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introduction

_ Detergency is essentially an interfacial phe-
nomenon and so is the successful application of
cosmetics. In these cases the systems must possess
given interfacial properties that might be dif-
ferent for different types of products. Some
should have good wetting properties, whereas
some others should possess emulsifying or foam-
ing properties, all to different extents, again de-
pending on the products desired. The desired
interfacial properties are achieved by use of che-
micals known as surfactants. These chemicals
are characterized by their tendency to concen-
trate at an interface and thereby alter the free
energy of the interface and often other important
properties such as interfacial viscosity and ele:-
trical charge. '

Surfactants

Use of appropriate surfactants in desired con-
centrations permits their use as detergents for
removal of soiled and oily matter from fabric or
human skin and hair, wetting agents for hair
colourants and emulsifying agents for creams ctc.
Common soap is the most familiar example of a
surfactant which is composed of at least one part
that prefers to be in an oil phase and one that
prefers to be in water. The former, known as
bydrophobiz (water-hating), acquires its property
due to the presence of methyl (—CH,) or methy-
lene (—-CHj;-) or benzyl (--CyH;) groups etc., in
the form of hydrocarbon chain, and the latter,
known as hydrophilic (water-loving). due to the
presence of polar groups such as —OH, —SO-,,
-—COO., or --NH,+. Thus oleate that is present
in common soap has the structure

CH; —(CH.);—CH=CH-~--(CH,),—COO0.
where COO- is the hydrophilic part due to the
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ionic nature of it, and the rest of it is the hydro-
pbobic part, which owes its preference to oil phase
due to the presence of the —CH,., - -CH, and
—CH = groups. The use of the term “hydropho-
bic” might not strictly be correct, since even
between the —CH,- groups in the hydrocarbon
chain and the —OH groups in water there will
be a certain amount of van der Waals attractive
forces in existence. It is the greater attractive
interactions between the ---CH. groups of the
surfactant and —CH,. or other non-polar groups
of an oil phase that, however, make the “hydco-
phobic” part prefer the oil phase. There are es-
sentially four types of surfactants, anionics that
possess a net negative charge, cationics that pos-
sess a new positive charge, non-ionics that possess
n¢ new charge, and ampholytes that can possess
either a negative or positive charge depending
upon the solution conditions. Examples(*) of an-
ionic surfactants with different structural make-
up used in cosmetics are fatty acid soaps (RCOO-
M+), alkyl sulfates (RSO-, M+), benzyl sulfo-
nates (RC;HSO;- M+), monoglyceride sulfates
(RCOOCH,CHOH CH,SO-, M+) and alkylether
sulfates. R is the hydrocarbon chain tat nor-
mally contains 10 to 18 carbon atoms and M+
represents a cation such as K+, Na+ or Al+4 i
or triethanol amine. Anionics have excellent
cleansing and foaming properties and, therefore,
are used widely as laundry detergents, shampoos,
shaving creams and dentifrices. Typical examples
of cationic surfactants are alkyltrimethyl ammo.
nium salts (R N+ (CH, ); X-), quarternary amide
of ethylenediamine (R CONH CH. CH. N+ (CH.)x
X-) and aikylpyridinium salts (R N-C, H, X-); X-
represents an anion such as Br-. Cl. or acetate.
These surfactants, due to their positive charge,
can adsorb on negatively charged surfaces such
as hair and modify their behaviour. They there-



fore find application as hair conditioners. They
are also reported to have germicidal properties
and find use also in anti-dandruff preparations.
Non-ionic surfactants of interest include fatty
acid alkanolamides (R CONH CH,CH,OH) alkyl-
polyglycol ethers (R (OCH,CH,)nOH, polyethy-
lene oxide alkyl phenols (R C.H, (OCH.CH.O)n
CH,CH.OH) and alkyl polyethyleneimine (R
(NHCH.CH.)nNH.). Non-ionic surfactants can
modify such properties as interfacial viscosity
significantly in the presence of ionic surfactants,
and are used, for example, as emulsion stabilizers
in the manufacture of creams ete. Their solubi-
lity properties also enable them to be used as
solubilizers for colorants, perfumes etc. Finally,
the ampholytic surfactants can be illustrated with
the typical example of an alkylamine acid s alkyl-
aminoproprionate (R-NH,CH,CH,COOQ.). Ampho-
lytes, due to their reported mild action, find use
in baby shampoos.

