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Stig. E. Friberg
and Beverly Bendiksen
University of Missouri-Rolla

Roila, MO 65401

A Simple Experiment Illustrating the

Structure of Association Colloids

The energy crisis and the predicted petroleum shortage
have recently focused attention on the structure of association
colloids, such as normal and inverse micellar solutions and the
different lyotropic liquid crystals found in surfactant systems.
Such association structures form the basis of microemulsions
(1-7), which are the most promising agents in tertiary oil re-

covery (8) and also offer a means of reduction of the harmful
nitrous oxides in the exhaust gases from diesel engines (9).
Lyotropic liquid crystals, especially the lamellar type (10) are

good models for biological membranes (11) and other inter-
esting biological phenomena involving order. The recent ob-
servations (of t he disordering of the intercellular matrix as a

preliminary step in the formation of cancer cells) are ex-

tremely interesting (12).
Unfortunately, little or no information on such systems is

given in most physical chemistry curricula and useful exper-
iments for demonstrating association colloids are virtually
non-existent.

In this article we describe a simple experiment that illus-
trates the intermolecular phenomena involved in three asso-
ciation structures, normal and inverse micelles and lyotropic
liquid crystals. The concepts of solubilization, microemulsion,
and emulsion are introduced.
The Experiment (3 hours)

Make two identical surfactant solutions by dissolving 2.50 g of so-

dium dodecyt sulfate (Gallard-Schlesinger, Specially pure) in 10.0 ml
distilled water at room temperature. (The solution may be heated in
a hot water bath to facilitate dissolution). Excessive shaking should
be avoided, to prevent foaming. To one solution, add 18.75 g of pen-
tanol (Fischer, Practical grade) in the following portions (Series I).

Addition Amount, g Total Added, g
1 0 0
2 0.100 0.100
3 0.900 1.000
4 2.250 3.250
5 5.250 8.500
6 10.250 18.750

To the other solution, add octane (Eastman, Practical grade) in
identical amounts.

Observe the behavior of the solutions (transparency, transmission
of polarized light between crossed polarizing films, and electrical
conductance.) after each addition.

After the final addition of alcohol to Series I, add 20.0 g of the hy-
drocarbon (octane).

The Results
Series I—Addition of alcohol to the aqueous solution
The first two additions of pentanol gives samples (Nos. 2, 3) that

are optically isotropic; they appear black between crossed polarizing
films.1 The electrical conductance [Samples No. (1) 69,200, (2) 69,200
and (3) 62,500 pmhos] are of the same magnitude as that of the orig-
inal aqueous solution.

Sample No. 4 is viscous, radiates light when placed between the
crossed polarizers, gives a characteristic pattern in the microscope
with polarized light (Fig. 1), and is not suitable for the determination
of electrical conductivity. Samples No. 5 and No. 6 are similar to
Samples No. 1 through No. 3 except that their electrical conductivity
is much lower (8000, 1000 pmhos).

1 Observe the sample against a desk lamp between two polarizing
films (Bausch & Lomb) that have been arranged to extinguish the
maximum amount of light.

Figure 1. The anisotropic nature ol the liquid crystalline phase is demonstrated
by its microscopy pattern in polarized light.

Series II—Addition of hydrocarbon to the aqueous solution
Sample No. 2 is identical to the one with alcohol, but the remaining

samples will be unstable, turbid emulsions, unsuitable for conductivity
measurement. The individual droplets of the emulsions may be ob-
served in a microscope.

Addition of hydrocarbon to the final alcohol sample
The hydrocarbon will dissolve completely leaving an isotropic so-

lution of low conductivity.

Explanation of the Results

The results demonstrate the importance of the presence and
structure of the polar group for the intermolecular forces giving rise
to association structures. The sodium dodecyl sulfate and pentanol
are examples of amphiphilic structures; they both consist of a non-

polar hydrocarbon chain and a polar group (Fig. 2).
Sample No. 1, the solution of sodium dodecyl sulfate in water is a

normal micellar solution (Fig. 3A), since the amount of the surfactant
present in solution far exceeds the critical micellization concentration
for C i^HojOSOsNa/H^O. To define this further then, for each system
of surfactant/water there exists a specific concentration of that sub-
stance at which micelles begin to form. This process can be described
as follows.

When an amphiphilic substance such as sodium dodecyl sulfate is
dissolved in water it adsorbs preferentially to the surface of the so-

lution (Fig. 4). The sparingly soluble non-pqlar parts extend from the
surface toward the air, their presence weakening the intermolecular
forces at the air/water interface and the surface free energy (= surface
tension for a liquid) is reduced. This reduction of surface tension with
increasing surfactant concentration (Fig. 4) ceases in a certain small
concentration range. The surface is now saturated with surfactant.
Further additions do not lead to an increase of the concentration of
surfactants at the surface. Instead, the surfactant forms a new in-
terface in the solution by an aggregation to normal micelles (Fig. 3A);
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nonpolar polar

Figure 2. Amphiphilic substances consist of a non-polar (hydrophobic) part and
a polar (hydrophilic) part.

