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made-to-measuwJot\your success!

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

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

Ciivaudans imagination, skill and knowledge are reflected in 
main successful creations. They can provide you with match­
less fragrances—made-to-measure 
success!

G I V A U  D A MC O R P O R A  T I O N
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TESTED AND APPROVED FOR
COLD WAVE LOTIONS AND DEPILATORIES

THIOVANIC AGII)
Evans' brand of vacuum 
distilled thioglycolic acid-

AMMONIUM
T H IO G ÌìfC O lA T E « ^
Made with vacuum distilled 
thioglycolic adjd. '*? ;

c a l c iiI m
THIOGLYCOLATE
High purity for depilatories.

AND all other derivatives of 
Thio«.yéfeiic Acid. *

t
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Write for samples and data sheets.
EX/ANB

W E M N S ( % z &
V  250 EAST 43rd STREET NEW YORK. N.250 EAST 43rd STREET 

PHONE 212-683-0071
NEW YORK, N.Y. 10017 
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Thiochemicals 
for the
Cosmetic Chemist
Ammonium Thioglycolate 
Monoethanolamine Thioglycolate 
Thioglycolic Acid

DL-TDP
Dilaurylthlodipropionate
DS-TDP
Distearylthiodipropionate

Thiodipropionitrile

HALBY PRODUCTS CO., INC.
WILMINGTON, DEL. 19899
phone: (302) OLympia 6-5428 
Thioglycolic & Thiodipropionic Acids & Derivatives
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To extend the effective life of cosmetics, drugs and pharmaceuticals, 
chemists and technologists continue to depend on parabens. 

Washine is probably In the best position to help you
w ith  your preservation problems. We have long been active 

in problem -solving and in the developm ent of new applications 
for p-hydroxybenzoates (methyl, propyl, butyl and ethyl ;

U.S.P., pure and technical grades).
If you are not using parabens, haven't thought o f using them,

or if you 've used them w ith o u t complete satisfaction, 
call or w rite  our product manager, Mr. Zwicker.

He w ill supply samples, in form ation and technical service

mmim !  washine chemical corporation
165 MAIN STREET, LODI, N.J. 07644/TEL. (201) 471-4500
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Pa rm avert
FLORAL GREEN NOTE 
NON-IRRITATING 
STABLE IN  ALKALIES 
EXTREMELY POWERFUL

Parmavert is a new, extremely powerful, long 
lasting aromatic chemical of high purity which 
fills the need for a subtle green and floral- 
fresh note so essential to total naturalness. 
E specia lly e ffec tive  in bouquets of f lo ra l 
c o m p o s itio n  and m odern  com pounds.

Parmavert is a new acetal, developed in our 
laboratories, stable in soaps as well as in 
cosmetics and perfumes. It is non-irritating, 
and can be used as a replacement for Heptin 
Carbonate esters.

COMPAGNIE PARENTO INC.

Croton-on-Hudson, New York
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!

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

I N T E R N A T I O N A L  F L A V O R S  & F R A G R A N C E S  I NC.
521 West 57th Street, New York, N.Y. 10019
ARGENTINA AUSTRALIA BELGIUM BRAZIL CANADA DENMARK ENGLAND FRANCE GERMANY HOLLAND IRELAND 
ITALY JAPAN MALAYSIA MEXICO NORWAY PORTUGAL S AFRICA SPAIN SWEDEN SWITZERLAND U S.A,
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76 NINTH AVENUE, NEW YORK, N. Y. 10011



Is the gas chromatograph - mass spectrometer 
more sensitive than your customer?

When it’s a matter of checking the purity of silicones, we think so. Our testing of our silicones is designed to 
control many factors, one of the most important being color purity. We also hold the tolerances within the 
limits specified by the cosmetic industry.
This regard for testing is just one phase of our silicone quality control; available at no extra cost when you 
specify Union Carbide Silicones.
Starting formulations based on our silicones are available: write Dept. WHK, 31st floor, Union Carbide 
Corporation, 270 Park Avenue, New York, N.Y. 10017.

M

CARBIDE I SILICONES &
FOR THE 

COSMETICS 
v  INDUSTRY



Where the aromatics action is.
on every one of our products.
And it continues in our plant where 
we synthesize all our aromatics from 
readily available domestic materials 
so you don’t have to worry about 
nature’s uncertainties.
It’s right up to the point of 

departure, where a Roche action

quality control team checks every 
drum of aromatics before shipmet
11 makes sense to go where the 
aromatics action is. Contact 
Aromatics Dept., Roche Chemica 
Division, Hoffmann- /  \
La Roche Inc., Nutley.y ROCHE® 
New Jersey 07110. \ _____ /

The action is here in our research 
tower where hundreds of chemists 
are developing new ideas to enhance 
the aromatics we offer you, as tv el I 
as developing new fragrances.
It’s in the toxicological and skin 
irritation studies we prepare and 
make available to the industry



Since 1904

A series of non-ionic and anionic emulsi­
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 — Ac i d  s tabi l i zed 
emulsifier for medi­
cated creams and 
lotions.

CERASYNT D — Emulsifier for hydro­
carbons in aerosol 
systems; also opaci­
fier for cream lotion 
shampoo concen­
trates.

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

 ̂QUALITY

VAN DYK & COMPANY, INC.
MAIN AND WILLIAM STREETS, BELLEVILLE, NEW JERSEY
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Pioneer Developers 
and
Largest Producers 
of

LANOLIN
DERIVATIVES

A LCO LA NS -  a series of self-emulsifying, 
lanolin derivative absorption bases. Lustrous 
white w /o emulsions obtained by the simple 
addition of water — see Product Bulletin 33

CER A LA N  — the alcohol fraction of 
lanolin. Contains 30% free cholesterol. 
Emulsifier, emollient and w/o stabilizer -  
see Product Bulletin 37 
ETH Y LA N — an alcohol-soluble 
liquid lanolin additive for hair sprays. 
Compatible with aerosol propellants — 
increases plasticity of PVP films and imparts 
sheen to hair — see Product Bulletin 53 
ISO PR O PY L A N S -  a series of liquid 
emollients containing 33% to 50% lanolin.
For aerosol-packaged cosmetic preparations 
— see Product Bulletin 45

LA N A M IN E -  a substituted alkyl amine 
of selected lanolic acids. For shampoos, 
shaving soaps — see Product Bulletin 25

LA N O C E R IN  a ceraceous de-oiled 
pure lanolin. Imparts hardness and 
plasticity to lipsticks, eyebrow pencils, 
pomades, polishes and crayons — 
see Product Bulletin 31

LA NO G ELS — a series of water-soluble 
polyoxyalkylene lanolins For shampoos, 
hair conditioners, lotions — see Product 
Bulletin 46

L A N O G E N E -  a liquid lanolin fraction. 
Emollient and plasticizer for hair sets, 
lotions, lipsticks — see Product Bulletin 23

LA NO SO L — a colloidal suspension of 
pure lanolin . For anyhydrous liquid 
preparations with high lanolin content -  
see Product Bulletin 48

S T E R O L A N - an oil soluble, 
water-dispersible, nonionic liquid lanolin- 
sterol surfactant. Serves trifunctional 
purpose of emulsifier, emollient and 
penetrant in cosmetic and pharmaceutical 
emulsions — see Product Bulletin 47

Product Bulletins on Request

R O B IN S O N  W A G N E R  C O ., IN C .

62S Waverly Avenue. Momaronock. N. 5'.



MOISTURIZERS
amerchol® — 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, 
jmd a powerful free sterol de­
pressant of 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 of 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- 
linA Skin protective emollient 
with decided advantages over 
lanolin. Hypoallergenic, almost 
odorless, nontacky, oil soluble, 
and hydrophobic. Excellent for 
emulsions, soaps, baby oils, and 
bril'.iantines.

ENRICHERS
v isco L A N ®  — 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 of lanolin’s most ac­
tive components.

HICILAN® — 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.

A N S W E R S
waiting f o r  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.

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

Gtàmerchol
AMERICAN CHOLESTEAMERICAN CHOLESTEROL PRODUCTS, INC.

Amerchol Park • Edison, New JerseytU .S. Æ foreign patents
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TEGACID REGULAR
This unique ESTER-BALANCED self-emul­

sifying g lyce ry l m onostearate fo r cationic 

systems, produces emulsions having prime 

cosmetic elegance.

TEGIN P The ESTER-BALANCED self-

emulsifying propylene  g lycol monostearate fo r 

anionic, neutral o r a lka line systems.

TEGACID SPECIAL
The ESTER-BALANCED self-emulsifying g ly ­

ceryl monostearate fo r anionic, neutral, 

acid or a lka line systems.

TEGIN 515 The ESTER-BALANCED

non-self-emulsifying g lycery l monostearate fo r  use 

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

stabilizer.

TEGOSEPTS The universally used Parabens and

other esters o f P -Hydroxybenzoic acid. USP and Technical. M ethyl, 

Ethyl, Propyl, Butyl.

Ask about our new customer service facilities
•  Technical la b o ra to ry  service •  Form ula tions assistance 

•  P ilo t run lab  tests
DEPEND ON GOLDSCHMIDT FOR TRIED AND TESTED PRODUCTS 

Write For Data and Samples

C C

G o l d s c h m i d t  C h e m i c a l  C o r p o r a t i o n
147-153 Waverly Place ° New York, N. Y. 10014 ® CHefsea 3-4792



(penn-drake) chem·genuity 
is a touch of velvet-and so much more! 

Looking for a real soft touch? 
Striving for exceptionally smooth 
elegance that will set your cos­
metic or pharmaceutical product 
apart from all the rest? Try some 
Penn-Drake Chem-Genuity! It's our 
exclusive blend of skill, experience 
and unlimited ingenuity combined 
to solve the difficult problems in­
volving white oils and petrolatums. 

Chem-Genuity has meant many 
things to customers through the 
years. From increasing smooth-

ness to the touch of sheer velvet 
to improving storage stability, 
blendability, product appearance 
or perhaps developing a complete 
new formulation . In almost eve ry 
case, the result has meant savings 
in time, effort and money. 

Penn-Drake is one of the oldest, 
most experienced refiners of pet­
rolatum and white oils. But with the 
most modern touch/ Let us show you 
what we can do to solve your cos­
metic or pharmaceutical problem. 

Write for our new comprehensive guide to prop· 
erties and applications for white oils and petro­
latums. No obligation. PENNSYLVANIA REFINING 
COMPANY, Dept 3 ?- l Butler, Pa. 16001 Phone 
412/287-2781 

penn-drake 
WHITE MINERAL OILS 

PETROLATUMS 
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S Y N O P S E S  F O R  C A R D  I N D E X E S

T h e  fo llo w in g  synopses can be cut out and m ou nted  on 3 X  5 in . in d e x  cards fo r re fe r­
ence, w ith o u t m u ltila tin g  th e  pages of the  Journal.

T o rs io n a l p roperties of h a ir  in  re la tio n  to p e rm an e n t w av ing  and setting  : H e rm a n
B o g aty . J ou rn a l o f  the S ociety  o f  C osm etic C hem ists  18, 575 (Sep t. 16, 1967)

Synopsis— H a ir  on the  head fre q u e n tly  exh ib its  the  fo rm  of a helica l coil. T h e  
physics of ideal coils are described; the  perfo rm ance of h a ir  curls in  the w av in g  and  
se tting  c o n tex t is q u a lita t iv e ly  analogous to the  engineering spring th eo ry  in  re ­
spect to  the  effects of fibe r d ia m e te r, co il rad ius, and tors ional stiffness of the ha ir. 
T o rs io n a l properties  of w av ed  an d  u n w av ed  single fibers w ere stud ied b y  tw o  
m ethods and over a w ide range of h u m id itie s ; results are g iven. T o rs iona l stiffness 
and m echanica l creep of h a ir  are shown to be v e ry  sensitive to  m oisture . P red ic ­
tions  fro m  spring th e o ry  are in  general ag reem ent w ith  experience w ith  h a ir, a lthough  
the  com plex g e o m etry  of a h a ir  coil and the d e v ia tio n  o f h a ir  from  ideal elastic be­
h a v io r p rev en t a q u a n tita tiv e  tre a tm e n t.

E ffe c t of process va riab les  on the  s ta b ility  of som e specific e m u ls io n s : H . E . Jass.
J ou rn a l o f  the S o c ie ty  o f  C osm etic C hem ists  18, 591 (Sep t. 16, 1967)

Synopsis— T h re e  case h istories of cosm etic em ulsion problem s in v o lv in g  rheological 
and em uls ion  d e te rio ra tio n  w ith  t im e  are described. D esp ite  considerable v a r ia ­
t io n  in  em uls ion typ e , the  th ree  dem onstra ted  s im ila r changes w h ich  are traced  to  
changes in  the physical s tate of the  c ry s ta llin e  v iscosity builders, p r im a r ily  g lycery l 
m onostearate . I t  is shown how  changes in processing and fo rm u la tio n  w ere able  
to  arrest these changes and stab ilize  the p roduct. T h e  role of p h o to m icro g ra p h y  
in  he lp ing  to  an a lyze  the p rob lem  and in p red ic tin g  the results of experim ents is 
dem onstra ted .

T h e  effect of p H  on th e  sorption of co llag en -d erived  peptides by h a i r : S. A . K a r ja la ,
A . K a r le r , and J. E . W illia m s o n . J ou rn a l o f  the S ociety  o f  C osm etic C hem ists  18, 599  
(Sep t. 16, 1967)

Synopsis— S o rp tio n  of peptides increases v e ry  ra p id ly  d u ring  the  firs t few  m inu tes to  
Y l h r of peroxide or th io g lyc o la te  tre a tm e n t, a fte r  w hich  sorp tion  is essentially  
co n stan t fo r  a period, increasing ra p id ly  ag ain  as the  h a ir  is dam aged m ore ex­
tens ive ly . T h e  conclusion is d raw n  th a t the  firs t ac tion  is on the cu tic le , w h ich  is 
re a d ily  rem oved b y  ch em ical tre a tm e n t, and th a t  increased sorption occurs, a fte r  
rem o va l of the cu tic le , o n ly  a fte r  extensive dam age to  the cortex. O x id iz in g  agents 
cause a m a x im u m  so rp tion  o f p e p tid e  a t  n e u tra l p H  values, w h ile  th iog lyco la te  
causes m a x im u m  sorp tion  a t  high p H  levels. S o rp tio n  appears to  be an eq u ilib riu m  
phenom enon governed b y  the  p H  va lu e  of the p e p tid e  solution.
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H a ir  coloring w ith  ox idatio n  dye in te rm e d ia te s : H a ro ld  H . T u c k e r. J ou rn a l o f
the S ociety  o f  C osm etic C hem ists  18, 609 (Sep t. 16, 1967)

Synopsis— D a ta  on p a te n ts  fo r 33 p r im a ry  in te rm ed ia tes  and 20 color m odifiers were 
collected from  the  lite ra tu re . T h e  effect of s tru c tu re  on shade, d ep th  of color, lig h t  
fastness, and s o lu b ility  was d e te rm in e d  fo r each p roduct. T h e  effect on color, 
d epth  of shade, an d  lig h t fastness o f dye in g  m ix tu re s  of each of the  20  color m odifiers  
w ith  eq u im o la r q u a n titie s  of 3 p r im a ry  in te rm ed ia tes  is reported . I t  is shown th a t  
b y  p roper selection of color m o d ifie r th e  shade m a y  be va ried , the  d e p th  of color 
g re a tly  increased, the fastness to  lig h t increased m a n y  fo ld , and the  tend ency to  
tu rn  red on ag ing decreased.

B y  using the  fo rm a tio n  of B a n d ro w s k i’s base fro m  o x id a tio n  of J>-phenylene- 
d ia m in e  as a tool th e  percentage of conversion to  the colored fo rm  w as shown to  be 
o n ly  s lig h tly  m ore th a n  5 %  under the cond itions n o rm a lly  used fo r dyeing  h a ir. 
T h e  effect of va rious  factors on th is  y ie ld  is reported .

T h e  results of using five  rec en tly  described p y rid in e  d e riva tives  are tab u la te d  
and discussed.

A  com parison of th e  b a cteria l and yeast flo ra  of the  h u m an  scalp and th e ir  effect 
upon d a n d ru ff p ro d u ctio n : R a y m o n d  W . V a n d e rW y k  and K a r im  E . H ec h em y .
J ou rn a l o f  the S ociety  o f  C osm etic C hem ists  18, 629 (Sep t. 16, 1967)

Synopsis— A  h a lf-h ea d  ex p erim en t w as carried  o u t on 10 subjects. T h ro u g h  the  
ap p lic a tio n  of y e a s t-in h ib itin g  or b a c te ria -in h ib itin g  an tib io tic s  to e ith er side of the  
h u m an  scalp, th e  effect upon d a n d ru ff w as de te rm in e d . Sam ples of d a n d ru ff scales 
(scurf) w ere rem oved  separa te ly  fro m  each side w ith  an  O ster H a irV a c  and the  
w eigh ts d e te rm ined . D u r in g  a 9 1 -d a y  ex p erim en t it  was shown th a t  a redu ction  of 
the yeast flo ra was m ore effective in  co n tro lling  d a n d ru ff th a n  was a red u c tio n  in  
th e  nu m b er of ba c te ria .
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L I T E R A T U R E  S U R V E Y *

A n aly tica l

D e te rm in a tio n  of Soap in D e te rg en ts , H e in e rth , E ., T ensid e, 4 , 4 5 -4 7  (1 9 6 7 ).

G a s -C h ro m ato g ra p h ic  M e th o d s  for th e  D e te rm in a tio n  of A ro m a tic  D iam in es  in H a ir  D yes. 
P in te r, I . ,  and K ra m e r, M . ,  P a r fu m  K o sm etik , 4 8 , 1 2 6 -2 8  (M a y ,  1967).

U n co m b in ed  In te rm ed ia tes  in F D & C  B lue N o . 1. Johnson, R . K .,  J. A ss o c ., Off. A n a l. 
Chem ., 50 , 5 2 6 -3 0  (Ju n e , 1967).

A nalysis  of Soaps. P a r fu m . Cosm et. S avons, 10, 1 7 8 -8 1  (A p r il,  1967) (F re n c h ).

C h ro m a to g rap h ic  A nalysis  of R a w  M a te r ia ls  fo r C osm etics and Some C osm etic P reparations . 
P o k o rn y , J ., and H la d ik , J ., Ib id ., 1 5 8 -6 0  (A p r il,  1967).

G a s -L iq u id  C h ro m a to g rap h y  of P o lyg lycero l. Sen, N .,  et a l „  J . Gas C hrom atog., 5, 2 6 9 -7 0  
( M a y ,  1967).

M ass  S pectra  and M o le c u la r  S tru c tu re  of H ydrocarbons . P o ly ak o va , A . A ., et a l., R u ss . 
Chem . Rev. ( E n g lish  T ra n sl.), 6 9 5 -7 1 0  (S ep tem b er, 1966).

O p tim u m  C ond itio n s  fo r Q u a n tita t iv e  M eas u rem e n ts  w ith  th e  N u c le a r M a g n e tic  R esonance  
S pectrom eter. A lexan d er, T .  G ., and K o ch , S. A ., A p p l. S p ec lry ., 21 , 1 8 1 -8 3  (M a y -J u n e ,  
1967).

D e te rm in a tio n  of T e rm in a l H y d ro x y l G roups in P o lyeth y len eo xy  Com pounds. H a n , K . W .,  
A n a ly s t, 92, 3 1 6 -1 8  ( M a y ,  1967).

IV .  F ra c tio n a tio n  and C h a ra c te riz a tio n  of V ario u s  H y d ro ly t ic  E nzym es in H u m a n  S a liva . 
M a k in e n , K . K . ,  A cta  Odontol. S cand ., 24 , 7 0 9 -2 1  (D ec em b e r, 1966).

L o w  T e m p e ra tu re  Fluorescence D e te c tio n  of O rgan ic C om pounds on T h in  L a y e r  C h ro m a to ­
gram s. C hou, J. S. T . ,  and Law rence , B . M . ,  J . C hrom atog., 27 , 2 7 9 -8 1  (M a rc h , 1967).

Id e n tific a tio n  of H yd ro tro p e s  in D e te rg e n t F o rm u la tio n s  b y  Reversed Phase T h in -L a y e r  
C h ro m a to g rap h y . D u n n , E ., and R obson, P ., Ib id ., 3 0 0 -0 2  (M a rc h , 1967).

B an d -B ro a d en in g  in Packed C h ro m a to g rap h ic  C o lum ns. Sie, S. T . ,  and R ijn d e rs , G . N . A ., 
A n a l. Chim . A cta , 28 , 3 -1 6  (M a y -J u n e , 1967).

S tudies on the  P rep a ra tio n  and Perform ance of P re p a ra tiv e  G a s -C h ro m ato g ra p h ic  C o lum ns. 
D ix m ie r , M . ,  et a l.. Ib id ., 7 3 -8 8  (M a y -J u n e , 1967) (F re n c h ).

T h e  D e te rm in a tio n  of M o le c u la r  W eigh ts , S ed im e n ta tio n  Coeffic ients and B u o y a n t D ensities , 
U sing  th e  A b sorp tion  O ptics of an A n a ly tic a l U ltra c e n tr ifu g e  w ith  an E le c tro n ic  Scanning  
System . B o n t, W . S., and V a n  Es, W . L .,  Ib id ., 1 4 7 -5 6  (M a y -J u n e , 1967).

C on tin u o u s P re p a ra tiv e  T h in -L a y e r  C h ro m a to g rap h y . Visser, R ., Ib id ., 1 5 7 -6 2  ( M a y -  
June, 1967).

A  S tu d y  of L iq u id  C h ro m a to g rap h y  in C o lum ns. T h e  T im e  of S ep aratio n . H u b e r , J. F . K ., 
and H u ls m a n , J. A . R ., Ib id ., 3 0 5 -1 4  (M a y -J u n e , 1967).

G as C h ro m a to g ra p h y  of D io ls . W e a th e ra ll, I .  L ., J. C hrom atog., 26, 2 5 1 -5 3  (J a n u a ry . 1967). 

*  P repared  by J. H . K ra to c h v il and H .  Fe inberg .

/
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G as C h ro m a to g rap h ic  A nalysis  of L in im e n ts . G roebel, W ., A rch . P h a rm ., 300, 2 2 6 -2 8  
(M a r c h , 1967) (G e rm a n ).

Im p ro v e d  Assay fo r D ibas ic  C a lc iu m  Phosphate . K le in m a n , L . M . ,  and S c h riftm a n , H .,
J . P h a rm . S ci., 56, 5 1 6 -1 7  (A p r il,  1967).

B acterio logy

A  N e w  P rinc ip le  for the D e te rm in a tio n  of T o ta l B a c te ria l N u m b e rs  in Populations R ecovered  
from  Aerosols. A nderson, J. D .,  and C rouch, G . T . ,  J . G en. M ic ro b io l ., 47 , P a r t  1: 4 9 -5 2  
(A p r il,  1967).

C om parison of th e  G e rm in a tio n  and O u tg ro w th  of Spores of B ac illus Cereus and B acillus  
P o ly m y xa . H a m ilto n , W . A ., and S tubbs, J. M . ,  Ib id ., 1 2 1 -2 9  (A p r il,  1967).

Is o la tio n  and H o s t R ange of B acteriophages A c tiv e  A gainst H u m a n  O ra l E nterococci. 
N a tk in , E ., A rch . O ral B io l. , 12, 6 6 9 -8 0  (A p r il,  1967).

B ro ad -S p eetru m  A n tim ic ro b ia l A c t iv ity  of a N e w  T riazen o irn id azo le . P it t il lo , R ., and  
H u n t , D . E .,  A p p l . M icro b io l., 15, 5 3 1 -3 2  (M a y ,  1967).

S te riliza tio n  A p p ara tu s  ( fo r  P lastics). C zechoslovakian  P a t. 117,264. Published  J a n u a ry  
15, 1966. G ra n te d  to  T o m e k  S tan is lav.

F u n g ic id a l P rep aratio n s  C o n ta in in g  C o p p e r-B is -Y a le ria n a te . U . S. P a t. 3 ,323 ,98 7 . F ile d  
J u ly  7, 1965. P a te n ted  June 6, 1967. G ra n te d  to  F a rb w e rk e  H oechst A k t.

B ac te ric id a l 4 -C h lo ro -2 -C y c lo p e n ty lp h e n o l. U . S. P a t. 3 ,323 ,98 8 . F ile d  N o v e m b e r 25, 
1964. P a te n te d  June 6, 1967. G ra n te d  to  D o w  C h em ica l Co.

F u n g ic id a l M e th o d s  and C om positions. U . S. P a t. 3 ,323 ,99 0 . F ile d  A p r il 29 , 1965. 
P a te n te d  June 6, 1967. G ra n te d  to  P. B udde and H . T o lk m ith .

A  P en ic illin  A g a in st Pseudom onas? L an cet, N o . 75 03 , 1312 (Jun e  17, 1967).

G erm ic id a l A c tio n  of Sea W a te r . Ib id ., 1314 (Jun e  17, 1967).

D is in fec ta n ts  and Preservatives. U . S. P a t. 3 ,328 ,24 0 . F ile d  J u ly  20, 1965. P a te n ted  
June 27, 1967. G ra n te d  to  F a rb e n fa b rik e n  B a y e r A k t.

S en sitizatio n  to  th e  N eo m yc in  G ro u p  of A n tib io tics . P a tte rn s  of C ross -S ensitiv ity  as a 
F u n c tio n  of P o ly v a le n t S en s itiza tio n  to  D iffe re n t P ortions of the N eo m ycin  M o lecu le . 
H jo r th , N .,  and Thom sen , K ..  A cta  A lle rg o l., 21 , 4 8 7 -9 6  (1 9 6 6 ).

C h em is try  and B iology

D im e th y l S u lfox ide O xida tions . E pste in , W . W ., and S w eat, F . W ., Chem . R ev ., 67, 2 4 7 -6 0  
(Jun e, 1967).

S tru c tu re  and A bsolu te C o n fig u ra tio n  of C cd ro l [( — ) -5 -C a d in o l|, Sesquiterpene A lcohol 
Ci5H2r,0 from  the E ssential O il of C edre la  O d o ra ta  B rasiliensis. Sm olders, R . R ., Can. J . 
Chem ., 4 5 , 8 8 9 -9 6  ( M a y  1, 1967) (F re n c h ).

F o rm u la tin g  C h em ica l Specia lties w ith  Silicones. Y ie rlin g , R . A ., and Sab ia, A . J ., S oap  
Chem . S pecia lties , 43 , 96 , 98 , 100 ( M a y ,  1967).

Syntheses of T h io carb a m a tes . W a lte r , W ., and Bode, K . D .,  A ngela . Chem . In tern . E d. 
E n g l., 6 , 2 8 1 -9 3  (A p r il ,  1967).

T h e  S o lven t D im e th y l Su lfoxide. M a r t in ,  D . ,  et al., Ib id ., 3 1 8 -3 4  (A p r il,  1967).



N e w  T h ic k e n in g  A gents fo r M o n -P o la r Solvents. Berneis, K . H .,  et a l., A m . P er fu m er  
C osm etics, 8 2 , 2 5 -2 8  ( M a y ,  19G7).

E ffec t of In te ra c tio n  o f M acrom olecu les in G e l P erm eatio n , E lectrophoresis and U lt r a ­
ce n trifu g a tio n . G ilb e r t, G . A ., A n a l. Chim . A cta , 38 , 2 7 5 -7 8  (M a y -J u n e , 1967).

Synthesis of C e rta in  A lip h a tic  an d  A lk y l A ry l Q u a te rn a ry  A m m o n iu m  Salts and T e r t ia ry  
A m ines from  A lk y l and A ry l A lk y l C hlorides. K u zn e tso v a , N . N .,  et a l., J . A p p l .  Che.m. 
U .S .S .R . ( E n g lish  T ra n s l.), 39 , 1 4 30 -33  (J u ly , 1966).

E ffects of Selected V aria b le s  on the M icro en cap su la tio n  of Solids. L u zz i, L . A ., and G er- 
ra u g h ty , R . J ., J . P h a rm . S ci., 56, 6 3 4 -3 8  (M a y ,  1967).

C osm etic Tests w ith  a N e w  A c tiv e  P rin c ip le : T e tra b ro m o lim o n e n e . M assera, A ., P a r fu m ., 
Cosm et., S avons, 10, 1 6 1 -6 3  (A p r il,  1967) (F re n c h ).

P roperties of W a te r -A m in e  M ix tu re s . G ab o ria u d , R ., C. R . A ca d . S ci. P a r is , 264. 1 5 7 -6 0  
(F e b ru a ry , 1967) (F re n c h ).

C o a tin g  C om positions. N e th e rla n d s  P a t. 6 ,616 ,12 7 . Published J a n u a ry  25, 1967. G ra n te d  
to  Shell In te rn a tio n a le .

R u tile  T ita n iu m  D io x id e  P ig m en t. U .S .S .R . P a t. 186,592. Published O ctober 3 , 1966. 
G ra n te d  to  S ta te  S cientific  R esearch and D esign In s titu te .

Special S lide R u le  fo r  D e te rm in a tio n  of P ig m e n t-V o lu m e  C o n cen tra tio n . B achm an n , R ., 
F arbe L a c k , 73, 2 1 3 -1 5  (M a rc h , 1967) (G e rm a n ).
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C onsu m er P roducts

C o m p a ct P ow der A n tip e rs p ira n t C o n ta in in g  P o ly o xy e th y len e  L a u ry l E th e r. U . S. P a t. 
3 ,324 ,00 4 . F iled  M a y  31 , 1963. P a te n te d  June 6, 1967. G ra n te d  to  D e l Labs., In c .

A n tip e rs p ira n t C om position . U . S. P a t. 3 ,325 ,367 . F iled  J a n u a ry  29 , 1964. P ate n ted  
June 13, 1967. G ra n te d  to  T h e  G ille tte  Co.

A n tip e rs p ira n t C om position . U . S. P a t. 3 ,326 ,76 8 . F ile d  June 29, 1964; June 9, 1966. 
P ate n ted  June 20, 1967. G ra n te d  to  T h e  P ro c te r &  G am b le  Co.

O -T -C  D ep ila to ries . W eb b er, M .  G ., J . A m . P h a rm . A ss o c .,  N S 7 , 3 8 4 -8 5  (J u ly , 1967).

L a th e r  and Brushless S having  C ream s fo r th e  C osm etic M a n u fa c tu re r . G oode. E . A ., 
P er fu m er y  E ssen t. O il R ecord , 58, 3 0 5 -0 7  (M a y .  1967).

Colored H a ir  Lacquers. N e th e rlan d s  P a t. 6 ,605 ,588 . Published  N o v e m b e r 14, 1966. 
G ra n te d  to  O real S .A .

H a ir  D yes . G e rm a n  P a t. 1 ,083 ,505. Published M a y  11, 1967. G ra n te d  to  L 'O re a l.