Basic Principles

A knowledge of interfacial phenomena and
the mechanisms by which interfacial properties
can be altered is essential for proper development
of cosmetics and detergents. Even though aften
considered as a plane, interface is actually a re-
gion at the boundary of phases where the system
properties will be different from that of the bulk.
Type of possible interfaces are solid/liquid,
liquid/liquid, solid/solid, solid/gas and liquid/gas.
In addition, in detergency properties of the line
contact between three phases (solid/liquid/liquid
or solid/solid/liquid) can also become important.
Chemical species at the interface possess a higher
free energy than those in the bulk and this ex-
cess free energy (essentially due to the existence
of an interface) is known as interfacial energy or
surface energy. There is indeed an increase in
the total energy of the system due to the existence
of this interfacial energy, the increase being pro-
portional to the total area of the interface. A
system always tries to reduce its total free energy.
The tension that exists at the interface to reduce
the total surface area, and thereby the increase in
energy, is known as interfacial tension or surface
tension. Minimization of this interfacial tension
is important in the formulation of stable cosme-
tics, since most cosmetics are emulsions made up
of minute droplets of oil in water or water in
oil and hence possess a large interfacial area.
Such minimization can be achieved by the addi-
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tion of surfactants that will have a tendency to
concentrate at the interface due to the affinity of
one part of it to the oil phase and the other part
to the water phase. The surface tension decreases
with the addition of a surfactant till a limited
value (critical micelle concentration) is reached
at a specific conentration. Addition of surfactants
in larger amounts resu'ts in the formation of
surfactant aggregates known as micelles. Micelles
will have the hydrophilic part of the surfactant
oriented towards the aqueous phase, and the
hydrophobic part away from it. Thus a micelle
in water bas a hydrocarbon interior that can
solubilize significant quantities of other hydro-
carbon species, a phenomenon that is considered
important in detergency. These other interfacial
phenomena that are relevant here are adsorption,
interfacial viscosity and zeta pctential. Like at
liquid/air and liquid/liquid interfaces, surfactants
can adsorb also on solid due to favourable energy
of interaction between them and the solid. Such
adsorption can significantly alter their wetting
and hence desoiling properties. The adsorbed
surfactant layer can exist either as loose gaseous
film, liquified films, or even as a rigid solidified

film, depending on the nature of interactions
between them. With significant amount of co-
operative interaction between the molecules,

rigid films with essentially very high interfacial
viscosity can result. Such viscosities are often an
essential property for cosmetic emulsions. It can
help minimize the coalescence between emulsion
droplets and thus increase its stability and life.

Adsorption of charged species result in a
charged interface, the nature and magnitude of
which will largely determine the extent of at-
tractive and repulsive interactions between inter-
faces. Thus coagulation between emulsion drop-
lets in cosmetics can be retarded by allowing &
charged interface to form on the emulsion drop-
lets. The charge at the interface is indeed bal-
anced by ions of opposite charge, known as
counter ions, that exist in solution. Addition of
salts causes crowding of counter ions in the inter-
facial region and effectively reduces the extent
of interfacial repulsions between charged droplets.

The properties described above comprise u
set of fundamental properties that are important
in detergency and cusmetics. In addition, a nun-
ber of other properties such as roughness  and
porosity of the substrate, hardness of the water,
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composition of soiling matter etc., can also have
a governing role in the above processes.
the above background, we shall now briefly
examine major mechanisms involved in deter-
gency and cosmetics.

