. 21, 1966

Nov. 30, 1966

Meeting
Semiannual

Semiannual and 
medal award 
dinner-dance

Location 
Americana 

Hotel, New 
York, N.Y. 

Americana 
Hotel, New 
York, N. Y.

Americana 
Hotel, New 
York, N.Y.

Program
To be announced 

later

Pediatric Cos
metics

Geriatric Cos
metics

Perfume Psy
chology

Cosmetic Safety 
Testing

To be announced 
later

Seminar
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Instrum ental Method for the 
Determination of Hair Raspiness

W ILLIAM  G. W AGGONER, Ph.D., and GEORGE V. SCOTT. Ph.D.*
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S y n o p s is— A s c o m b  te e th  a rran ge  ha ir  fib ers  ill a  p a ra lle l m a n n er  a n d  ru b  a lo n g  ha ir  scales, 
v ib ra t io n a l fre q u e n c ie s  are e m itte d  an d  p la y  a  ro le  in  th e  “ fe e l”  o f ha ir. T h e  a u d ib le  fr e 
qu en cies , w h ich  d e n o te  rasp iness, m a y  b e  c o s m e t ic a lly  u n d es ira b le . In  a n  a tte m p t  t o  re co rd  
a n d  e v a lu a te  ha ir  rasp in ess , an  e le c tro n ic  c o m b , sp e c ifica lly  d es ig n ed  t o  p ick  u p  fre q u e n c ie s  
b y  c o n ta c t , w as co n s tru c te d . S e v era l g ro u p s  o f  ha ir  tresses, w h ich  w ere  trea ted  w ith  c o s 
m e tic  ch em ica ls , r in sed  a n d  d ried , w e re  c o m b e d  w ith  th e  in s tru m e n t. C o m p u te r  an a lys is  
o f  th e  d a ta  sh ow ed  th e  e x p e c te d  d iffe ren ces  b e tw e e n  tresses; a n d  som e  d iffe ren ces  re fle cted  
e x ce lle n t  p ro b a b ilit ie s  o f  te s t  r e p ro d u c ib il ity . T h e  m e th o d  len d s itse lf to  ra p id  la b o ra to ry  
screen in g  o f a g e n ts  d e s ig n e d  to  r e d u ce  fr ic t io n  d u r in g  c o m b in g .

Hair raspiness, which is the property of a substance producing 
grating, harsh sounds and feel, is probably most noticeable during the 
combing process. As the comb moves through the hair and arranges it 
in a parallel manner, friction at the tooth-hair interface generates fre
quencies and conveys to the individual an impression of general hair condi
tion. It has been shown (1) that subjective judgments of handle and 
combing ease correlate very well with frictional measurements. A litera
ture survey (2) has revealed the existence of many fiber frictional meas
urement methods, some of which may be applied to human hair studies. 
Others (3, 4) have measured the spectral distribution of sound produced 
by fibers in friction.

In an attempt to investigate characteristics of hair sound and feel as 
experienced by an individual during the combing process, an electronic

C o lg a te -P a lm o liv e  C o ., R esea rch  a n d  D e v e lo p m e n t  D e p t ., P is ca ta w a y , N . J . 08854.
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Figure 1. C o m b , m icro p h o n e , a n d  p re -a m p lifie r

comb which measures frequencies generated by tooth-hair interface 
friction was developed, with the following objectives:

a. The method should quantitatively compare product effects on 
hair raspiness.

b. The results should be in a form suitable for the application of sta
tistics.

c. The method should be practical enough in test conditions to pro
vide a routine evaluation of hair products.

d. The method should provide an additional parameter for tress 
quality control.

M a t e r i a l s  a n d  M e t h o d s

A crystal contact microphone* which is specifically designed to pick 
up frequencies by contact and at the same time remains oblivious to ex
traneous noise was chosen for the study. An Ace Wavesetta hard rubber 
comb (#1033) f was affixed to the contact microphone (Fig. 1) by two 
small bolts. A third bolt, which had been placed through the comb

* H a m lin , In c ., L a k e  M ills , W is . 
t  A ce  C o m b  C o ., B u tler , N . J.
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frame, served as a pressure adjustable contact bridge between the comb 
and microphone. In this situation, any sound frequencies received by 
the comb are carried to the contact microphone via the steel bolt. This 
complete assembly was mounted onto the end of a minibox. The micro
phone output was delivered to the single-ended input of a transistorized 
four stage pre-amplifier (Fig. 2) which has a self-contained power source, 
has an approximate gain of 100 and is contained within the aforesaid 
minibox. Signals from the complete unit were monitored on an oscillo
scope during several tress combings. From the noise patterns on the

screen, the unit appeared to perform satisfactorily and provided a nu
cleus for all subsequent work. When the unit was monitored on a 
loudspeaker system, tress combings sounded similar to a rasping file 
on a sound board; hence the choice of the name, raspiness.