H a ir  D y e . B e lg ian  P a t. 649,310 . Published A p ril 24, 1967. G ra n te d  to  W e lla  A .G .

D y e  M ix tu re s  fo r K e ra t in ic  F ibers . N e th e rla n d s  P a t. 6 ,516 ,65 1 . Published  D ecem ber 22, 
1966. G ra n te d  to  O real S .A .

N e w  T ren d s  in H a ir  D yes. A lexander, P ., A m . P er fu m er  C osm etics, 8 2 , 3 1 -4 0  (Ju n e , 1967).

C ream  or L o tio n  Sham poo. B elg ian  P a t. 671 ,930 . Published M a rc h  1, 1966. G ra n te d  to  
C o lg a te -P a lm o live  Co.
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Sham poo C om po sition . C an a d ian  P a t. 759,908 . Published M a y  30, 1967. G ra n te d  to  
T h e  P rocte r &  G am b le  Co.

Sham poos. U . S. P a t. 3 ,322 ,67 6 . F iled  June 22, 1965. P a te n te d  M a y  30 , 1967. G ra n te d  
to  C ib a  L td .

R esu lts  of In v es tig a tio n s  in R egard  to  th e  A d d itio n  of A m p h o ly tic  Surface A c tiv e  C om pounds  
in Sham poos. L ie tz , G ., Parfuem. Kosmetik, 4 8 , 1 5 9 -6 3  (Ju n e , 1967).

C o m p u te r R e tr ie v a l of C osm etic P a te n t L ite ra tu re . I .  E a r ly  S y n th e tic  O rgan ic H a ir  D yes. 
C h arle , R .,  and Sag, G ., Mfg. Chemist & Aerosol News, 38 , 3 3 -3 7  ( M a y ,  1967).

H a ir  S tra ig h ten in g  C om positions. C an a d ian  P a t. 759,543 . Published  M a y  23, 1967. 
G ra n te d  to  Scherieo L td .
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Savons, 10, 1 7 5 -7 7  (A p r il ,  1967).
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T h e  S o lu b ility  of Gases in F a t ty  Oils. T o m o to , X . ,  and K usano, K .,  Yukagaku, 16, 1 0 8 -1 3  
(M a rc h , 1067).



JO U RN AL OF TH E  SO C IE T Y  OF CO SM ETIC CH EM ISTS X X V
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The fragrance w ill Invariab ly d if fe r  to  s u it the ind iv idua l 
product or purpose fo r  which it  was created . . .  bu t the 
q ua lity  m ust never vary. Persuasive, provocative . . .  but 
never overpowering. Subtly enhancing, ra ther than de trac ting  
from , func tio na l fea tu res  and aspects o f the product its e lf 
. . . the sole purpose o f an essence is in its  necessity to  
the com pleteness o f the whole product.
To achieve th is  com patib le un ity  o f fragrance and product 
requires extensive knowledge and the  u tiliza tio n  o f advanced 
s c ie n tif ic  techniques . . . pa instaking research and ex­
perim enta tion  . . .  and d issa tis fac tion  w ith  m ediocrity.
C ontinu ity  is the foundation o f a fragrance long cherished 
. . . and rem em bered. I t  is also the cornerstone fo r A lbert 
Verley's con tinu ing  success.

A LBER T V ER LEY & cgm pany
124 CASE DRIVE .  SOUTH PLAINFIELD, NEW JERSEY 07080 

N.J.: 201-754-2222 N.Y.: 212: MU 3-3881
3804 WEST NORTH AVENUE .  STONE PARK, ILL IN O IS  60165 

10325 LOWER AZUSA ROAD • TEMPLE CITY, CALIFORNIA 9 17 8 0 | 
AROMESCENCE INC.

10 RUE PERGOLESE .  PARIS 16, FRANCE

for the fragrance that is as unique as your product. . .
CHECK FIRST WITH YOUR MAN FROM VERLEY
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Obituary

D r. K e n n e th  L. R ussell, c o n su ltin g  ch e m is t w ho w as d ire c to r  of 
to ile t  a r tic le s  re sea rc h  fo r th e  C o lg a te -P a lm o liv e  Co. u n til  1960, d ied  in  
M o n tc la ir , N . J .,  o n  M a y  26, 1967, a f te r  a  long  illness. B o rn  in  1910 
in  Y oun g sv ille , P a ., D r. R ussell g ra d u a te d  from  L eb an o n  V a lley  C ollege 
in  A nn v ille , P a . H e  rece iv ed  h is  M a s te rs  deg ree  in  1934 a n d  h is P h .I ) .  
in  1936 fro m  N ew  Y o rk  U n iv e rs ity  G ra d u a te  School in  o rg an ic  c h e m ­
is try . H e  w as th e  a u th o r  of sev e ra l U . S. p a te n ts  a n d  th e ir  fo reign  
e q u iv a le n ts  a n d  p u b lish ed  n u m ero u s  sc ien tific  p ap e rs . H e  w as a m e m ­
b e r of th e  A .C .S ., A .A .A .S ., A .I .C ., N . Y . A c ad em y  of Science, C h e m is ts ’ 
C lu b , th e  S .C .C ., a n d  S ig m a X i.

K en , w ho leaves h is  wife, P o lly , an d  a  d a u g h te r , A nn , a t  h o m e (a 
son, Jam es , w as k illed  in  a n  a u to  a c c id e n t la s t  O c to b e r), w as p re s id e n t 
of th e  S o c ie ty  of C o sm e tic  C h e m is ts  in  1955. H e  also  se rv ed  th e  S .C .C . 
as  p ro g ra m  c h a irm a n  in  1950, d ire c to r  in  1953 a n d  a  m em b er of th e  
ex e cu tiv e  c o m m itte e  from  1954-60 . K e n ’s p ass in g  is a  m a jo r  loss to  
th e  S o c ie ty , to  th e  co sm etic  in d u s try , a n d  to  all w ho w ere a sso c ia ted  
w ith  h im .
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T orsional Properties of H air in 
R elation  to Perm anent 
W aving and Setting

H E R M A N  B O G A T Y , B .S.*

Presented November 30, 1966, New York City

Synopsis— H a ir  on the  head fre q u e n tly  ex h ib its  the  fo rm  of a helica l coil. T h e  physics of 
ideal coils are described; the perfo rm ance of h a ir  curls in  the w av in g  and se ttin g  co n text is 
q u a lita t iv e ly  analogous to  the engineering spring th eo ry  in  respect to  the  effects o f fiber 
d ia m e te r, co il radius, and torsional stiffness of the h a ir. T o rs io n a l properties  of w aved  and  
u n w av ed  single fibers w ere stud ied b y  tw o  m ethods an d  over a w ide range of h u m id itie s ;  
results are g iven. T o rs io n a l stiffness and m echanica l creep of h a ir  are shown to  be v e ry  
sensitive to  m oisture. P red ictions fro m  spring th eo ry  are in  general ag reem ent w ith  ex­
perience w ith  h a ir, a lthough  the  com plex g eom etry  of a  h a ir  coil and the  d e v ia tio n  of h a ir  
from  ideal elastic b e h av io r p reven t a q u a n tita t iv e  tre a tm e n t.

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

A co n sid e rab le  a m o u n t of sc ien tific  p ro g ress  h a s  b een  m a d e  in 
th e  u n d e rs ta n d in g  of h a ir  as a  ch em ica l a n d  b io log ical m a te r ia l, a n d  a 
good  d ea l of th is  kno w led g e  h a s  b een  u tiliz e d  in  so u n d  tech n o lo g ica l 
d e v e lo p m e n ts  su ch  as p e rm a n e n t w av ing . W hile  th e  ch e m is t h a s  u n d e r ­
ta k e n  to  s tu d y  h a ir  w av in g  in  te rm s  of ch em ica l re ac tio n s , th e  co n su m er 
h as  p ra c tic e d  i t  w idely  b ec au se  of th e  d es irab le  a l te ra t io n  in  p h y s ica l 
p ro p e rtie s  in  p ro d u c in g  an  e ffec tive  fo u n d a tio n  for s e t t in g  a n d  s ty lin g  
a n d  fo r e n h a n c in g  th e  p h y s ica l s ta b i l i ty  of h e r  sty le .

T h is  p a p e r  p re se n ts  one m ean s  fo r v iew ing  th e  p h y sics  of som e 
a sp e c ts  of th e  w a v in g  a n d  se t t in g  p rocess. I t  is in te n d e d  to  su g g est t h a t

T h e  T o n i C o ., C hicago, 111. 60654.
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F igu re  1. P ho tog raph  showing d e ta il of h a ir tresses in th e  fro n t h a ir line  
in  a  sp iral co il a rran g em en t im m e d ia te ly  fo llo w ing  p e rm an e n t w av in g

w o m en ’s h a ir  f re q u e n tly  assu m es a  he lica l coil co n fig u ra tio n  in  th e  
co u rse  of i ts  b e in g  p e rm a n e n t w av ed , set, a n d  co m b ed  in to  s ty le . I t  
w ill b e  fu r th e r  im p lied  t h a t  h a ir  assem blies  in  he lica l fo rm  can  b e  t r e a te d  
q u a l i ta t iv e ly  in  te rm s  of a  c lassica l p h y s ic a l m odel a n d  th a t  p re d ic tio n s  
of b e h a v io r  b a se d  o n  th is  m odel fit m o d e ra te ly  w ell w ith  th e  o b se rv ed  
b eh a v io r . F in a lly , s ince c o n s id e ra tio n  of fibers in  he lica l fo rm  in v o lv e  
p h y s ic a l p ro p e rtie s  in  to rs io n , som e m e a su re m e n ts  of th e  to rs io n a l 
stiffness a n d  c reep  of sing le  fibers a re  re p o r te d  u n d e r  v a r io u s  te s t  co n d i­
tions.

O b s e r v a t i o n s  o f  H a i r  o n  t h e  H e a d

L e t u s  firs t ex am in e  th e  p ro cess  of w ra p p in g  h a ir  on a  ro d  fo r a 
p e rm a n e n t-w a v in g  t r e a tm e n t.  T h e  h a ir  is a r ra y e d  w ith  th e  fibers 
p a ra lle l in  th e  fo rm  of a  l i t t le  tre ss . W h en  i t  is w o u n d  in  a  cy lin d rica l 
fo rm  a ro u n d  a  w a v in g  ro d  b e n d in g  forces a re  ap p lied . W h en  th e  rod  is 
re m o v e d  a t  th e  conc lu sio n  of th e  w av in g  p rocess th e  t ip  en d  of th e  h a ir  
h an g s  free a n d  th e  h a ir  tre s s  is c o n v e rte d  th e re b y  in to  a  he lica l coil. 
T h is  re su lts  in  th e  d ev e lo p m e n t of sh ea r or to rs io n a l forces in  th e  in d i­
v id u a l fibers. T h e  coil a r ra n g e m e n t can  v e ry  easily  be  seen  b y  look ing  
a t  th e  h ea d s  of w o m en  ju s t  a t  th e  c o m p le tio n  of th e  w av in g  p ro ced u re . 
F ig u re  1 is a p h o to g ra p h  of th e  ty p ic a l a r ra n g e m e n t of w o m en ’s h a ir  
ju s t  a f te r  re m o v a l of th e  ro d s  in  a  p e rm a n e n t-w a v in g  p rocess. T h e  
h e lica l coils a n d  sp ira l a r ra n g e m e n t of th e  g ro u p s  of fibers a re  v e ry  
ev id en t. S p ira l coils like  th e se  in  p e rm a n e n t w av ed  h a ir  a re  a lso  seen 
in  n a tu ra l ly  c u r ly  a n d  w a v y  h a ir . C oils of v a ry in g  d eg rees  of regu -
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F igure 2. P ho tog raph  o f a  h a ir  s ty le  produced b y  se tting  the  
w aved h a ir in  th e  fro n t h a ir  lin e  on rollers w ith  w a te r and d ry ­
ing. T h e  d e ta il illus tra tes  th e  helical a rran g em en t of the  style.

la r i ty  ca n  o f te n  b e  o b se rv ed  b y  w e tt in g  o u t  sing le  fibers of n a tu ra l ly  
w a v y  h a ir  a n d  flo a tin g  th e m  free ly  on  th e  su rfa ce  of w a te r  in  a  la rg e  
co n ta in e r .

A  s im ila r s i tu a t io n  is o b ta in e d  w h e n  one looks a t  h a ir  ju s t  a f te r  
re m o v a l of s e t t in g  o r  s ty lin g  ro llers , o r a f te r  th e  h a ir  tre sse s  h a v e  b een  
s e t in to  p in  cu rls  a n d  co m b ed  o u t. H e re , also, one ty p ic a lly  finds th e  
h e lica l coil a r ra n g e m e n ts , as  sh o w n  in  F ig . 2. T h e se  p h o to g ra p h s  
i l lu s tr a te  th e  te n d e n c y  to  coil fo rm a tio n  of h a ir  tre s se s  in  s e tt in g , as  in  
c e r ta in  s ty le  co n fig u ra tio n s  d e s ire d  b y  som e co n su m ers .

T h is  ev id en ce  p e rm its  u s  to  a sse rt, th e re fo re , t h a t  in  sev e ra l of th e  
v e ry  co m m o n  o p e ra tio n s  w o m en  em p lo y  in  d ea lin g  w ith  th e i r  h a ir  i t  is 
u su a l to  find  th e  fibers a r ra n g e d  in  th e  fo rm  of helices. I t  is now  p ro ­
p o sed  to  d iscuss th e  b e h a v io r  of ty p ic a l  he lica l tre sse s  b y  ex am in in g  
th e  c h a ra c te r is tic s  of a  m e ch a n ica l sp rin g  fo r w h ich  a  good  d e a l of th e  
th e o ry  h a s  b ee n  dev e lo p ed .

A  M e c h a n i c a l  S p r i n g  M o d e l  a n d  F i b e r  T o r s i o n

C lassica l p h y sics  h a s  t r e a te d  th e  m ech a n ic a l b e h a v io r  of sp rin g s  (1 ,2 ) . 
T h e  d e flec tio n  o r ex ten s io n  of a  he lica l sp rin g  coil u n d e r  ax ia l lo a d in g  is 
g e n e ra lly  g iv en  b y  th e  fo llow ing  e q u a tio n  :

KPr3n
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A MECHANICAL SPRING MODEL SHOWING THE VARIABLES INVOLVED IN THE
EXTENSION Or A COIL UNDER LOAD.

F igure 3

w h e re :

A =  deflection
K  =  p ro p o r tio n a li ty  c o n s ta n t
P  =  ax ial load
r =  ra d iu s  of th e  sp rin g
n =  n u m b e r of coils
G =  sh e a r or to rs io n a l m o d u lu s
d =  d ia m e te r  of th e  w ire com posing  th e  sp rin g

T h e  sk e tc h  show n in  F ig . 3 i l lu s tra te s  th e  k ey  v a ria b le s . I t  is im p o r ta n t  
to  em p h asize  th e  co n d itio n s  u n d e r  w hich  th is  th e o re tic a l re la tio n sh ip  
h o ld s : T h e  sp rin g  is one of la rg e  sp rin g  index , i .e ., th e  d ia m e te r  of th e  
sp rin g  is la rg e  c o m p a re d  w ith  th e  d ia m e te r  of th e  w ire of w hich  th e  
sp rin g  is m a d e ; th e  deflec tio n  o r ex ten s io n  u n d e r  lo ad  is a ssu m ed  to  b e  
sm a ll; th e  p itc h  ang le  is sm all, i.e ., th e  sp rin g  is re la tiv e ly  f la t;  a n d  th e  
sp rin g  m a te r ia l  e x h ib its  c o m p le te ly  e la s tic  b eh a v io r , i.e., no  creep  ta k e s
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p lace  u n d e r  th e  lo ad in g  c o n d itio n s  d esc rib ed . H o w ev er m o s t fibers do  
ex h ib it c reep  w h en  th e y  a re  s u b je c te d  to  s tress , th e  d e fo rm a tio n  o b se rv ed  
co n tin u e s  to  in crease  w ith  tim e . T h e  t r e a tm e n t  b y  th e  sim p le  sp rin g  
th e o ry  is l im ite d  to  th e  e x te n t  t h a t  h a ir  fibers ex h ib it v iscous m e ch a n ica l 
p ro p e rtie s  a n d  d e p a r t  from  id ea l e la s tic  b eh av io r.

W h ile  i t  is in te n d e d  to  co n sid e r th e  p ro p e rtie s  of “ sp r in g s” m ad e  of 
h a ir , i t  w as th o u g h t  u sefu l f irs t to  ex am in e  th e  c h a ra c te r is tic s  of th e  
sp rin g  m a te r ia l— th e  h a ir  fiber. I t  w as, th e re fo re , d ec id ed  to  s tu d y  
th e  m e ch a n ica l p ro p e rtie s  of h a ir  in  to rs io n  to  o b ta in  som e m e a su re m e n ts  
of th e  u su a l e la s tic  c o n s ta n ts  (to rs io n  m o d u lu s) a n d  som e in fo rm a tio n  as 
to  th e  c reep  b eh av io r. S ince m o is tu re  a n d  p e rm a n e n t w av in g  a re  im ­
p o r ta n t  in  co sm etic  p ra c tic e  th e  effec ts d u e  to  th ese  w ere also  in v e s ti­
g a ted .

W o rk  w as u n d e r ta k e n  to  m e a su re  th e  p h y s ica l p ro p e rtie s  of h a ir  in  
to rs io n  usin g  tw o  d iffe ren t m e th o d s . T h e  f irs t te c h n iq u e  will be  re fe rred  
to  as th e  to rs io n  p e n d u lu m  m e th o d . I t  w ill n o t  be  d esc rib ed  in  d e ta il  
since th e  m e th o d  h as  been  u sed  b y  a n u m b e r  of w o rk e rs  in  s tu d ie s  of 
te x tile  fibers (3 -5 ). In  brief, th e  te s t  h a ir  is u tiliz e d  to  su sp en d  a  sm all 
b o b  w h ich  can  b e  se t in to  free  ro ta t io n a l  o sc illa tion . B y  m easu rin g  th e  
p e r io d  of o sc illa tio n  (T),  th e  fiber le n g th  (/), a n d  d ia m e te r  (d), an d  b y  
c a lc u la tin g  th e  m o m e n t of in e r t ia  ( / )  of th e  b o b  (from  its  w e ig h t an d  
sh ap e ), i t  is easy  to  c o m p u te  th e  fiber to rs io n  m o d u lu s :

T h e  m e a su re m e n ts  w ere m ad e  in  a c o n s ta n t  te m p e ra tu re  ro o m  a t  
21 0 ±  1 °C , th e  fibers b e in g  su sp en d e d  in  g lass ja rs  o v er s a tu ra te d  so lu ­
tio n s  of d iffe ren t sa lts . E q u ilib ra tio n  of th e  fiber w ith  th e  c o n s ta n t  
h u m id ity  a tm o sp h e re  in  th e  ja rs  w as a llow ed  to  ta k e  p lace  fo r a t  le a s t 
tw o  day s.

I t  w as also  p o ssib le  to  m a k e  o b se rv a tio n s  usefu l in  assessing  th e  
te n d e n c y  of th e  fiber to  flow o r c reep  u n d e r  th e  in fluence  of to rs io n a l 
s tra in . L o ch n e r (6), u sin g  te x ti le  fibers, show ed  t h a t  th e  d am p in g  or 
th e  d ec rea se  in  a m p litu d e  of successive  o sc illa tio n s of th e  to rs io n  
p e n d u lu m  is re la te d  to  th e  in te rn a l  v isco s ity  of th e  fiber. H e  u sed  a 
p a ra m e te r  ca lled  th e  lo g a rith m ic  d e c re m e n t (5 ) w h ich  is th e  n a tu ra l  
lo g a rith m  of th e  ra tio  of th e  a m p litu d e  of successive sw ings (au a2, 
a3. . .a„) of th e  to rs io n  b o b :

2.3
(3)5  = n
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SCHEMATIC DIAGRAM OF APPARATUS USED FOR TORSION MEASUREMENTS 3Y 
PENDULUM METHOD. A -  PLAN VIEW OF ARRANGEMENT OF JAR CONTAINING 
TEST FIBER, TORSION 303, OPTICAL LENSES AND SCALE. 3 -  ENLARGED VIE// 
OF FI3ER AND TORSION 303.

F igu re  4

T h e  sense of th e  m e a n in g  of S can  be  seen b y  a sse rtin g  t h a t  fo r fibers 
w hich  a re  h ig h ly  e la s tic  b y  n a tu re  a n y  ro ta t io n a l  o sc illa tio n  in d u ced  
w ill c o n tin u e  fo r a  long  tim e  w ith  o n ly  v e ry  sm all d e c a y  in  a m p litu d e , 
a n y  ch an g e  b e in g  p ro d u c e d  la rg e ly  b y  th e  fr ic tio n a l re s is tan c e  of th e  a ir  
on  th e  b o b . C o n v erse ly , in  th e  case of fibers of low  e la s tic ity , th e  m e ­
ch an ica l w o rk  s to re d  in  th e  fiber w ith  a  sw ing of th e  b o b  in  one d ire c tio n  
will n o t be  e n tire ly  re co v erab le  on  th e  re v e rse  o sc illa tion . T h u s , fibers 
w h ich  show  a p p re c ia b le  d am p in g  a re  sa id  to  c reep  o r to  h a v e  h ig h  
in te rn a l v isco s ity  a n d  will ex h ib it la rg e  d ec reases  in  th e  a m p litu d e  of
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successiv e  sw ings in  a to rs io n  p e n d u lu m  e x p e rim e n t; th is  w ill re su lt  in 
la rg e  v a lu es  of S, th e  lo g a rith m ic  d e c re m e n t.

M e a su re m e n t of S is re la tiv e ly  sim ple . T o rs io n  b o b s  w ere m a d e  of 
d iscs of sh e e t m e ta l  w ith  a  h ig h ly  re flec tiv e  c h ro m e -p la te d  su rface . A 
lig h t b e a m  focu sed  o n  th e  to rs io n  b o b  th ro u g h  th e  g lass ja r  p lace d  
c e n tra l ly  w ith  re sp e c t to  a sem ic irc u la r  sca le  a b o u t  60 cm  aw a y  (F ig . 4). 
R e a d in g  of th e  lig h t sp o t on  th e  sca le  w as sim p le  a n d  d e te rm in e d  th e  
a m p litu d e  of a n y  o sc illa tio n . In  p ra c tic e , th e  a m p litu d e  of th e  firs t 
a n d  t e n th  sw ing  w as d e te rm in e d  fo r th e  ca lc u la tio n  of 5  a n d  th e  tim e  
p e rio d  (T)  fo r th e  te n  sw ings m e a su re d  w ith  a s to p w a tc h  fo r th e  c a lc u la ­
tio n  of G.

I t  w as also  d es ired  to  m easu re  fiber p ro p e rtie s  in  to rs io n  in  th e  w e t 
s ta te , as is f re q u e n tly  d o n e  in  fiber ten s ile  m ea su re m e n ts . T h e  p e n ­
d u lu m  m e th o d  is n o t  s u ita b le  fo r w e t te s t in g ;  acco rd in g ly , a  new  p ro ­
c e d u re  w as se lec ted — th e  d ire c t tw is t  m e th o d , b ase d  on  th e  p rin c ip le s  
of a  te c h n iq u e  d esc rib ed  b y  M o r to n  an d  P e rm a n y e r  (7). I n  brief, th e  
m e th o d  u sed  co n sis ts  in  m o u n tin g  a  te s t  fiber in  series w ith  a  re fe ren ce  
w ire  m a d e  of an  e la s tic  su b s ta n c e  su ch  as s tee l, q u a r tz , or tu n g s te n , th e  
la s t  b e in g  em p lo y ed  in  th e  p re s e n t case. A s show n in  F ig . 5, th e  fiber 
is p re v e n te d  fro m  ro ta t in g  a t  th e  b o tto m , w hile  tw is t  can  be in se rte d  
in to  th e  w ire  a t  th e  to p  w ith  a slow  sp eed  m o to r  ro ta t in g  a t  1 -4  rp m  
as  desired . A n  in d ic a tin g  p o in te r  is p re s e n t on  th e  l ig h tw e ig h t p iece  
co n n e c tin g  th e  w ire  an d  fiber. In  o p e ra tio n , sw itch in g  th e  m o to r  on 
in se r ts  tw is t  in to  th e  w ire -fiber a ssem b ly , th e  to ta l  tw is t  b e in g  n o te d  
on  th e  c o u n te r  a t ta c h e d  to  th e  m o to r. T h e  p o in te r  a t  th e  b o tto m  of th e  
w ire  ( th e  to p  of th e  fiber) is fo llow ed a n d  re p re se n ts  th e  tw is t  in  th e  fiber. 
B y  difference, th e  tw is t  in  th e  w ire  is o b ta in e d ;  since th e  w ire  is e lastic , 
th e  tw is t  in  i t  co rresp o n d s  to  a  k n o w n  sh ea r s tre ss  w h ich  is th e  sam e in  
th e  re fe ren ce  w ire  a n d  in  th e  fiber b e in g  te s te d . T h e  s tre ss  m a y  b e  co m ­
p u te d  u s in g  th e  c o n s ta n ts  from  th e  l i te ra tu re  or from  m e a su re m e n ts  of 
to rs io n  m o d u lu s  of th e  w ire m a d e  b y  a n  in d e p e n d e n t (p e n d u lu m ) m e th o d . 
T h e  fiber m a y  be  e q u ilib ra te d  a t  a n y  g iv en  a tm o sp h e re  o r m a y  b e  im ­
m ersed  in  w a te r  o r a n y  o th e r  liq u id  d u rin g  th e  m easu rem en t.

R e su lts  of m e a s u re m e n t of fibers exposed  to  a  w ide ra n g e  of m o is tu re  
co n d itio n s  a re  show n in  T a b le  I. R e p o r te d  is th e  to rs io n a l s tiffness of 
re p lic a te  fibers from  fo u r d iffe ren t sam p les  of a u th e n t ic  h a ir  in  th e  u n ­
w av ed  s ta te . M o s t s tr ik in g  is th e  re sp o n se  of th e  fibers to  m o is tu re . 
A s th e  h u m id ity  in c reases  th e  v a lu e  of th e  to rs io n a l m o d u lu s  dec reases  
s u b s ta n tia lly . T h e  o b se rv ed  effect of m o is tu re  is co n s id e rab ly  la rg e r 
th a n  in  th e  case of ten s ile  m e a s u re m e n ts : th e  ten s ile  m o d u lu s  dec reases  
b y  o n ly  a  fa c to r  of tw o  in  go ing  from  6 5 %  R H  to  w a te r  w e t fibers.
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SKETCH OF APPARATUS USED FOR TORSION MEASUREMENTS BY THE DIRECT 
TWIST METHOD. SMALL SKETCH SHOWS DETAIL OF COLLAR WITH INDICATING 
PIN PASSING THROUGH CIRCULAR-MEASURING SCALE.

F igu re  5

T a b le  I
Tors ion  M o d u lu s  of U n w a v e d  H a ir  a t  V ario u s  M o is tu re  C onditions

T o rs ion  M o d u lu s , 1 0 10 d y n e s /c m 2

H a ir  In
L o t  N o . 41 %  R H 5 8 %  R H 6 5 %  R H 81% , R H 9 3 %  R H W a te r

40,5 1 .1 3 0 .9 8 0 .8 3 0 .6 5 0 .3 9 0 .2 0
404 1 .1 3 1 .01 0 .9 1 0 .7 1 0 .4 5 0 .2 1
403 1 .2 2 1 .1 2 0 .9 4 0 ,7 7 0 .4 7 0 .2 4
402 1 .2 7 1 1 1 0 .8 9 0 .7 9 0 .3 8 0 .2 2

M e a n 1 .1 9 1 .0 6 0 .8 9 0 .7 3 0 .4 2 0 .2 2

A ll m easurem ents w ere m ade a t  21 ±  1°C . T h e  results for fibers tested a t  6 o ( i R H  aud  
im m ersed in w a te r  w ere ob ta ined  b y  the  d ire c t tw is t m eth o d , a ll o th e r results b y  the  p e n d u lu m  
m ethod.
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T a b le  I I
C reep Properties  of U n w a v e d  H a ir  u n d er To rs io n  a t  V ario u s  M o is tu re  C ond itions

H a ir
L o t  N o .

L o g a rith m ic  D ecrem en t

Creep in 5 M in u te s  a t a 
C o n sta n t C ouple of 3.1 
dyne-cm , T u rn s  per cm  

Length"

6 5 %  R H
In

W a te r4 1 %  R H 58%  R H 81% , R H 9 3 %  R H

405 0 .1 3 0 .1 3 0 .1 9 0 .2 6 0 .0 1 0 .0 8
404 0 .1 2 0 .1 3 0 .1 6 0 .2 2 0 .0 1 0 .0 8
403 0 .1 1 0 .1 2 0 .1 7 0 .2 4 0 .0 1 0 .0 8
402 0 .1 3 0 .1 4 0 .2 1 0 .2 9 0 .0 1 0 .0 8

M e a n 0 .1 2 0 .1 3 0 .1 8 0 .2 5 0 .0 1 0 .0 8

A ll  m easurem ents w ere m ade a t  21 =L 1 ° C .  T h e  results fo r fib i■rs tested a t  6 5 %  R H  and
im m ersed in w a te r  (c re e p )1were ob ta ined  b y  the  d ire c t tw is t m ethod , a ll o th er results (lo g a r ith -
inic d ecrem en t) b y  the  pendu lum  m ethod.

“ A  couple of 3.1 dyne-cm  produces a fibe r tw is t in  a ty p ic a l h a ir of ab o u t 0 .5  tu rn  per cm  
a t  6 5 %  R H  and ab o u t 3 -4  tu rn s  per cm  in a w e t fiber.

T h e  d a ta  fo r th e  in d iv id u a l h a ir  lo ts  d o  n o t d iffer g re a tly ;  no m o rp h o ­
log ical o r ch em ica l basis  fo r th e  o b se rv ed  sm all d iffe rences co u ld  be 
found .

T h e  c reep  b e h a v io r  of u n w a v e d  h a ir  is re p o r te d  in  T a b le  I I  in  te rm s  
of th e  fiber flow p a ra m e te rs  o b ta in e d  from  th e  tw o  to rs io n  m e th o d s  em ­
p lo y ed . A gain , th e  p la s tic iz in g  effect of m o is tu re  is n o ted . T h e  
lo g a rith m ic  d e c re m e n t as m ea su re d  in  th e  p e n d u lu m  m e th o d  in c reases  
sh a rp ly  in  go in g  from  41 to  9 3 %  R H , a n d  th e  c reep  m e a su re d  d ire c tly  
is g re a te r  b y  a lm o s t a n  o rd e r  of m a g n itu d e  in  go ing  from  6 5 %  R H  to  
w a te r- im m e rs io n  co n d itio n s.