Detergency

When a soiled fabric or any other substrate
is contacted with detergent solution, first air is
displaced from the surface (3, ¢, 19, 13, ). Small
air bubbles trapped are removed later during
agitation or beating. Next the oily dirt is remov-
ed by the spreading detergennt solution. Here
the detergent, with its strong tendency to adsorb
on the substrate, is able to remove the oily dirt
which rolls up to form beads and gets detached
from the surface.

Solubilization of oily matter into the deter-
gent micelle is also possible above the critical
micelle concentration, which is invariably achieved
under most laundering conditions. A similar pos-
sibility is penetration of oily dirt by detergent
species leading to the formation of a liquid crys-
taline phase which is often followed by dispersion
or dissoiution of it into the water. Stevenson(*¥)
has suggested that penetration plays a significant
role in most cases.

Osmotic Effects

If the dirt contains any water soluble matter,
then condition is also favourable for the osmotic
flow of water into the soil. Such seepage of water
can cause swelling of the dirt matter and eventual
dispersion or detachment of 1t(**). Detachment
of inorganic matter or strongly bound organic
matter is often attained only with the help of
mechanical agitation. Indeed, wiping with the
two surfaces in contact with each other is some-

times necessary to remove strongly held matter. -

Redisposition

1t is, of course, important that once the dirt is
removed it should not redeposit on the surface.
The wash liquor will normaly contain oil drop-
lets, dissolved oily an other matter, dispersed
particulates and pigment matter. To prevent re-
deposition, one can control the surface charge
of various substrates in such a way that they
will repel each other. Most fabrics, for example,
will bave a negative charge on their surface due
to carboxyl groups originally present(**). Dirt
dispersed in water will also normally have such
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a charge due to a detergent layer adsorbed on
its surface. Indeed, the presence of non-ionic de-
tergents, use of hot water (which usually leaves
less detergent adsorbed on the fabric) etc., en-
hence the chance of redesposition(!*).
Foaming

Foaming, in addition to being a necessary re.
quisite in the eyes of housewives, can assist re-
moval of oil during laundering due to pressure
waves generated on the oily surface by a moving
foam(**). The pressure waves have their origin
due to the pressure differential that normally
exists at curved interfaces of films.

Builders
¢

A severe problem in detergency is that caused
by the presence of calcium and magnesium. Such
divalent species present in hard water can strongly
bind dirt to fibre and make it difficult to clean.
In order to overcome this problem, reagents
(known as builders), such as phosphates, are
normally used. Builders act by complexing the
calcium, magnesium etc.,, and thus reduce the
effect of their presence. The use of alumino-
silicates (zeolites) announced by Proctor and
Gamble and Hennel as a partial replacement for
phosphate has been possibly the major develop-
ment in the detergent industry in the last few
years(*). The need for a substitute for phosphate
arose from the realization of ecological problems
caused by the phosphrate. Legislations restrict-
ing the use of phosphates have also helped the
use of heavy duty laundry liquid(*) (HDL).
HDLs have enjoyed tremendous acceptance in the
US. during the last few years due to conveni:
ence in using, use as pre-spotters in heavily soiled
fabrics, rapid dissolution in cold water elc. HDLs
usually contain 10-15%, anionic or non-ionic sur-
factant and 20-30% of a builder such as sodium
citrate.

Emulsification

Emulsification used in cosmetics are mostly
dispersions of globules of oil in water (o/w) and,
to a minor extent, that of water droplets in oil
(w/0). The appearance of the emulsion is depen-
dent essentially on the particle size of the drop-
lets. If particles are 1 micron in size or bigger,
it will be white. between 1 micron and 0.1 micron,
it will be bluish white, between 0.1 and 0.05 mi.
crons( it will be semitransparent and with par-
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ticles smaller than 0.05 microns, a trans; arent
product is the result. When oil and water are
mixed, the two phases will separate, but the
separation can be delayed even for years with
the addition of emulsifying agents. The emulsifier
acts by adsorbing at the interface and thus by
reducing the interfacial energy. It is the existence
of this interfacial energy that is essentially res-