Initially, the transistorized pre-amplifier output was connected 
(single-ended) to a Grass 5B Polygraph* (Fig. 3) utilizing a 5P3 in
tegrator pre-amplifier, which will integrate the complete incoming 
signal whether it is procured with a fast sweeping comb stroke or a 
slow methodical stroke; each record reveals the same area under the 
curve. As an option, the integrating pre-amplifier was monitored 
with a DuMont 411 oscilloscope.^ A driver amplifier received the out
put of the integrating pre-amplifier and delivered the signal to an

* G ra ss  In s tru m en t C o ., Q u in cy , M a ss , 
t D u M o n t  L a b o ra to r ie s , C lifto n , N . J.
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oscillograph, where recordings were produced on strip-chart paper 
with curvilinear pens. Since the area under the curve has a direct 
relationship to frequency amplitude, chart curves were cut out with 
scissors and weighed on an analytical balance. Planimetering of the 
curves was found to be less accurate and, therefore, unsatisfactory. 
Integrator pre-amplifier calibration with a known input voltage makes 
possible comparisons between results taken at different times.

.Secondly, the comb pre-amplifier was connected to an oscilloscope 
(Fig. 4) to which outside electronic capacitors had been applied to

POLYGRAPH METHOD

Figure 3. B lo c k  d ia gra m  o f  p o ly g ra p h  m e th o d

OSCILLOSCOPE METHOD

Figure 4. B lo c k  d ia gra m  o f  o s c illo s co p e  m e th o d

slow the sweep. Deviations of the electron beam were recorded on 
positive film using a Polaroid®* camera. After film development, 
a photometer reading of transmitted light through the film gave results 
relative to deflection amplitude of the electron beam.

For use, the transistorized pre-amplifier with the comb attached 
is held in the hand. A rigidly mounted tress or the subject’s hair is 
combed with even strokes. Alternatively, tresses may be mounted 
on a constant speed rotating wheel and pulled through the rigidly 
mounted comb. Before the test combing is initiated, the comb is run 
through the hair several times to ensure no snarls and to establish timing.

* P o la ro id  is a tra d e  m a rk  o f P o la ro id  C o r p ., C a m b r id g e , M ass.
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At least ten comb strokes at one-second intervals comprise the test. 
Tests have been run on wet and dry preparations. All tresses weighed
2.0 (± 0 .1 )  g.

Initially, damaged (bleached) and undamaged clean tresses were 
compared. In a second study, shampooed tresses were compared to 
tresses which had been shampooed and treated with a cationic rinse. 
Still further, in a third study, shampooed tresses were compared to 
tresses which had been treated with an experimental shampoo, which 
had been shown in previous subjective tests to increase hair managea
bility. A cross-over of the latter tress treatment supplemented this 
study. All results were analyzed by a Control Data" 160-A Computer,* 
using statistical FORTRAN f programs written by one of the authors 
(W. C. W.). Outcoming data from the hair combing device fit a nor
mal distribution pattern.

R e s u l t s

Figure 5 gives representative recording examples. At the top left
(A) is a compressed direct readout of three tress combings using the 
polygraph method. It is a series of positive and negative deflections; 
and although not utilizable for quantitative interpretation, it is evidence 
of noise generation. However, pen response time prevents recording 
frequencies above 60 cycles/sec. If the three previous signals are each 
electrically integrated, the record at the top right (B) is obtained. To 
increase sensitivity of the method, paper speed of the strip chart re
corder may be accelerated to give an expanded integrated readout, as 
seen in recording C.

Records of control and treated tresses appear in the lower recordings 
of Fig. 5. Recording D  is that of a clean, dry tress examined with the 
polygraph method (1 comb stroke). Record F  is obtained from a sim
ilar tress examined by the oscilloscope method (4 comb strokes). If a 
dry tress which has been treated with a cationic rinse after shampooing 
is combed at the same amplifier settings used with control tresses, it 
may be readily observed from records E  and G that the signal drop from 
the controls (D and F) is considerable with both methods of recording.