In  ex am in in g  th e  d a ta  in  T a b le s  I a n d  I I ,  i t  is easy  to  see w h y  w e t 
h a ir  is easie r to  s e t  th a n  d ry , w h y  i t  co n fo rm s well to  th e  im p o sed  co n ­
f ig u ra tio n  in  th e  w e t s ta te  a n d  w h y  i t  h o ld s  th is  co n fig u ra tio n  on  d ry in g . 
W e tt in g  th e  h a ir  re d u ces  th e  stiffness  g re a tly , so t h a t  i t  m a y  re a d ily  be 
w ra p p e d  a ro u n d  a  s ty lin g  ro d  or th e  finger fo r p in  cu rlin g . B eing  he ld  
in  th e  w ra p p e d  form , th e  in d u c e d  to rs io n a l s tre s s  d ec ay s  ra th e r  q u ick ly , 
a n d  on d ry in g  th e  se t is “ fro z e n ” in. T h e  d ry  fiber is re s to re d  to  its  
in itia l  p h y s ica l s ta te  of re la tiv e ly  h ig h  stiffness. T h e  te n d e n c y  fo r creep  
is a lso  c o m p a ra tiv e ly  low  in  th e  d ry  fiber, a n d  so long  as th e  a m b ie n t 
h u m id ity  re m a in s  low  th e  se t c o n fig u ra tio n  re s is ts  d e fo rm a tio n .

T h e  effect of a  ty p ic a l p e rm a n e n t w av in g  t r e a tm e n t  is seen  in  th e  
d a ta  of T a b le  I I I .  T h e  to rs io n  m o d u li a re  s im ila r to  th o se  in T a b le  I  in
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T a b le  I I I
To rs io n  M o d u lu s  of W a v e d  H a ir"  a t  V ario u s  M o is tu re  C onditions

H a ir
L o t  N o .

T o rs io n  M o d u lu s , 1 0 10 d y n e s /c m 2 * * *

41% , R H 5 8 %  R H 6 5 %  R H 8 1 %  R H 93% , R H
In

W a te r

405 1 .1 6 1 .0 5 0 .9 6 0 .6 8 0 .3 7 0 .1 4
404 1 .2 7 1 .1 3 1 .0 9 0 .8 0 0 .4 4 0 .1 7
403 1 .3 4 1 .2 3 0 .9 9 0 .8 1 0 .3 9 0 .1 2
402 1 .2 4 1 .1 1 0 .9 1 0 .7 6 0 .4 0 0 .1 3

M e a n 1 .2 5 1 .1 3 0 .9 9 ~ 0 .7 6 0 .4 0 0 .1 4

A ll  m easurem ents w ere m ade a t  21 ±  1 °C . T h e  results fo r fibers tested a t  65% . R H  and  
im m ersed in  w a te r  w ere ob ta ined  b y  the d ire c t tw is t m eth o d , a ll o ther results b y  the  pendu lum  
m ethod,

“ P erm an e n t w av in g  process corresponded to  s tandard  ty p e  of com m erc ia l tre a tm e n t  
except th a t  process tim e  w as extended to  90  m inutes .

T a b le  I V
C reep P roperties  of W a v e d  H a ir"  under To rs io n  a t V ario u s  M o is tu re  C onditions

C reep  in  5 M in u te s  a t  a  C o n s ta n t C ouple of 3.1 dyne-cm , 
T u rn s  per cm  L e n g th 6

H a ir  L o t  N o . 6 5 %  R H  In  W a te r

405 0 .0 1 0 .1 0
404 0 .0 1 0 .1 0
403 0 .0 1 0 .1 2
402 0 .0 1 0 .0 9

M e a n 0 .0 1 0 .1 0

A ll m easurem ents w ere m ade a t  21 ±  1°C . T h e  results fo r fibers tested a t  6 5 %  R H  and
im m ersed in w a te r  (c reep ) w ere o b ta in ed  b y  the d ire c t tw is t m ethod.

" P e rm a n e n t w av in g  process corresponded to  s tandard  ty p e  of com m erc ia l tre a tm e n t
except th a t  process tim e  w as extended to  90  m inutes.

6 A  couple of 3 .1  dyn e-cm  produces a fiber tw is t in  a ty p ic a l h a ir  of ab out 0 .5  tu rn  per cm  
a t  6 5 %  R H  and ab o u t 3 —4 tu rn s  per cm  in a w e t fiber.

t h a t  m o is tu re  a c ts  to  d ec rea se  th e m . M o s t in te re s tin g , how ever, is th e  
fin d in g  t h a t  w av ed  h a ir  on  th e  av e ra g e  te n d s  to  ex h ib it g re a te r  stiffness 
a t  low  h u m id itie s . T h e  effec t of p e rm a n e n t w av in g  in  in c reas in g  th e  
to rs io n a l s tiffness is seen  in  m o st, b u t  n o t  all, sam p le s ; h a ir  lo t  402 is 
a n  ex am p le  of a  case  in  w h ich  th e  p e rm a n e n t w a v in g  t r e a tm e n t  p ro d u c e d  
no  s ig n ifican t a l te ra t io n  in  th e  “ d r y ” to rs io n a l p ro p e rtie s .

T h e  d a m p in g  ca p a c itie s  of th e  h a ir  g iv en  b y  th e  lo g a rith m ic  d e c re ­
m e n t are , w ith in  e x p e rim e n ta l e rro r, s im ila r in  th e  w av ed  a n d  u n w a v ed  
fibers a n d  a re  n o t re p o rte d  here . T h e  c reep  p ro p e rtie s  of th e  w av ed
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h a ir  o b ta in e d  b y  th e  d ire c t tw is t  m e th o d  a re  show n  in  T a b le  IV . T h e  
a p p lic a tio n  of th e  ch em ica l w a v in g  t r e a tm e n t  does n o t  seem  to  a l te r  th e  
flow p ro p e rtie s  a p p re c ia b ly  a t  low  h u m id itie s , th e  c reep  b e in g  low  in 
a n y  ev e n t. In  th e  w e t s ta te ,  h o w ever, th e  p e rm a n e n t-w a v e d  h a ir  is 
ev en  m o re  p la s tic  a n d  less stiff th a n  befo re  t r e a tm e n t.

T h e se  re su lts  m a y  ex p la in  th e  v a lu e  of p e rm a n e n t w av in g  in  th e  h a ir  
s e t t in g  p rocess. T h e  fibers a ssu m e  th e  s e t  co n fig u ra tio n  m o re  easily  in  
th e  w e t s ta te , a n d  th e  ease of d e fo rm a tio n  is fu r th e r  e n h a n c e d  w ith  w e t 
w av ed  h a ir. T h e  h a ir  flow s m o re  easily  u n d e r  th e  co n fig u ra tio n a l s tra in , 
e sp ec ia lly  w h en  w av ed . D ry in g  to  n o rm a l low  h u m id itie s  re s to re s  th e  
fiber stiffness a n d  e la s tic ity  to  h ig h e r levels; w ith  h a ir  c o n ta in in g  a 
p e rm a n e n t w ave, th e  to rs io n a l s tiffness offers a t  le a s t  eq u a l, a n d  o fte n  
g re a te r , re s is ta n c e  to  d e fo rm a tio n  th a n  u n w a v e d  h a ir.

T h e  B e h a v i o r  o f  H a i r  T r e s s e s  a s  C o i l s

T h e  p re v io u s  se c tio n  s ta r te d  w ith  c o n s id e ra tio n  of th e  b e h a v io r  of 
a n  id ea l e la s tic  sp rin g  a n d  show ed  t h a t  th e  h a ir  fiber is n o t  a n  id ea lly  
e la s tic  su b s tan ce . F o r  th is  reaso n , a t  le a s t, a p p lic a tio n  of th e  s im p le  
th e o ry  c a n n o t b e  ex p e c ted  to  h o ld  in  a  q u a n t i ta t iv e  w ay . I t  m ay , n o n e ­
th e less , be  u se fu l to  ex am in e  e q u a tio n  1 a n d  th e  in fo rm a tio n  on  th e  
creep  b e h a v io r  of h a ir  in  a q u a l i ta t iv e  sense a n d  to  co n sid er th e  ex ten sio n  
of h a ir  tre sse s  in  coil fo rm  u n d e r  g ra v ita t io n a l  lo ad in g  in  a  v a r ie ty  of 
c ircu m stan ces .

F ro m  e q u a tio n  1, one w ould  ex p ec t a  h a ir  coil to  b ecom e m o re  
ea s ily  d e fo rm ed  u n d e r  load  as th e  to rs io n a l stiffness (G) d ec reased . 
O ne im p o r ta n t  w a y  in  w hich  th e  to rs io n  m o d u lu s  of h u m a n  h a ir  c a n  be  
a l te re d  is b y  c h a n g e  in  th e  a m b ie n t  h u m id ity . A s th e  d a ta  p re se n te d  
in d ic a te , a  h a ir  f ib er a t  4 0 %  R H  is a b o u t th re e  tim e s  as  s tiff in  to rs io n  
as a t  9 0 %  R H ; th u s  in c re a s in g  th e  h u m id ity  d ec reases  th e  sh e a r 
m o d u lu s  m a rk e d ly . A d d itio n a lly , th e  h a ir  fiber show s s u b s ta n tia l ly  
m ore  c reep  a t  h ig h e r m o is tu re  c o n te n ts . I t  w ou ld  b e  e x p e c te d  th a t  h a ir  
coils exposed  in  m o re  h u m id  a tm o sp h e re s , th e re fo re , w o u ld  e x te n d  to  a 
g re a te r  d eg ree  u n d e r  s tre ss  o r u n d e r  g ra v ita tio n a l  forces th a n  th o se  
s im ila r ly  exposed  u n d e r  d r ie r  co n d itio n s . T h is  conc lusion  is n o  g re a t 
su rp rise  to  a n y  w o m an  w ho k n o w s fro m  ex ten s iv e  ex p erien ce  t h a t  h e r  
h a ir  se t is p o o re r  a n d  te n d s  to  be  lo s t in  d a m p  w e a th e r.

I t  m ig h t also  b e  ex p e c ted  th a t  im p o s itio n  of th e  se t a n d  re a d y  coil 
fo rm a tio n  in  th e  s e t t in g  o p e ra tio n  w ould  be  fa v o red  b y  low er to rs io n  
m o d u lu s, i.e ., a t  h ig h e r m o is tu re  c o n te n t, since th e  fibers can  be  d e ­
fo rm ed  m o re  easily . C reep  of th e  fibers in  th e  m o is t s ta te  also  fav o rs
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A B C

F igure 6. T h e  effect of fib e r d ia m e te r on h a ir coil length . H a ir  tresses m ade of fibers 
averag ing  70, 55 and 42  u  in  d ia m e te r from  le ft to  rig h t, respective ly. Tresses w ere set in 
pin curls averag ing  16 m m  in d ia m e te r w ith  w a te r, d ried , and th en  suspended a t  6 5 %  R .H . ,

an d  photographed a t  one hour.

fo rm a tio n  of a  se t. T h ese  fa c ts  a re  a lso  c o n s is te n t w ith  ex p e rien ce  w hich  
su g g ests  t h a t  b e t te r  s e t t in g  of th e  h a ir  is o b ta in e d  in  th e  m o is t r a th e r  
th a n  in  th e  d ry  s ta te .  Of course, a f te r  th e  s e t  is im p a r te d  in  th e  m o is t 
s ta te , d ry in g  re s to re s  th e  fiber to  th e  s tiffe r co n d itio n  a n d  th e  se t to  th e  
m o re  s ta b le  form .

T h e  sp rin g  e q u a tio n s  also  p re d ic t  t h a t  th e  ex ten s io n  of th e  sp rin g  
sh o u ld  in c rease  as a  p o w er of th e  coil ra d iu s . T h u s , fo r m ax im u m  se t 
h o ld ing , sm all, t ig h t  p in  cu rls  o r th e  sm a lle s t d ia m e te r  ro llers  c o n s is te n t 
w ith  th e  d e m a n d s  of th e  h a ir  s ty le  w ould  be in d ic a te d . S ince h a ir  w ith  
a  p e rm a n e n t w av e  t r e a tm e n t  is easie r to  w ra p  in  c o n fo rm ity  to  a  g iven  
d ia m e te r , su ch  se t cu rls  w ill o ften  h a v e  a  sm alle r d ia m e te r  th a n  th o se  
of s t r a ig h t  h a ir , a n d  th is  effec t w ou ld  fa v o r re s is ta n c e  to  ex ten sio n  an d  
g re a te r  p e rm a n e n c e  of set.

A final d e d u c tio n  from  th e  sp rin g  th e o ry  co n cern s th e  re la tio n sh ip  
of th e  ex ten s io n  of th e  sp rin g  to  th e  fo u r th  p o w er of h a ir  d ia m e te r— th e  
finer th e  h a ir  th e  easie r i t  will be  to  e x ten d  th e  sp ring . I t  a p p e a rs  to  
b e  a  w e ll-accep ted  g en e ra liz a tio n  of th e  h a ir  a r t  t h a t  fine h a ir  show s 
v e ry  p o o r se t h o ld in g  in  a g re e m e n t w ith  th e  th e o ry . F ig u re  6 show s 
som e h a ir  coils p ro d u c e d  b y  s e tt in g  tre sse s  of id e n tic a l le n g th  u sin g  h a ir  
fro m  h ea d s  of d iffering  h a ir  fineness. T h e  coils w ere se t in  p in  cu rls  of 
s im ila r d ia m e te r  a n d  a f te r  d ry in g  w ere h u n g  in  a  c h a m b e r  a t  c o n s ta n t  
h u m id ity  of 6 5 % . T h e  p h o to g ra p h  il lu s tra te s  v e ry  p la in ly  th e  ex ten d e d  
coil of fine h a ir  co m p ared  to  th e  sh o rte r , t ig h te r  helices fo r th e  coarse  
fibers. T h ese  re su lts  m a y  be a t t r ib u ta b le  n o t o n ly  to  fiber d ia m e te r  an d
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T a b le  V
T h e  E ffec ts  of F ib e r  D ia m e te r  on T o rs io n a l P roperties  of H a ir  F ibers  b y  D ire c t T w is t  M e th o d

H a ir  L o t S403 H a ir  L o t  P F

F in e Coarse F in e Coarse

Cross section, cm 2 X  10 6 31 48 24 56
T o rs io n  m odulus, d y n e /c m 2 X  10'"

A t  6 5 %  R H 0 .9 6 1 .01
Im m ersed  in w a te r 0 .2 2 0 ,2 5 0 .2 6 0 .2 4

C reep a t  a couple of 3.1 dyne-cm  in 5 
m inutes , tu rn s /c m

A t  6 5 %  R H 0 .0 2 5 0 .0 1
Im m ersed  in w a te r 0 .1 1 0 .0 6 0 .1 2 0 .0 5

to  po ssib le  effects of to rs io n a l s tiffness b u t  to  creep  as a fu n c tio n  of 
d ia m e te r . S om e re le v a n t  d a ta  a re  show n  in  T a b le  V.

In  th e  p re v io u s  single fiber re su lts  th e  te s t  fibers w ere so r te d  o u t  so 
t h a t  h a irs  of s im ila r d ia m e te r  w ere u sed  fo r m e a su re m e n t. In  th e  
p re se n t case fibers fro m  th e  sam e h e a d  b u t  d iffering  in  cross sec tio n  w ere 
em p lo y ed . T h e  d a ta  show  no  re a l d iffe rences in  m o d u lu s  b e tw e e n  coarse  
a n d  fine fibers of th e  sam e lo ts . I t  sh o u ld  b e  reca lled , h o w ev er, t h a t  
th e  m o d u lu s  d esc rib es  th e  p ro p e r ty  of a  u n i t  v o lu m e  of su b s ta n c e ; a 
fine h a ir  p re se n ts  less m a te r ia l  to  re s is t s tre ss  a n d  is th e re fo re  m o re  easily  
d e fo rm ab le  th a n  a  coarse  fiber of th e  sam e m odu lus.

T h e  te n d e n c y  fo r creep  also  seem s to  b e  in flu en ced  b y  fiber fineness. 
T h e  p rec is io n  of th e  re su lts  a t  6 5 %  R H  is n o t  v e ry  h igh  so t h a t  i t  is 
u n c e r ta in  w h e th e r  fine fibers re a lly  c reep  m o re  u n d e r  th e se  co n d itio n s . 
U n d e r  m o is t co n d itio n s , h o w ev er, th e  c reep  ra te  fo r fine fibers is c lea rly  
g re a te r  th a n  fo r coarse , as show n  in  T a b le  V. T h e  low er in tr in s ic  s tiff­
ness a n d  th e  te n d e n c y  for g re a te r  c reep  w ou ld  b e  c o n s is te n t w ith  th e  
p o o re r  re te n tio n  of se t of fine h a ir. T h is  a p p e a rs  to  b e  th e  s i tu a tio n  
in  p ra c tic e  w ith  fine a d u l t  o r c h ild re n ’s h a ir.

D i s c u s s i o n  a n d  C o n c l u s i o n

T h e  p re s e n ta t io n  ab o v e  h as  em p h asized  th e  ex istence  a n d  b e h a v io r  
of he lica l coils. F ro m  th is  one is led  to  a t te m p t  an a ly s is  of s e t t in g  an d  
s ty lin g  b e h a v io r  in  te rm s  of c lassica l th e o ry  of m e ch a n ica l sp rings. 
W h ile  th e  th e o ry  h o ld s  fo r id ea l m a te r ia ls  a n d  c irc u m sta n c e s  th e  d e p a r ­
tu r e  from  id e a li ty  does n o t  a p p e a r  to  ru le  o u t  th e  q u a l i ta t iv e  re la tio n s  
t h a t  th e  th e o ry  suggests.

O ne of th e  im p lica tio n s  of th e  sp rin g  th e o ry  is t h a t  to rs io n a l forces 
a re  im p o r ta n t  in  th e  b e h a v io r  of h a ir  coils. M e a s u re m e n t of th e  t o r ­
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sional p ro p e rtie s  of h a ir  re v ea ls  th e  g re a t in fluence  of m o is tu re  in  so f te n ­
in g  th e  fiber a n d  in  in c re a s in g  th e  to rs io n a l creep . P e rm a n e n t w av in g  
a p p e a rs  to  en h a n ce  th e se  effec ts of w a te r  on  h a ir  an d , su rp ris in g ly , to  
in c re a se  in  m a n y  cases th e  stiffness of th e  h a ir  a t  low  h u m id itie s . All 
of th e se  fin d in g s a re  c o n s is te n t w ith  th e  b e h a v io r  of h a ir  in  s e t t in g  an d  
s ty lin g  on  th e  head .

T h e  o b se rv a tio n  of m e ch a n ica l c reep  in  h a ir  u n d e r  to rs io n a l s tre ss  
in d ic a te s  t h a t  th e  fiber is n o t  t r u ly  e la s tic  a n d  ru les  o u t  s t r ic t  a p p lic a tio n  
of th e  s im p le  sp rin g  th e o ry . In d e e d , i t  is c e r ta in  t h a t  loss of th e  se t 
c o n fig u ra tio n  in  p ra c tic e  in v o lv es  c reep  p h e n o m e n a  to  a g re a te r  e x te n t 
th a n  e las tic  p ro p e rtie s .

B ecau se  of th e  p o in t  of v iew  a d o p te d  in  th is  p a p e r , co n sid e rab le  
em p h asis  h a s  b ee n  p lace d  on  to rs io n a l forces. Y e t, i t  m u s t be  a c ­
kn o w led g ed  t h a t  o th e r  ty p e s  of m ech a n ica l forces, e.g ., b en d in g , com e 
in to  p la y  in  r e a l i ty  a n d  co u ld  ex p la in  som e of th e  p h e n o m e n a  a b o u t  as 
well. F o r  exam ple , th e  helica l sp rin g  th e o ry  d esc rib ed  ab o v e  re q u ire s  
th e  deflec tio n  u n d e r  lo ad  to  b e  sm all. As th e  d e flec tio n  becom es large , 
e q u a tio n  1 m u s t  b e  a lte re d  t o :

in  w h ich  a is th e  p i tc h  angle , E  is th e  b e n d in g  m o d u lu s, I  is th e  m o m e n t 
of in e r t ia  a b o u t  a  d ia m e te r  o r a b o u t th e  c e n te r  (su b sc r ip t p) a n d  L is 
th e  le n g th  of w ire  com p o sin g  th e  sp ring .

T h u s , th e  th e o re tic a l  t r e a tm e n t  su g g ests  t h a t  as th e  coil g e ts  lo n g er 
a n d  th e  p i tc h  an g le  g re a te r , b e n d in g  fo rces c o n tr ib u te  to  th e  defo rm a- 
b i l ity  to  a n  in c re a s in g  e x te n t. H a ir  coils a re  of re la tiv e ly  la rg e  p itc h  
angle , an d , as th e y  re lax , th e  an g le  in c reases  fu r th e r . P re su m a b ly  also, 
c reep  in  b e n d in g  ta k e s  p lace  so t h a t  fo r co m p le te  u n d e rs ta n d in g  th e  
v iscous as w ell as e la s tic  p ro p e rtie s  in  b e n d in g  n eed  e lu c id a tio n .

A n o th e r  ob v io u s d e p a r tu re  from  th e  s im p le  v iew  is t h a t  h a ir  tre s s  
coils a re  n o t  co m p o sed  of sing le  “ w ire ” b u t  co n sis t of an  a r ra y  of a p p ro x i­
m a te ly  p a ra lle l sing le  fiber sp rings. T h e re  is a  s u b s ta n t ia l  c o n tr ib u tio n  
to  th e  m ech an ics  of th e  sy s tem  of f r ic tio n a l forces b e tw e e n  th e  in d iv id u a l 
fibers in  th e  coil b e tw e e n  d iffe ren t g ro u p s  of fibers in  th e  sam e  sp rin g  
a n d  am o n g  a d ja c e n t  tre sse s  of a  fin ished  coiffure.

I t  is co n c lu d e d  t h a t  to rs io n a l forces a re  in v o lv ed  in  w av in g  an d  
se t t in g  of h a ir  on  th e  h ea d . N ew  d a ta  h a v e  b een  p re s e n te d  on  to rs io n a l 
p ro p e rtie s  of w a v ed  a n d  u n w a v ed  h a ir  fibers exposed  to  a  v a r ie ty  of 
m o is tu re  co n d itio n s . C lassica l p h y s ica l th e o ry  of sp rin g s  p ro v id es  a

(4)
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usefu l v iew p o in t fo r co n sid e rin g  h a ir  b e h a v io r  since helica l coil tresses  
a re  o f te n  fo u n d  in  b o th  w av in g  a n d  se ttin g . P re d ic tio n s  from  th e  
th e o ry  a re  in  g en e ra l a g re e m e n t w ith  th e  re s u lt  of experience , a lth o u g h  
d e v ia tio n s  fro m  id e a l e la s tic  p ro p e rtie s  a n d  fro m  sim p le  sy s tem s  m a k e  
q u a n t i ta t iv e  co m p ariso n s  im possib le .

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

A n u m b e r of id eas  a n d  te c h n iq u e s  fo r d ea lin g  w ith  th e  to rs io n a l 
p ro p e rtie s  of h a ir  a ro se  from  d iscussion  w ith  D r. L y m a n  F o u rt.

(R ece iv ed  O c to b e r 24, 1966)
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Effect of Process V ariables on the 
S tability  of Some Specific Emulsions

H . E. JA SS, P h .D .*

Presented before the New York Chapter, January, 1.966, New York City

Synopsis— T h re e  ease histories of cosm etic em ulsion problem s in v o lv in g  rheological and  
em ulsion d e te rio ra tio n  w ith  t im e  are described. D es p ite  considerable v a r ia tio n  in em ulsion  
typ e , the  th ree  dem onstra ted  s im ila r  changes w h ich  are  traced  to  changes in the  physical 
sta te  of th e  c ry s ta llin e  viscosity bu ilders , p r im a r ily  g lycery l m on ostearate . I t  is shown how  
changes in processing and fo rm u la tio n  w ere ab le to  arres t these changes and s tab ilize  th e  
pro d u c t. T h e  role of p h o to m icro g rap h y in help ing  to  an a lyze  the p rob lem  and in p red ic tin g  
the  results of experim ents is dem onstra ted .

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

T h e  l i te r a tu r e  on  em u lsio n  th e o ry , te ch n o lo g y , a n d  s ta b i l i ty  p r e ­
d ic tio n  is p ro b a b ly  th e  m o st ex ten s iv e  p o r tio n  of th e  co sm etic  c h e m is t’s 
lib ra ry . Y e t, no  o th e r  p ro b lem  fac in g  th e  ch e m is t to d a y  poses as  m u ch  
m y s te ry  o r d e m a n d s  a n  em p irica l ap p ro a c h  as does em ulsion  fo rm u la ­
tio n . A d m itte d ly , th e  c o n tr ib u tio n s  of th e  m a n y  re sea rc h e rs  in  th is  
a re a  h a v e  b een  e x tre m e ly  v a lu a b le . T h e y  h a v e  a d v a n c e d  k n o w led g e  in  
th is  a re a  to  a  co n s id e rab le  deg ree , a ffo rd in g  th e  fo rm u la to r  a  g re a tly  
su p e rio r  sp rin g b o a rd  fo r h is le ap  in to  th e  u n k n o w n . H o w ev er, d e sp ite  
th e ir  n o te w o r th y  effo rts, a co sm etic  ch em ist, ev en  a f te r  ca re fu l scien tific  
p re p a ra tio n , s till m u s t  a d o p t a n  o p tim is tic  a t t i tu d e  a n d  m u s t  d e v o te  
co n sid e rab le  t im e  to  te s t in g  to  confirm  h is p r o d u c t ’s s ta b ility .

D e sp ite  th e  la rg e  b a c k g ro u n d  of in tu it iv e  k n o w led g e  possessed  
b y  ex p erien ced  a n d  sk illed  ch em ists , p u b lic a tio n  h as  b een  sc a n ty , to

C a rte r  P roducts  D iv . , C a rte r-W a lla c e , In c ., C ra n b u ry , N . J. 08512.



th e  d is a d v a n ta g e  of all. D esp ite  th e  re lu c ta n c e  of sc ien tis ts  to  p u b lish  
d a ta  of u n p la n n e d  a n d  u n o rg a n iz ed  o b se rv a tio n s , th is  is a  field  in  w hich  
such  p ra g m a tic  in fo rm a tio n  o n  u su a lly  com plex  sy s tem s can  be  v a lu ­
ab le , especia lly  in  su p p le m e n tin g  b asic  re sea rch  on  sim p le  em ulsions 
such  as exem plified  b y  th e  re c e n t p a p e r  b y  S h e rm a n  (1). A s a n  ex ­
am p le  of su ch  in fo rm a tio n , th is  p a p e r  p re se n ts  a tr io  of case h is to rie s  
o u t  of th e  d a ily  e ffo rt u n d e r  th e  p re ssu re  cau sed  b y  th e  u su a l u rg en cy  
of th e  co sm etic  m a rk e tin g  s itu a tio n .

C a s e  H i s t o r i e s

M a n y  v a r ie tie s  of em ulsions h a v e  tw o  ty p e s  of em ulsifier sy s tem s 
w o rk in g  in  c o n ju n c tio n : th e  p r im a ry  sy s tem , e i th e r  an ion ic , ca tio n ic ,
or non ion ic , w h ich  serves  to  em u lsify  b y  in te rfa c ia l ac tio n , a n d  a  sec o n d ­
a ry  sy s tem , c o n s is tin g  of a g e n ts  w h ich  a c t as s tab iliz e rs  d u e  to  v isco s ity  
b u ild in g  o r gelling  a c tio n  on  one o r m ore  c o m p o n e n ts  of th e  em u lsio n  
sy stem . A m ong  th e  la t te r  a re  such  c ry s ta llin e  m a te r ia ls  as g ly cery l 
m o n o s te a ra te , c e ty l alcohol, a n d  beesw ax , th is  la s t  one b e in g  a c o m b in a ­
tio n  of b o th  a n  an io n ic  p r im a ry  em ulsifier a n d  a  gelling  a g e n t. I t  is 
w ith  th e  use of th e se  m a te r ia ls , w hose v a lu e  h as  m ad e  th e m  g en e ra lly  
u sed  b u t  w hose c ry s ta llin e  p ro p e rtie s  pose spec ia l s ta b il i ty  p rob lem s, 
t h a t  th is  d iscu ssio n  is con cern ed .

All p h o to m ic ro g ra p h s  in c lu d ed  in th is  p a p e r  a re  P o la ro id  p h o to ­
g ra p h s  ta k e n  fro m  35 m m  A g fach ro m e  co lor slides. T h e  la t te r  w ere 
m ad e  on  a  Zeiss U n iv e rsa l M icro sco p e  u s in g  p o la riz ed  lig h t a t  a  165X  
m ag n ifica tio n . W h ere  a sca le  is show n on  th e  p ic tu re , each  d iv is io n  
co rresp o n d s  to  6,5 /u.

Water-in-Oil Cream

T h e  firs t case co n cern s a w a te r-in -o il c ream  em ulsion , u tiliz in g  a 
b eesw ax -b o rax  em ulsifier sy s tem . D e sp ite  a good  g ross s ta b i l i ty  reco rd  
in  th e  la b o ra to ry , th e  p ilo t-p la n t-p ro c e sse d  p ro d u c t  d e m o n s tra te d  an  
a la rm in g  te n d e n c y  to  d ev e lo p  a  g ra in y  te x tu re  a f te r  a few  m o n th s  of 
s to rag e , w hich  w as q u ite  v a r ia b le  in  its  e x te n t  from  b a tc h  to  b a tc h . T h e  
p ro d u c t  was p ro cessed  in  th e  p la n t  in  th e  u su a l m a n n e r , th e  final e m u l­
sion  b e in g  m illed  in  a n  E p p e n b a e h  C ollo id  M ill*  a t  a n a rro w  se tt in g  
a f te r  cooling  to  s lig h tly  ab o v e  room  te m p e ra tu re  a n d  th e n  fu r th e r  cooled 
to  ro o m  te m p e ra tu re .

F ig u re  1 is a  p h o to m ic ro g ra p h  of th e  fin ished  c ream  w h en  ju s t  a few 
d a y s  o ld. T h e  occasio n a l la rg e  ag g lo m era te s  an d  a  w ide ra n g e  of ir-
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F igu re 1. W a te r - in -o il cream  em ulsion, 
freshly m ade. Po larized  lig h t, 1 6 5 X

F igu re  2. W a te r - in -o il em ulsion, one 
y e a r old. P o la rized  lig h t, 1 6 5 X

F igure 3. W a te r-in -o il em ulsion, one 
ye ar old. L e f t  h a lf: Votato r-p rocessed
cream ; r ig h t h a lf: tra d it io n a lly  p ro ­
cessed (see te x t) . P o larized  lig h t, 1 6 5 X

F igu re 5. O il- in -w a te r  an tip e rs p ira n t  
cream , tw o  weeks o ld. P o larized  lig h t, 

165 X

F igure 4. O il- in -w a te r  an tip e rs p ira n t  
cream , fresh ly  m ade. Po larized  lig h t, 

165X

F igure 6. O il- in -w a te r  an tip e rs p ira n t  
cream , th ree  m on ths old. P o larized  lig h t, 

165X
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re g u la r  p a r tic le  sizes su p e rim p o sed  o n  a  r a th e r  u n ifo rm  b asic  em ulsion  
sh o u ld  b e  n o ted . F ig u re  2 show s th e  m a te r ia l  a f te r  a b o u t  one y e a r  of 
s to rag e , a lth o u g h  th is  c o n d itio n  does n o t  ch an g e  s ig n ifican tly  a f te r  th e  
f irs t 3 -4  m o n th s ’ s to rag e . G ro w th  of th e  so lid  ag g lo m era tes , esp ec ia lly  
th e  la rg e  c lu s te r  in  th e  to p  c e n te r  of th e  figure , is o b serv ed .

