
Physical stability can refer to any 
number of attributes ranging from 
appearance to color to viscosity. 
Many stability parameters are at 
least partially, if not completely, 
a function of suspension stability 
– the ability of the suspension to 
remain in its original state. This 
is critical for pharmaceutical 
formulations since any change 
could negatively impact its per-
formance. Suspension stability 
is the result of various physical 
and electrochemical forces over 
which formulators often feel that 
they have little control. However, 
an understanding of the funda-
mental forces involved will, in 
fact, empower the formulator to 
create more effective and stable 
formulations.

The preparation of oil-in-wa-
ter (O/W) and water-in-oil (W/O) 
emulsions requires emulsifiers 
and other tensides (1). Similarly, 
the preparation of suspensions 
of powders in liquids usually ne-
cessitates the use of chemical 
dispersing aids, including surfac-
tants (2). These materials, disper-
sants and emulsifiers, while they 
can also provide some degree of 
stability to the final suspension or 
emulsion are not true stabilizing 
aids. It is, therefore, often advan-
tageous to consider stabilization 
as a separate issue. This is partic-
ularly so when the systems are to 
be challenged by extreme process 
conditions such as freeze/thaw cy-
cling and high temperature/long-
term storage. Thus, when stability 
is an issue it is important to con-
sider more closely the mechanics 
of the stabilization process.

A suspension comprises, in 
the simplest case, a mixture of 
two phases. The phases are de-
scribed by the terms “dispersed 
phase” (for the material forming 
any particles) and the “dispersion 
medium or vehicle” (for the mate-
rial in which said particles are dis-
tributed). The dispersed (internal) 
phase can be solid particles, as in 
nail polish, liquid droplets, such 
as in an emulsion or air/vapor/gas 
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droplets in a foam. For this dis-
cussion, the term “particle” will 
be used for the dispersed phase 
be it solid, liquid or gaseous. 
The (external) liquid phase can 
be aqueous or non-aqueous; ex-
amples are all around us from 
car polish to salad dressing. The 
overall properties of the suspen-
sion are influenced by the chemi-
cal and physical characteristics of 
both the dispersed phase and the 
dispersion medium/vehicle and 
the interactions between these 
two individual materials when 
they are mixed together. 

The physical condition of the 
dispersed phase can vary from 
round, such as oil droplets in 
emulsions to needle- or plate-like 
crystals of clays and oxides. A very 
important physical property that 
influences the performance of 
a suspension is the particle size 
distribution (PSD) (see PSI Tech-
nical Brief 2009 Vol 2). The PSD 
directly affects important charac-
teristics such as the bioavailabil-
ity of APIs and the tone and hue 
of colored pigments, such as the 
iron oxides used in daily-wear 
skincare formulations. In addi-
tion, the PSD determines settling 
properties and affects rheological 
behavior (flow and deformation) 
as can be clearly demonstrated by 
varying the droplet size in a given 
emulsion. 

All suspensions, including coarse 
emulsions, are inherently ther-
modynamically unstable. They 
will, through random motion of 
the particles over time, aggre-
gate because of the natural and 
dominant tendency to decrease 
the large specific surface area 
and excess surface energy. This 
tendency becomes increasingly 
important the smaller the initial 
PS, and is especially significant 
for colloidal-sized particles (less 
than 1 micron). Hence attention 
must be paid to any process of at-
trition or comminution to reduce 
PS because of the potential for 
creation of a population of submi-
cron particles. The PS will always 

tend to increase with time unless 
some barrier is present to keep 
them from coalescing or sticking 
when they get close to each other. 
This is true for both liquid/liquid 
and solid/liquid suspensions. This 
will also result in a change in 
shape and width of the PSD. This 
is illustrated in Figure 1 where 
an emulsion was destabilized by 
dilution in a solution of an ionic 
surfactant of opposite charge. The 
frequency of particle-particle col-
lision depends on PSD, particle 
concentration, dispersion medium 
viscosity and temperature. 

The suspension stability thus 
refers to the resistance to change 
in the dispersed state of the sys-
tem. This is somewhat of a moving 
target that each formulator must 
define on a case-by-case basis be-
cause it depends upon the time-
scale of the 
observations 
– how long do 
you need the 
system to re-
main “stable”? 
For most com-
mercial, indus-
trial, and phar-
m a c e u t i c a l 
products this 
is usually mea-
sured in years. 
However, sus-
pensions used 
as an interme-
diate during 
manufactur-
ing may only 
need to survive 
for hours or 
days. It should 
be noted that 
the process of 
settling is not 
n e c e s s a r i l y 
an indication 
of instability. 
Many particu-
lates, especial-
ly oxides, have 
a high density 
and will sim-
ply settle over 

time under gravity. If the particles 
are not well-stabilized they will 
eventually aggregate. However, a 
well-stabilized, but settled system 
will re-disperse quite readily with 
agitation – think of creaming in 
whole milk. 

