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SURFACE-ACTIVE AGENTS IN COSMETICS* 

By H^RR¾ C. SPEEL 

tintara ]>roducts, New York, N.Y. 

THE TASK OF CHOOSING the 

proper surface-active agent to use in 
formulating specific cosmetic prod- 
ucts is often a complex problem. 
Evidence of this is found in the 

numerous lists and attempts to 
classify the hundreds of such agents 
that are offered to formulatots in 

virtually every field of industrial 
activity (2, 4, 17, 23, 28). Actually, 
the total consumption of surface- 
active agents by cosmetic manufac- 
turers is relatively small, probably 
less than 5 per cent of the available 
production. But the existence of 
thousands of cosmetic manufac- 
turers with their millions of custo- 

mers makes the cosmetic field a po- 
tential customer for almost every 
new product the chemical manufac- 
turer can make. If the new agent 
is not quite suitable, he will try to 
"tailor-make" one more suitable, 
thus further increasing the available 
number. 

The term "surface-active agent" 
is, of course, a broad one applied to 
organic chemicals used for wetting, 
penetrating, emulsifying, dispersing, 
solubilizing, foaming, and deter- 
gency. Personally, I like the defi- 
nition of a surface-active agent 
being a product which brings unlike 

* Presented at the December 3, 1947, 
Meeting, New York City. 

surfaces together closer, faster. It 
imparts a sort of "sex appeal." a 
quality widely advertized for cer- 
tain soaps. Indeed, soap is the 
oldest and best known of all surface- 

active agents made by man. These 
agents are all characterized by their 
ability to modify the surface prop- 
erties of the medium to which 

they are added. For example, most 
agents will make water wetter, 
though certain types are superior as 
penetrating wetters and others excel 
as spreaders. One kind of agent 
will cause a liquid to foam; another 
will kill foam. Emulsifying types 
help make oil and water mix and 
stay mixed. Dispersion of solids in a 
liquid is aided by certain agents; 
other agents reverse the process. No 
one product excels in all applica- 
tions. The problem is to classify 
these agents and to match their 
peculiar properties with the needs of 
formulation of specific products. 

The primary functions of a sur- 
face-active agent are the result of 
proper blending, or balancing, of the 
raw materials from which it is made. 

Synthetic surface-active agents, like 
common soap and agents that occur 
in nature, are the result of a com- 
bination in one molecule of a water- 

seeking or hydrophilic portion, and 
an oil-seeking lipophilic, or hydro- 
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phobic portion. Molecules of this 
type orient themselves at the sur- 
face of a liquid, and also at the inter- 
face between two immiscible liquids. 
The water-seeking hydrophilic part 
stays in the water surface, while the 
oil-seeking hydrocarbon portion of 
the molecule stays out above the 
surface, as it were, or finds a non- 
aqueous medium, thus bringing un- 
like surfaces together closer, faster. 
The hydrophilic portion may be 
either ionic or non-ionic, as ex- 
emplified by carboxylate, sulfate, 
sulfonate, quaternary ammonium, 
polyhydroxylic and polyoxyethylene 
residues. The hydrophobic part 
consists of hydrocarbon chain or 
ring systems as are found in natural 
fats (26) and petroleum products 
(29). So many varied combinations 
are possible that products can be 
"tailor-made" to give whatever 
blend or balance of properties may 
be desired (1, 9, 27, 30). 

CLASSIFICATION 

The alphabetical listing of prod- 
ucts by brand name or trade name 
permits a start on more complicated 
methods of classification. Such 
lists (17, 25, 28) are continually 
being revised, as are alphabetical 
listings of manufacturers and their 
specialties (25). The next logical 
step is the alphabetical listing of 
those agents used, or advocated for 
use, in specific fields. Beeler's re- 
port to the American Pharmaceu- 

tical Association (2) and the bul- 
letins prepared by Cuppies of the 
U.S. Dept. of Agriculture's Bureau 
of Entomology and Plant Quaran- 
tine (4) are examples of this. An- 
other method of classifying is by 
chemical structure. Separation of 
anionic, cationic, and non-ionic 

types can be made in such a group- 
ing (23) as is given in Table 1, 
where 

R = long chain paraffinic or 
olefinic group--usually 
C8 to C== 

R' = primary or secondary, 
straight or branch- 
chain lower alkyl group 
--usually C4 to C•0 

A = anion--C1, Br, I, HSO4 
Ar = aryl group--phenyl, naph- 

thyl, diphenyl, etc. 
M = alkalimetal, ammonium or 

substituted ammonium, 
e.g.., Na, K, trierhanoi- 
amine. 