I t  w as e v e n tu a lly  n o te d  th a t  v a r ia b ili ty  in  g ra n u le  size w as re la te d  to  
th e  le n g th  of th e  cooling  p e rio d  after m illing . A lso, th e  g ra n u le s  w ere 
c ry s ta ll in e  a n d  a t ta in e d  th e ir  m ax im u m  g ro w th  in  a  few  m o n th s . T h e ir  
co m p o sitio n  b y  in fra re d  sp e c tro p h o to m e tr ic  a n a ly s is  ro u g h ly  a p p ro x i­
m a te d  beesw ax. I t  w as also  fo u n d  t h a t  th e  c ream  d id  n o t  b eco m e g ra in y  
o n  lo n g -te rm  s to ra g e  if m icro sco p ic  ex a m in a tio n , one w eek a f te r  m a n u ­
fa c tu re , d id  n o t  re v e a l c lu m p s o v e r a b o u t  10-20  /x in  d iam e te r .

B ased  on th e se  fac ts , ra p id  cooling  w as em p lo y ed  to  re d u ce  th e  size of 
th e  c ry s ta llin e  p a rtic le s . C oo ling  w as acco m p lish ed  b y  use  of th e  C hem - 
e tro n  V otato r® * w ith  th e  re su lts  show n  in  F ig . 3. T h is  is a  sp lit p h o to ­
m ic ro g ra p h  : th e  r ig h t  h a lf  show s a n  e x tre m e  ex am p le  of a  c ream  m ad e  
b y  th e  o rig in a l m e th o d , th e  ag g lo m era te s  h a v in g  g row n  to  th e  size of 
p a lp a b le  g ra in s ; th e  o th e r  h a lf  show s a  V o ta to r-p ro ce sse d  b a tc h  w hich  
re flec ts  th is  im p ro v e d  m icroscop ic  a p p e a ra n c e  in  its  good  m acro sco p ic  
q u a lity . B o th  c ream s w ere o v er one y e a r  o ld  w h e n  p h o to g ra p h e d .

G u essin g  a t  th e  u n d e r ly in g  p rocess, one m ig h t su g g es t t h a t  th e  b ee s­
w ax, in  a d d itio n  to  fu n c tio n in g  a t  th e  in te rfa c e  of oil a n d  w a te r  as a  soap- 
ty p e  em ulsifier, s tab iliz ed  th e  em u lsio n  b y  in c re a s in g  th e  v isco s ity  of th e  
c o n tin u o u s  ph ase . H o w ev er, d u e  to  i ts  lim ited  so lu b ility  a  p o rtio n  
c ry s ta lliz e d  o u t  d u rin g  th e  cooling  p rocess. I f  th e  cooling  is slow 
enough , a  sm alle r n u m b e r  of c ry s ta ls  form , th e  la rg e r  ones g row ing  a t  th e  
expense  of th e  sm all ones.

U n d e r  th e  in fluence  of su d d e n  cooling, a  la rg e  n u m b e r of sm all seeds 
c ry s ta lliz e  o u t, a n d  u n d e r  c o n d itio n s  of low  m o b ili ty  a n d  lim ited  re s id u a l 
in so lu b le  m a te r ia l,  th e re  is lim ite d  g ro w th  of th e  o rig in a l c ry s ta ls . T h is  
m a y  b e  an a lo g o u s  to  c ry s ta ll iz a tio n  te c h n iq u e s  in  old w e t-m e th o d  in o r­
g an ic  an a ly s is  o r in  p u rif ic a tio n  of o rg an ic  m a te r ia ls  b y  c ry s ta lliz a tio n .

Anti per spirant Cream
T h e  second  case  co n cern s a  so m e w h a t s im ila r s i tu a tio n  in v o lv in g  an  

o il-in -w a te r a n tip e r s p ir a n t  c ream . T h e  p r im a ry  sy s te m  w as a  c o m b in a ­
t io n  of n o n io n ic  em ulsifiers w ith  a h igh  H L B  n u m b e r  u s in g  g ly cery l 
m o n o s te a ra te  (G M S ) as  s ta b iliz e r  a n d  th ic k e n e r. T h e  c ream  w as p ro ­
cessed  in  a  ro u tin e  m a n n e r  w ith o u t h o m o g en iza tio n .

*  V o ta to r  D iv is io n , C h em etro n  C orp ., 2820  W es t B ro ad w ay , Lou isv ille , K y .
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F igu re  7. O il- in -w a te r  an tip e rs p ira n t  
cream , six m on ths o ld. P o la rized  lig h t, 

1 6 5 X

F igure 8. O il- in -w a te r  a n tip e rs p ira n t  
cream , filled  one d a y  a fte r  m a n u fac tu rin g . 
P h o tom icrograph  ta k e n  11 days a fte r  

filling . P o larized  lig h t, 1 6 5 X

F ig u re  9. O il- in -w a te r  an tip e rs p ira n t  
cream , f ille d  tw o  days a fte r  m a n u fac tu rin g . 
P h o to m icro g ra p h  ta k e n  six m on ths a fte r  

filling . P o la rized  lig h t, 1 6 5 X

F igure 10. O il- in -w a te r  lo tio n , b u lk  e m u l­
sion p rio r to  packaging. P o larized  lig h t, 

105 X

F igu re  11 . O il- in -w a te r  lo tio n , five days  
old. P o la rized  lig h t, 1 6 5 X

F igu re  12 . O il- in -w a te r  lo tio n , one year  
old. P o la rized  lig h t, 165 X
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F igu re  13 . O il- in -w a te r  lo tio n , freshly  
m ade. P o larized  lig h t, 1 6 5 X

F igure 14. O il- in -w a te r  lo tio n , one m o n th  
old. P o la rized  lig h t, 1 6 5 X

F igure 15 . O il- in -w a te r  em ulsion, six 
m onths old. P o larized  lig h t, 1 6 5 X

F ig u re  4 show s th e  a p p e a ra n c e  of th e  fre sh ly  m a d e  em ulsion , th e  a v e r ­
age p a r tic le  of d isp e rsed  p h a se  b e in g  a b o u t  6^- W h e n  th e  b a tc h  w as 
filled th e  n e x t d ay , i t  g ra d u a lly  s e t  to  a  firm  sm o o th  c ream  w ith  th e  
m icroscop ic  a p p e a ra n c e  sh o w n  in  F igs. 5 th ro u g h  7, w h ich  i l lu s tra te  th e  
ch an g e  in  em u lsio n  c h a ra c te r  w ith  tim e . D e sp ite  som e c ry s ta l  fo rm a ­
tio n  a n d  g ro w th , m icro sco p ic  ch an g es fo r su ch  a  long  p e r io d  a re  sm all. 
T h e  m acro sco p ic  s ta b il i ty  is also  good . H o w ev er, w h en  th e  b u lk  c ream  
is s to re d  fo r one d a y  befo re  filling, i t  is so f te r ;  th e  c ry s ta ls  a re  la rg e r a n d  
su sp ic io u sly  like  G M S  (F ig . 8). If  th is  b u lk  c ream  is h e ld  tw o  d a y s  b e ­
fo re  filling i t  is s till so fte r  th a n  th e  p re v io u s  one. F ig u re  9 show s its  
m icroscop ic  a p p e a ra n c e  a f te r  six m o n th s .

H ere , th e  m ech a n ism  is less clear. O ne p ossib le  e x p la n a tio n  is t h a t  
c ry s ta ll iz a tio n  of m a te r ia l, p ro b a b ly  G M S , p ro c eed s  slow ly a n d  fo r a 
fa ir ly  long  tim e . T h e  c ream  ta k e s  a  r a th e r  frag ile  se t w h ich  m an ife s ts  
itse lf  o v e r a  72 to  9 6 -h o u r p e rio d . If  filled e a rly  in  th is  s e t t in g  perio d ,
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s ta b iliz a tio n  o ccu rs b y  g e la tio n  of th e  in te rfa c e  b y  G M S . I f  d is tu rb e d  
a f te r  th is  in itia l s e t t in g  p e rio d , th e  in te rfa c ia l film  is less s tru c tu re d , a l ­
low ing  m ig ra tio n  of d isp e rsed  G M S  in to  th e  c o n tin u o u s  p h a se  a t  a n  a c ­
c e le ra te d  ra te  w ith  s u b s e q u e n t loss of th e  s tab iliz in g  effec t of th e  gelled  
s tru c tu re .

Antiperspirant Lotion

T h e  th i rd  ex am p le  is a n  a n t ip e r s p ir a n t  em ulsion . T h is  one is a r a th e r  
v iscous o il-in -w a te r lo tio n . T h e  v isc o s ity  b u ild e r  a n d  s ta b iliz e r  co n ­
s is te d  m a in ly  of c e ty l a lcoho l a n d  a  p u rified , h ig h -m e ltin g  g ly ce ry l 
m o n o s te a ra te . T h e  p ro d u c t  w as m ad e  in  a  G iffo rd -W ood  A g i-M ixer. *

F ig u re  10 show s th e  a p p e a ra n c e  of th e  fre sh ly  p re p a re d  b u lk  a n d  F ig . 
11 th e  5 -d a y  o ld  p a c k a g e d  m a te r ia l.  T h e  v isc o s ity  a t  th is  p o in t  is a b o u t 
3000 cps. I t  is q u ite  a p p a re n t  t h a t  c ry s ta l  g ro w th  is a lre a d y  co n s id e r­
a b ly  a d v a n c e d . F ig u re  12 d e p ic ts  a  b a tc h  th a t  is one  y e a r  old. T h e  
la rg e  c lu m p s or “ ro s e tte s ,” m a in ly  d is in te g ra te d  b y  now , a p p e a r  to  b e  
G M S , a n d  th e  ro d s  m a y  b e  c e ty l alcohol. A t th is  p o in t  th e  em ulsion  
te n d s  to  s e p a ra te  s lig h tly , a n d  th e  v isco s ity  h a s  d ro p p e d  to  less th a n  500 
cps.

A tte m p ts  to  im p ro v e  th is  fo rm u la  b y  p ro cess  ch an g es  d id  n o t  a p p e a r  
lik e ly  to  su cceed  o r to  be  econom ical. I t  d id  seem  log ical to  a t te m p t  to  
r e ta in  th e  v a lu a b le  v isc o s ity -b u ild in g  c h a ra c te r is tic s  of G M S  a n d  ce ty l 
alcoho l w hile  im p ed in g  th e ir  te n d e n c y  to  c ry s ta llize . T h is  w as 
a t te m p te d  th ro u g h  u se  of a lo w er-m eltin g , less c ry s ta llin e  G M S , m a d e  
from  a  “ tr ip le -p re s s e d ” s te a r ic  ac id , a n d  in c lu sio n  of o th e r  m a te r ia ls  in  
th e  oil p h a se  to  a c t  as p la s tic ize rs  o r im p ro v e  so lv en cy . F ig u re s  13 
th ro u g h  15 i l lu s tr a te  th e  re su lts . F ig u re  13 show s th e  fre sh  b u lk  p ro d u c t  
w ith  a n  av e ra g e  p a r tic le  size of a b o u t  10-13  n- A fte r  one m o n th , som e 
g ly cery l m o n o s te a ra te  ro s e tte  fo rm a tio n  h as  o ccu rred , as show n  in  F ig. 
14, b u t  g ro w th  is slow, v isc o s ity  s ta t io n a ry , a n d  p ro g n o sis  fo r shelf life 
a p p e a rs  to  be  good. F ig u re  15, a  p h o to m ic ro g ra p h  ta k e n  a f te r  six 
m o n th s , confirm s th e  a n t ic ip a te d  s ta b il ity . T h e  m acro sco p ic  s ta b ility , 
w ith  re sp e c t to  v isco s ity  a n d  v isu a l c h a ra c te r is tic s , is a lso  s a tis fa c to ry .

C o n c l u d i n g  C o m m e n t s

I n  th e  fo rego ing  exam ples, co n sid e rab le  a d d itio n a l in fo rm a tio n  co n ­
ce rn in g  s ta b il i ty  te s ts , v isco s ity  m e a su re m e n t, a n d  a n a ly tic a l d a ta  w ere 
co llec ted  b u t  w ere o m itte d  from  th is  re p o r t  in  th e  in te re s t  of c la r ity .

G iffo rd -W o o d  C o ., H udso n , N . Y .  12534.
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H ow ever, th e se  d a ta  w ere he lp fu l in  a n a ly z in g  th e  p ro b lem s an d  a rr iv in g  
a t  so lu tions.

T h e  p o in ts  of im p o r ta n c e  a re  t h a t  so lu b ility  a n d  c ry s ta ll iz a tio n  c h a r ­
a c te r is tic s  of th e  v isco s ity  b u ild e rs  a n d  s ta b iliz e rs  w ere p re d o m in a n tly  in ­
flu en tia l in  th e  lo n g -ra n g e  s ta b i l i ty  of th e  p ro d u c t. W h e re  th e se  c h a r ­
a c te r is tic s  offered  p ro b lem s, th e y  w ere a m e n a b le  to  c o rrec tio n  b y  p rocess 
ch an g es  o r m o d ifica tio n  b y  o th e r  ag e n ts  in  a logical m an n e r .

I t  sh o u ld  also  b e  n o te d  t h a t  p h o to m ic ro g ra p h y  w as p a r tic u la r ly  h e lp ­
ful in  c la rify in g  th e  p rocess of s ta b il i ty  b re a k d o w n  a n d  p re d ic tin g  th e  
e v e n tu a l  fa te  of th e  em ulsion .

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

T h a n k s  are  d u e  to  Jo se p h  M ig lie tta  fo r th e  p re p a ra tio n  of th e  p h o to ­
m ic ro g ra p h s  u sed  in  th is  w ork.

(R ece iv ed  N o v e m b e r 1, 19(i(i)

R e f e r e n c e

(1 )  S h erm an , P ., A  m ethod fo r p red ic tin g  rheo logical changes in em ulsion products w hen  
aged, J . Soc. C osm etic C hem ists, 16, 5 9 1 -6 0 6  (1 9 6 5 ).
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T he Effect of pH  on the Sorption of 
Collagen-D erived Peptides by H air

S. A. K A R JA L A , Ph D ., A. K A R L E R , P h .D ., 
a n d  .1. E. W IL L IA M S O N , B.S.*

Presented November SO, 1966, New York City

Synopsis— S o rp tio n  of peptides increases v e ry  ra p id ly  d u rin g  the firs t few  m in u tes  to  one-half 
hour o f peroxide or th io g lyc o la te  tre a tm e n t, a fte r  w hich  sorp tion  is essentia lly  co nstan t for a 
period, increasing ra p id ly  again  as the h a ir  is dam aged m ore ex tens ive ly . T h e  conclusion is 
d ra w n  th a t  the  firs t ac tion  is on the  cu tic le  w h ich  is re a d ily  rem oved b y  chem ical tre a tm e n t,  
and th a t increased sorption occurs a fte r  rem o va l of the  cuticle, o n ly  a fte r  extensive dam age  
to th e  cortex. O x id iz in g  agents cause a m a x im u m  sorption of pep tide  a t  n e u tra l p H  values, 
w h ile  th io g lyc o la te  causes m a x im u m  sorption a t h igh p H  levels. S orp tion  appears to  be an  
e q u ilib r iu m  phenom enon governed b y  the  p H  va lue of the peptide solution.

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

A p ro c ed u re  fo r th e  o b je c tiv e  e v a lu a tio n  of so rp tio n  of p e p tid e s  to  
h u m a n  h a ir  w as d esc rib ed  in  a  p re v io u s  p u b lic a tio n  (1). T h e  m e th o d  is 
b a se d  on  th e  fa c t  t h a t  co llagens a n d  p e p tid e s  d e r iv e d  fro m  co llagen  or 
g e la tin  c o n ta in  h y d ro x y p ro lin e  w hich  is n o t  p re s e n t  in  k e ra t in  or in  a n y  
of th e  o th e r  co m m o n  p ro te in s  w h ich  a t  one t im e  or a n o th e r  h a v e  b een  
su g g ested  in  co sm etic  fo rm u la tio n s . T h e  p resen ce  of h y d ro x y p ro lin e  in 
h y d ro ly z e d  sam p les  of h a ir  a f te r  im m ers io n  in  co llag e n -d eriv e d  p e p tid e  
so lu tio n  a n d  rin s in g  is d e fin ite  p ro o f of so rp tio n  of th e  p e p tid e  on  th e  
h a ir.

T h is  a n a ly tic a l  m e th o d  u sed  is a p p lic a b le  o n ly  to  co llagen  a n d  to  p e p ­
tid e s  d e r iv e d  fro m  collagen . D iffe ren t p ro ced u re s , b a se d  on  th e  u se  of 
ra d io a c tiv e  p e p tid e s  o r som e d y e -b in d in g  p ro c ed u re , w ou ld  h a v e  to  be

* W ils o n  &  C o., In c ., R esearch and T e ch n ic a l D iv . ,  C hicago, 111. 69609.
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u sed  fo r p e p tid e s  o th e r  th a n  th o se  fro m  collagen . T h e  m e th o d  is sen si­
tiv e , a n d  a n a ly tic a l d iffe rences a rise  p r im a rily  from  th e  h igh  v a r ia b ili ty  of 
th e  h a ir  itself.

I n  a  fu r th e r  s tu d y  of th e  p a ra m e te rs  a ffec tin g  so rp tio n  (2), i t  w as 
show n  th a t ,  in  g en era l, p ro te in  so rp tio n  is ra p id  fo r th e  f irs t fifteen  m in ­
u te s  of t r e a tm e n t  of v irg in  o r b leac h ed  h a i r ; th e re a f te r  th e  so rp tio n  in ­
c reases m o re  slow ly  o v er a  o n e -h o u r p e rio d . P e p tid e  so rp tio n  is in ­
c reased  m a rk e d ly  b y  tw o  o n e -h o u r b leach  p e rio d s, w hile  a  th ird  o n e -h o u r 
b leac h  h as  re la tiv e ly  l i t t le  effect. W ith in  th e  c o n c e n tra tio n  ra n g e  of 5 -  
2 0 %  of p e p tid e  th e re  is re la tiv e ly  l i t t le  d iffe rence in  th e  a m o u n t of p e p ­
t id e  so rb ed . W e ig h t in c reases  of th e  h a ir  s t ra n d s  d e m o n s tra te d  t h a t  
th e re  w as co n sid e rab le  w a te r  so rp tio n  a long  w ith  p e p tid e  so rp tio n .

S om e p re lim in a ry  in v e s tig a tio n s  w hich  h a v e  b een  m ad e  re la t iv e  to  
th e  b in d in g  a n d  e lu tio n  of d y es  a t  h ig h  a n d  low  p H  levels led  to  th e  
p re s e n t  s tu d y  o n  th e  effec t of p H  on  p e p tid e  so rp tio n  b y  h u m a n  h a ir.

A few  r a th e r  l im ite d  s tu d ie s  h a v e  b ee n  m ad e  on  th e  effec t of p H  on 
sev e ra l a sp e c ts  of h a ir  t r e a tm e n t.  H e ilin g o tte r  (3) s tu d ie d  th e  effec t of 
th io g ly c o la te  so lu tio n s  on th e  sw elling  of h a ir  in  th e  p H  ra n g e  7.0 to  9.8, 
a n d  F re y ta g  (4) e x te n d e d  th is  ty p e  of s tu d y  to  b leac h ed  h a ir  as w ell as 
v irg in  h a ir  o v e r th e  p H  ra n g e  3 to  10. S w elling  w as fo u n d  to  in c re a se  
w ith  in c re a se  in  p H  a n d  w as g re a te r  fo r b leac h ed  h a ir  th a n  fo r v irg in  
h a ir.

L a d e n  a n d  F in k e ls te in  (5), u s in g  d y e  so lu tio n s , show ed  t h a t  th e  r a te  
a n d  e x te n t  of so rp tio n  cou ld  b e  m od ified  b y  ch a n g in g  th e  p H  of th e  
sy s te m  fro m  w h ich  so rp tio n  o ccu rs : A n  ac id  p H  in d u ces  a  p o s itiv e  
ch a rg e  o n  k e r a t in  fa v o rin g  th e  u p ta k e  of an io n ic  m a te r ia ls , w h e reas  a 
b asic  p H  v a lu e  fa v o rs  th e  so rp tio n  of c a tio n ic  m a te r ia ls .

M e t h o d s  a n d  R e s u l t s

T h e  h a ir  u sed  in  all of th e  te s ts  w as d a rk  b ro w n  D eM eo  B lue S tr in g *  
v irg in  h u m a n  h a ir . I t  w as sh am p o o ed  in  a  n o n io n ic  d e te rg e n t  (T r ito n  
X -lO O f) a t  1 %  c o n c e n tra tio n , a f te r  w hich  th e  h a ir  w as rin sed  th o ro u g h ly  
in  d is tilled  w a te r  a n d  d ried . F o r  th e  b leac h  t re a tm e n ts ,  100 m g 
tre sse s  of th e  sh am p o o ed  h a ir  w ere  im m e rsed  fo r v a ry in g  p e r io d s  of 
tim e  in  6 %  h y d ro g e n  pero x id e , p re p a re d  b y  t r e a t in g  50 p a r ts  of 6 %  
H 20 2 w ith  1 p a r t  of c o n c e n tra te d  a m m o n iu m  h y d ro x id e .

* D e M e o  C o m p a n y , 135 F if th  A v e ,, N e w  Y o rk , N . Y .  10010. 
t  A  p ro d u c t of R o h m  and H aa s , P h ila d e lp h ia , Pa.
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Percent Peptide Sorbed

F igu re  1. S o rp tio n  of peptides fro m  solutions of d iffe re n t p H  values b y  peroxide-dam aged  
hair. (T h e  curves are id e n tifie d  b y  the tim e  the  h a ir  was bleached)

C old  w av e  t r e a tm e n ts  w ere  c a rr ie d  o u t  in  5 %  a m m o n iu m  th io -  
g ly c o la te  a t  p H  9 .3 ; fo r n e u tra l iz a t io n  3 %  so d iu m  b ro m a te  w as u sed  
fo r a  p e rio d  of five m in u te s .

In  all cases, a t  th e  c o m p le tio n  of a  g iv en  t r e a tm e n t  o r c o m b in a tio n  
of t r e a tm e n ts ,  th e  sam p les  w ere r in se d  in  ru n n in g  ta p  w a te r  fo r tw o  to  
th re e  m in u te s , b lo t te d , d ried , a n d  fin a lly  im m ersed  in  5 %  p e p tid e *  
so lu tio n s  w h ich  h a d  b een  a d ju s te d  b y  th e  a d d itio n  of d ilu te  HC1 or 
N a O H  to  specific p H  v a lu es  fro m  p H  1 to  12. T h e  s t ra n d s  w ere k e p t  
in  th e  p e p tid e  so lu tio n  fo r 15 m in u te s , a f te r  w h ich  th e y  w ere r in sed  b y  
im m ers io n  in  d is tille d  w a te r  fo r tw e n ty -f iv e  m in u te s , b lo t te d , a n d  d ried . 
T h e  so rb ed  p e p tid e  w as m e a su re d  b y  m ean s  of th e  h y d ro x y p ro lin e  
an a ly s is . T h e  t r e a tm e n t  p e r io d  of fifteen  m in u te s  w as ch osen  since 
i t  h a s  b ee n  show n  (2) t h a t  th e re  is ra p id  so rp tio n  of p e p tid e  in  fifteen  
m in u te s , fo llow ed b y  a  m u ch  slow er s o rp tio n  r a te  u p  to  a p e rio d  of

W ilson  &  C o ., In c ., S u b s tan tiv e  P ro te ins  W S P -X 2 5 0 .
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Percent Peptide Sorbed

pH

Figure 2. Sorption  of pep tides from solutions of different pH  values by peroxide-dam aged 
hair. (T h e  curves are identified by th e  tim e the  ha ir was bleached)

one h o u r. I n  som e in s ta n c e s  in  w hich  t r e a tm e n t  a t  p H  v a lu e s  of 1 to  
4 d id  n o t  a p p e a r  to  show  d ifferences, th e  s tra n d s  w ere t r e a te d  w ith  
p e p tid e  so lu tio n s  fro m  p H  4 to  12.

Effect of Bleaching on Peptide Sorption at Various pH Levels

T h e  c u rv es  in  F ig . 1 d e m o n s tra te  th e  sh if t in  th e  p H  of m a x im u m  
p e p tid e  so rp tio n  w ith  e x te n t  of b leach in g . T h e  cu rv e  fo r u n b le a c h e d  
v irg in  h a ir  show s l i t t le  p e p tid e  so rp tio n  fro m  so lu tio n s  a t  p H  1 to  5, 
a f te r  w h ich  a g ra d u a l in c rease  o ccu rs  to  a  m ax im u m  a t  p H  8 to  11 
w ith  a  s lig h t d ro p  a t  p H  12. A fte r  a  five m in u te  b leac h  p e rio d , th e  
m ax im u m  a p p e a rs  a t  p H  8—10; a n d  a f te r  te n  m in u te s  of b leach in g , th e  
m ax im u m  d ro p s  to  7 a n d  re m a in s  a t  p H  0 -7  th e re a f te r ,  ev e n  a f te r  
b leac h in g  p e r io d s  of s ix teen  hou rs .

S o rp tio n  in creases  co n s id e ra b ly  a f te r  o n ly  five to  te n  m in u te s  of 
b leach in g , b u t  fo r so m e w h a t lo n g e r p e rio d s  of tim e  (fifteen  to  th i r ty  
m in u te s )  th e re  is v e ry  l i t t le  fu r th e r  in crease  in  p e p tid e  so rp tio n , as 
sh o w n  on  F ig . 2. A fte r  one h o u r  of b leac h in g  an  a c tu a l  d ec rea se  in
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Figure 3. Sorption  of peptides from solutions of different pH  values by peroxide-dam aged 
hair. (T he curves are identified by th e  tim e the  hair was bleached)

th e  so rp tio n  m ax im u m  is n o te d . S till  lo n g er b leac h in g  p e rio d s (tw o  
h o u rs  o r m ore) a g a in  cau se  th e  so rp tio n  m ax im u m  to  in c re a se  to  h ig h er 
levels, as show n  in  F ig . 3 w h ich  show s a  la rg e r sca le  g ra p h  co v e rin g  
b leac h in g  p e rio d s, fro m  one to  s ix teen  hours .

A  s im ila r a n o m a lo u s  effec t w as  n o te d , fo r a d iffe ren t tim e  p erio d , 
in  th e  case  of v irg in  h a ir  s tra n d s  t r e a te d  w ith  a m m o n iu m  th io g ly e o la te , 
as w ill be  d esc rib ed  la te r . I t  is in  all p ro b a b ili ty  d u e  to  d iffe rences in  
su sc e p tib il ity  to  o x id a tio n  as w ell as d iffe ren ces in  so rp tio n  c a p a c ity  
b e tw e e n  th e  cu tic le  a n d  co rte x  of th e  h a ir . A sh o r t  b le a c h in g  p e rio d  
m a y  b e  su ffic ien t to  so fte n  th e  c u tic le  a n d  o p en  u p  a la rg e  su rfa ce  a re a  
as  th e  sca les loosen. O nce th e  cu tic le  h a s  b e e n  p e n e tr a te d  o r rem o v ed , 
a c tio n  o n  th e  m o re  c o m p a c t c o r te x  b eg ins, a lth o u g h  i t  a p p e a rs  to  be 
c o n s id e ra b ly  m o re  r e s is ta n t  to  a t ta c k  th a n  is th e  c u tic le  lay e r. H o w ­
ever, once th e  c o rte x  h as  b ee n  ex te n s iv e ly  d eg rad ed , so rp tio n  of p e p tid e  
in c re ases  to  a v e ry  h ig h  value.

F ig u re  4 su m m arize s  th e  re su lts  of an  e x p e rim e n t on th e  re m o v a l of 
p e p tid e , so rb e d  on  h a ir  a t  p H  6 b y  b u ffe rs  a t  o th e r  p H  levels. A g ro u p
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Figure 4. E lu tion  of peptides sorbed a t  pH  6 on peroxide-dam aged 

hair by buffers of differing pH

of n in e  sam p les  of h a ir , in  w h ich  th e  s tra n d s  w ere  fo rm e d  in to  coils fo r 
ease  of h a n d lin g  a n d  w eighing , a p p ro x im a te ly  100 m g each  w hich  h a d  
b ee n  su b je c te d  to  a  tw o -h o u r  b leac h  t r e a tm e n t,  w as p laced  in  5 %  
p e p tid e  a d ju s te d  to  p H  6. A fte r  fifteen  m in u te s , th e  coils w ere 
re m o v e d ; th re e  w ere r in se d  fo r tw e n ty -f iv e  m in u te s  in  d is tilled  w a te r  
a t  p H  6, th re e  w ere r in sed  in  c i tra te -p h o s p h a te  b u ffe r a t  p H  4, a n d  th e  
la s t  th re e  in  a s im ila r  b u ffe r m ix tu re  a t  p H  8. T h e  b a r  g ra p h s  sho w in g  
th e  re s id u a l p e p tid e  in  th e  h a ir  a f te r  rin s in g  a n d  th e  c u rv e  o rig in a lly  
o b ta in e d  fo r th e  so rp tio n  of p e p tid e s  b y  h a ir  s tra n d s  t r e a te d  w ith  5 %  
p e p tid e  a t  th e  v a r io u s  p H  levels a re  in c lu d ed  in  th e  figure.