As seen in Table I (polygraph method), control tresses were compared 
to cationic rinse treated tresses, which when combed with the coarse

* C o n tr o l  D a ta  is a tra d e  m a rk  o f C o n tr o l  D a ta  C o r p ., M in n e a p o lis , M in n , 
t  F O R T R A N  is an  a b b r e v ia t io n  fo r  F O R m u la  T R A N s la t io n  a n d  w as o r ig in a lly  d e v e lo p e d  

fo r  In te rn a t io n a l B usin ess M a ch in e  eq u ip m e n t .



176 JO U RN AL OF TH E  SO C IE T Y  OF C O SM E TIC  CH EM ISTS

comb teeth showed a 77.72% drop in sound levels. Statistically, 
on the basis of the null hypothesis, there was a 5%  chance that the con
trol and experimental tresses were from the same population as a result 
of treatment. When the tresses were combed with the fine comb teeth 
and the results compared, there was an 84.31% drop in sound levels of 
the treated tress group. Here, there was only a 1% chance that the 
control and experimental tresses were from the same population as a 
result of treatment.

Table II (oscilloscope method) compares two groups of tresses 
which were treated with a control shampoo and an experimental sham-

T a b le  I
C o n tro l  T resses  a n d  C a t io n ic -T r e a te d  T re sse s  (P o ly g r a p h  M e th o d )

T re s s  1N M e a n S td . d e v . t V a lu e
L e v e l o f  

S ig . (yc. C h a n ge

C o n tr o l 3

A .

4 .0 9

Coarse teeth 

1 .9 8
C a tio n ic 3 0 .9 1 0 .2 4 3 .7 0 . 95 - 7 7 . 7 2

C o n tro l  i3

B.

1 4 ,9 8

Fine teeth 
3 .5 5

C a t io n ic  •3 2 .8 4 0 .4 7 5 .8 7 .9 9 - 8 4 . 3 1

C o n tro l  S h a m p o o T resses
T a b le  II

a n d  E x p e r im e n ta l S h a m p o o  T resses (O s c il lo s co p e  M e th o d )

T re ss X M e a n S td . D e v t V a lu e
L ev e l o f 

S ig. ' ,  C h a n g e

C o n tro l  ( A ) 6 4 0 .8 1 7 .2 1
E x p e r im e n ta l (B ) 6 3 6 .0 2 5 .8 8 1 .2 61 .7 0 - 1 1 . 8 7
C o n tro l (B ) 5 5 4 .2 3 9 .7 8
E x p e r im e n ta l ( A ) 6 5 1 .6 7 4 .2 7 0 .5 4 5 .4 0 -  4 .7 3

poo, respectively . The experimental shampoo had the same detergent
base as the control shampoo; however, it contained two additives which 
have been shown subjectively to increase hair manageability. The 
tresses which were washed in the experimental shampoo showed an 
11.87% drop in sound levels when compared to the control group. 
Accompanying this is a 30% probability that the two groups are from 
the same population as a result of treatment. When the tress groups 
are crossed over, as seen in the bottom half of Table II, the experimental 
shampoo group exhibits only a 4.73% drop in sound levels when com
pared to the control group. However, there is a 60% probability that
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POLYGRAPH

(A )

EXAMPLES OF RECORDINGS

H i
DIRECT (B ) INTEGRATED

READOUT READOUT

(C ) EXPANOED INTEGRATED READOUT

Figure 5. R e p re se n ta tiv e  ex a m p le s  o f  tress reco rd in g s

the two groups are from the same population as a result of treatment. 
In the cross-over, one tress was eliminated in group B due to obvious 
contamination.

In addition, when dry bleached hair was compared to dry unbleached 
hair in early studies, there were greater sound levels during combing 
of the former based on subjective evaluation of the records. Some 
holding sprays tend to increase combing sound levels. Furthermore, 
it is difficult to differentiate between similar control and experimental 
products on wet hair.

D i s c u s s i o n

The method as shown in Fig. 5 and monitored on audio output appears 
to reflect sound levels (raspiness) as a result of comb-tooth and frame 
interface friction during the combing process. The method appears to
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be practical for use in both tress and in vivo work, since the initial sensing 
element is a common hard rubber comb.

