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CHAPTER 19 

Disperse Systems 

George Zografi, PhD 
Professor 
School of Pharmacy, University of Wisconsin 
Madison. WI 53706 

Hans Schott, PhD 
Professor of Pharmaceutics and Colloid Chemistry 
School of Pharmacy, Temple University 
Philadelphia, PA 19140 

James Swarbrick, DSc, PhD 
Professor and Chairman 
Division ofPharmace.utics 

School of Pharmacy, University of North Carolina at Chapel Hill 
Chapel Hill, NC 27599-7360 

Interfacial Phenomena 

Very often it is desirable or necessary in the development 
of pharmaceutical dosage forms to produce multiphasic dis
persions by mixing together two or more ingredients which 
are not mutually miscible and capable of forming homoge
neous solutions. Examples of such dispersions include sus
pensions (solid in liquid), emulsions (liquid in liquid) and 
foams (vapor in liquids). Because these systems are not 
homogeneous and thermodynamically stable, over time they 
will show some tendency to separate on standing to produce 
the minimum possible surface area of contact between 
phases. Thus, suspended particles agglomerate and sedi
ment, emulsified droplets cream and coalesce and the bub
bles dispersed in foams collapse, to produce unstable and 
nonuniform dosage forms. In this chapter the fundamental 
physical chemical properties of dispersed systems will be 
discussed¥·along with the principles of interfacial and colloi
dal physics and chemistry which underly these properties. 

Interfacial Forces and Energetics 

In the bulk portion of each phase, molecules are attracted 
to each other equally in all directions, such that no resultant 
forces are acting on any one molecule. The strength of these 
forces determines whether a substance exists as a vapor, 
liquid or solid at a particular temperature and pressure. 

At the boundary between phases, however, molecules are 
acted upon unequally since they are in contact withother 
molecules exhibiting different forces of attraction. For ex
ample, the primary intermolecular forces in water are due to 
hydrogen bonds, whereas those responsible for intermolecu
lar bonding in hydrocarbon liquids, such as mineral oil, are 
due to London dispersion forces. 

Because of this, molecules situated at the interface con
tain potential forces of interaction which are not satisfied 
relative to the situation in each bulk phase. In liquid sys
tems such unbalanced forces can be satisfied by spontaneous 
movement of molecules from the ·interface into the bulk 
phase. This leaves fewer molecules per unit area at the 
interface (greater intermolecular distance) and reduces the 
actual contact area between dissimilar molecules. 

Any attempt to reverse this process by increasing the area 
of contact between phases, ie, bringing more molecules into 
the interface, causes the interface to resist expansion and to 

behave as though it is under a tension everywhere in a tan
gential direction. The force of.this tension per unit length 
of interface generally is called the interfacial tension, except 
when dealing with the air-liquid interface, where the terms 
surface and surface tension are used. 

To illustrate the presence of a tension in the interface, 
consider an experiment where a circular metal frame, with a 

- looped piece of thread loosely tied to it, is dipped into a 
liquid. When removed and exposed to the air, a film of 
liquid will be stretched entirely across the circular frame, as 
when one uses such a frame to blow soap bubbles. Under 
these conditions (Fig 19-1A), the thread will remain col
lapsed. If now a heated needle is used to puncture and 
remove the liquid film from within the loop (Fig 19-1B), the 
loop will stretch spontaneously into a circular shape. 

The result of this experiment demonstrates the spontane
ous reduction of interfacial contact between air and the 
liquid remaining and, indeed, that a tension causing the loop 
to remain· extended exists parallel to the interface. The 
circular shape of the loop indicates that the tension in the 
plane of the interface exists at right angles or normal to every 
part of the looped thread. The total force on the entire loop 
divided by the circumference of the circle, therefore, repre
sents the tension per unit distance of surface, or the surface 
tension. 

Just as work is required to.extend aspring under tension, 
work should be required to reverse the process seen in Figs 
19-1A and B, thus bringing more molecules to the interface. 
This may be seen quantitatively by considering an experi
ment where tension and work may be measured directly. 
Assume that we have a rectangular wire with one movable 
side (Fig 19-2). Assume further that by dipping this wire 
into a liquid, a film of liquid will form within the frame when 
it is removed and exposed to the air. As seen earlier in Fig 
19-1, since it comes in contact with air, the liquid surface will 
tend to contract with a force, F, as molecules leave the 
surface forthe bulk. To keep the movable side in equilibri
um, an equal force must be applied to oppose this tension in 
the surface. We then may define the surface tension,/', of 
the liquid as F/21, where 2l is the distance of surface over 
which F is operating (2l since there are two surfaces, top and 
bottom). If the surface is expanded by a very small dis
tance, ~x, one can then estimate thatthe work done is 

W=F~x (1) 

Dr Zografi authored the section on Interfacial Phenomena. Dr and therefore 
Schott authored the section on Colloidal Dispersions. Dr Swarbrick 
authored the section on Particle Phenomena and Coarse Dispersions. W = ,2lt.x (2) 
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