E ac h  of th e  coils p re su m a b ly  so rb ed  a n  e q u iv a le n t a m o u n t of 
p e p tid e  fro m  th e  5 %  p e p tid e  so lu tio n  a t  p H  6. H ow ev er, rin s in g  of 
th e  coils w ith  w a te r  le f t m o re  p e p tid e  so rb ed  to  th e  h a ir  th a n  rin s in g  
w ith  bu ffe rs  a t  p H  4 o r 8. M o d ifica tio n  of th e  ion ic  c h a ra c te r  of th e  
h a ir  as w ell as t h a t  of th e  p e p tid e  itse lf  sh ift, th e  so rp tio n  eq u ilib riu m  
to  a  p a t te r n  s im ila r to  t h a t  of th e  o rig in a l so rp tio n  cu rve .
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Figure 5. Sorption  of pep tides from solutions of different pH  values by  thioglyeolate- 
dam aged hair. (T he  curves are identified by the  tim e the  hair was reduced)

Effect of Ammonium, Thioglycolate on Peptide Sorption 
at Various pH  Levels

T h e  cu rv es  in  F igs. 5 a n d  G show  th e  effec t of t r e a tm e n t  of th e  
h a ir  coils w ith  a m m o n iu m  th io g ly c o la te , fo llow ed b y  rin s in g  a n d  t r e a t ­
m e n t in  5 %  so lu tio n s  of p e p tid e s  a t  v a r io u s  p H  levels. F ig u re  5 show s 
th e  c u rv es  fo r th e  five, te n , a n d  tw e n ty  m in u te  th io g ly c o la te  tre a tm e n ts .  
P e p tid e  so rp tio n  re m a in s  a t  a  re la tiv e ly  low  v a lu e  to  p H  4 -5  a n d  th e n  
in creases  ra p id ly . I t  is re m a rk a b le  t h a t  m ax im u m  a b so rp tio n  o v e r 
m o s t of th e  ra n g e  is o b se rv ed  w ith  h a ir  t r e a te d  fo r th e  sh o r te s t  tim e  
(five m in u te s )  w ith  a m m o n iu m  th io g ly c o la te . A fte r  a  t r e a tm e n t  t im e  
of te n  m in u te s , so rp tio n  d ec reases  s lig h tly  a n d  is sh a rp ly  re d u c e d  
a f te r  tw e n ty  m in u te s . A t th is  s tag e , w ith  th e  ex cep tio n  of a  s lig h t 
d iv e rg en ce  ab o v e  p H  10, th e  h a ir  b e h a v e s  v e ry  m u ch  like  v irg in  h a ir.

T re a tm e n t  of th e  h a ir  fo r one  h o u r  or m o re  w ith  a m m o n iu m  th io ­
g ly co la te  a g a in  ch an g es th e  c h a ra c te r  of th e  cu rv es . S o rp tio n  beg ins 
to  in c re a se  w ith  a  lo n g er tim e  p e rio d  of t r e a tm e n t  fo llow ing th e  ab so rp -
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Figure 6. Sorption  of peptides from solutions of different pH  values by  thioglyeolate- 
dam agod hair. (T he curves are identified by th e  tim e the  hair was reduced)

t io n  m in im u m  o b se rv ed  a f te r  tw e n ty  m in u te s  of re d u c tio n . T h is  is 
show n  in  F ig . G, w h ich  in c lu d es  th e  tw e n ty  m in u te  cu rv e  a g a in  fo r 
re ference . T h e  p e p tid e  is so rb ed  m o re  re a d ily  a t  th e  low er p H  v a lu es  
of 5 to  9, a n d  so rp tio n  in c reases  v e ry  ra p id ly  a f te r  tw o  h o u rs ’ t r e a t ­
m e n t in  a m m o n iu m  th io g ly c o la te  a t  p H  v a lu es  from  U lto  12.

A su g g ested  e x p la n a tio n  fo r th e  re su lts  is t h a t  o n ly  a  s h o r t  p e r io d  of 
t r e a tm e n t  w ith  th io g ly c o la te  is n ec essa ry  to  o p en  u p  th e  cu tic le  an d  
in c re a se  th e  p ro te in  a re a  fo r so rp tio n  of th e  p e p tid e . T h e  c u tic le  is 
ra p id ly  s e p a ra te d  fro m  th e  h a ir  s tra n d s , a n d  in  20 m in u te s  i t  h a s  a p ­
p a re n t ly  b een  re m o v e d  a lm o s t co m p le te ly . T h e  co rtex  th e n  re a c ts  
b u t  h e re  th e  a c tio n  is m u ch  slow er, so t h a t  a f te r  one h o u r  of t r e a tm e n t  
th e  so rp tio n  o v e r th e  e n tire  p H  ra n g e  h a s  n o t in c re a sed  m a rk e d ly  ab o v e  
t h a t  o b ta in e d  a f te r  tw e n ty  m in u te s  of t r e a tm e n t.  I t  is o n ly  a f te r  
a d d itio n a l t r e a tm e n t  t h a t  th e  g re a t in c rease  in  p e p tid e  so rp tio n  occurs.
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Figure 7. Sorption  of pep tides from solutions of different pH  values by ha ir sub jected  to 
various types of trea tm e n t. (In  curve A the  hair has been bleached w ith I IT )■> tre a te d  with 
thioglycolate, and neutra lized  w ith b rom ate. In C urve B th e  unbleached ha ir has been 
trea ted  w ith th ioglycolate and neu tra lized  w ith b rom ate. C urve C shows th e  effect of H 20> 

alone and C urve D the  effect of thioglycolate alone.)

Effect of Sodium Bromate and Combined Treatments on Peptide Sorptivity

F ig u re  7 show s th e  effect of so d iu m  b ro m a te  w h en  u sed  a f te r  a m ­
m o n iu m  th io g ly c o la te . T h e  cu rv es  fo r th e  o n e -h o u r t r e a tm e n t  w ith  
h y d ro g e n  p e ro x id e  a n d  fo r th e  tw e n ty -m in u te  t r e a tm e n t  w ith  a m m o n iu m  
th io g ly c o la te  a re  show n  a g a in  fo r c o m p a ra tiv e  p u rp o ses. T re a tm e n t  
w ith  b ro m a te  fo r five m in u te s  a f te r  a  tw e n ty  m in u te  th io g ly c o la te  
t r e a tm e n t  causes th e  so rp tio n  m ax im u m  to  sh if t to  p H  7; th e  cu rv e , 
a t  p H  11 an d  12, a p p e a rs  q u ite  s im ila r to  t h a t  o b ta in e d  w ith  p e r ­
oxide a lone. T re a tm e n t  of th e  h a ir  fo r one h o u r  in  h y d ro g e n  p e ro x id e  
fo llow ed b y  tw e n ty  m in u te s  in  a m m o n iu m  th io g ly c o la te  a n d  five 
m in u te s  in  so d iu m  b ro m a te  re su lts  in  a h igh  so rp tio n  p e a k  a t  p H  7 -8 .
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S u m m a r y  a n d  C o n c l u s i o n

In  th e  ease  of b o th  h y d ro g e n  p e ro x id e  a n d  a m m o n iu m  th io g ly c o la te , 
ra p id  ch an g es  in  so rp tio n  o ccu r in  th e  firs t five to  te n  m in u te s . T h e re  
is l i t t le  c h a n g e  in  so rp tio n  fo r th e  n e x t  t h i r t y  m in u te s  to  one  h o u r  of 
t r e a tm e n t  w ith  e i th e r  re a g e n t. A fte r  one  h o u r  of h y d ro g e n  p e ro x id e  
t r e a tm e n t ,  p e p tid e  so rp tio n  becom es p ro g re ss iv e ly  g re a te r  w ith  in ­
c rease  in  tim e . T h is  a p p a re n t ly  is t r u e  also  in  th e  case of a m m o n iu m  
th io g ly c o la te  tr e a tm e n t.

O xid izing  ag e n ts , su ch  as  h y d ro g e n  p e ro x id e  u sed  in  b leach in g , or 
so d iu m  b ro m a te  u sed  to  n e u tra liz e  a m m o n iu m  th io g ly c o la te , h a v e  
re la tiv e ly  l i t t le  effec t in  in c reas in g  p e p tid e  so rp tio n  a t  th e  h ig h e s t p H  
levels  b u t  cau se  sh a rp  in c reases  in  so rp tio n  a t  n e u tra l  p H  v a lu es . T h e  
u se  of a m m o n iu m  th io g ly c o la te  a lo n e  h a s  less effect on p ro m o tin g  
so rp tio n  a t  n e u tra l  p H  v a lu e s  th a n  a t  th e  h ig h e r p H  levels.

I t  is co n c lu d e d  t h a t  th e  cu tic le  is d e s tro y e d  ra p id ly  b y  th e  r e ­
a g e n ts  u sed , w ith  th e  sw elling  a n d  o p en in g  u p  of th e  cu tic le  b e in g  
re sp o n sib le  fo r th e  ra p id  u p ta k e  of p e p tid e  a t  th is  s tag e . F u r th e r  
ch em ica l t r e a tm e n t  rem o v es  th e  cu tic le , le av in g  a  co rtex  w h ich  is 
c o n s id e rab ly  m o re  r e s is ta n t  to  ch em ica l a c tio n . S h a rp ly  in c reased  
p e p tid e  so rp tio n  o ccu rs  o n ly  a f te r  th e  o x id a tio n  o r th io g ly c o la te  t r e a t ­
m e n ts  h a v e  d a m a g e d  th e  h a ir  ex ten siv e ly .

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

T h e  a u th o rs  w ish  to  ack n o w led g e  th e  a s s is ta n c e  of E llio t  S ilb e r a n d  
M a x in e  M c C u tc h e o n  d u rin g  th e  co u rse  of th is  in v e s tig a tio n .
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Hair Coloring with Oxidation 
Dye Intermediates

H A R O L D  H . T U C K E R , P h .D .*

Presented before the New York Chapter, November 2, 1966

Synopsis— D ata  on p a te n ts  for 33 p rim ary  in te rm ed iates and 20 color modifiers were collected 
from  th e  lite ra tu re . T he effect of stru c tu re  on shade, dep th  of color, lig h t fastness, and solu­
b ility  was determ ined for each p roduct. T he effect on color, d ep th  of shade, and  lig h t fa s t­
ness of dyeing m ixtures of each of the  20 color m odifiers w ith equim olar q u an titie s  of 3 p ri­
m ary  in term ed iates is reported . I t  is shown th a t  by  proper selection of color m odifier the 
shade m ay  be varied, th e  d ep th  of color g reatly  increased, the  fastness to  ligh t increased 
m any  fold, and th e  tendency  to  tu rn  red on aging decreased.

B y  using th e  form ation  of B androw ski’s base from  oxidation  of p -phenylenediam ine as a 
tool th e  percentage of conversion to  the  colored form  was shown to  be only slightly  m ore 
th an  5%  under th e  conditions norm ally used for dyeing hair. The effect of various factors 
on th is yield is reported.

T he resu lts of using five recently  described pyrid ine deriva tives are tab u la ted  and d is­
cussed.

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

O x id a tio n  d y e  in te rm e d ia te s  a c c o u n t fo r a m a jo r  sh a re  of th e  h a ir  
d y e  m a rk e t  to d a y . T h ese  d y es  d iffer from  th e  u su a l te x ti le  d y es  in  th a t ,  
w ith  th e  ex c ep tio n  of th e  n i tro  d y es , th e y  a re  co lo rless o r  n e a r ly  colorless 
p ro d u c ts  w h ich  fo rm  d y es  u p o n  o x id a tio n . A cco rd in g  to  H e a ld  (1), th e  
in te rm e d ia te s , b ecau se  of th e ir  sm all size, a re  ab le  to  p e n e tr a te  in to  th e  
h a ir  f ib er w h ere  th e y  u n d e rg o  o x id a tio n . T h is  c o n v e rts  th e m  in to  d yes 
w hich , b ecau se  of th e ir  in c re a se d  size, a re  t r a p p e d  in  th e  fiber. I n  o th e r  
w ords, d u rin g  th e  u se  of th e  o x id a tio n  d y e  in te rm e d ia te s , d y e  m a n u fa c ­
tu r in g  o ccu rs w ith in  th e  h a ir  fiber.

* 14 Chesterfield R oad, Scarsdale, N. Y. 10583.
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W ilm sm a n n  (2) h a s  d e m o n s tra te d  t h a t  th e re  ex is ts  a  c ritic a l m o lec ­
u la r  size w hich  is im p o r ta n t  fo r th e  p e n e tr a t io n  of h a ir . H e  show ed  
th a t ,  u n d e r  c o n d itio n s  u sed  in  h a ir  d y e in g , g lo b u la r m o lecu les h a v in g  a 
d ia m e te r  of m ore  th a n  6 A are  p re v e n te d  fro m  p e n e tr a t in g  in to  th e  h a ir  
co r te x  b y  a  b a r r ie r  n e a r  th e  h a ir  su rface . T h e  in te rm e d ia te s  u sed  in 
o x id a tiv e  h a ir  d y e in g  v a ry  in  d ia m e te r  from  4.7 A  fo r p -p h e n y le n ed iam in e  
to  5.6 A for /» -am in o d ip h en y lam in e , well u n d e r  th is  c r itic a l m o lecu la r 
size. A lth o u g h  th e  firs t p a te n t  fo r th e  u se  of /v p h e n y le n e d ia m in e  in  
d y e in g  h a ir  w as g ra n te d  to  E rd m a n n  (3) in  1883, th e  co m m erc ia l d e ­
v e lo p m e n t of th is  c lass of d y es  to o k  p lace  la rg e ly  in  th e  fu r  in d u s try .

K a ss  (4) h a s  classified  o x id a tio n  h a ir  d y es  as: i, p r im a ry  in te r ­
m e d ia te s  w hich  y ie ld  colors on  o x id a t io n ; ii, co lo r co u p le rs  o r m odifiers  
w h ich  do  n o t  fo rm  dy es on  o x id a tio n  b u t  do p ro d u c e  co lo r ch an g es  w hen  
u sed  w ith  p r im a ry  in te rm e d ia te s ;  a n d  in, n i tro  d e r iv a tiv e s  w h ich  do  n o t 
d ep e n d  u p o n  o x id a tio n  fo r th e  p ro d u c tio n  of co lor b u t  a re  lim ited  to  
sh ad e s  of yellow , red , a n d  o range. In  th is  w ork  th e  p r im a ry  in te r ­
m e d ia te s  h av e  b ee n  d iv id ed  in to  d e r iv a tiv e s  of p -p h e n y le n ed iam in e ,
o -p h en y len ed iam in e , /v am in o p h en o l, o -am in o p h en o l, a n d  d ip h en y l- 
am in es  ; a n d  th e  co lo r m od ifiers  in to  d e r iv a tiv e s  of w -p h en y len ed iam in e , 
w -am in o p h en o l, h y d ro x y p h e n o ls , a n d  n a p h th o ls . T h e  n itro  co m p o u n d s  
a re  in c lu d ed  in  th e  classifica tion  co rresp o n d in g  to  th e ir  s tru c tu re . 
A n a t te m p t  h a s  b een  m ad e  to  in c lu d e  all of th e  im p o r ta n t  in te rm e d ia te s  
u sed  fo r o x id a tiv e  h a ir  d y e in g  a lo n g  w ith  p e r t in e n t  d a ta ,  som e of w hich  
w ere co llec ted  from  th e  l i te ra tu re  a n d  th e  b a lan c e  d e te rm in e d  in  th is  
la b o ra to ry .

M e t h o d s  a n d  R e s u l t s

In  o rd e r to  d e te rm in e  s ta n d a rd  p ra c tic e  in  th is  c o u n try , te n  co m ­
m erc ia lly  av a ila b le  b lack  o x id a tio n  d y e  so lu tio n s , p ro d u c ts  of th e  re co g ­
n ized  lead e rs  in  th is  field, w ere p u rc h a se d . All of th e m  w ere so lu tio n s  of 
low  v isco sity  w h ich  th ic k e n e d  u p o n  th e  a d d itio n  of th e  ox id izing  a g e n t. 
F o r  n in e  of th e se  p ro d u c ts  th e  u se r  w as d ire c te d  to  a d d  a n  e q u a l q u a n t i ty  
of 6 %  h y d ro g e n  p e ro x id e  ju s t  p r io r  to  a p p lic a tio n . D ire c tio n s  fo r th e  
t e n th  p ro d u c t  ca lled  fo r th e  a d d itio n  of a  solid m a te r ia l  from  a  p a c k e t  
w hich  c o n ta in e d  b o th  th e  ox id izing  a g e n t  a n d  a  th ic k e n in g  a g e n t. A c­
co rd in g  to  th e  d ire c tio n s  fu rn ish e d  b y  th e  m a n u fa c tu re rs , th e  d y e in g  
tim e s  v a r ie d  from  five m in u te s  to  fo rty -fiv e  m in u te s . T h e  p H  of th e se  
p ro d u c ts , a f te r  th e  a d d itio n  of th e  ox id izing  a g e n t, v a r ie d  from  !).5 to
10.2, w ith  a n  a v e ra g e  of 0.7. I t  h a s  th e re fo re  b een  con c lu d ed  th a t ,  in 
th is  c o u n try , i t  is co m m on  p ra c tic e  in  o x id a tio n  h a ir  d y e in g  to  u se  a  p H
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of 9.7 a n d  h y d ro g e n  p e ro x id e  a t  a c o n c e n tra t io n  of 3 %  as ap p lied  to  th e  
h a ir.

I n  th e  ta b le s  d a ta  a re  lis te d  fo r each  in te rm e d ia te  on  p a te n ts ,  fade- 
o m e te r  re ad in g s , so lu b ility , a n d  co lo r p ro d u c ed . P a te n t  in fo rm a tio n  
w as o b ta in e d  from  th e  p a te n t  l i te ra tu re ,  fro m  p u b lic a tio n s  b y  F o rs te r  
a n d  S o y k a  (5) a n d  A u s tin  (6), a n d  th e  C o lo r In d e x  (7). A d d itio n a l d a ta  
on  to x ic ity  m a y  b e  fo u n d  b y  c o n su ltin g  H e ilin g o tte r  (8). A ll fa s tn ess- 
to - lig h t te s ts  w ere ru n  on  a  s ta n d a r d  fa d e o m e te r . M o s t of th e  so lu b il­
itie s  in  w a te r  w ere d e te rm in e d  b y  d isso lv in g  a  w eighed  excess of th e  in ­
te rm e d ia te  in  d e ion ized  w a te r  a t  35 °C , a d ju s tin g  th e  p H  to  9.7 ± 0 .2  b y  
th e  d ro p w ise  a d d itio n  of a m m o n iu m  h y d ro x id e , a n d  b rin g in g  th e  to ta l  
v o lu m e  to  100 cc. A fte r  th e  te m p e r a tu re  h a d  fa llen  to  25 °C , th e  so lu ­
tio n  w as f ilte re d  th ro u g h  a  G ooch  c ru c ib le  a n d  th e  so lu b ility  d e te rm in e d  
b y  d ifference. I n  a  few  cases  w h e re  th e  so lu b ility  g iv en  in  th e  l i te r a tu r e  
fa r  ex ceeded  t h a t  u sed  in  h a ir  d y e in g  th is  figure w as u sed  in  th e  ta b le s  
b u t  a lw ay s  w ith  th e  te m p e ra tu re  re c o rd e d  besid e  th e  so lu b ility  figure. 
I n  all cases th e  p u re s t  in te rm e d ia te s  a v a ila b le  w ere used .

All d y e in g s  w ere  p e rfo rm ed  b y  im m ers io n  fo r fo rty -fiv e  m in u te s  a t  
ro o m  te m p e ra tu re ,  u sin g  n a tu ra l  w h ite  h a ir  a t  a  h a ir  liq u o r ra tio  of 1 to  
50. F o r  th e  p r im a ry  in te rm e d ia te s , w ith  th e  ex c ep tio n  of th e  d ip h en y l- 
am in e  d e r iv a tiv e s , 0.025 M  so lu tio n s  of each  d y e  w ere used . W ith  th e  
d ip h e n y la m in e  d e r iv a tiv e s  d y e  c o n c e n tra tio n s  of 0 .005 M  w ere u sed  b e ­
cau se  of th e ir  lim ite d  so lu b ility  a n d  in te n se  co lo ring  pow er. F o r  th e  
m ix tu re s  of co lor m od ifiers  a n d  p r im a ry  in te rm e d ia te s  th e  c o n c e n tra tio n  
of each  w as 0.01 M. In  a d d it io n  to  th e  in te rm e d ia te s  th e  so lu tio n s  c o n ­
ta in e d  de io n ized  w a te r , 10%  iso p ro p y l a lcoho l, h y d ro g e n  p e ro x id e  a t  a 
c o n c e n tra tio n  of 3 %  a n d  su ffic ien t am m o n iu m  h y d ro x id e  to  a d ju s t  th e  
p H  to  9.7 ±  0.2 a f te r  th e  a d d it io n  of th e  perox ide . A fte r  im m ers io n  fo r 
fo rty -fiv e  m in u te s  th e  h a ir  w as rin sed  in  ru n n in g  w a te r  a n d  d ried .

Dyeing with Primary Intermediates

T h e  effec t of c o n s ti tu tio n  on  color, d e p th  of sh ad e , so lu b ility , an d  
lig h t fa s tn e ss  of /> -p h en y len ed iam in e  d e r iv a tiv e s  is show n  in  T a b le  I. 
T a b le  I I  su m m arize s  th e  re su lts  w ith  o -p h e n y le n ed iam in e  a n d  its  d e r iv a ­
tiv es . T h e  re su lts  w ith  /v a m in o p h e n o l a n d  its  d e r iv a tiv e s  a re  g iv en  in  
T a b le  I I I .

I t  w as e x p e c te d  t h a t  th e  a d d itio n  of a n  am in o -g ro u p  in  th e  o r th o ­
p o s itio n  of ¿>-am inophenol w ou ld  in c re a se  th e  d e p th  of shade , as w as th e  
case  w ith  /?-ph en y len ed iam in e . H o w ev er, th e  o p p o site  effect w as ob-
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T able  I
Para-Phenylenediam ine D erivatives

C om pound P a te n t
Color 

on H a ir0

D epth
of

Shade 
( D arkest 

to
L ightest)

Solubility 
a t  pH  9.7

(g/100
ml)

Fades
A fter

(in
hours)

p-Phenylenediam ine F . P . 158,558 Black w ith red 3 4 .27 6

p-T  oluylenediam ine G .P .4 7 ,3 4 9
cast

M edium  brown 6 11.9 6
sulfate

Chloro-/>-phenylene U .S .P . 1 .434 ,449 Red brow n 5 7 .75 38
diam ine sulfate

N itro-ÿ-phenylenc G .P .211,567 D ark  red 0.23 30
diam ine

1 ,2,4-Triam inobenzene G .P .514,003 Deep black i 9 .7 8 30
dihydrochloride

p-A m inodim ethylaniline G .P .47,349 Oxford grey 4 1.97 8
ÿ-Â m inodiphenylam ine G .P .92,006 Blue black 2 0 .10 24
p-A m inoacetanilide No color 7

n D erivative used a t a  concen tra tion  of 0.025 moles/1.

T able  II
O rtho-Phenylenediam ine D erivatives

Com pound P a ten t
Color 

on Hair®

D epth
of

Shade 
( D arkest 

to
L ightest)

Solubility 
a t  pH  9.7

(g/100
ml)

Fades
After

(in
hours)

o-Phenylenediam ine G .P .213,581 Yellow 4 3 .56 4
3,4-Toluylenediam ine G .P .213,581 Golden brown 2 2.49 6
o-T  oluylenediam ine G .P .213,581 Golden grey 

brown
i 2 .29 10

4-Chloro-ó-phenylene U .S .P .1,536, 725 Brown gold 3 0.91 6
diam ine

4-N itro-o-phenylene G .P .190,622 Red orange 0.03 12
diam ine

5-Chloro, 3-nitro Orange 0.03 14
o-phenylenediam ine

D erivative  used a t  a concen tra tion  of 0.025 moles/1.
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T able  I I I
Para-A m inophenol D erivatives

Color

D epth
of

Shade 
( D arkest 

to

Solubility 
a t  pH  9.7

(g/100

Fades
A fter

(in
C om pound P a ten t on H a ir0 L ightest) ml) hours)

p-Am inophenol G .P .51,073 Golden brow n 2 0,63 12
4-Am ino-2-m ethyl G .P .8 0 ,8 1 4 R ed brown i 1 .17 14

phenol sulfate
4-Am ino-3-m ethyl

phenol
G .P .80,814 L ight grey 

brown
5 0.43 10

4-Am ino-2-nitro phenol U .S .P . 1 ,466 ,747 R ed brown 3 2.97 10
2,4-D iam inophenol

hydrochloride
G .P . 80,814 L ight red 

brown
4 7.46 2

(am idol)
^-M ethy lam ino  phenol G .P. 80,814 No color 6 5 .58

su lfa te  (m etol)

a D erivative  used a t a concen tra tion  of 0.025 moles/1.

T ab le  IV
O rtho-A m inophenol D erivatives

D epth
of

Shade Solubility Fades
(D arkest a t  pH  9.7 A fter

Color on to (g/100 (in
C om pound P a ten t H a ir“ L igh test) ml) hours)

o-Am inophenol G .P .103,505 Golden orange 3 0 .9 5 2
4-Chloro-2-am ino G .P .103,505 G rey yellow 5 1.19 10

phenol
4-N itro-2-am ino G .P .103,505 Golden brown 6 3 .4 7 10

phenol
5- N itro-2-am ino U .S.P. 1 ,416, 646 B righ t yellow 4 0.99 4

phenol
4,6-dinitro-2-am ino- G .P .103,505 D ark  orange 1 0 .1 3 25°c - 12

phenol
6-Chloro-4-nitro-2- D ark  orange 2 1.49 28

am inophenol
hydrochloride

" D erivative  used a t  a  concen tra tion  of 0.025 moles/1.
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T ab le  V
D iphenylam ine D erivatives

D epth
of

Shade Solubility  Fades 
(D arkest a t  pH  9.7 A fter 

Color on to  (g/100 (in
C om pound P a ten t Hair" L igh test) ml) hours)

4-A m inodiphenylam ine G .P .92,006 Brown black 1 0 .1 0 15
2,4-D iam inodiphenyl

am ine
B .P .270,075 Brown 3 0 .1 5 7

4 ,4 '-D iam inodiphenyl- 
am ine su lfate

G .P .98,431 Red brown 2 0 .6 5 10

2-A m inodiphenylam ine G .P .162,625 G rey red 4 0 .0 7 6
3-M ethyl-4-am ino-4 '- 

hydroxydiphenyl- 
am ine

G .P .209,121 Very little  color 6 0 .09 2

4-M ethoxy-4 '-am ino-
diphenylam ine
sulfate

G .P .257,763 Light ash 5 1.06 4

4-H ydroxydiphenyl-
am ine

G .P .162,625 No color 8 0 .1 5

3-H ydroxydiphenyl- G .P .286,337 No color 7 0 .16
am ine

“ D erivative  used a concentra tion  of 0.005 moles/1.

ta in e d  u n d e r  th e  co n d itio n s  u sed  in  th e se  d y e in g  ex p e rim en ts . I t  
seem ed  p o ssib le  t h a t  th e  re a so n  t h a t  2 ,4 -d iam in o p h en o l h y d ro c h lo r id e  
d id  n o t  p ro d u c e  a  d a rk e r  co lo r th a n  p -a m in o p h e n o l m ig h t b e  d u e  to  ox i­
d a tiv e  d e s tru c tio n  of th e  m o lecu le  b ec au se  of th e  h igh  c o n c e n tra tio n  of 
h y d ro g e n  p e ro x id e  u sed  in  th e  d y e in g . In  o rd e r to  ch eck  th is  th e  d y e ­
ings of th e se  tw o  in te rm e d ia te s  w ere re p e a te d  w ith  th e  h y d ro g e n  p e ro x id e  
c o n c e n tra tio n  re d u c e d  from  3 .0 %  to  0 .3 % . U n d e r th ese  c o n d itio n s  
th e  co lor p ro d u c e d  b y  p -a m in o p h e n o l m a tc h e d  th a t  of th e  o rig in a l d y e ­
in g  b u t  t h a t  p ro d u c e d  b y  2 ,4 -d iam in o p h en o l h y d ro c h lo rid e  w as m a n y  
tim e s  d a rk e r  a n d  re d d e r  th a n  th e  o rig in a l color. I t  c a n  th e re fo re  be  
co n c lu d ed  th a t  2 ,4 -d iam in o p h en o l h y d ro c h lo r id e  (am ido l) is n o t  s a t i s ­
fa c to ry  fo r use  u n d e r  th e  c o n d itio n s  g en e ra lly  u sed  fo r o x id a tiv e  h a ir  
dyeing .

T h e  re su lts  fo r o -am in o p h en o l a n d  its  d e r iv a tiv e s  a re  g iv en  in  T a b le  
IV , a n d  th o se  fo r th e  d ip h e n y la m in e  d e r iv a tiv e s  a re  show n in  T a b le  V.

Dyeing with Color Modifiers
T h e  co lor m odifiers w ere d y e d  a lone  on  n a tu ra l  w h ite  h a ir  fro m  0.025 

M  so lu tio n s  a n d  from  eq u im o la r  (0.01 M  each) m ixed  w ith  so lu tio n s
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T ab le  VI
M eta-P henylened iatn ine  D erivatives Alone and  w ith jY Am inodiphenylam ine

Alone
M ixed Solution 

P.A .D .A .
w ith

Com pound P a ten t

Solubility  
a t  pH  9.7

(g/100
ml)

Color on H air 
(from  0.025 M  

Solution) Color on H a ir3

Fades
A fter

(in
hours)

m -Phenylenediam ine G .P .2 5 5 ,8 5 8 4 2 .8 V ery ligh t grey Blue black 12
Chloro-ra-phenylene

diam ine
G .P . 255,858 1.19 V ery ligh t red 

grey brown
G rey black 22

N itro-m -phenylene
diam ine

G .P . 255,858 1.71 B righ t yellow Golden brown 28

??7-Toluylenediamine G .P . 255,858 4 .0 0 V ery ligh t 
yellow brown

Blue black 24

2,4-D iam inoanisol
sulfate

G .P . 228,245 14.7 L igh t grey 
brown

Black 18

4-M ethoxy-6-
m ethyl-ra-phenyl-
enediam ine

G .P. 230,630 1.10 M edium  grey 
brown

Black 16

1,3,5-Triam ino-
benzenetrihydro-
chloride

8.63 No color D ark  brown 12

2,4,6-Triam ino 
to luene tr ih y d ro ­
chloride

13.4 No color G rey brown 20

p-A m inodiphenyl- 
am ine (alone)

Brown black 14

“ Solutions were 0.01 M  in bo th  com ponents.

w ith  p -p h e n y le n e d ia m in e  (P .P .D .)  p -a m in o d ip h e n y la m in e  (P .A .D .A .) , 
o r p -a m in o p h e n o l (P .A .P .) . T h e  p ro p e rtie s  of e ig h t m -p h en y le n e  
d iam in e  d e r iv a tiv e s  d y e d  a lo n e  a n d  m ix ed  w ith  P .A .D .A . are  g iv en  in  
T a b le  V I. W ith  th e  ex c ep tio n  of n itro -m -p h e n y le n e d ia m in e  th e  colors 
g iv en  w ith  m -p h e n y le n e d ia m in e  d e r iv a tiv e s , w h en  d y e d  alone, w ere so 
lig h t t h a t  n o  fa d e o m e te r  te s ts  w ere ru n . H a ir  d y e d  w ith  n itro -m - 
p h e n y le n e d ia m in e  fa d e d  a f te r  a n  ex p o su re  of tw o  hou rs .