This example of chemical classi- 
fication is obviously only a starting 
point. It is certainly possible to 
subdivide cationics and non-ionics 
also on the basis of whether the 

hydrophilic group is in the center 
or at the end. Phosphonates and 
borates could go up in the anionic 
grouping instead of being put in 
miscellaneous. The sulfonium com- 

pounds could be added to the cat- 
ionic group. The fatty amide con- 
densates offer an unusual example of 
products difFtcult to classify; they 
are compatible with soap and some 
anionic agents, as well as with a 
number of cationics; they seem to 
be mildly anionic on the alkaline side 
and mildly cationic under acid con- 
ditions; their chemical structure is a 
matter of debate. It is also possible 
to manufacture surface-active agents 
which contain cationic groupings as 
well as anionic groupings, e.g., the 
betaines (alkyl glycines). Never- 
theless, the grouping of surface-ac- 
tive agents by differences in chemi- 
cal structure is of value. 
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TABLE 1--CHEMICAL CLASSIFICATION' OF SURFACE-ACTIVE AGENTS 

Group Formula of Typical Representative Type Type Description 

A Anionic--Terminal Hydrophile Group 
RCOOM 1 Soap 
ROSOgOM 2 Fatty Alcohol Sulfate 
RCONHC•H4OSO2OM 3 Sulfated Hydroxye thyl Amide 
RCOOC•H4OSO•OM 4 Sulfated Fatty Acid Partial Ester 
RCH•OOCCH2SO2OM 5 Fatty Alcohol Sulfoacetate 
RArO(C•H,O),•C•H.•OSOgOM 6 Sulfated Polyglycol Ethers 

B Anionic--Central Hydrophile Group 
(R%CHOSOgOM 1 Sulfated Secondary Alcohol 
R'CHR' 2 Sulfonated Hydrocarbon 

I 
SODOM 

R:ArSO:OM 3 Alkyl Aryl Sulœonate 
R'OOCCH2CHCOOR • { Sulfonated Ester of Alcohols and 

I Dibasic Acids 
SO2OM 

C Cationic--Usually Terminal Hydrophile 
Group 

[RN(CHa)3]+A - 1 Long-Chain Quaternary Ammo- 
nium Salt 

[R-?yridine]+A- 2 Alkyl Tertiary Aryl Ammonit•m 
Salt 

[RNHa ] +A- 3 Long-Chain Amine Salts 
D Non-ionic 

RCOOCaH•(OH)2 1 Polyhydric Alcohol Partial Fatty 
Acid Ester 

RCOOCoH,O(OH)a 2 Anhydro Polyhydric Alcohol Par- 
tial Ester 

RCH•O(C•H40)nC•H•OH 3 Fatty Alcohol Polyoxyethylene 
Ether 

RCOOCoHaO [O(C•H40),,C2H4OH ]a { ?olyoxyalkylated Anhydro Poly- 
hydric Alcohol Fatty Acid 
Ester 

RArO(C2H•O),,C•H4OH 5 Alkyl Phenol Polyoxyethylene 
Ether 

Hydropho be-hydrophile Phos- 
phates, Phosphonates, Bo- 
rates, Fatty Amides, etc. 

E Miscellaneous 

A few generalities based on gen- 
eral experience are hard to avoid. 
For example, compounds derived 
from the lauryl hydrophobic radical 
are usually superior as wetting and 
penetrating.agents. The myristyl, 
cetyl, and stearyl hydrophobes con- 
stitute the best potential radicals 
for detergency and emulsification. 
Most commercially important, syn- 
thetic wetting agents and detergents 
are to be found in groups A and B of 

Table 1. But where heavy metal 
salts or complex cations are apt to be 
encountered, the tendency of an- 
ionics to form insoluble salts often 

makes them unsuitable, or less suit- 
able than the non-ionics of group D, 
for detergency or other operations. 
The agents of group C are attracted 
by negatively charged substances 
but repelled by positively charged 
substances, and are apt to be more 
stable than anionics in the presence 
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concentrated acids, alkalis, and 
saline solutions. So cationice find 
use in marine paints and varnishes, 

iii}i!jii:i:•:i•::iin carbonizing wool, in certain tex- 
?:!.!!ftile softeners. Their' germicidal 
:::•:.'•:i)•:•':?applications are well known. The 

agents of group D tend to act as 
?:::•:•;'::spreaders, or surface wetters, and 

are widely employed as emulsifiers. 
Unfortunately for any hope of suc- 

:•)½}:•:?:cessful classification along these 
•?•:.:;;:::' lines, no one group has a very strong 

monopoly on any particular set of 
properties. 