The polygraph method and oscilloscope method give comparable re
sults. The former method appears to have advantages from an a priori 
standpoint because the integration system will more faithfully register 
complete signals; whereas the oscilloscope photos register only those points 
in the flying spot path for which residence time is sufficient to affect 
film emulsion. However, the polygraph method is more time consuming 
in cutting and weighing of records. A digital voltmeter which would 
display the integrated signal would rectify this situation.

From the data in Table I, tresses treated with a cationic rinse 
gave about one-fifth the raspiness levels as those recorded in the control 
tresses; and this change was significant at the 0.05% level with the 
coarse comb teeth and significant at the 0.01% level with the fine comb 
teeth. This is in contrast to previous work (1), which found a cationic 
rinse to have relatively little effect on dry friction of hair.

Table II compares two groups of tresses, which were treated with 
a control shampoo and an experimental shampoo, respectively. The 
experimental shampoo contains two ingredients which have been shown 
subjectively to increase hair manageability. In the first test, the 
12% drop in raspiness values is not significant at an acceptable level. 
After the cross-over, the experimental group again shows a raspiness 
value drop, which is not significant at an acceptable level. However, a 
trend is noticeable, and the data of the first experiment in Table II 
show enough promise to warrant increasing the degrees of freedom 
(numbers of tresses) to anticipate better confidence limits of probability. 
In the second experiment, tress group B may have had some carry-over 
from the first treatment, as reflected in the lower relative changes in 
sound levels.

The finding that bleached hair gives much higher raspiness levels 
than unbleached hair correlates with other studies (1). These present 
tests were examined subjectively by strip-chart recorder and audio 
outputs; however, the difference was highly discernible.

In addition, electronic comb measurement is now being used as 
another parameter for selection of homogeneous tress groups, thereby 
establishing better tress quality control.

In conclusion, the method presented appears to offer the hair in
vestigator a tool for the exploration of the parameter, raspiness. It is 
possible that the method may find better use after further development. 
It has an advantage in that the primary probe is the common comb and
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the electrical integrating system is designed to normalize readings 
independent of sampling technique. The disadvantages lie in the in
ability to sample a standard tress after different treatments. In one 
case the hair may be highly charged with static, spread out, and rep
resentative combings difficult to obtain; and with other treatments the 
hair fibers may tend to mat together and involve more fibers than in the 
first case. However, this may be a blessing in disguise for these situa
tions do more closely depict actual user conditions.

Several other aspects can be considered in future studies. The 
effects of materials of construction of combs would be of interest to 
comb manufacturers. This study would be feasible if the combs were 
produced in similar molds. The hair-on-hair versus comb-on-hair noise 
ratio should be explored. Our assumption that the major noise com
ponent is a result of tooth-hair interface friction may be vulnerable. 
In spite of apparent shortcomings the method appears to have some po
tential which will be borne out by future studies.

S u m m a r y

1. A method to evaluate frequencies, which are produced during hair 
combing, has been developed.

2. Data from the output devices may be handled statistically.
3. The method provides a basis for routine screening of hair products.
4. The method provides an additional parameter for tress quality 

control.

(Received December 10, 1965) 

R e f e r e n c e s

(1 )  S ch w a rtz , A . M ., a n d  K n o w le s , D . C ., J. Soc. Cosmetic Chemists, 14, 4 5 5  (1 9 6 3 ) .
(2 )  L a n g s to n , J . H ., a n d  R a in e y , W . R . Jr., Textile Res. J ., 2 4 , 643 (1 9 5 4 ) .
(3 )  T h o rse n , W . J ., a n d  Y en ek la sen , P ., Ibid., 3 1 ,8 0 4  (1 9 6 1 ) .
(4 )  T h o rse n , W . J ., Ibid., 3 2 , 67 0  (1 9 6 2 ) .
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T ran s la t io n s  Available

English translations of the following papers may be obtained by writ
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 Hair,” 
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 Hair,” 
by Dr. Rudolf Randebrock.

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



Book Reviews

T he A rt of R esearch , by  B. E. 
Noltingk, Elsevier Publishing C om 
pany, Ine., New York, 1905, 142 
pages, illustrated. Price $5.75.

This book is aimed primarily at the 
“ lowlier research worker”  and the 
graduate student who is beginning a 
career in research. Naturally, the 
volume is directed to British readers; 
but very little imagination is needed 
to make this book of interest to an 
international readership.