T h e  re su lts  of d y e in g  h a ir  w ith  e q u im o la r  q u a n t i t ie s  of w -p h e n y len e - 
d ia m in e  d e r iv a tiv e s  m ix ed  w ith  P .P .D . o r P .A .P . a re  g iv en  in  T a b le  V II . 
I t  is a p p a re n t  t h a t  »z-pheny lened iam ine , m -to lu y len ed iam in e , 2 ,4 ,-d i- 
am in o an iso l su lfa te  a n d  4 -m e th o x y -6 -m e th y l-w -p h e n y le n e d ia m in e  all 
w ere effec tiv e  in  g iv in g  a b lu e -b la c k  co lo r w h e n  m ixed  w ith  P .P .D . w h ich  
w as m a n y  tim e s  d a rk e r  a n d  sh o w ed  a  te n fo ld  in c rease  in  l ig h t fa s tn e ss  
c o m p a re d  w ith  t h a t  of /j-p h en y len e d ia m in e  alone. T h is  i l lu s tra te s  th e
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M eta-phenylened iam ine D erivatives M ixed w ith ÿ -Phenylenediam ine or J>-Aminophenol

Com pound

M ixed Solution with 
P .P .D .

M ixed Solution w ith 
P.A .P.

Color on H a ir“

Fades
A fter

(in
(hours) Color on H air“

Fades
A fter

(in
hours)

w -Phenylenediam ine Blue black 42 R ed w ith a 2
grey cast

Chloro-m -phenylene diam ine Black w ith  a 20 L ight grey 6
red cast

N itro phctiylem- d iam ine Yellow 20 B right 2
brown yellow

m -T  oluylenediam ine B lack w ith a 50 D ark  red 16
purple cast

2,4-D iam inoanisol su lphate Black 50 Orange red 8
4-M ethoxy-6-m ethyl-w -phenylene- Black 46 Orange red 4

diam ine
1,3,5-Triam inobenzene trihydroch loride  R ed brown 14 L ight grey 18

brown
2,4,6-T riam inotoluene trihydroeh loride  G rey brown 22 L ight golden 6

brown
/>-Phenylenediam ine (alone) D ark  brown 4
/>-Aminophenol (alone) L igh t golden 4

brown

“ Solutions were 0.01 M  in bo th  com ponents.

T ab le  V III
M eta-A m inophenol D erivatives Alone and  w ith p-Am inodiphenylam iriS

M ixed Solution w ith
Alone P.A .D .A .

Solubility Fades
a t  pH  9.7 Color on H air A fter

(g/100 (from 0.025 M Color on (in
Com pound P a ten t ml) Solution) H air“ hours)

ra-A m inophenol G .P .2 1 0 ,6 4 3 3 .8 5  No color Blue black 28
3,5-D iam inophenol . . . 3 .5 7  No color R ed brown 28

hydrochloride black
D iethyLm -am ino- U .S.P. 3 ,2 1 6 ,8 9 9  0 .2 0  V ery ligh t D ark  red 5

phenol grey brown brown
£-Amino-tf-cresol (4- U .S.P. 3 ,2 1 0 ,2 5 2  0 .6 5  Golden D ark  grey 8

am ino-2-hydroxy- blonde purple
1-m ethylbenzene)

p-Am inodiphenyl- B row n black 14
am ine (alone)

Solutions were 0.01 M  in bo th  com ponents.
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T ab le  IX
M eta-A m inophenol D erivatives M ixed w ith  ^-P henylened iam ine or />-Aminophenol

M ixed Solution w ith M ixed Solution w ith
P .P .D . P .A .P .

C om pound Color on H a ir“

Fades 
A fter 

(in hours) Color on H a ir“

Fades 
A fter 

(in hours)

?»-Aminophenol D ark  purple 
grey

8 M edium  red 
brown

16

3,5-D iam inophenol hydrochloride R ed brown 4 G rey  brown 14
D iethyl-m -am inophenol Olive brown 5 G reen brown 7
p-Amino-o-cresol D ark  red w ith 

blue cast
18 B righ t orange 18

¿>-Phenylenediamine (alone) D ark  brown 4
/>-Aminophenol (alone) L igh t golden 

brown
4

Solutions were 0.01 M  in bo th  com ponents.

im p o r ta n c e  of th e se  co lor m od ifiers  in  in c re a s in g  th e  d e p th  of sh ad e , 
c h a n g in g  th e  color, a n d  in c re a s in g  th e  fa s tn e ss  to  lig h t.

I t  is a p p a re n t  t h a t  w -p h e n y le n e d ia m in e , m -to lu y le n ed iam in e , 2,4- 
d iam in o an iso l su lfa te , a n d  4 -m ethoxy-6 -m ethy l-O T -pheny lene  d iam in e  
a re  all e q u a lly  e ffec tiv e  in  p ro d u c in g  a  d eep  b lu e  sh a d e  of c o m p arab le  
lig h t fa s tn e ss . T h e  te n d e n c y  of h a ir  d y e d  w ith  o x id a tio n  colors to  tu r n  
re d  on  ag in g  h a s  long  b e e n  a  d eep  c o n c e rn  of th e  h a ir  co lo rist. A s ev i­
d en c ed  b y  re fe ren ces  in  th e  p a te n t  l i te r a tu r e  (9, 10) th is  te n d e n c y  is a c ­
c e le ra te d  b y  th e  a p p lic a tio n  of ac id  rin ses  o r c o n ta c t  of th e  h a ir  w ith  ac id  
p e rsp ira tio n . F a d e o m e te r  re a d in g s  a re  a  m e a su re  of th e  fa d in g  of 
co lors d u e  to  th e  ex p o su re  to  lig h t. H o w e v e r, i t  is d o u b tfu l  if su ch  d e ­
te rm in a tio n s  m e a su re  th e  re a c tio n  of colors to  ag ing . D y e in g s  t h a t  
h a d  b e e n  m a d e  in  D e cem b er, 1952, u s in g  m ix tu re s  of P .P .D . a n d  each  of 
th e  fo u r m e ta -c o m p o u n d s  l is te d  abo v e , w ere fo u n d  in  o u r files. T h e se  
h a d  b e e n  s to re d  in  th e  ab sen ce  of lig h t a n d  o u t  of c o n ta c t  w ith  ac id  
fu m es. R eco rd s  show ed  t h a t  o rig in a lly  th e y  w ere all b lu e -b la c k  colors 
of c o m p a ra b le  d e p th  of sh ad e , w ith  lig h t fa s tn e ss  ra tin g s  v a ry in g  from  
fo r ty - tw o  to  fif ty  h o u rs . E x a m in a tio n  of th e se  d y e in g s a f te r  th ir te e n  
a n d  o n e-h a lf y e a rs  re v e a le d  t h a t  th e  one m a d e  w ith  2 ,4 -d iam in o an iso l 
su lfa te  w as s till b lack , w hile t h a t  m a d e  w ith  w -p h e n y le n e d ia m in e  w as 
s lig h tly  red  a n d  th o se  m a d e  w ith  w -to lu y le n e d ia m in e  a n d  4 -m eth o x y - 
6 -m eth y l-m -p h e n y le n ed iam in e  w ere v e ry  red . T h is  in d ic a te s  th e  n eed  
fo r a d d itio n a l te s ts  fo r th e  c o n tro l of h a ir  d y e  fo rm u la tio n s . S u ch  te s ts
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T ab le  X
Phenolic C om pounds M ixed w ith  p-Am inophenol

C om pound P a ten t

Solubility 
a t  pH  9.7

(g/100
ml) Color on Hair®

Fades 
A fter 

(in hours)

H ydroquinone G .P . 51,073 5 .9 1S°C Blond 6
Resorcinol G .P . 162,625 5 8 .4 20°c G rey blond 14
Pyrocatechol G .P . 276,761 3 1 .2 20°c Red brown 12
Chlororesorcinol G .P . 276,761 29 .9 G reen blond 8
Pyrogallol G .P . 104,622 6 2 .525°c L ight golden 

brown
12

a -N ap h th o l G .P . 162,625 0 .26 Red 6
1,5-D ihydroxynaphthalene G .P . 51,073 0 .2 7 Red 6
2 ,7-D ihydroxynaphthalene G .P . 367,680 0 .84 Yellow blond 2
/>-Aminophenol (alone) L ight golden 

brown
4

* Solutions were 0.01 M  w ith  regard to  bo th  the phenolic and P.A .P.

m ig h t co n sis t of s p e c tro p h o to m e tr ic  o r p h o to g ra p h ic  reco rd s  of fresh ly  
d y e d  sam p les  c o m p a re d  w ith  th e  sam e  sam p les  a f te r  d e fin ite  p e rio d s  of 
ag ing .

In  T a b le  V I I I  th e  re su lts  o b ta in e d  w ith  m -a m in o p h en o l d e r iv a tiv e s  
d y e d  a lone  a n d  m ixed  w ith  e q u im o la r  q u a n ti t ie s  of P .A .D .A . a re  g iven . 
W ith  th e  e x c ep tio n  of J ’-am ino-o-creso l th e  co lors g iv e n  w ith  tw-amino- 
p h en o l d e r iv a tiv e s , w h en  d y e d  a lone, w e re  so lig h t t h a t  no  fa d eo m e te r  
te s t s  w ere ru n . H a ir  d y e d  w ith  J ’-am ino-o-creso l fa d ed  a f te r  an  ex p o ­
su re  of sev en  hours .

T h e  re su lts  of d y e in g  h a ir  w ith  eq u im o la r  q u a n ti t ie s  of m -am in o - 
p h en o l d e r iv a tiv e s  m ix ed  w ith  P .P .D . a n d  P .A .P . a re  g iv en  in  T a b le  IX .

In  T a b le  X  th e  re s u lts  o b ta in e d  w ith  p h en o lic  co m p o u n d s  m ixed  w ith  
eq u im o la r  q u a n ti t ie s  of P .A .P . a re  g iven . N o n e  of th e s e  p h en o lic  co m ­
p o u n d s  g a v e  a n y  co lor w h en  u se d  alone.

T h e  re su lts  of d y e in g  h a ir  w ith  eq u im o la r  q u a n ti t ie s  of p heno lic  
co m p o u n d s  m ixed  w ith  P .P .D . a re  g iv en  in  T a b le  X I . In c lu d e d  in  th is  
ta b le  a re  th e  re su lts  of p h a se  d ia g ra m s  ta k e n  fro m  th e  In te rn a t io n a l  
C ritic a l T a b le s  (11). T h ese  a re  re le v a n t  since fusions of P .P .D . an d  
p h en o lic  co m p o u n d s  a re  o f te n  u se d  in  d y e in g  h a ir . T h is  show s, fo r ex ­
am ple, th a t ,  w h en  m ix tu re s  of P .P .D . a n d  reso rc in o l a re  m e lte d  to g e th e r , 
a c o m p o u n d  is fo rm ed  a n d  t h a t  th e  co m p o sitio n  of th is  n ew  co m p o u n d  is 
1 m o le  of P .P .D . fo r e a c h  m o le  of reso rcino l. Ju d g e d  b y  lig h t fa s tn e ss  
a lo n e  i t  w ou ld  a p p e a r  th a t ,  fo r m ix in g  w ith  P .P .D , reso rc ino l is th e  m o st
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T ab le  X I
Phenolic C om pounds M ixed w ith p-Phenylenediam ine

Com pound

Phenolic 
(in Fusion 

C om pound)

M ole R atio  
of Phenolic 
to P .P .D . 
in Fusion 

C om pound
Color on 

Hair"

D epth
of

Shade
(D arkest

to
L igh test)

Fades
A fter

(in
hours)

H ydroquinone 7 5 .5 and  50 .4 3 to 1 and  
1 to  1

L ight grey 
brown

4 4

Resorcinol 4 9 .5 1 to 1 Golden brown 6 14
Pyroeateehol 60 .4 3 to  2 G rey brown 5 12
Chlororesorcinol Yellow brown i 10
Pyrogallol 6 9 .9  and  5 3 .8 2 to 1 and 

1 to  1
G rey brown 8 4

a -N ap h th o l 72 .7 2 to  1 Purple black 1 1(1
1,5-D ihydroxynaph- G rey purple 2 10

thalene
2,7-D ihydroxynaph- 74 .8 2 to 1 G rey brown 3 2

thalene
/>-Phenylenediamine D ark  brown 4

(alone)

0 Solutions were 0.01 M  w ith  regard  to  bo th  th e  phenolic and P .P .D .

effec tiv e  c o m p o u n d  to  use, fo llow ed b y  p y ro e a te e h o l a n d  ch loro- 
reso rcino l. H o w ev er, e x a m in a tio n  of d y e in g s  t h a t  h a d  b een  in  files fo r 
o v e r th ir te e n  y e a rs  show ed  t h a t  th e  te n d e n c y  to  tu r n  red  on  ag e in g  in ­
c reased  in  th is  o rd e r: c h lo ro re so rc in o l ( th e  le a s t) , re so rc in o l, py ro g a llo l, 
h y d ro q u in o n e , p y ro e a te e h o l, a n d  P .P .D . a lo n e  ( th e  m o s t) . I t  a p p e a rs  
t h a t  m o re  a t te n t io n  to  ch lo ro reso rc in o l m ig h t b e  fru itfu l.

A ll of th e  d y e in g s  d iscu ssed  th u s  fa r  w ere m ad e  b y  im m ersio n , w hile  
th e  a p p lic a tio n  to  h ea d s  m u s t  b e  m ad e  b y  b ru sh in g . H o w e v e r, i t  w as 
fe lt t h a t  c o n d itio n s  co u ld  b e  m u c h  b e t t e r  c o n tro lled  a n d  th e  conc lusions 
d ra w n  m o re  v a lid  w ith  d y e in g s  m a d e  b y  im m ers io n  r a th e r  th a n  b y  
b ru sh in g . I n  o rd e r to  m ak e  d ire c t  co m p ariso n s  of th e  d e p th  of sh a d e  
o b ta in e d  b y  b ru sh  a n d  d ip  d y e in g  a b a se  so lu tio n  w as p re p a re d , as d e ­
sc rib ed  b y  C ook  (12). N a tu r a l  w h ite  h a ir  w as d y ed  u s in g  th e  m ix tu re  
show n in  T a b le  X I I ,  in  w h ich  th e  c o n c e n tra t io n  of P .P .D . w as v a r ie d  
from  0 .1 1 %  to  0 .6 6 %  fo r th e  b ru s h  ap p lic a tio n . I t  w as co n c lu d e d  th a t  
in  o rd e r to  o b ta in  th e  sam e d e p th  of sh a d e  w ith  a b ru s h  a p p lic a tio n  (in  
th e  p re sen ce  of su rface  a c tiv e  a g e n ts )  as w ith  d ip p in g , i t  w ou ld  be neces­
sa ry  to  u se  a p p ro x im a te ly  fo u r tim e s  th e  c o n c e n tra t io n  of d y e  u sed  in  
th e  d ip  a p p lica tio n .



Table X II
C om positions Used for C om pany Im m ersion  and B rush D yeing

Im m ersion Dyeing" B rush Dyeing"

0.11% p-Phenylene diam ine Varied
0 .2 0 % Sodium  sulfite 0 .2 0 %

10 .00% Isopropyl alcohol 5.00%,
4 0 .0 0 % Deionized w a ter 14.00%,

C ook’s base concentrate^ 26.00%
A m m onium  hydroxide 5 .00  ,

50.00% H ydrogen peroxide (20 volum e) 50.00%
9 .7 pH ad ju s ted  to 9 .7

a H a ir was dyed for 30 m inutes a t  room tem p era tu re . 
b C ook’s Base C o n cen tra te :

P ropylene glycol 100 g
C etyl alcohol 20 g
Oleic acid 300 g
Polyoxyethylene sorb itan  m onoleate 100 g

T ab le  X II I
Pyrid ine D erivatives Alone and M ixed w ith p-Phenylenediam ine and  p-Am inophenol

Alone
M ixed Solution with 

P .P .D .
M ixed Solution with 

P.A .P.

C om pound
Color on 

H a ir“

Fades
A fter

(in
hours)

Color on 
Hair'1

Fades
A fter

(in
hours)

Color on 
Hair*

Fades
After

(in
hours)

2 ,3-D iam inopyridine Very
light
blond

3 D ark  grey 
brown

3 Blond 6

2,5-D iam inopyridine
hydrochloride

M edium
red
orange

6 D ark  red 
brown

4 Red
orange

5

2,6-D iam inopyridine Very
light
green
blond

1 Black 2 Green
grey

1

3,4-D iam inopyrid ine V ery
light
orange

5 D ark
brown

3 Light
blonde

5

2,6-D ihydroxypyri- 
dine hydrochloride

Very
light
grey

1 D ark
brown

3 Red
blonde

9

p-Phenylenediam ine
(alone)

D ark
brown

4

p-Am inophenol
(alone)

Light
golden
brown

4

“ D erivative  used a t  concen tra tion  of 0.025 moles/1. 
h Solutions were 0.01 M  in bo th  com ponents.
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Dyeing with Pyridine Derivatives

R e c e n tly  L an g e  (10, 13, 14) r e p o r te d  o n  a  series of o x id a tio n  h a ir  
d y es  b a se d  o n  p y rid in e  d e r iv a tiv e s . A d v a n ta g e s  w ere c la im ed  fo r th e ir  
u se  b o th  a lone  a n d  in  c o n ju n c tio n  w ith  th e  w e ll-know n  b en zen e  d e r iv a ­
tiv es . O ne of th e se  p ro d u c ts , 2 ,6 -d iam in o p y rid in e , h a s  b ee n  u sed  in  
th is  c o u n try  as a  d ra b b e r  fo r sev e ra l y ea rs  (15). D ye ings w ere m a d e  
w ith  five of th e se  p y rid in e  d e r iv a tiv e s  (in  0.025 M  so lu tio n s) u s in g  th e  
sam e m e th o d  as p re v io u s ly  u sed  fo r th e  b en zen e  d e r iv a tiv e s , ex c ep t t h a t  
th e  c o n c e n tra tio n  of h y d ro g e n  pero x id e , as ap p lied  to  th e  h a ir, w as 1 .8% , 
as su g g ested  b y  L an g e  in  h is  p a te n t .  A ll of th e  p y rid in e  d e r iv a tiv e s  
w ere p u rc h a se d  ex c ep t 2 ,5 -d iam in o p y rid in e  h y d ro c h lo r id e , w h ich  w as 
p re p a re d  ac co rd in g  to  T sc h itsc h ib a b in  a n d  K irsa n o w  (16) b y  th e  re d u c ­
tio n  of 2 -a m in o -5 -n itro p y rid in e .

T h e  re su lts  of d y e in g  th e  p y rid in e  d e r iv a tiv e s  a lo n e  a n d  m ix ed  w ith
P .P .D . a n d  P .A .P . a re  g iv en  in  T a b le  X I I I .  I n  a d d itio n  to  th o se  show n 
in th is  ta b le  tw o  o th e r  m ix tu re s  w ere dyed . A m ix tu re  of 0.01 M  so lu tio n s  
of 2 ,5 -d iam in o p y rid in e  h y d ro c h lo r id e  a n d  2 ,6 -d iam in o p y rid in e  g a v e  a 
l ig h t ash  b lo n d  sh a d e  w h ich  fa d e d  a f te r  one h o u r  exposu re . A lig h t 
b ro w n  sh ad e  w ith  a  red  c a s t, w h ich  fa d ed  a f te r  one h o u r, w as p ro d u c e d  
using  a  m ix tu re  of 2 ,5 -d iam in o p y rid in e  h y d ro c h lo r id e  a n d  2 ,6 -d ihy - 
d ro x y p y rid in e . B ased  on  th e  re s u lts  of te s ts  w ith  th e  five p y rid in e  
d e r iv a tiv e s  co n sid e red  in  th is  p a p e r , i t  seem s u n lik e ly  t h a t  th e y  w ill re ­
p lace  th e  b en zen e  d e r iv a tiv e s  fo r d y e in g  h a ir . T h e  fa c to rs  w h ich  c o n ­
t r ib u te  to  th is  conc lu sio n  a re  th e ir  low  t in c to r ia l  pow er, th e ir  p o o r f a s t ­
ness to  lig h t a lone  a n d  in  m ix tu re s , th e  d ifficu lty  in  o b ta in in g  th e se  p ro d ­
u c ts , an d  th e ir  h ig h  cost.

F a c t o r s  I n f l u e n c i n g  t h e  O x i d a t i o n  o f  /> -P h e n y l e n e d i a m i n e

T h e  q u e s tio n  h as  o f te n  a r ise n  as to  how  m u ch  o x id a tio n  of th e  in te r ­
m e d ia te s  to  th e ir  co lo red  fo rm s is o b ta in e d  u n d e r  th e  co n d itio n s  u sed  in  
d y e in g  h a ir. F o r tu n a te ly ,  th e re  is a  re la tiv e ly  sim p le  e x p e rim e n ta l p ro ­
c e d u re  t h a t  c a n  be  u sed  fo r s tu d y in g  th e  effec t of c e r ta in  v a r ia b le s  on  th e  
a m o u n t of th is  o x id a tio n  d u rin g  th e  d y e in g  p rocess. T h is  is b a se d  u p o n  
th e  o x id a tio n  of P .P .D .,  w h ich  w as f irs t in v e s t ig a te d  b y  B an d ro w sk i (17) 
in  1894 a n d  E rd m a n n  (18) in  1904. T h is  re a c tio n  is p ic tu re d  in  F ig . 1. 
S ev era l w o rk e rs  (1 7 -1 9 ) fa v o r  s t ru c tu re  I fo r B a n d ro w sk i’s b ase , o th e rs  
(20, 21) fa v o r  s t ru c tu re  I I ,  w hile A u s tin  (22) s ta te s  t h a t  th e  s tru c tu re  h as  
n o t b een  d e fin ite ly  e s tab lish ed . H ow ev er, all ag ree  t h a t  B a n d ro w sk i’s 
b a se  is th e  p r in c ip a l a n d  f irs t s ta b le  p ro d u c t  fo rm ed  b y  th e  o x id a tio n  of
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P .P .D . u n d e r  co n d itio n s  u sed  fo r d y e in g  h a ir  a n d  fu rs. H e id u se h k a  an d  
G o ld s te in  (23) w ere ab le  to  a c c o u n t fo r 9 3 .8 %  of th e  o rig in a lly  u sed  
P .P .D . b y  d e te rm in in g  B a n d ro w sk i’s b a se  a n d  u n c h a n g e d  P .P .D . in  th e  
re a c tio n  m ix tu re . B a n d ro w sk i’s b ase  can  be  t r e a te d  as a  so lv en t-so lu b le  
d y e  an d  u sed  to  d y e  h a ir  a d a rk  g re y  sh ad e , o r an  aq u e o u s  su sp en sio n  can  
b e  u sed  to  d y e  w ool a fa s t  b lu e -g rey  sh ad e  a t  bo ilin g  te m p e ra tu re .  
H o w ev er, i t  is g e n e ra lly  a g reed  t h a t  a n  azine, fo rm ed  b y  th e  fu r th e r  ox i­
d a t io n  of B a n d ro w sk i’s base , is th e  final co lo ring  m a te r ia l. H ow ever, 
C ox (24) h a s  show n  t h a t  th is  az ine  is ev en  m ore  in so lu b le  in  w a te r  th a n  
B a n d ro w sk i’s b ase . I t  w o u ld  th e re fo re  be  in c lu d ed  w ith  B a n d ro w sk i’s 
b a se  w h en  u sin g  an  a n a ly tic a l m e th o d  b ase d  on th e  fo rm a tio n  of m a te r ia l  
in so lu b le  in  w a te r . I t  is e v id e n t  t h a t  th e  a m o u n t of B a n d ro w sk i’s b ase  
or in so lu b le  m a te r ia l  fo rm ed  ca n  be  u sed  as a m e a su re  of th e  efficiency of 
th e  d y e in g  o p e ra tio n .

NH

NH,

NH,

II
Figure 1. Proposed s tru c tu res  for B androw ski’s base

H e id u se h k a  a n d  G o ld s te in  (23) s tu d ie d  th e  o x id a tio n  of P .P .D . a n d  
th e  effec t of v a r io u s  fa c to rs  on  th e  y ie ld  of B a n d ro w sk i’s b ase  a n d  th e  
a m o u n t of P .P .D . le ft u n ch a n g ed  in  th e  b a th .  H ow ev er, th e y  used  one 
m ole of h y d ro g e n  p e ro x id e  fo r each  m ole of P .P .D  a n d  a  t r e a tm e n t  tim e  
of tw e n ty -fo u r  h o u rs , w h ich  is v a s t ly  d iffe ren t from  th e  c o n d itio n s  u sed  
fo r co lo ring  h a ir. T h e y  show ed  t h a t  th e  y ie ld s  of B a n d ro w sk i’s b ase  
w ere a t  b e s t  o n ly  a b o u t  3 0 %  a n d  th a t ,  ev en  in  th e  p resen ce  of excess 
pero x id e , som e 5 0 %  of th e  P .P .D . re m a in e d  u n c h a n g e d . Cox (24) 
show ed  th a t  a f te r  d y e in g  co p p e r m o rd a n te d  fu r  fo r tw e n ty -fo u r  h o u rs  
a b o u t  15%  P .P .D . re m a in e d  in  th e  u n o x id ized  s ta te . T h ese  co n d itio n s , 
too , d iffe r g re a tly  from  th o se  u sed  in  d y e in g  h a ir . O n th e  o th e r  h a n d , a
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T ab le  X IY
Effect of T im e of T rea tm e n t on th e  Yield of B androw ski's Base

Tim e A verage Yield of B .'s Base"

5 m inutes 1,04
15 m inutes 1 .63
30 m inutes 3 .0 0
45 m inutes 5 .29

1 hour 7.11
2 hours 12.2
4 hours 17 .8

96 hours 5 7 .8

a Solutions were 0.1 M  in P .P .D . and  contained  3 (7c H 20 2. PH  =  9.7 ±  0.2; T  =  25° ±
2C. T h e  num erical values are  based  on th e  averages of tw o de term inations and are  ex­
pressed as %  of th e  original P .P .D .

T ab le  XV
Effect of C oncentration  of P .P .D . on th e  Y ield of B androw ski’s Base

C oncentration  of P .P .D . (M ) A verage Y ield of B .’s Base"

0 .2 5.12
0 .1 5.93
0 .0 5 4 .9 6
0 .025 4 .5 9

0 Solutions con tained  3%  II.O.,— pH  =  9.7 ±  0.2; T  =  25° ±  2°C . T h e  num erical 
values a re  based on th e  averages of tw o de te rm in a tio n s a f te r  45 min. of t re a tm e n t and  are  
expressed as per cent of th e  original P .P .D .

s ta te m e n t  a p p e a re d  in  a  re c e n t p u b lic a tio n  (25) t h a t  b y  u s in g  excess 
p e ro x id e  c o m p le te  o x id a tio n  of h a ir  d y e  in te rm e d ia te s  to  th e  final p ig ­
m e n t fo rm  is ach ieved .

E x p e r im e n ts  w ere  d es ig n ed  to  s im u la te  c o n d itio n s  u sed  fo r d y e in g  
h a ir  in  th is  c o u n try . T h e  c o n c e n tra t io n  of P .P .D . ch o sen  w as 0 .10  M, 
w h ich  a p p ro x im a te s  th e  m a x im u m  a m o u n t  u se d  fo r d y e in g  h a ir , a n d  th e  
c o n c e n tra t io n  of h y d ro g e n  p e ro x id e  w as 3 % . T h e  p H  of th e  so lu tio n  
w as a d ju s te d  w ith  a m m o n iu m  h y d ro x id e  to  9.7 ±  0.2 a f te r  th e  a d d it io n  
of th e  p e ro x id e . T h e  so lu tio n  w as m a d e  u p  to  a  fin a l v o lu m e  of 100 m l 
w ith  d e io n ized  w a te r . A fte r  th e  s ta te d  t im e  a t  25 °C  ±  2 °C , th e  so lu ­
tio n  w as filte re d  th ro u g h  a  G ooch  c ru c ib le  of m e d iu m  p o ro s ity , th e  
p re c ip i ta te  w ash ed  w ith  50 m l of d e io n ize d  w a te r  a n d  d ried  a t  105 °C . I t  
w as d e te rm in e d  t h a t  a  c o rre c tio n  fa c to r  of 0 .0029 g sh o u ld  b e  a d d e d  to  
th e  w e ig h t of th e  p r e c ip i ta te  in  o rd e r  to  c o r re c t  fo r th e  so lu b ility  of 
B a n d ro w sk i’s b a se  in  th e  so lu tio n  a n d  w ash  w a te r . F o r  each  e x p e rim e n t 
one of th e  c o n d itio n s  g iv en  a b o v e  w as v a r ie d  w hile th e  r e s t  re m a in e d  
c o n s ta n t.
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T ab le  X V I
E ffect of C o ncen tra tion  of H ydrogen Peroxide on th e  Y ield of B androw ski’s Base

C oncentration  of H ydrogen Peroxide (% ) A verage Yield of B .’s B ase”

4 .5 8 .86
3 .0 5 .9 3
1 .5 4 .8 8
0 .7 5 3 .2 8
0 .375 2 .2 6

T heory : 1 mole of p ara  phenylenediam ine plus 1 mole of hydrogen peroxide —0.34% . 
P u r  dyeing: —0.49% .
“ Solutions were 0.1 M  in P .P .D . pH  =  9.7 ±  0.2; T  =  25 ±  2°C . T he num erical 

values are  based on th e  averages of tw o determ inations a fte r  45 m in. of tre a tm e n t and  are 
expressed as %  of th e  original P .P .D .

C o m m erc ia l p ro d u c ts  c u r re n t ly  on  th e  m a rk e t  h a v e  reco m m en d ed  
d y e in g  tim e s  of fro m  five to  fo r ty -fiv e  m in u te s . In  T a b le  X IV  th e  r e ­
su lts  a re  g iv en  fo r a n  e x p e rim e n t in  w h ich  th e  d y e in g  tim e  w as v a r ie d  
fro m  five m in u te s  to  n in e ty -s ix  h o u rs . N a tu r a l  w h ite  h a ir  w as d y e d  in  
a n o th e r  p o r tio n  of each  so lu tio n . A ll of th e se  sam p les  w ere d y e d  b la c k  
ex c ep t th e  one  t h a t  h a d  b ee n  t r e a te d  fo r o n ly  five m in u te s , w h ich  w as 
b ro w n . T h e se  re su lts  confirm  th e  fa c t  th a t ,  u n d e r  th e  co n d itio n s  u sed , 
th e  o x id a tio n  of P .P .D . is a  slow  re a c tio n . A f te r  fo rty -fiv e  m in u te s , 
w hich  is th e  m ax im u m  tim e  u su a lly  re co m m en d ed  fo r d y e in g  h a ir , on ly  
s lig h tly  m o re  th a n  5 %  of th e  P .P .D . h a d  b e e n  c o n v e r te d  to  B a n d ro w sk i’s 
base. E v e n  a f te r  n in e ty -s ix  h o u rs  less th a n  6 0 %  co n v e rs io n  h a d  b een  
ach ieved .