In actual practice physical and 
:::•::•;.::.chemical combinations of two or 

more of these agents are often used. 
Thus compatibility becomes an im- 

P. •'•:•}::::portant hctor•one readily found 
¾•.:;:•:•. on testing but one not evident in 

usual methods of classification. One 
example is the use of glyceryl mono- 

•)'i?:•:f. stearate, a non-ionic, in emulsion 
creams using soap formed in situ as 
the major emulsifier. Combinations 

:•:;.':'.' of two different fatty amides, or two 
non-ionics are also well known to 
everyone. The textile field, with its 

:.::?;::softening oils, and the war-time 
program of oiling woolen blankets, 
has shown the value of utilizing 
anionic or cationic agents com- 
blned with non-ionics to give stable 
emulsions that are substantive to 
fabrics, animal hair, and inanimate 
objects; carrying over of these 
techniques to cosmetic items is on 
the increase. 

COSMETIC PKOPEKTIE8 

What properties, other than those 
shared in common by all surface- 

active agents, are important to cos- 
metic applications? Physical form, 
appearance, color, odor, sometimes 
even taste, and cost per pound cer- 
tainly deserve consideration. Dif- 
ferences in physical properties, such 
as foaming ability, or physical form, 
or chemical stability under con- 
ditions of usage are naturally very 
important factors. Most of these 
properties are obvious as soon as a 
sample of the product and technical 
data are made available to the cos- 

roetic chemist. The requirements of 
specific formulations therefore en- 
able him to pick out a score or more 
possibilities out of hundreds of 
agents available. 

Dermatological aspects are of pri- 
mary importance (20). The prod- 
uct should be safe when applied to 
the skin under possible condition of 
usage. Incidently this means that 
even toxicity on ingestion must be 
considered (3, 21, 22), for children 
and their pets may try to eat or 
drink the product. There is also 
evidence that wetting agents may 
bring about penetration of the skin, 
if not directly perhaps through 
emulsification and transfer to the 

glands (11). 
A recent study by Dodd, Hart- 

mann and Ward (6) on surface-ac- 
tive agents as potential irritants in 
ointment bases is worthy of note. 
Nine surface-active agents were 
tested for irritant properties on 
rabbits and human beings. In the 
series only the ionic surface-active 
agents were irritating to human 
skin, while the non-ionics were non- 
irritating. Their data seems to 

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



350 JOURNAL OF THE SOCIETY OF COSMETICS CHEMISTS 

preclude alkalinity, per se, as the 
cause of irritation from surface- 

active agents. Blank (18) has 
stated that neither the alkali nor 

the fatty acid alone is the cause of 
soap dermatitis; he believes each is 
a factor. According to Mumford, 
the organic sulfonates and sulfuric 
acid esters appear to remove nat- 
ural fat from the skin and may 
therefore act as irritants. Duem- 

ling's work (7) indicates surface- 
active agents may possess the 
ability to penetrate the skin, per- 
haps indirectly, which Lane and 
Blank (14) suggest as a possible 
cause 'of cutaneous irritation. These 
and many other dermatological 
studies indicate the possibility of 
ionic character being related to skin 
irritant action. 

Patch tests (8) on the surface- 
active agent alone, or on aqueous 
dispersions of the agent, serve only 
as a guide to safety. In most cos- 
metic products the surface-active 
agent is only a minor ingredient. 
In shampoos the synthetic detergent 
may be the major ingredient. 
Shampoos, however, are seldom used 
daily and are thoroughly rinsed 
away after use. So the conditions of 
usage as well as the concentration 
must be considered. Furthermore, 
there is evidence in the literature 
(15) that skin irritation levels of a 
given agent depend on more factors 
than time and concentration; for 
example, a 3 per cent aqueous solu- 
tion may be non-irritating though 
3 per cent in a fatty cream or oint- 
ment may cause irritation. 

