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PART 19
EMULSIONS 
Emulsions are roughly dispersed systems, in which both the disperse phase and the dispersion medium are liquids.

These liquids are, of course, insoluble in each other. As we know, two liquids are insoluble in each other, if their polarities are very different, therefore typical emulsions are fat or oil in water, water in benzene, etc.

From the known objects typical emulsions are milk (fat in water), an emulsion of water in oil can be observed if rain falls into a pool of motor oil, etc.

Many medicines are applied as liniments in emulsion form.

The liquid, which forms the disperse phase is spread inside the other one - the dispersion medium - in a form of small droplets.

Emulsions are classified:

1) according to the concentration of disperse phase,

2) according to polarities of disperse phase and dispersion medium.

I. CLASSIFICATION OF EMULSIONS ACCORDING TO the concENTRATION OF DISPERSE PHASE

According to the disperse phase concentration emulsions are divided into three groups:

1) low concentration emulsions, in which the volume fraction of the disperse phase is below 0,1 %,

2) concentrated emulsions , that have a wide range of the disperse phase volume fractions - it can be between 0,1 % and 74 %.

3) highly concentrated emulsions, in which the volume concentration of disperse phase is greater than 74%.

I.1.PROPERTIES OF LOW CONCENTRATION EMULSIONS

Low concentration emulsions in contrary to the other groups of emulsions, are formed spontaneously. It is enough, for example, to shake 0,1 ml of vegetable oil with 1 liter of water and a stable muddy-looking emulsion will be formed.

The size of disperse phase droplets in low concentration emulsions is inside the interval 1- 100 nm, i.e the same, that is observed in lyophobous soles.

Stability of low concentration emulsions is very great, when compared to the stability of concentrated ones. It is proved, that the disperse phase particles (droplets) obtain a charge in low concentration emulsions, therefore their coalescence (joining of several droplets to form a bigger one) is prevented by the electrostatic repelling forces.

Formation of low concentration emulsions is ecologically dangerous at cases of oil leaks into natural waters - after spreading of oil into great amounts of water, long-living diluted emulsions are formed, which interfere with the life process of water organisms.

I.2. PROPERTIES OF HIGHLY CONCENTRATED EMULSIONS

In highly concentrated emulsions the volume of disperse phase exceeds the volume of dispersion medium. For this reason dispersion medium is placed as thin layers between the droplets of disperse phase. The form of disperse phase droplets is not any more spheric, but irregular polyhedrons are formed and a honeycomb-like structure is obtained, see fig.19.1.

As the structure is very dense, droplets of disperse phase are not able to precipitate and therefore highly concentrated emulsions are stable pseudo-solid systems.
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Fig.19.1. Structure of highly concentrated emulsions.

A typical representative of highly concentrated emulsions is butter, which , in fact, is a highly concentrated emulsion of butter (glycerin ester of butyric acid) in water. The volume fraction of disperse phase in butter reaches about 95 %.

II. PROPERTIES OF CONCENTRATED EMULSIONS

Concentrated emulsions are obtained by means of dispersion methods. Special stabilizing agents called emulgators have to be used to prevent coalescence of disperse phase droplets, as the size of droplets exceeds 100 nm and possible presence of electrostatic repelling forces is not able to prevent joining of droplets at their collisions.

Emulgator is usually a surface active compound, molecules of which, as we remember, are located in the interface between the two liquids of different polarities and oriented so, that the polar groups of SAC are inside the polar liquid (water) and the non-polar radicals are inside the non-polar liquid (oil). In case of emulsions SAC molecules are located at the surface of disperse phase droplets, forming a layer, which prevents coalescence of droplets, see fig.19.2.

II.1.TYPES OF EMULSIONS

As emulsions are disperse systems, consisting of two liquids of different polarities, two types of emulsions are possible:
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Fig.19.2. Orientation of emulgator in :
a- oil-in-water (o/w) type emulsion, b- water-in oil (w/o) type emulsion.

1) o/w (or oil-in-water) type emulsion, in which a non-polar liquid form is spread inside a polar liquid in a form of small droplets. o/w type emulsions are usually formed both in the nature (emulsions of fats in biological liquids) and at oil leaks and other cases of environmental pollution by non-polar liquids.

In fact, not only water, but any other polar liquid, for instance, alcohol, can serve as a dispersion medium in o/w type emulsions. Symbol o/w is used for all the emulsions, in which the disperse phase is less polar than the dispersion medium.

Thus, in o/w type emulsions oil is spread in water medium in a form of small droplets. Molecules of emulgator, that stabilizes the system, are located at the surface of oil droplets, their hydrophilic groups being oriented towards water and hydrophobic radicals - towards oil, see fig.19.2,a.

The emulgator layer protects the droplets from coalescence, as it makes a mechanical barrier between the two colliding droplets.

2)w/o (water-in-oil) type emulsions, in which water (or other polar liquid) is spread inside a non-polar liquid in a form of small droplets.

This emulsion type is sometimes called reverse emulsions, as this type of emulsions doesn't exist in nature and has to be prepared artificially.

Thus, in w/o type emulsion small droplets of water are spread inside oil medium and the molecules of emulgator, which stabilize the system, are located at the surface of water droplets, their hydrophobic radicals being oriented towards oil and their hydrophilic groups being oriented towards water, i.e towards the inside of droplets.

II.2.HOW TO KNOW, WHICH TYPE OF EMULSION
WILL BE FORMED?

As we see, from the same two liquids two different types of emulsions can be formed. For instance, if the two liquids are water and vegetable oil, it is possible to make both an o/w and a w/o type emulsion.

Before mixing water, oil and emulgator it is necessary to know, which type of emulsion will be formed. Thus, one has to know, what determines the type of emulsion.