In  th e  n e x t e x p e rim e n t th e  c o n c e n tra tio n  of P .P .D . w as v a r ie d  from
0.025 to  0 .20 M, w ith  a ll o th e r  co n d itio n s  re m a in in g  c o n s ta n t . T h e  r e ­
su lts , g iv en  in  T a b le  X V , in d ic a te  t h a t  th e  p e rc e n ta g e  y ie ld  of B a n d ro w ­
s k i’s b a se  does n o t  v a r y  a p p re c ia b ly  in  th e  c o n c e n tra t io n  ra n g e  s tu d ie d . 
N a tu r a l  w h ite  h a ir  w as d y ed , as in  th e  p re v io u s  ex p e rim en t. A ll of th e  
d y e in g s  w ere b la c k  ex c ep t th e  one  a t  0.025 M, w h ich  w as b row n. 
H e id u sc h k a  a n d  G o ld s te in  (23) fo u n d  th a t ,  u n d e r  th e  c o n d itio n s  u sed , 
th e  p e rc e n ta g e  y ie ld  in c re a se d  w ith  in crease  in  c o n c e n tra tio n .

N e x t, th e  c o n c e n tra t io n  of h y d ro g e n  p e ro x id e  w as v a r ie d  from  0.375 
to  4 .5 % , w ith  all o th e r  co n d itio n s  re m a in in g  c o n s ta n t. T h e  re su lts  a re  
show n  in  T a b le  X V I. N a tu r a l  w h ite  h a ir  w as d y ed , as in  th e  p re v io u s  
ex p e rim en ts , a n d  all of th e  d y e in g s  w ere b lack .

I t  h a s  long  b ee n  k n o w n  th a t ,  in  a d d itio n  to  th e  o x id a tio n  of th e  in te r ­
m ed ia te , a n o th e r  fu n c tio n  of th e  h y d ro g e n  p e ro x id e  is to  b leach  a n d  
so ften  th e  h a ir. In  fa c t, L an g e  (13) s ta te s  t h a t  each  new  h a ir  d y e in g
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m e th o d  t h a t  does n o t  p e rm it th e  s im u lta n e o u s  b leac h in g  of m e la n in  is 
h o p e less ly  a t  a  d is a d v a n ta g e  w h en  co m p ared  w ith  th e  o x id a tiv e  h a ir  
d y e in g  m e th o d s  of to d a y . In  th is  e x p e rim e n t e q u iv a le n t so lu tio n s  w ere 
p re p a re d  ex c ep t t h a t  th e  P .P .D . w as e lim in a ted . N a tu r a l  d a rk  b ro w n  
h a ir  w as t r e a te d  in  th e se  so lu tio n s  in  o rd e r  to  d e te rm in e  th e  a m o u n t of 
b leac h in g  ach iev ed . T h e  color, as ex p ec ted , b ecam e  p ro g ressiv e ly  
lig h te r  as  th e  c o n c e n tra tio n  of h y d ro g e n  p e ro x id e  w as in creased , w ith  
p ra c tic a lly  no  b le ac h in g  o cc u rrin g  w h en  th e  c o n c e n tra tio n  w as o n ly
0 .3 7 5 % . I t  w as fo u n d  t h a t  th e  p e rc e n ta g e  y ie ld  of B a n d ro w sk i’s b ase  
in c re a sed  as  th e  c o n c e n tra tio n  of h y d ro g e n  p e ro x id e  w as in creased . 
H o w ev er, u n d e r  th e se  co n d itio n s— a t  a  c o n c e n tra tio n  of 4 .5 %  h y d ro g e n  
perox ide , w h ich  is th e  m o s t t h a t  c a n  b e  u sed  w ith o u t s u b s ta n tia l  d am ag e  
to  th e  h a ir— th e  y ie ld  w as o n ly  8 .8 6 % . H e id u sc h k a  a n d  G o ld s te in  (23) 
a lso  fo u n d  t h a t  th e  y ie ld  of B a n d ro w sk i’s b a se  in c re a se d  w ith  in c rease  in  
th e  c o n c e n tra tio n  of h y d ro g e n  perox ide .

I t  is in te re s t in g  to  n o te  th a t ,  in  th e  fu r  tra d e , th e  c o n c e n tra tio n  of 
h y d ro g e n  p e ro x id e  is b ase d  u p o n  th e  c o n c e n tra tio n  of dye . T h e  ru le  is 
th a t ,  in  d y e in g  w ith o u t  a  m o rd a n t, 15 m l of 3 %  h y d ro g e n  p e ro x id e  is 
u sed  fo r each  g ra m  of dye. S ince  a  1 .08%  so lu tio n  of P .P .D . w as u sed  
in  th is  ex p e rim e n t, th is  w ou ld  m e a n  t h a t  fo r each  100 m l of so lu tio n
16.2 m l of 3 %  h y d ro g e n  p e ro x id e  o r a  c o n c e n tra tio n  of a b o u t 0 .5 %  
w ou ld  b e  re q u ire d . O n th e  th e o ry  t h a t  one m o le  of h y d ro g e n  p e ro x id e  
is re q u ire d  fo r each  m o le  of P .P .D .,  as u sed  b y  H e id u sc h k a  a n d  G o ld s te in  
(23), th e  th e o re tic a l  c o n c e n tra tio n  of h y d ro g e n  p e ro x id e  w ou ld  b e  0 .3 4 % . 
S ince  th e  c o n c e n tra tio n  of P .P .D . u sed  in  th is  e x p e rim e n t is a p p ro x i­
m a te ly  th e  m ax im u m  a m o u n t u sed  in  d y e in g  h a ir , i t  is e v id e n t t h a t  w hen  
th e  c o n c e n tra tio n  of h y d ro g e n  p e ro x id e  in  th e  so lu tio n  is 3 %  th e  a m o u n t 
u sed  is a lm o s t n in e  tim e s  t h a t  re q u ire d  b y  th e o ry  a n d  a lm o s t six tim e s  th e  
a m o u n t t h a t  w o u ld  b e  u sed  in  ac co rd a n ce  w ith  fu r  t r a d e  p ra c tic e . T h e  
ab o v e  fa c ts  su g g e s t t h a t  a  c r it ic a l  s tu d y  on  h a ir  a n d  h ea d s , esp ec ia lly  fo r 
d a rk  shad es, u s in g  h y d ro g e n  p e ro x id e  a t  c o n c e n tra tio n s  less th a n  3 %  
m ig h t b e  fru itfu l.

I n  th e  n e x t e x p e rim e n t th e  effec t of p H , a f te r  th e  a d d it io n  of th e  
perox ide , on  th e  y ie ld  of B a n d ro w sk i’s b a se  w as d e te rm in e d  T h e  re ­
su lts  a re  sh o w n  in  T a b le  X V I I .  A ll o f th e  d y e in g s o n  n a tu ra l  w h ite  h a ir  
w ere b lack . S u b s ta n t ia l  b leac h in g  of th e  n a tu ra l  d a rk  b ro w n  h a ir  w as 
o b ta in e d  in  th e  p H  ra n g e  9.3 to  10.0, w ith  m u ch  less b leac h in g  a t  p H  7.0 
a n d  5.7. A  m a x im u m  y ie ld  of B a n d ro w sk i’s b a se  of 6 .5 2 %  w as o b ­
ta in e d  a t  a  p H  of 9.8, w ith  th e  y ie ld  d ec rea s in g  s lig h tly  a t  h ig h e r p H  
v a lu es  a n d  s u b s ta n t ia l ly  a t  low er p H ’s to  a  low  of 0 .5 9 %  a t  p H  5.7.
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T ab le  XVI I
Effect of pH  on th e  yield of B androw ski’s Base

Final pH Average Yield of B .’s Base"

10.0 5.54
9 .9 5 .87
9 .8 6 .52
9 .6 6.11
9 .3 4 .7 5
7 .0 2 .26
5 .7 0.59

“ Solutions were 0.1 M  in P .P .D . and contained 3%  HoO». T  =  25 ±  2°C . T he num eri­
cal values are based on the  averages of tw o determ inations a fte r 45 min. of trea tm e n t and are 
expressed as %  of the  original P .P .D .

T ab le  X V III
Effect of T em pera tu re  on th e  Y ield of B and-ow ski’s Base

T em pera tu re  (°C ) Average Yield of B .’s Base“ M elting  Point (°C)

25 5.03 236
35 9 .83 236
50 18.9 237

“ Solutions were 0.1 M  in P .P .D . and contained  3%  H 20 2. pH  =  9.7 ±  0.2. The 
num erical values are based on th e  averages of two determ ination  a fte r  45 min. of trea tm e n t 
and are  expressed as per cen t of th e  original P .P .D .

In  th e  n e x t e x p e rim e n t th e  effec t of te m p e ra tu re  on  th e  y ie ld  of 
B a n d ro w sk i’s b a se  w as s tu d ie d , a n d  th e  re su lts  a re  show n  in  T a b le  
X V I I I .  T h e  y ie ld  of B a n d ro w sk i’s b ase  is s u b s ta n tia l ly  in c re a sed  b y  an  
in crease  in  te m p e ra tu re  b e tw e e n  25 °C  a n d  50 °C. In  fac t, th e  y ie ld  w as 
a lm o s t d o u b led  b y  a  10-degree rise  in  te m p e ra tu re  a n d  in c re a sed  a lm o s t 
fo u r  fo ld  b y  a  25-degree rise. T h e re  w as n o  dec rease  in  th e  p u r i ty  of th e  
p ro d u c t, as d e te rm in e d  b y  m e ltin g  p o in ts . H e id u sc h k a  a n d  G o ld s te in  
(23) also  o b ta in e d  a n  in c rease  in  y ie ld  w ith  a n  in c rease  in  te m p e ra tu re .

W h a t  is th e  s ign ificance of th e se  e x p e rim e n ts  in v o lv in g  B a n d ro w sk i’s 
base? I t  is a p p a re n t  t h a t  a t  th e  e n d  of th e  n o rm a l d y e in g  tim e  a  la rg e  
p e rc e n ta g e  of P .P .D . h a s  n o t  b een  c o n v e rte d  to  B a n d ro w sk i’s base . In  
fac t, H e id u sc h k a  a n d  G o ld s te in  (23) show ed  t h a t  a v e ry  la rg e  p e rc e n t­
age of th e  P .P .D . re m a in e d  u n c h a n g e d  in  th e  b a th  a t  th e  en d  of th e  d y e ­
ing  tim e . S ince P .P .D . is re a d ily  so lu b le  in  w a te r , a th o ro u g h  w ash in g  
a n d  rin s in g  a f te r  d y e in g  is of th e  u tm o s t  im p o r ta n c e  in  o rd e r  to  re d u ce  
th e  ch an ce  of to x ic  re ac tio n s . E v e n  th o u g h  i t  is n o t  d es irab le  to  h a v e  an  
in s ta n ta n e o u s  co n v e rs io n  of P .P .D . to  B a n d ro w sk i’s base , b ec au se  of th e
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d e s ira b ili ty  of h a v in g  th e  sm all P .P .D . m o lecu le  p e n e tr a te  in to  th e  c o r­
tex  of th e  fiber b efo re  i t  is ch a n g e d  in to  th e  la rg e r  B an d ro w sk i s b ase , an  
efficiency of 5 to  10%  for th e  d y e in g  o p e ra tio n  is c e r ta in ly  less th a n  d e ­
sired . T h is  p ro c ed u re  ca n  be  u sed  as  a n  ex p e rim en ta l m e th o d  for 
s tu d y in g  p ra c tic a l w ay s for im p ro v in g  th e  y ie ld  of co lo red  p ro eu c ts .

T h e  fo rm a tio n  of B a n d ro w sk i’s b ase  h as  also  been  used  to  d e te rm in e  
w h a t h ap p e n s  w h en  P .P .U .,  a n d  reso rc ino l a re  u sed  to g e th e r . B y  using
0.10 M  P .P .D . a lone  a  y ield  of 5 .0 3 %  B a n d ro w sk i’s b ase  w as o b ta in e d . 
Howrever, w h en  th e  so lu tio n  w as 0.10 M  in  b o th  P .P .D . an d  reso rcino l, 
th e re  w as no  v isu a l ev id en ce  of a p re c ip ita te ;  b u t  a n  in so lu b le  re s id u e  
of 0 .1 0 % , b ase d  on  th e  c o n c e n tra tio n  of P .P .D ., w as o b ta in e d . I t  is 
e v id e n t t h a t  th e  p resen ce  of reso rc in o l p re v e n te d  th e  fo rm a tio n  of B a n ­
d ro w sk i’s base. T h is  ag rees w ith  th e  re su lts  o b ta in e d  b y  C ox (26).

S u m m a r y

A su rv e y  of o x id a tio n  h a ir  co lo ring  h as  b een  p re se n te d  a lo n g  w ith  d a ta  
a n d  suggestio n s t h a t  shou ld  be usefu l to  th o se  w o rk in g  in  th is  field. I n ­
c lu d ed  a re  33 p r im a ry  in te rm e d ia te s  a n d  20 co lo r m odifiers of th e  b e n ­
z e n e -n a p h th a le n e  series a n d  th e  5 m a in  m em b ers  of th e  re c e n tly  a n ­
n o u n ced  p y rid in e  series. T h e  im p o r ta n t  effect of th e  co lo r m odifiers 
on fad in g  a n d  co lo r h a s  been  d e m o n s tra te d , a n d  a reas  a n d  possib le  
m e th o d s  fo r a d d itio n a l fru itfu l re sea rch  in  im p ro v in g  o x id a tio n  h a ir  
co lo ring  h a v e  b een  suggested .

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

T h e  a u th o r  expresses h is a p p re c ia tio n  to  L o w en ste in  D yes a n d  C o s­
m etic s  In c ., a n d  its  officers a n d  la b o ra to ry  s ta ff fo r a ss is tan ce  a n d  e n ­
c o u ra g e m e n t a n d  fo r p e rm iss io n  to  m a k e  p u b lic  th e  c o n te n ts  of th is  
p ap e r.

(R ec e iv ed  J a n u a ry  25, 1967)

R e f e r e n c e s

(1) Heald, R. C., M ethods of dyeing ha ir w ith o u t the use of an  oxidizing agent, Am . Per­
fumer, 78, 40 (1963).

(2) W ilm sm ann, H., Beziehungen zwischen der M olekülgrösse arom atischer Verbindungen 
und ihrem  Penetra tions-vennögen für das m enschliche H aar, J. Soc. Cosmetic Chemists, 
12, 490 (1961).

(3) E rdm ann, E ., M onnet et Cie., French P a ten t 158,558 (1883).
(4) Kass, G., and Hoehm , L., Color reactions of oxidation dye in term ediates, J. Soc. Cos­

metic Chemists, 12, 148 (1961).
(5) Forster, R. D., and Soyka, C., F u r dyes; oxidation and identification, J. Soc. Dyers 

Colourists, 47, 108 (1931).



628 JO U RN AL OF TH E  SO CIETY  OF COSM ETIC CH EM ISTS

(6) Austin, W. E ., T he chem istry  of oxidation fur dyeing, J. Tech. Assoc. Fur Industry, 1, 
140 (1930); 2, 63, 68, 69, 73 (1931); 3, 17 (1932).

(7) Color Index, T he Society of Dyers and  Colourists, T he Am erican Association of T extile  
Chem ists and Colorists, second edition, 3, 3759-3762 (1956).

(8) H eilingotter, R ., C onstitu tion , coloring power, and toxicity  of hair dyes, Am. Per­
fumer, 63, 345-348 (1954).

(9) W ilm srnann, H ., et al., U. S. Patent 3,128,232 (April 7, 1964).
(10) Lange, F . W., U. S. Patent 3,200,040 (Aug. 10, 1965).
(11) International Critical Tables, M cG raw -H ill Book C om pany, New Y ork, N. Y. (1928), 4 , 

137, 138, 139, 143, 144.
(12) Cook, M . K., Base for p e rm anen t hair dyes, Drug Cosmetic hid., 82, 316 (Sept. 1960).
(13) Lange, F. W., Pyridine derivatives a  new class of oxidative ha ir dyes, Am . Perfumer, 

80, 33-37 (1965).
(14) Lange, F. W., U. S. Patent 3,231,471 (Jan . 25, 1966).
(15) Cook, M . K ., P rivate  com m unication (Oct. 14, 1966).
(16) Tschitschibabin , A. E ., and Kirsanow, A. W ., D iam ino-pyridin, Ber., 60, 768 (1927).
(17) Bandrow ski, E ., Ueber die O xidation des Paraphenylendiam ins, Ber., 27, 480, 486 

(1894).
(18) E rdm ann, E ., O xidationsprodukte des p-Phenylendiatnins, Ber., 37, 2906-2913 (1904).
(19) R itte r, J. J ., and  Schm itz, G. H ., T he constitu tion  of B androw ski’s base, J. Am. Chem. 

Soc., 51, 1587-1589 (1929).
(20) Green, A rth u r G., Quinonoid add ition  as the  m echanism  of dyestuff form ation, J. 

Chem. Soc., 103, 933 (1913).
(21) Lauer, W. M ., and Sunde, C. J.. T he stru c tu re  and m echanism  of form ation of th e  

B androw ski’s base, J. Org. Chem., 3, 261 (1938); 17, 609 (1952).
(22) A ustin , W. E ., F u r dyes and their oxidation products, J . Soc. Dyers Colourists, 72, 574- 

576 (1956).
(23) H eiduschka, A., and Goldstein, E ., U eber das O xydationsprodukt des p-Phenylen- 

diam ins durch W asserstoffsuperoxyd, Arch. Pharm., 254, 584-625 (1916).
(24) Cox, H. E ., T he chem ical exam ination of furs in relation to  derm atitis , Analyst, 59, 3-11 

(1934).
(25) Goldem berg, R . L., H air coloring and bleaching, Drug Cosmetic Ind., 89 , 530 (1961).
(26) Cox, H. E ., H air dyes; the  functions and reactions of phenols, Analyst, 65, 395 (1940)



J. Soc. Cosmetic Chemists, 18, 629-639 (Sept. 16, 1967)

A Comparison of the Bacterial and 
Yeast Flora of the Human Scalp 
and Their Effect Upon Dandruff 
Production

R A Y M O N D  W . V A N D E R W Y K , P h .D . a n d  
K A R IM  E. H E C H E M Y , M .S .*

Presented November 30, 1966, New York City

Synopsis— A half-head experim ent was carried o u t on ten  subjects. Through th e  applica­
tion  of yeast-inh ib iting  or bacteria -inh ib iting  an tib io tics to  e ither side of th e  hum an scalp, 
the  effect upon dandruff was determ ined. Sam ples of dandruff scales (scurf) were rem oved 
separa te ly  from  each side w ith  an  O ster H airV ac and the  weights determ ined. D uring  a 
91-day experim ent i t  was shown th a t  a  reduction  of the  y east flora was m ore effective in con­
trolling dandruff than  was a reduction  in the  num ber of bacteria .

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

P re v io u s  s tu d ie s  (1 -8 ) h a v e  in d ic a te d  t h a t  th e  m ic ro b ia l flo ra  
of th e  sca lp  is a  m ixed  one, c o m p ris in g  a t  le a s t  25 species of b a c te r ia , 
15 species of y ea s ts , a n d  31 species of m olds.

W h ile  o u r  k n o w led g e  of th e  id e n t i ty  of sca lp  m ic ro o rg a n ism s h a s  
in creased , a  ca u sa l re la tio n sh ip  of in d iv id u a l re p re s e n ta tiv e s  o r  g ro u p s  
of m ic ro o rg an ism s to  th e  p ro b le m  of d a n d ru ff  h a s  n o t  b ee n  es tab lish ed . 
V a n d e rW y k  (9), u s in g  a  q u a n t i ta t iv e  g ra v im e tr ic  m e th o d  fo r re m o v in g  
a n d  m easu rin g  th e  a m o u n t of h u m a n  d a n d ru ff  p ro d u c tio n , show ed

* M assachusetts College of Pharm acy, Boston, M ass. 02115.
R esearch  from  the  D ep artm en t of M icrobiology, D ivision of Biological Sciences, M assa­

chuse tts College of Pharm acy , supported  b y  a  g ran t from  Jo h n  H . Breck. Inc., a division of 
Am erican C yanam id Co.
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t h a t  a n  a lm o s t co m p le te  e lim in a tio n  of th e  m icro b ia l flo ra  lessened  th e  
se v e rity  of d a n d ru ff  b y  3 1 %  in  seven  o u t  of n in e  su b je c ts  s tu d ied .

I t  is th e  p u rp o se  of th is  in v e s tig a tio n  to  d e te rm in e  w h e th e r  th e  b a c ­
te r ia l  f lo ra  o r th e  y e a s t  flo ra  h a s  th e  g re a te r  in fluence  u p o n  scu rf p ro ­
d u c tio n . In c lu d e d  am o n g  th e  y e a s ts  is Pityrosporum ovale, n o rm a lly  
fo u n d  in  8 0 %  of h u m a n  sca lps a n d  co n sid e red  b y  som e to  be d an d ru ff- 
asso c ia ted . I t  sh o u ld  be possib le  to  c o n tro l th e  n a tu re  of th e  sca lp  
m ic ro b ia l f lo ra  b y  a p p ly in g  se lec tiv e ly  a c tin g  a n tib io tic s  o r m ix tu re s  
of th e m  to  e i th e r  side of th e  h u m a n  scalp . T e tra c y c lin e *  w as u sed  to  
c o n tro l th e  b a c te r ia  a n d  n y s ta t in j  to  c o n tro l y ea s ts . A m ix tu re  w as 
ap p lied  w h en  i t  w as d esired  to  su p p re ss  th e  e n tire  m icro b ia l flora. U sin g  
th e  m e th o d  of V a n d e rW y k  (9), scu rf sam p les  w ere rem o v e d  w ith  a n  
O s te r H a irV a c  fro m  b o th  sides of th e  sca lp  p rio r  to  a n d  d u rin g  t r e a t ­
m e n t. Q u a n ti ta t iv e  co m p ariso n s  b ase d  u p o n  th e  w e ig h t of th e  sam p le s  
in d ic a te d  th e  se v e rity  of d a n d ru ff  on  b o th  sides.

M e t h o d

T e n  su b je c ts  w ere se lec ted  a t  ra n d o m  w ith o u t co n s id e ra tio n  of th e ir  
sca lp  co n d itio n . E a c h  su b je c t w as g iv en  d e ta ile d  in s tru c tio n s  to  follow 
th ro u g h o u t th e  e n tire  e x p e rim e n ta l period . H e  w as p e rm itte d  to  
sh am p o o  h is  h e a d  once w ith  a n y  n o n m e d ic a te d  p ro d u c t  of h is ow n cho ice 
one w eek befo re  th e  s t a r t  of th e  te s tin g . T h e re a f te r  sh am p o o in g  a n d  
sw im m in g  in  c h lo r in a te d  poo ls w ere n o t  p e rm itte d .

Sampling Periods

T h e  e n tire  e x p e rim e n t la s te d  fo r 98 d a y s  a n d  w as d iv id ed  in to  six 
sam p lin g  periods. S am p les  of scu rf w ere re m o v e d  a n d  w eighed  on 
M o n d a y , W e d n esd ay , a n d  F r id a y  of each  w eek.

Pre-sampling Period: (7 d ay s) . D u rin g  th is  tim e  a n y  specia l t r e a t ­
m e n t of th e  sca lp  w as d isco n tin u ed , a n d  each  su b je c t w as p e rm itte d  to  
a p p ly  o n ly  ta p  w a te r  to  h is  sca lp . N o  scu rf sam p les  w ere rem o v ed .

Pre-treatment Period: (12 d ay s) . D u rin g  th is  tim e  th e  ta p  w a te r  
t r e a tm e n t  w as co n tin u ed , a n d  sam p les  of scu rf w ere rem o v e d  fro m  b o th  
sides of th e  sca lp  th re e  tim e s  w eekly . T h is  p e rio d  e s tab lish ed  “ n o r ­
m a l” scu rf v a lu es  fo r each  su b jec t.

Treatment Period A :  (26 d ay s) . E a c h  su b je c t w as g iven  tw o  p rep -

* Tetracycline was supplied as Achromycin® b y  Lederle L aboratories, a  Div. of Am erican 
C yanam id Co., Pearl R iver, N. Y.

t  N ysta tin  was supplied as M ycostatin®  by  E. R. Squibb & Sons, N . Y.
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a ra tio n s , one to  be ap p lied  on  th e  r ig h t  a n d  th e  o th e r  to  th e  le ft side 
of h is  sca lp . O n e-h a lf oun ce  of each  w as m assag e d  in to  th e  a p p ro p r ia te  
side th re e  tim e s  a  d a y  in s te a d  of th e  ta p  w a te r  w hich  h a d  b een  used  
d u rin g  th e  p re - t r e a tm e n t  period . T h e  fo rm u la s  fo r th e  tw o  p re p a ra ­
tio n s  a re  :

T h e  sa lin e  su sp en sio n  of P. ovale o rg an ism s w as o b ta in e d  b y  iso la tin g  
th is  y e a s t  fro m  th e  sca lp  of one of th e  su b je c ts  a n d  w as eq u a l in  d e n s ity  
to  t h a t  of a  N o . 5 M a c F a r la n d  n ep h e lo m e te r  tu b e . T h e  m ix tu re  of 
a n tib io tic s  ap p lied  o n  th e  r ig h t  side of th e  sca lp  is in h ib ito ry  to  b o th  
b a c te r ia  a n d  y ea s ts , w h ile  P rep . L S-A  u sed  o n  th e  le f t side is in h ib ito ry  
o n ly  to  b ac te ria .

D u rin g  th is  p e rio d  scu rf sam p les  w ere re m o v ed  fro m  b o th  sides 
th re e  tim e s  each  w eek.

Treatment Period B: (26 d ay s) . D u rin g  th is  tim e  th e  t r e a tm e n t  on 
th e  r ig h t  side of th e  sca lp  re m a in e d  th e  sam e as in  P e rio d  A. T h e  
fo rm u la  fo r P rep . LS-B  ap p lied  on  th e  le f t s ide w as:

T h e  b a c te r ia l  su sp en sio n  w as p re p a re d  befo re  th e  s t a r t  of th e  e x p e ri­
m e n t. A p p ro x im a te ly  5 m g  of scu rf fro m  each  su b je c t  w as p lace d  in 
50 m l of th io g ly c o la te  b ro th . A fte r  in c u b a tio n , th e  su sp en sio n  of m ixed  
b a c te r ia l  flo ra  w as a d ju s te d  w ith  sa line  to  a  tu rb id i ty  eq u a l to  t h a t  of 
a  N o. 5 M a c F a r la n d  n ep h e lo m e te r  tu b e . P rep . L S-B  allow s th e  b a c te r ia l  
flo ra  to  flo u rish  in  la rg e  n u m b e rs  a n d  a t  th e  sam e tim e  in h ib its  th e  g ro w th  
of P. ovale a n d  o th e r  y ea s ts . S cu rf sam p les  w ere re m o v e d  fro m  b o th  sides 
3 tim e s  each  w eek.

Treatment Period C: (14 d ay s) . D u rin g  th is  t im e  th e  t r e a tm e n t  on 
th e  r ig h t  side of th e  sca lp  re m a in e d  th e  sam e as before . A n tib io tic  
t r e a tm e n t  on  th e  le f t  w as o m itte d  en tire ly , a n d  th e  p re p a ra tio n  ap p lied  
co n sis ted  of a m ix tu re  of su sp en sio n s  of scu rf b a c te r ia  a n d  P . ovale 
p re p a re d  as p re v io u s ly  desc rib ed . T h e  u su a l sam p les  w ere re m o v e d  
th re e  tim e s  w eekly .

Prep. LS-A  (left side) 
T e tra c y c lin e  2 .0  g 
S usp . P. ovale 1 .0  m l 
T a p  w a te r  1000 m l

Prep. RS-A (right side) 
T e tra c y c lin e  2 .0  g 
N y s ta t in  5 0 0 ,0 0 0  u n its
T a p  w a te r  1000 m l

Prep. LS-B (left side)
N y s ta t in  
B a c te r ia l susp . 
T a p  w a te r

5 0 0 ,0 0 0  u n its  
1 m l 
1000 m l



Treatment Period D : (13 d ay s) . T h e  t r e a tm e n t  fo r b o th  sides w as 
th e  sam e. I t  c o n s is ted  of th e  a p p lic a tio n  of a m ix tu re  of su sp en sio n s 
of scu rf b a c te r ia  a n d  P. ovale.

Method of Removing Scurf Samples

S cu rf w as re m o v e d  fro m  th e  sca lp  w ith  th e  a id  of th e  O s te r  H a irV a c  
M o d e l 215.* I t  is su p p lied  w ith  d isp o sab le  p la s tic  h ea d s  w h ich  can  be 
s te rilized  b y  ch em ica l m ean s. S am p les  w ere o b ta in e d  b y  p ass in g  th e  
a p p a ra tu s  o v e r each  h a lf  of th e  sca lp  12 tim e s  in  such  a m a n n e r  as  to  
o b ta in  a u n ifo rm  co llec tio n  each  tim e . T h re e  passes th ro u g h  th e  sca lp  
w ere m ad e  b eg in n in g  a t  th e  r ig h t  (o r le ft) of th e  m ed ian  line a n d  p ro ­
ceed in g  fro m  te m p le  to  n a p e  of neck . E a c h  p ass  co v e red  a d iffe ren t 
a re a  of th e  sca lp  m o v in g  to  th e  r ig h t  (or le ft) , w ith  th e  final p a ss  ju s t  
g raz in g  th e  to p  of th e  ear. T h e  e n tire  p ro c e d u re  w as re p e a te d  fo u r tim es  
fo r each  half. E a c h  su b je c t  w as p e rm it te d  to  co llec t h is ow n  scurf. 
S am p les  w ere p re p a re d  fo r m icrob io lo g ica l e x a m in a tio n  u n d e r  s te rile  
co n d itio n s.