EVALUATION 

Assuming it is safe to consider 
usage in a cosmetic product, what 
other tests are apt to be helpful in 
the choice of proper surface-active 
agent? Consideration of a few pub- 
licized methods may be of help. 

The well-known Drayes Test, de- 
•veloped for the textile industry, 
indicates how rapidly an aqueous 
dispersion of a synthetic will wet 
textile fabric under standard con- 

ditions. The good penetrating wet- 
ters can be compared by the test, 
but not the surface wetters. Some 
of the non-ionics lower the surface 

tension of the water to a greater de- 
gree than may anionic or cationic 
agents, but the nQn-ionics generally 
have poor Drayes Test results. 
Personally I believe there may be 
some connection between Drayes 

.:, 

Test effects and penetrating ability 
on human skin, but it is difficult to 
prove. 

Surface tension and interfacial 

tension lowering effects may 
measured, and are generally re, 
ported in the manufacturer's litera-. i 
ture. Ability to lower interfacial :: 
tension is undoubtedly tied up with :71 
emulsifying ability. The Spread'.::?:: 
ing Coefficient, which is mathemat-.::;. 
ically derived from surface and 
terfacial tension measurements 
seems to be a means of distinguish::11';: 
ing to some degree between pene-? 
trating and surface wetting agents. :il 
It ought to have value to the 
metic chemist, perhaps even more;i! 
than the Drayes Test. 

The developmen t o f "water n 
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..ber as a method of evaluating ab- 
': sorption bases and emulsifiers has 
i .ii:,i been discussed by &Navarre (5). A 
i;:; recent paper presented by W. C. 
?;'i Griffin detailed some refinements in 
!•.'::': techniques of measurement. 
..,.,.:•? The solubility characteristics of 
iii'?i.: the agent, while an inherent prop- 
:i •i: .i :' erty, afford a means of choice be- 
!i!-:•: tween various agents for such jobs 
•':;:': as emulsifying, solubilizing, etc. 
i•i'i!ii;iWar-time government studies on 
7:1:i:', '.,mulsifiers for kerosene and other 
.•i?" olvents showed that an agent would 
:'•.:;. not give stable emulsions unless it 
,?'::-' was reasonably soluble in the sol- 
;i:•::i': vent. No fully sulfonated product 
:il;: i.was soluble in, or would emulsify, 
':: '.i!::kerosene; only the non-ionics were 
(:i'i•:'satisfactory emulsifiers, and only 

certain of them. 

m P P LI CATI O N S 

Detailed discussion of applica- 
ß ':i:' trans and properties of surface- 
•:)'active agents is too lengthy for the 
i!511 purpose of this article, but certain 

properties and needs can serve as 
guideposts, deNavarre (5) has di- 
vided cosmetic products in to creams, 
lotions, powders, make-up, soap, 
and miscellaneous. Similarly sur- 
hce-acti•e agents can be grouped 
by their primary functions as wet- 
ting agents, detergents, emulsifiers, 
solubilizers, dispersing agents, and 
miscellaneous. 

For creams and lotions, which are 
mainly mixtures of oils and water, 
emulsifiers are of primary impor- 
tance. Most surface-active agents 
have some emulsifying ability, but 
in general a product is primarily a 

wetting agent or primarily a de- 
tergent, or excels in some one spe- 
cific field. The best emulsifiers for 
cosmetic oil-and-water systems are 
generally not the top notch de- 
tergents or penerrants and vice 

Lack of solubility in the oil phase, 
even in the presence of water, seems 
to eliminate most of the commercial 

alkyl aryl sulfonate types, and vir- 
tually 'all commercial products con- 
taining salts, as primary cosmetic 
emulsifiers. Most anionic and cat- 

ionic agents are not acceptable as 
sole emulsifiers for one or more 

reasons, including solubility char- 
acteristics, possible skin irritation 
factors, inability to give easily pre- 
pared emulsions of long stability, 
color, odor, etc. The non-ionics are 
free from most of these objections, 
so the problem is to pick the one that 
most nearly fits the requirements of 
a specific formulation.. 