ponsible for the instability of an emulsion, since

the large increase in interfacial area upon the
formation of the emulsion droplets will cause
an increase in the free energy of the system.
It has also been proposed that adsorption of cer-
tain agents can momentarily produce a negative
interfacial tension, a condition which is favour-
able for an increase in interfacial area and hence
emulsification. In addition, certain emulsifying
agents stabilize emulsions by causing the forma-
tion of a rather rigid interiacial film, and also
by allowing the generation of electrical charge
at the interface. The type of emulsion obtained
can be predicted usually with the help of what
is known as hydrophile-Lipophile balance (HLB).
Surfactants contain both hydrophilic and hydro-
phobic groups and HLB values tell one about the
balance of the forces due to these groups. HLB
value for a surfactant can be calculated using
the formula:

HLB = sum of hydrophilic group numbers
—n +4 7. where n is the group number for CH.
group. Typical group numbers are given below (%)
-—~S0-Na+, 38.7, —COO-K+, 21.1; N(tertiary
amine), 9.4; —COOH, 2.1; —OH (Free), 1.9;
—OH (Sorbitan ring), 0.5; —CH- or —-CH,. or
CH,-, —0.475, —(CH,4-CH,—0)-, 033, —(CH,
—CH,—CH.--0)-, —0.15.

HLB values of selected surfactants on this
basis are 40 for sodium lanryl sulfate, 20 for }So-
tassium oleate, 11.2 for sucruse monostearate, 3.4
for methanol, 7.2 for sorbitan monooleate, 3.7 for
glycerol monostrearate and 1.3 for cetyl alcohol.
Molecules that have a low HLB number (4 to 6)
arc soluble or dispersible in oil and usually give
a water in oil emulsion. Those that have a high
HLB value (8 to 18) on the othber hand are soluble
or dispersible in water and give rise to oil in
water emulsicn. Surfactants with HLB values in
the range of 7 to 9 are commonly used as wetting
agents and those with values in the range of 13
to 15 function as detergents.

i4

Cosmetics

Cosmetics are different surfactants depending
on the intended purpose of the product. Shampoo
used for cleaning hair etc. is essentially a deter-
gent solution. Even though common sovap will
act as a good detergent, in order that it can  ba
effectively used also in hard water areas, synthe-
tic detergents that are insensitive to Cai v,
Mg++ etc. are most commonly used in sham-
poos(*). Since the public wrongly believes that
lathering action is a necessary requirement lor
cleansing, an excessive amount of detergent 15
usually used. Use of such formulations unfortu-
nately over-clean the hair, removing some of the
natural fatty substances; this often makes the
hair unmanageable and requires the use of what
are known as conditioning agents in shampoos.
These contain a number of chemicals, such as
lanolin, cetyl alcohol, vegetable oils etc. Condi-
tioners made up of cationic surfactants and,
sometimes, protein-based materials are also com-
monly used after shampooing.

Certain products such as lipstick of courst
necessarily have special requirements. Firstly,
none of Lthe ingredients should be toxic. Secondly,
the organic medium should dispersc the pigment
matter, dissoive fluoresceins, should not  have
any objectionable odour or taste and shouid
have appropriate vapour pressure lest the prob-
lems of swealing, bleeding and drying out  occur
during the use.

Cosmetic creams are liquid o1 solid emulsiuns
The cold cream or cleansing creams made up
of borax- bee wax-mineral oil are water in uii
in water (w/o/w) emulsions. Here globules of
oil containing minute droplets of water are dis-
persed in oil phase. Night or lubr.cating creams
are obtained from this by introducing super fat.
tening agents such as Lanolin. Creams that orc
meant to remain on the skin for longer inlevvals,
suth as sun-tan creams, bave to be so formuated
that they will nol penctrate the skin, whercas
medical creams will have to be  formuluted for
penetration through the skin.

It is cvident thut a wide varicly of require-
ments are placed on surfactants for their use in
cosmetics and detergency. A knowledpge of (e
ways in which surfoctants meet those
ments is clearly very essential for the
development of thesc household and
products.

regqutte-
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