Treatment of Scurf Samples

T h e  w e ig h ts  of a ll sam p les  w ere reco rd ed . S m ears  w ere m ade, 
s ta in e d  w ith  L oeffler’s m e th y le n e  b lu e  a n d  ex am in ed  m icro sco p ica lly  
for th e  p re sen ce  of P. ovale a n d  o th e r  y e a s t fo rm s. A n e v a lu a tio n  of each  
sam p le  w as m ad e  on  th e  b as is  of th e  av e ra g e  n u m b e r  of y e a s t  cells 
c o u n te d  in  10 im m ers io n  oil o b je c tiv e  fields. T h e  effec t of n y s ta t in  in  
su p p re ss in g  th e  n u m b e rs  of P. ovale co u ld  th u s  be d e te rm in e d . B a c ­
te r ia l  p la te  c o u n ts  w ere m a d e  u s in g  T ry p tic a s e  S oy  a g a r  (B .B .L .) . 
T h e  w eighed  scu rf sam p les  w ere p laced  in  flasks c o n ta in in g  100 m l of 
s te rile  saline. A fte r  sh ak in g  fo r 10 m in u te s , 1 m l a liq u o t p o rtio n s  w ere 
p la te d  o u t. B a c te r ia  c o u n ts  w ere c o m p u te d  as  n u m b e r of o rg an ism s 
p e r  m g  of scu rf sam ple .
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R e s u l t s

Scurf Evaluation. T a b le  I  show s th e  av e ra g e  scu rf sam p le  w e ig h ts  
fo r all su b je c ts  in  each  sam p lin g  period . E x c e p t fo r tw o  su b je c ts  (3 
a n d  5) th e  w e ig h ts  fro m  o p p o s ite  sides of th e  sca lp  d u rin g  th e  p r e - t r e a t ­
m e n t p e rio d  w ere v e ry  s im ilar. T h e  av e rag e  w e ig h t from  e ig h t su b je c ts  
w as 33.7 m g  fro m  th e  le ft s ide a n d  34.5 fro m  th e  r ig h t, a  v a r ia t io n  of 
o n ly  2 .3 % . S u b je c ts  3 a n d  5 b o th  p a r te d  th e ir  h a ir  on  th e  le f t side,

Jo h n  O ster M anufac tu ring  Co., M ilwaukee, Wis.
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T able  I
T he Average W eights of Scurf Sam ples for All Subjects in M g

Subject
P re -trea tm en t

Period
T rea tm en t 
Period A

T rea tm en t 
Period B

T rea tm en t 
Period C

T rea tm en t 
Period  D

Left Side
1 67 .9 77 .0 43 .9 28.1 3 9 .0
2 3 5 .0 37 .0 3 7 .7 2 5 .7 2 5 .9
3 4 0 .8 3 7 .9 30 .1 19.2 13.9
4 2 0 .2 19.0 14 .0 14.5 a

5 3 2 .0 4 9 .0 6 2 .5 4 7 .5 6 0 .5
6 39 .1 4 8 .8 24 .7 19.5 18.8
7 4 7 .2 55 .4 3 9 .5 43 .0 3 2 .6
8 2 6 .0 30 .3 2 8 .0 2 7 .3 2 3 .3
9 2 5 .3 4 3 .5 21 .1 12.1 1 1 1

10 76.3 56 .4 3 9 .8 4 1 .2 31 .1
Ave. 4 1 .0 4 5 .4 34.1 2 7 .8 2 9 .8

Right Side
1 71.4 2 1 .6 11 .8 10.6 8 .2
2 3 2 .4 24 .9 19.9 14.9 17.3
3 6 2 .4 3 0 ,6 14.0 14.5 15.4
4 19 .5 19.7 12.1 14.3 a

5 4 6 .8 4 8 .8 4 7 .8 34 .9 4 4 .3
6 4 3 .0 31 .9 13 .5 15.1 9 .8
7 5 1 .8 4 4 .6 3 7 .7 34.1 2 5 .7
8 2 5 .8 32 .1 2 6 .0 2 5 .4 2 2 .6
9 2 9 .7 33 .4 15.2 11.9 14.1

10 7 1 .7 35 .9 2 0 .8 24 ,9 16 .7
Ave. 4 5 .4 32 .3 2 1 .9 2 0 .6 2 0 .3

“ N o t done.

p ro b a b ly  a c c o u n tin g  fo r g re a te r  r ig h t  s ide  va lu es . T a b le  I I  show s th e  
a v e ra g e  p e rc e n ta g e  in c rease  o r d ec rea se  in  scu rf w e ig h ts  d u rin g  each  of 
th e  fo u r  t r e a tm e n t  perio d s. T h ese  a re  c o m p u te d  fro m  re su lts  o b ta in e d  
d u r in g  th e  p re - t r e a tm e n t  p e rio d . F ig u re  1 show s a  co m p ariso n  of th e  
a v e ra g e  w e ig h ts  fro m  all su b jec ts .

Microbial Evaluation. F ig u re s  2 a n d  3 re p re s e n t b a c te r ia l  p la te  
c o u n ts  a n d  P. ovale slide c o u n ts  re sp ec tiv e ly . D u rin g  th e  p r e - t r e a t ­
m e n t p e r io d  b a c te r ia  c o u n ts  o n  b o th  sides of th e  sca lp  a v e ra g e d  5 0 ,0 0 0 / 
m g. D u r in g  P e rio d  A  w h en  b o th  sides w ere  t r e a te d  w ith  te tra c y c lin e , 
c o u n ts  w ere re d u c e d  to  a n  av e ra g e  low  of 2 0 0 /m g . V a lu es  fo r b o th  
sides w ere  s im ila r a n d  in  no  in s ta n c e  w as a  sam p le  of scu rf o b ta in e d  
w h ich  w as e n tire ly  free of b a c te r ia .

D u rin g  P e rio d  B w h en  a  su sp en sio n  of b a c te r ia  w as ap p lied  to  th e  le ft 
side th e  c o u n ts  v a r ie d  co n s id e rab ly . T h e  h ig h e s t c o u n t re co rd e d  w as



Days

F ig u re  1. Average scurf weights in mg of all subjects 

Table II
The Average Percentage Variation in Scurf Weights During Each of the Treatment Periods 

from those of the Pre-Treatment Period

Subject
Treatment 

Period A
Treatment 

Period B
Treatment 
Period C

Treatment 
Period D

1 +  13.4
L e f t  S id e  

- 2 3 .5 — 58.5 - 4 2 .5
2 +  5 .7 +  7.7 - 2 6 .6 - 2 6 .0
3 - 7 .1 - 2 6 .2 - 5 2 .9 - 6 0 .6
4 - 5 . 9 - 3 0 .6 - 2 8 .2 a

5 +  53.1 + 9 5 .3 + 4 8 .2 + 8 9 .0
6 + 2 4 .8 - 3 6 .8 - 5 0 .0 - 5 1 ,9
7 +  17.3 - 1 6 .3 - 8 . 9 - 3 0 .9
8 +  16.5 +  7.6 +  5 .0 - 1 0 .4
9 + 4 1 .9 -3 4 .1 - 6 2 .2 - 6 5 .3

10 - 2 6 .0 - 4 7 .8 - 4 6 .0 - 5 8 .5
A vc. + 9 .1 - 1 6 .8 - 3 3 .2 - 2 8 .4

i - 6 9 .7
R ig h t S id e  

- 8 4 .4 - 8 5 .2 - 8 9 .3
2 - 2 3 .3 - 3 8 .7 -5 4 .1 - 4 6 .7
3 - 5 1 .1 — 77.6 - 7 6 .9 — 75.4
4 +  1 . 0 - 3 7 .9 - 2 6 .7 . . . "
5 + 4 .2 + 2 . 1 - 2 5 .4 — 5.3
6 - 2 5 .8 - 68. 6 - 6 4 .8 - 7 7 .2
7 - 1 3 .8 - 2 7 .2 -3 4 .1 -  50.4
8 +  24.4 + 0. 8 - 1 . 6 - 1 2 .4
9 +  1 1 . 1 — 35.8 - 7 0 .0 - 6 1 .8

10 - 4 9 .9 - 7 0 .9 - 6 5 .2 — 76.7
Ave. - 3 0 .0 - 5 2 .6 — 55.4 — 56.4

Not done.
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145,000/mg. The counts on the left were much higher than on the 
right. During Period D, with the cessation of anti-mierobial treatment 
and the application of a suspension of mixed bacteria, the counts quickly 
rose on both sides, averaging 200,000/m g.

The average P .  ovale count during the pre-treatment period was the 
same for both sides (17 per immersion oil objective field). During 
Period A  there was a decrease in P .  ovale counts on the right side in nine 
subjects. The left side counts of all subjects showed an increase during 
this time. The average count was 13 per field on the right and 47 per 
field on the left. Although the actual reduction in P .  ova le  counts on the 
right side might not seem to be significant, it is possible that some or­
ganisms were picked up by the HairVac as a carry-over from the left. 
A microscopical comparison of scurf from both sides was made. Prepara­
tions from the left side showed a greater number of organisms embedded 
in the scurf particles than from the right side.

During Period B when both sides were treated with nystatin the 
average number of P .  ovale cells in nine subjects was seven per field for 
both sides. One subject had high counts throughout the entire experi­
ment. Periods C and D showed very high counts, as might be expected 
in the absence of any nystatin application. Despite continuous nystatin 
treatment on the right side for most of the experiment it was very un­
usual to find a scurf sample completely negative for P .  ovale.
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F ig u re  3. Average P .  ovale slide counts per immersion oil objective field for all subjects

D i s c u s s i o n

Except during the last 13 days of the experiment, treatment on the 
right side consisted of a mixture of tetracycline and nystatin, having 
activity against bacteria and yeasts. Results for the first 66 days sup­
port the previous findings of VanderWyk (9). He had shown that 
elimination of the entire microbial flora from the scalp reduced scurf 
production in seven of nine subjects by 3 1% . In the present half-head 
experiment after a similar period a significant reduction was seen in 
nine of ten subjects. The average reduction for all subjects was 56.4% . 
The range in nine subjects was between 25.4 and 85.2% .

During Period A  (26 days) when the entire microbial flora on the right 
side was controlled by a mixture of two antibiotics, scurf reduction oc­
curred in six subjects. The average reduction for ten subjects was 30% . 
In contrast, the left side, treated with a mixture of P .  ovale suspension 
and tetracycline, showed an increase of 9 .1 %  in seven subjects.

The interpretation of these differences is that the yeast scalp flora 
(including P .  ovale) plays a greater role in dandruff production than 
does a mixed bacterial flora. To test this idea further, treatment on 
the left side was changed for the next 26 days to control the yeast flora 
and to allow the bacterial flora to flourish. In addition, a mixed bac­
terial suspension was applied to the left side. Treatment on the right 
side continued as before. A t the end of this period, scurf production
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on the left side was reduced in seven of ten subjects. The average 
reduction was 16.8%  from pre-treatment levels. On the right side 
scurf production continued to lessen, averaging 52 .6%  in all subjects. 
This represented an increased reduction of 2 2%  over Period A.

During Period C (14 days) treatment on the right side continued as 
before, but antibiotic treatment on the left side was omitted entirely. 
A mixture of P .  ovale cells and bacteria was applied daily. The right 
side showed a definite leveling off in scurf production with only a 3 %  
decrease from Period B. Previous studies (9) had shown that threshold 
levels were established for different individuals and that it was impos­
sible to lower scurf production below certain levels by eliminating the 
microbial flora. A  reduction was also seen on the left side (19%  from 
Period B) despite the application of a microbial flora. Two explanations 
can be offered for this. The first is that the residual effect of nystatin 
treatment was carried over into Period C and prevented the establish­
ment of a substantial yeast flora. The second is that the mixture of 
antibiotics applied on the right side exerted a similar suppression effect 
due to a possible carry over from right to left side. Microbiological 
studies of the scurf from both sides (Figs. 1 and 2) showed no significant 
increase in the microbial flora during this time.

For this reason all antibiotic treatment was stopped, and a mixed 
microbial flora was applied to the entire scalp. After 14 days (Period 
D) when the experiment had to be terminated, it was apparent that 
scurf production was beginning to increase, particularly on the left side 
(Fig. 1). This period was too short to show definitely how soon scurf 
values would return to pre-treatment levels. VanderWyk (9) observed 
that under similar conditions a lag period of about 21 days passed be­
fore a significant rise in scurf production was evident.

O bservation s on  In d iv id u a l S u b jects . Variations in results were noted 
among several individuals taking part in the experiment. Of the ten 
subjects six showed a pattern of scurf production previously described. 
Two subjects (4 and 8) had very low pre-treatment scurf values of 20.2 
mg and 26.0 mg per sample respectively on the left side. Neither sub­
ject showed any visible dandruff problem, and their scurf production 
did not appear to be significantly affected by antibiotic treatment. One 
subject (5) showed little or no change in scurf production on the right 
side during the first 66 days despite the continuous use of nystatin. 
On the left side, however, there was an increase of 95% . Microscopic 
studies of the scurf indicated an increase in P .  ovale counts during all 
four treatment periods on both sides. During Period B the average



counts were (30 per field on the right and 65 per field on the left side. 
A nystatin resistant organism was indicated. Confirmation of this 
was made when a culture of P . ovale was isolated from the scalp and 
subjected to sensitivity studies. Only one subject (10) showed any sig­
nificant decrease in scurf production on the left side during Period A. 
The reduction was 2 6% . This same subject showed a reduction of 
49 .9 %  on the right side which was treated with nystatin.

S u m m a r y  a n d  C o n c l u s io n s

1. A half-head experiment was carried out on ten subjects in which 
the application of a mixture of tetracycline and nystatin to the right 
side of the human scalp resulted in a reduction of 56.4%  in dandruff 
production after 66 days of treatment.

2. The left side of the scalp was treated with tetracycline for 26 
days and then with nystatin for 26 days. The effect of these separate 
treatments upon dandruff production was compared with the effect of 
the combined treatment on the right side. Tetracycline was used to 
control the bacterial flora, nystatin to control yeasts (including P . ovale) 
and a mixture to control the entire flora.

3. Treatment with a tetracycline-nystatin combination on the 
right side during the first 2(3 days resulted in a 3 0 %  reduction in dan­
druff in six subjects. During the same period a 9 .1 %  increase in dan­
druff was seen on the left side when the bacterial flora was suppressed 
with tetracycline but the yeast flora was encouraged to flourish.

4. During an additional 26 day period, a tetracycline-nystatin 
combination treatment on the right side resulted in a 52 .6%  reduction 
in scurf production in eight subjects. During this same period when 
the left side was treated with nystatin instead of tetracycline scurf 
production was reduced by 16.8%  from pre-treatment levels in seven 
subjects.

5. These results indicate that the presence of a yeast flora in the 
scalp, principally P . ovale, has a greater influence upon dandruff pro­
duction than does a bacterial flora in the majority of individuals studied. 
Fright subjects showed scurf productions which were lower when the 
scalp was treated with nystatin than when treated with tetracycline. 
The final results also showed that for best control of dandruff the entire 
microbial flora should be suppressed.

6. There were variable results among individuals. Two subjects 
with low pre-treatment scurf values and no obvious dandruff problems

033 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS



FLORA OF THE SCALP AND DANDRUFF PRODUCTION 639

did not respond with a significant reduction in scurf production. 
Another subject harbored a nystatin resistant P .  ovale in his scalp. 
As a result scurf production on the left side increased by 8 9 %  after 79 
days.

7. It was not possible under the conditions of the treatment to 
produce microbial-free scalps in any subject.

8. The results clearly demonstrated the beneficial effect of antimi­
crobial agents in the control of dandruff. The use of agents having 
broad spectrum activity, particularly against yeasts is important. This 
work suggests further studies in the use of long-acting, substantive, 
penetrating creams and dressings. Such an approach, combined with 
periodic use of medicated shampoos, seems to offer the best solution to 
the dandruff problem.

(Received November 30, 1966) 
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Book Reviews

P l a s t ic s , by J. Harry Du Bois and 
Frederick W. John. Reinhold Pub­
lishing Corporation, New York. 
1967. 342 pages, illustrated and in­
dexed. Price $11.

This book can be barely recognized 
as the fourth edition of a work last 
revised in 1945. Developments dur­
ing this rapid growth period of the 
plastics industry have required a vir­
tually complete rewriting of the ear­
lier edition. This edition provides a 
broad treatment of plastics materials 
and processing with emphasis on the 
engineering aspects.

Following an interesting presenta­
tion of the history of the industry 
since early in the last century there 
are concise descriptions of each of the 
various commercial plastics. The 
advantages of both thermosetting and 
thermoplastic materials are described 
as well as their principal and unique 
applications.

The remainder of the book is prin­
cipally concerned with processing 
methods and material properties in so 
far as they are related to processing. 
Extensive treatment is given to extru­
sion, injection, and compression mold­
ing techniques including several de­
tailed diagrams of the processing

machinery. Other precedures such 
as vacuum coating and blow molding 
are also outlined, but in less detail. 
Considerable discussion of a rational 
for material choice from both end-use 
and processing viewpoints is also in­
cluded.

The book is well illustrated with 
more than a hundred photographs as 
well as many line drawings, graphs, 
and diagrams. It is clearly written 
and would be useful to the cosmetic 
chemist generally concerned with 
packaging and processing problems. 
— John D. Galligan— Gillette Re­
search Institute.

N o n io n ic  S u r f a c t a n t s , edited by 
Martin J. Schick. Marcel Dekker, 
Inc., New York, N. Y. 1967. 1085
pages, illustrated and indexed. Price 
$43.50.

This volume is the first one in a se­
ries entitled Surfactant Science Series. 
It is a collection of papers covering 
the subject of nonionic detergents. 
This book is massive and comprehen­
sive and includes 28 chapters by more 
than 30 contributors. The book is 
divided into four parts. The largest
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portion is devoted to Organic Chem­
istry but includes also comments on 
the practical applications of the many 
chemical entities discussed. The 
remaining three parts are concerned 
with Physical Chemistry, Analytical 
Chemistry, and Biology of Nonionic 
Surfactants.

Any review of a book covering such 
a wide variety of highly specialized 
fields is difficult and perforce becomes 
very personal and subjective. To 
this reviewer the chapters on Mech­
anism of Ethylene Oxide Condensa­
tion (Shachat and Greenwald), Sol­
ubilization (Nagakawa), and Thermo­
dynamics of Micelle Formation (Hall 
and Pethica) were the most interest­
ing. Admittedly, the chemist con­
cerned primarily with application 
problems may find other sections of 
greater interest; still, answers to the 
more fundamental problems should 
be most helpful whenever the utility 
of various nonionic wetting agents is 
the ultimate concern.

Unfortunately, the large number of 
authors makes for occasional repeti­
tion; however, the editor is probably 
justified in presenting chapters which 
can be read without need for referral 
to other chapters. The major objec­
tion to the book is its size. Much of 
the material in the first 400 pages is 
reminiscent of the catalogues pub­
lished by companies engaged in the 
distribution of surfactants. Much 
space and effort could have been 
saved by referring the interested read­
er to these readily available sources 
of practical information. Additional 
space could have been saved by re­

ducing the size of the figures and pay­
ing closer attention to their arrange­
ment.

Only a few of the chapters are pro­
vided with summarizing paragraphs ; 
this, in turn, makes it rather difficult 
to gain a clear picture of the scope of 
each chapter except by scanning the 
chapter index. The alphabetical in­
dex comprises almost 50 two-column 
pages but is still inadequate to make 
the material within this volume read­
ily accessible. It is unfortunate that 
authors, at times, emphasize some as­
pects of the activity of nonionic sur­
factants while neglecting aspects 
which are of practical importance. 
For example, this book allots consid­
erable space to the rather meager 
antimicrobial activity of nonionic sur­
factants but refers only in passing 
to the interference by nonionic sur­
factants with the activity of many 
commonly used preservatives. Many 
contributors to this volume are em­
ployed by commercial organizations, 
and the emphasis on the favorable 
qualities of nonionic surfactants can 
be readily understood.

In summary, this book is not in­
tended for casual reading or for 
browsing. It is, instead, a compre­
hensive reference to the science and 
technology of nonionic surfactants. 
Despite some minor flaws, the pri­
mary objective of this book, “ to pro­
vide the neophyte research worker 
with an introduction and the ad­
vanced reader with critical reviews,” 
has been admirably met.— M. M. 
Rieger— Warner-Lambert Research 
Institute.
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What's So Super About Super-Sats?

The dynamic duo, R.I.T.A. Super-Sat Hydroge­
nated Lanolin and Super-Sat AWS, combine to 
give you second-to-none oil-in-water or water-in­
oil emulsion systems.

Super-Sat Hydrogenated Lanolin serves as an ex­
cellent emollient by replacing part of your phase 
with about 2% of total weight as Super-Sat . . . 
and it acts as an auxiliary emulsifier stabilizing 
the oil-in-water interphase.

The Super-Sat AWS Series represents a scan of 
ethoxylated hydrogenated lanolins ranging from 
Oil-Soluble Super-Sat AWS-6 to Water-Soluble 
AWS-1. Combine both Super-Sats and you solve 
your emulsion problems.

The Super-Sat system is non-ionic, lending itself 
to the incorporation of a wide variety of ingredi­
ents such as cationics, anionics, and amphoterics

such as the cosmetic polypeptides. Super-Sats are 
stable over a wide range of pH and have excellent 
electrolyte tolerance. They retain the moistur­
izing properties of lanolin, but differ from lanolin 
with a polaric affinity for the epidermis to impart 
a smooth cosmetic after-feel.

Yes! Super-Sats are really super for Anti-Perspi- 
rants . .  . Astringents . . . Cremes . . . Lotions . . .  
Hair Preparations . . . Makeup Lotions and Re­
movers __Protective Barrier Cremes . . .  Vanish­
ing Cremes . . . Washable Cleansing Cremes . . . 
Waterless Hand Cremes.

Let our research laboratory assist you.
Write or call today for samples and formulat ions.

R. I. T. A. Chemical Corporation
612 North Michigan Are. Chicago, III. 60611
Telephone :i 12-787-0051
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MIRANOL AMPHOTERIC SURFACTANTS 
FAMOUS FOR MILDNESS AND SAFETY.

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

Miranols do not cause irritation to eyes . . . have no 
unpleasant odor and feature unexcelled chemical 
stability.
Miranols come through where conventional surfactants 
cannot deliver the performance, solving product prob­
lems that other surface active agents can’t solve. Only 
the Miranol ionic balance in AMPHOTERIC SURFAC­
TANTS is the recognized, respected and accepted 
standard for complete application versatility.

MIRANOL AMPHOTERIC SURFACTANTS ARE IN 
A CLASS BY THEMSELVES!

Write for Technical and Product Development Data Bcok

2 7 2  COIT STREET • IRVINGTON, N. J. 
Phone: Area Code 201 • 3 7 4 -2 5 0 0

Agents in Principal Cities Throughout the World
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Emulsify it with—

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

Self-Emulsifying Spermaceti-Amide

The satiny feel
Tlie most desirable properties and structure of Spermaceti 

and Cetyl Alcohol combined in an emulsifiable form.

Emulsions incorporating CAROLATE as the emulsifier can be 
conveniently and economically formed.

WHAT’S NEW—
Ask us about ethoxylated Spermaceti

SOM ETHING  E LS E —
Water-Soluble PVA Film

Pre-measured, Pre-packaged, for fast release of your product 
in cold or hot water.

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

212-683-7500

©Reg. U S. Pat. O ff. Pat. Pend.
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reflections
L6|.|6CfjOU8
So it isn’t every dressing table that carries a big jar 
of Polawax. But chances are it’s there all right - 
more than likely holding together a famous cream
or lo tion ......... or poised for action in a quick
break foam.
Today’s top O/W emulsifier - Polawax. Write for 
new formulary and sample.

f  .  IT A n  ISk New York London 
V V I U  Milan Düsseldorf

Inc.
adison Ave, 
fo rk . N.Y. 10010 
■3089
CRODAFAS NEW  YORK
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L EADI NG SOURCE SINCE 1883
FOR Sesame Oil USP 

Peanut Oil USP 
Corn Oil USP 
Coconut Oils 
Edible Safflower Oil 
Cottonseed Oil USP 
Animal Fatty Acids 
Vegetable Fatty Acids

WELCH, HOLME & CLARK CO., INC.
One Hudson Street • NewYork, N. Y. 10013 • (212) BA 7'4465

•  E M U LSIF IERS

•  DETERGENTS

•  ABSORPTION BASES 

•  FRAGRANCES

SCIENTIFICALLY DEVELOPED AND MANUFACTURED 
ESPECIALLY FOR COSMETIC FORMULATIONS

/  | ^ N A P p \

. C H E M I C A L S  j

Knapp products, inc.
V  LODI, NEW  J E R S E Y

Phone: PRescott 9 -6 9 4 5



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

COSMETICS
SPECIALISTS TO THE 
PRIVATE LABEL TRADE

* Formulating
* Manufacturing
* Styling
* Packaging

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

COSMETIC LABORATORIES, 
INCORPORATED

2272 East Jefferson Avenue 
Detroit, Michigan 48207

SPECIAL EDITIONS 
OF THE JOURNAL 

OF THE SOCIETY OF 
COSMETIC CHEMISTS

The following special editions are 
available

Ten-Volume Index, 1947-1959

Price $2.50

Seminar on Percutaneous 
Absorption

Price $3.00

Prepaid orders may be sent to:

Editorial Assistant
761 North Valley Chase Road 
Bloomfield Hills, Michigan 48013

P anelists are p a n el-testin g , 
surplus dollars n eed  in vestin g , 

hush-hush  p rod u ct  
n eed s a scen t.

C all th e  gu ys w h o  can in v en t: 
C all N o v i lle .

essential oil co ine
NORTH BERGEN, N.J.

ASSOCIATED COMPANY 
NICKSTADT-MOELLER, INC. 

Ridgefield, N . J .
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Be for improving
your product...

Armour's Polyethylene Glycol Esters—available 
in a broad range of compositions—are versatile 
enough to serve as additives for almost any kind of 
product you may want to improve. They are 
already improving such diverse products as cosmetics, 
paints, insecticides, aerosols, plastics, textiles, 
paper, pharmaceuticals, animal food and cutting oils.

They act as emulsifiers, viscosity controllers, 
solubilizers, opacifiers and emollients. In liquid, 
paste or wax form they are readily incorporated

ulations because of their range of solubility 
water as well as in common organic 

solvents. Higher molecular weight grades are 
unique in being water-soluble waxes.

The basic question is what product do you want 
to improve w ith PEG esters. Then let us help you 
determine which Kessco™ ester from Armour 
w ill do the job best. For full details, w rite for 
PEG Bulletin, Dept. JS Armour Industrial 
Chemical Company, Box 1805, Chicago, III. 60690.

INDUSTRIAL  
CH EM ICALS ]





Yon deserve 
the credit for 
the way she 
looks today.
kec|i her
looking to 
you...
with Enjay
ingredients.
They’re so reliable. Enjay alcohols, acetates, 
ketones and glycol ethers are made with 
exacting quality controls—distilled and 
purified from our own chemical streams.
Low-odor anhydrous ethanol and hexadecyl 
alcohol (an Enjay exclusive) are tailored 
expressly for cosmetics. Your cosmetics.
Try Enjay—consistent chemicals for your 
business. Enjay Chemical Company, Dept. C108C, 
60 West 49th Street, New Tork, N.Y. 10020.
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the only standard that guides our hand. For more than forty years, 
creating scents and flavors of time-honored reputation.

f \
l ^ r d a y j

N o r d a  m a k e s  g o o d  s c e n t s  a n d  f l a v o r s

NORDA, 475 Tenth  Avenue, New  York, N. Y. 10018 Telephone: 594-3232 •  Cable Address “ N0RD0IL,”  New York EXCLUSIVE BASIC MATERIALS for Scented 
Products: W rite or wire fo r specific information Offices in Chicago, Dallas, Los Angeles, San Francisco, Sydney, Toronto, Montreal, London, Paris, Grasse, 
Mexico City and other worldwide offices through Norda/Schimmel International (U.S.A.) and Norda/Schimmel International Ltd., Slough, Bucks (England).



This gel stays clear... 
even after freeze-thaw cycling 
and heat storage
It’s a new clear ringing gel developed at Atlas 
with sparkling clarity and remarkable thermal 
stability, too. And that’s good news!

Good news because this mineral oil gel could 
spend a winter in Siberia, a summer in the tropics 
and come back home as clear as ever.

OH EM I CAL.
IN D U S T R IE S ,  m e
WILMINGTON, DELAWARE 19099, U.S.A.

the leader in s o r b ito l-s u r fa c ta n t te c h n o lo g y

Such enduring clarity doesn’t just happen. It’s 
achieved with one of our new BRIJ ethoxylated 
oleyl ethers.

The new BRIJ surfactants are economical to 
use . . .  no odor to worry about, either. They 
have already proved to be ideal components of 
high-oil-content clear gel hairdressings— so clear 
you can easily read the Wall Street Journal 
through a 1-inch layer. Both water-soluble and 
oil-soluble types are available.

Atlas Technical Bulletin LD-111 gives you a 
starter in the new BRIJ gelation technology by 
showing you how to make this high-stability 
hairdressing gel. W e’ll be glad to aid and abet 
your cause— with samples and prices on BRIJ 
93, 97 and 99 (polyoxyethylene 2,10 and 20 
respectively, give you a complete oil-water 
solubility range).

The possibility of clear gel cosmetics with unique 
thermal stability is another example of how 
you get something extra from
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A word about 
Sonneborn

First.
That’s the word.
Because Sonneborn was 

the first (1915) to produce 
white oils and a great many 
co m m e rc ia lly  available 
petrolatums.

And Sonneborn has been

first ever since.
Frankly, we don’t know 

of any white oil or petrola­
tum problem we can't solve.

But if there is one, we’d 
like to find out about it. And 
solve it. Because solving 
problems is the only way

we can stay the way we are.
No. 1 in white oils and 

petrolatums.
Call (212-826-1000) or 

write Witco Chemical, Son­
neborn Division, Depart­
ment SCC, 277 Park Ave., 
New York, N. Y. 10017.

First!

which says 
_. a lot about 
Witco Chemical



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

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

Cosmetic Grades of UCON® Fluids and Propellants. Write Dept. WHK, 31st 
Floor, Union Carbide Corporation, 270 Park Avenue, New York, N.Y. 10017



FLAVORS AND FRAGRANCES FOR OVER A CENTURY AND A HALF 
* *  *  * *  ESSEN TIAL O ILS • FLAVOR BASES

^  PERFUME BASES ■ AROMATICI >< > C H E M IC A L S  • C E R T IF IE D  
C O L O R S -S P R A Y  DRIED PRODUCTS 

GE & O L C O T T  INC., SEVENTY FIVE 9 th  AVE., NEW YORK, N.Y.
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Refined and sun-b leaehed  from  the 
w orld ’s finest Crude Beeswaxes,

BEEHIVE BRAND BEESW AX
undergoes rigorous ch em ica l and 
physical tests to  assure:

1. Uniform Purity
2. Uniform Texture

3. Uniform Whiteness
Behind it is the reputation and integrity of 

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

WILL & BAUMER Candle Co., Inc., Dept. JSC, Syracuse, N. Y.

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

Write us about your beeswax problems.
BEEHIVE BRAND

NEW YORK 10010 
300 Park Ave. So.

CHICAGO 60606 
162 N. Franklin St.

BOSTON 02109 
71 Broad St.

LOS ANGELES 90015 
952-4 S. Flower St.
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