A volum e of this size cannot 
possibly cover m ethods and principles 
which should be followed in order to 
do worthwhile research at an ap
propriate pace. The author's major 
thesis, in this reviewer’s opinion, is 
summarized in the following quote 
from this book. “ He [the scientist] 
should, therefore, also keep himself 
generally educated on a broad front in 
preparation for what the future may 
bring forth .”  Adm ittedly, modern 
society demands a degree of specializa
tion of the researcher which, at 
times, certainly is undesirable. 
Thus, Noltingk quotes Lavoisier as 
follow s: “ M ost of the work still to
be done in science and the useful arts 
is precisely that which needs the

knowledge and cooperation of many 
scientists— that is why it is necessary 
for scientists and technologists to 
meet— even in those branches of 
knowledge, which seem to have the 
least relation and connection with 
one another." Tw o further quotes 
from Noltingk will serve to emphasize 
this point. “ The all-too-prevalent 
attitude: ‘This is not relevant to
m y current work; I cannot afford to 
take notice of it.' is a vicious one.” 
Later on, Noltingk refers to the need 
for extensive and broad reading in 
the researcher’s field; “ the research 
worker must keep himself informed of 
world progress, both  before and while 
he makes his own contribution to 
it ."

A  second point which struck this 
reviewer as particularly noteworthy 
is N oltingk's comm ents on criticism. 
It is not sufficient that the research 
worker examine his own work and 
conclusions critically to eliminate 
flaws and mistakes; there is also a 
second area o f criticism which ex
tends beyond the research worker’s 
own activities. Thus, Noltingk 
states: “ Familiarity [with other
people’s work] should even have 
bred an element of contem pt! since

181
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an instinctive respect for the printed 
word makes it difficult for most 
people to appreciate that it is 
occasionally completely false. Such 
wisdom is not difficult to come by, 
provided a consious [sic] effort is 
made to cultivate it.”

It would deprive the reader of 
enjoyment to highlight more of the 
interesting points that the author 
makes. Instead, this reviewer feels 
that any research worker who will 
spend two or three hours reading 
this book will be the richer for it and 
a better scientist.—M. M. R ieger , 
Warner-Lambert Research Institute.

D ie normale und pathologische 
P hysiologie  der H aut by Günter 
Stüttgen. Gustav Fischer Verlag, 
Stuttgart, Germany. 1965. 577
pages, illustrated and indexed. Price 
88 M.

In contrast to other textbooks of 
dermatology, Stüttgen’s book uses 
skin physiology to differentiate be
tween normal and pathological condi
tions. Thus, deviation from the 
normal function of the skin is used as 
the basis for describing its pathologi
cal changes. As a result, one finds 
relatively little in this volume on 
morphology and skin anatomy. In
stead, the chemical and physical 
properties and the metabolism of the 
normal skin are described in detail. 
It is for this reason that this volume 
should indeed be of particular interest 
to cosmetic chemists.

The volume is divided into 24 
chapters of widely varying lengths.

Most of these chapters are further 
subdivided into minor headings. 
Each chapter is followed by extensive 
literature references, which include 
not only original research papers but 
also books and review papers. 11 is a 
special credit to the author that refer
ences—considering the formidable 
subject and the number of citations— 
are quite up-to-date. As noted 
above, this book differs from other 
books on the same subject in ap
proach ; it is also unusual in style 
and arrangement. The author has 
managed to keep the size of the book 
to a minimum by making tables, 
listings, flow diagrams, classifications, 
etc., intrinsic parts of the text. By 
this technique, unnecessary repetition 
is avoided, and an unusual amount of 
information has been crammed into 
relatively little space.

Of particular interest to the cos
metic chemists is the chapter on 
penetration and absorption. The 
graphic approach to molecular and 
ionic size and the tabulation of those 
chemicals the penetration of which 
has been studied are unique and in
structive and deserve special men
tion. Other excellent chapters of 
immediate value to cosmetic chem
ists are the chapters on the influence 
of light on skin and on the reactivity 
of human skin.

This volume is not only an ex
cellent introductory text to derma
tology but should prove useful as a 
definitive reference work to the vast 
literature which pertains to the 
physiology of skin. The price of 
about $19 is high but still less than 
that of many American books on
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related subjects which offer less. 
Study of this book can be recom
mended highly to all who can read 
German even if they need a dictionary 
for assistance. Perhaps, the pub

lisher might translate this book into 
English for those who are unable or 
unwilling to struggle through the 
German text.—M. M. R ieger , 
Warner-Lambert Research Institute.
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