The type of emulsion, that will be obtained depends on the type of emulgator.

Any emulgator, as a surface active compound has both hydrophilic and hydrophobic properties, but one of these is prevailing.

If the emulgator is better soluble in water, than in oil, it is called a hydrophilic emulgator.
If, in contrary, the emulgator is better soluble in water than in oil, it is called a hydrophobic emulgator.

To be able to stabilize an emulsion, the emulgator must be better soluble in the dispersion medium than in the disperse phase.

For this reason a hydrophilic emulgator stabilizes o/w type emulsions, but a hydrophobic one - w/o type emulsions.

To understand this, let us follow the four possible cases.

1)hydrophilic emulgator in o/w type emulsion..

In o/w type emulsion oil forms droplets, that are spread inside water medium, see fig.19.3a
A hydrophilic emulgator in this system will be located at the surface of oil droplets, but from outside, i.e. the molecules of emulgator, as being better soluble in water, than in oil, cover the oil droplets from water side and therefore can protect oil droplets from coalescence - a stable emulsion is obtained.
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Fig.19.3.Ability of a hydrophilic emulgator to stabilize a given type of emulsion:
a - hydrophilic emulgator in o/w type emulsion,
b - hydrophilic emulgator in w/o type emulsion,

2)hydrophilic emulgator in w/o type emulsion.

In w/o type emulsion water forms droplets, that are spread inside oil medium, see fig 19.3b.. If the emulgator is hydrophilic, it is better soluble in water than in oil, therefore it will be located at the interface between water droplets and oil, but from the side of water, i.e. it will be located inside water droplets and the surface of droplets will remain unprotected and ready for coalescence - such a system can not be stable.

For this reason, 

in presence of a hydrophilic emulgator an o/w type emulsion, but not a w/o type emulsion will be formed.

3) hydrophobic emulgator in w/o type emulsion

In w/o type emulsion water forms droplets inside oil medium. A hydrophobic emulgator (see fig.19,4a) which is better soluble in oil than in water, is located at the surface of water droplets in this situation , but from the side of oil. Thus, the surface of water droplets appears to be protected from coalescence and the emulsion is stable.
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Fig.19.4. Ability of a hydrophobic emulgator to stabilize a given type of emulsion:
a- hydrophobic emulgator in w/o type emulsion,
b- hydrophobic emulgator in o/w type emulsion.

4) hydrophobic emulgator in o/w type emulsion.

In o/w type emulsion, see fig.19.4b, oil forms droplets inside water medium. As a hydrophobic emulgator is better soluble in oil than in water, it will be located at the surface of oil droplets, but from the side of oil., i.e. it will be located inside oil droplets, leaving the outer surface free for coalescence. Such a system cannot be stable.

For this reason at presence of a hydrophobic emulgator w/o and not o/w type emulsion will be formed.

II.3.INVERSION OF EMULSION PHASES

It is possible to inverse the phases of emulsion so, that the initial dispersion medium becomes the disperse phase and vice versa. In general case this can be carried out by adding of an opposite-type emulgator in great amounts and intensive shaking.

A particular case of emulsion phase inversion is transformation of natural o/w type emulsions into w/o type. In natural emulsions the emulgators usually are Na salts of fatty (organic) acids, that are well soluble in water and therefore belong to the group of hydrophilic emulgators. To inverse the emulsion phases, CaCl2 is added to emulsion. An ion exchange reaction occurs and sodium salts of fatty acids are converted into calcium salts:
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which are better soluble in oil, than in water and therefore belong to the group of hydrophobic emulgators.

Thus, after shaking of an o/w type emulsion with CaCl2 solution a w/o type emulsion is obtained.

III.SOLUBILIZATION

Solubilization is a process, in which water-insoluble liquids are made pseudo-soluble in water by means of surface active compounds.

Solubilization occurs at high concentrations of surface active compounds. If a SAC contains hydrocarbon radical with 10-20 carbon atoms, it is able to form micells in water solutions. The existence form of these SAC in solution depends on their concentration, see fig.19.5.

At very low concentrations they exist as individual molecules, at higher - as associates of molecules, at more higher - spherical micells are formed and finally at very great concentrations planar micells are formed.
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Fig.19.5. Existence forms of SAC at different solution concentrations:
a - individual molecules, b - molecule associates, c - spheric micells, d - planar micells

The concentration, at which micell formation begins is called the critical micell-formation concentration (CMC). At concentrations, higher than CMC the surface active compound in solution exists mainly in a form of micells.

The structure of SAC micells is such, that the hydrophobic radicals of SAC molecules are situated inside the micell, but the hydrophilic groups form the surface of micell. This is quite natural, as in such a way the hydrophobic parts of SAC molecules are not in contact with water and this is energetically convenient.

Such micells of SAC are able to "hide" the molecules of some water-insoluble non-polar compounds, see fig.19.6., which become pseudo-soluble in such a way.
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Fig.19.6. Solubilization - molecules of a water-insoluble compound, hidden in a spheric micell of colloidal SAC.

In living organisms solubilization of water-insoluble fats is carried out by cholic acids, present in bile. Cholic acids are colloidal SAC and therefore they can form micells. This explains, why humans with insufficient bile generation cannot eat any fat food - their organism is not able to assimilate fats.

IV. DIFFERENCE BETWEEN EMULSION FORMATION AND SOLUBILIZATION

Formally the process of emulsion formation can seem similar to solubilization - in both cases two liquids of different polarities form a disperse system by a help of SAC.

The main differences between both processes are:

at emulsion formation one liquid forms droplets inside the other one and only a thin layer of SAC (emulgator) protects these droplets from coalescence while at solubilization a great amount of SAC forms micells and a small amount of disperse phase can be hidden inside these micells, but the obtained system is much more stable, than an emulsion. 