(A) (B)

(C) (D)

Figure 3. The normal micelle (A) may solubilize hydrophobic amphiphiles such
as the pentanoi (B) or hydrocarbons (C). At enhanced level of pentanol a phase
separation takes place to a lamellar liquid crystal (D); further increase of the

pentanol concentration gives rise to an alcohol solution with inverse micelles
(E). In this solution large amounts of hydrocarbon (F) may be dissolved to a mi-
croemulsion.

these isolate the non-polar parts of the molecule from the aqueous
solution by the interface formed from the polar layer orienting
towards the water. The micelles contain on the order of 25 surfactant
molecules each and have a radius of approximately 30 A. Most of the
sodium ions ( —'85%) are attached to the micelle and the remaining
ones are free in the aqueous solution giving rise to the conductivity
of Solutions No. 1 through 3.

Log Concentration Surfactant
Figure 4. Surfactants adsorb strongly to a water/air or water/oil interface due
to their amphiphilic nature. The accompanying reduction of interfacial tension
ceases in a narrow concentration range (the critical micellization concentration,
CMC). At concentrations above this range added surfactant will aggregate to
micelles.

The first sample of the alcohol and of the hydrocarbon are dissolved
in the aqueous solution not because they are soluble in water—(try
to dissolve the corresponding amounts in pure water) but because they
are dissolved (solubilized) into the micelles (Figs. 3B,C).

The second addition displays the difference in behavior caused by
the presence of the OH group on the alcohol. The alcohol molecules
will be solubilized in the interior of the micelles; and also, due to their
hydrogen-bonding capacity, they may orient at the polar interface
of the micelle. The hydrocarbon molecules will be solubilized in the
interior of the micelle by the hydrocarbon chains of the surfactant.
Since the aliphatic hydrocarbon is not capable of response to hydrogen
or polar bonds from the water or the sulfate group, it will not be found
close to the polar layer of the micelle. Therefore, the micelle can accept
fewer hydrocarbon molecules than alcohol molecules. The excess
hydrocarbon is not dissolved at all but forms macrodroplets in an
emulsion which are clearly observable in the microscope.

When the alcohol is involved, the conditions will be entirely dif-
ferent when the maximum solubilization in the micelles is exceeded.
No separation will take place to form the large droplets of an emulsion
as in the case of the hydrocarbon. Instead, the interaction between
the OH groups of the alcohols, the polar part of the surfactants and
the water molecules is sufficiently strong to retain the three compo-
nents in one phase. This phase is not a liquid, but a lamellar liquid
crystal (Fig. 3D),

Such a structure is entirely different from the micellar solutions.
Jn these, the association structures, the micelles, are small particles
floating freely around in the liquid. In the liquid crystal, the associ-
ation structures, the layers, fill the entire space. The optical properties
will be different perpendicular to and along the layers; the liquid
crystalline structure is optically anisotropic which is observed from
its radiance when viewed between crossed polarizers.

Further addition of alcohol changes the liquid crystal to an isotropic
liquid. From its low conductance it is obvious that the alcohol is now
the continuous phase. The water is dispersed in the central part of
inverse micelles (Fig. 3E) surrounded by the surfactant and alcohol
molecules with the polar parts toward the center; the hydrocarbon
parts point toward the alcohol continuous phase.

The hydrocarbon may be dissolved in this phase; the alcohol which
(Fig. 3F) is the continuous liquid will dissolve hydrocarbon. The re-

sulting alcohol/hydrocarbon solution with water and surfactant dis-
persed in inverse micelles is a colloidal solution; however, it is often
called a microemulsion like an emulsion.

The concepts of microemulsion and emulsion are well illustrated
by the contrast, between the appearance of the two samples formed
(1) by excess hydrocarbon in the aqueous solution of surfactant (Series
II) and (2) by addition of the same amount of hydrocarbon to Series
I after the final addition of alcohol. The microemulsion is transparent
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since the droplet size is less than 0.1 pm, and it forms spontaneously
when the components are brought together. The emulsions exem-

plified by some samples in Series II, Numbers 2-6 are turbid because
of the large droplet size (>1 pm). These emulsions do not form
spontaneously; the sample must be shaken for the emulsion to form.
If left to stand, the emulsion will separate; microemulsions of the kind
described here will not.
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