An emulsifier that is primarily 
oil-soluble tends to produce water- 
in-oil emulsions. A water-soluble 

surface-active agent will produce 
oil-in-water type emulsions. This 
rule of Bancroft seems to hold 

pretty well for simple emulsions 
with one emulsifier. Sometimes, of 
course, it seems that technique of 
preparation is even more important 
(13). And synergistic effects, or the 
use of stabilizing emulsifiers that 
may or may not have similar solu- 
bility characteristics, are often used 
to increase or decrease emulsion 

stability. The use of thickening 
agents, such as certain stearate es- 
ters or natural gums, which may or 
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may not be surface active, is often a 
technique for improving emulsion 
stability by mechanical means. 

The use of two or more surface- 

active agents in one formula, to 
accomplish the synergistic effects 
just mentioned, can perhaps be 
considered a trend. While ex- 

perience has proved synergistic ef- 
fects must occur in certain empiri- 
cally devised formulas, it seems that 
only recently has there been any 
recognition of the possibility of a 
scientific basis for such combina- 

tions. Prediction is still difficult; 
the combination may possess the 
desired properties of both agents, or 
the undesired ones, or the good may 
cancel out the bad. Obviously 
anionic and cationic agents should 
not be used together, but there are 
many examples of combinations of 
agents that are compatible. Thus 
in formulating a liquid bubble bath, 
it has been found advantageous to 
use an alkyl aryl sulfonate or a 
fatty alcohol sulfate with fatty 
amides. The use of a small amount 

of W/O emulsifier in an O/W for- 
mula often exerts a stabilizing ef- 
fect; the reverse is also true, as 
most emulsions of good stability 
seem to contain small amounts of 

both phases. Data on interfacial 
tension measurements of combina- 

tions gave us a lead on that. C. om- 
binations of synthetics with soap are 
increasing in number, despite the 
almost inevitable loss of some foam- 

producing value. The solubilizing 
effect of one synthetic on another 
is often used to give clarity or to pro- 
mote stability or ease of dispersion. 

The ability of certain surface- 
active agents to dissolve essential 
oils, such as water-insoluble per- 
fume oils, and to carry the dissolved 
oil into an apparently clear solution 
in water, is an interesting property. 
Among these products are certain 
of the fatty amides and some of the 
polyoxyalkylated fatty acids and 
their esters. Use in colognes, after- 
shave lotions, theater sprays , and 
pine oil bath oils is well known. 

For cosmetic products requiring 
foaming properties, the fatty alcohol 
sulfates (24), the alkyl aryl sulfo- 
nates (10), some of the fatty amides 
and the amine soaps compete with 
normal soaps (12, 16). But where 
non-foaming detergency is required, 
as in cleansing creams and lotions, 
mineral oil combined with a non- 

ionic ester or non-foaming fatty 
amide emulsifier is indicated. Since 

the time of contact with the skin is 

short, the limitations of skin irrita- 
tion effects is less important in 
shampoos, bubble baths, hair wave 
lotions, and the like. It is obviously 
more important in shaving creams 
and products that are used under 
conditions involving stringent me- 
chanical action, even though they 
may be removed wi thin a few minutes. 
In products involving hours of con- 
tact, all ingredients are contributory 
(19). The net result is that the 
number of surface-active agents that 
can be considered for utilization in- 

creases as we go from emulsion 
cream formulation to detergent and 
foaming types of cosmetic items. 

Solid, water-free cosmetic prod- 
ucts such as lipstick, rouge, and face 
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powder seldom utilize surface-active 
agents. The important exceptions 
include powdered detergents and 
bubble bath items. Yet surface- 
active agents occasionally have some 
properties, such as solubilizing ac- 
tion on dyes and dispersing action 
for pigments, or antifoam action, 
that indicate potential value in the 
production stages. It is generally a 
case of balancing desirable against 
unwanted properties. 

No one product can have all the 
properties desired by all chemists, 
even for a specified end usage. 
That is, incidentally, one reason 
why there is the trend toward syn- 
ergistic combinations. It is evident 
that the cosmetic chemist must not 

only work with surface-active agents 
but also must choose those most 

likely to work for him.' Dermato- 
logic aspects, as evidenced by patch 
tests on raw material as well as 

finished product, are one of his most 
important guides. Classifications 
of surface-active agents by chemical 
structure and by major fields of 
usage (e.g., emulsifier, detergent, 
etc.) further serve as a means of 
selecting logical agents with which 
to work. 

And last, but not least, articles in 
the scientific literature as well as the 
suggestions on formulation fur- 
nished by suppliers of cosmetic raw 
materials can often be of real help 
on specific problems. 
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