There are two fundamental 
types of interaction between par-
ticles – attraction and repulsion 
(3, 4). Whether two approaching 
particles will combine, or not, 
depends on the potential energy 
barrier between them. This po-
tential energy barrier arises as a 
consequence of the difference in 
magnitude of repulsive forces in 
comparison with attractive electro-
static forces. When the attractive 
forces are dominant, the particles 
will adhere; if the repulsive forces 
are stronger then the particles 
will remain suspended separately 
(Figure 2). The forces of attrac-
tion (called van der Waals forces) 
are always present pulling par-

Particle Sciences 

Both average 
diameter and width 
increase with time

Figure 1

Width Of Distribution: 101 nm
Average Diameter: 249 nm

–––––   2 hours

Width Of Distribution: 371 nm
Average Diameter: 461 nm

–––––   24 hours

Width Of Distribution: 586 nm
Average Diameter:1431 nm

–––––   72  hours

0

10

4000

%
 R

el
at

iv
e 

In
te

ns
ity

Particle Diameter (nm)

PARTICLE SIZE DISTRIBUTION

Particle Sciences 

To
ta

l I
nt

er
ac

tio
n 

En
er

gy

Figure 2

PARTICLE INTERACTION ENERGY

    REPULSIVE FORCE     

       
ATTRACTIVE  FORCE

A > R = Unstable System
R > A = Stable System

The higher the energy 
maximum the more

stable the system

R > A

A > R

Energy 
Barrier

©2009 Particle Sciences, Inc. All rights reserved.



ticles together even in completely 
nonpolar systems; these forces 
of attraction act over surprisingly 
large distances of separation. The 
magnitude of the attractive forces 
increases as the polarity of the 
medium/vehicle decreases. This 
is very important in, for example 
W/O emulsions where the pres-
ence of small amounts of less 
polar impurities in the oil-phase 
can promote flocculation or even 
coalescence. In order to maintain 
the highest degree of suspension 
stability the forces of attraction 
must be kept as low as possible 
and there must be sufficient re-
pulsive force to counteract them. 
There are basically two ways to 
attain this – electrostatically and 
sterically – as shown schemati-
cally in Figure 3. Either method 
can be used but it can be seen 
from this simple picture that each 
will result in completely different 
rheological (flow and deformation) 
behavior of the stabilized suspen-
sion.

The electrostatic method places 
an ionic charge at the surface of 
particles that results in mutual 
repulsion. For maximum stability 
the electrostatic force of repulsion 
should be as large as possible, 
i.e., the particle surface charge 
should be as large as possible. 
The force of repulsion becomes 
smaller as the ionic strength of 
the medium increases. Thus, the 
lowest electrolyte concentration 
possible should be used. This is 
problematic for many pharmaceu-

tical formula-
tions that tend 
to be isotonic 
with blood, 
i.e., they have 
a very high 
ionic strength. 

Any method 
of making the 
particle(s) in 
the suspen-
sion display 
a net charge 
will work for 
electrostatic 
stabil ization 
and there is 
much room for 
creativity. One 
common pro-
cess is disso-
ciation of iono-
genic surface 
hydroxyl or car-
boxyl groups. 
This process is 

pH dependent (in water); oxides 
and clays can readily be stabi-
lized by this method. A second 
is through physical adsorption of 
ionized surfactants and polyelec-
trolytes. Indeed, physical adsorp-
tion is the foundation of particle 
dispersion technology and has 
been successfully employed for 
decades. However, the inherent 
shortcoming is that any physically 
adsorbed species can, and often 
will, be displaced during subse-
quent processing because of the 
often severe thermal and mechan-
ical agitation employed. 

The sign and magnitude of the 
surface charge is an important 
factor not only in the choice of 
dispersing and processing aids 
but also when preparing co-sus-
pensions containing different 
dispersed materials. A reliable 
and well-established method to 
determine the surface charge of 
suspensions is zeta potential (5).

The steric method of repulsion 
produces a structure-mechanical 
barrier of non-ionic long chain 
molecules around interacting par-
ticles to prevent collision, rather 
like the bumper on a car. The use 
of macromolecules to provide ste-
ric stabilization is almost as much 
an art as a science and various 
conditions must be met if stable 
dispersions are to be successfully 
prepared. The dispersion medium 
or vehicle must be a good “sol-
vent” for the adsorbed macro-
molecule to allow for the polymer 
chains to extend as far as pos-

sible into bulk solution. The sur-
face coverage must be complete 
and the adsorbed moiety must 
be firmly attached to the surface 
but not so strongly that it will be 
collapsed because the “depth” or 
“thickness” of the steric barrier 
has to be large.

Figure 4  illustrates schematical-
ly just a few difficulties in achiev-
ing these conditions simultane-
ously. The characteristic feature 
of any macromolecule in solution 
is its high degree of conforma-
tional freedom. The shape and 
dimensions of a macromolecule 
in solution are critically affected 
by the macromolecule concentra-
tion, the nature of the “solvent”, 
and the temperature. This, in turn, 
will affect how the moiety adsorbs 
onto a surface (6).

In Figure 4a, the conditions are 
such that the macromolecule is 
well solvated and adopts the con-
formation of an extended chain. 
For complete surface coverage 
the macromolecule must adsorb 
flat-on. Although there may be 
firm attachment, it produces only 
a thin layer and, hence, virtually 
no steric barrier.

In Figure 4b, the conditions are 
such that the macromolecule is a 
tightly bunched random coil. Al-
though adsorption onto the sur-
face results in a thick layer, there 
are only a few point contacts. 
Displacement can readily occur, 
particularly under shear condi-
tions. Also, surface coverage is 
not optimum.

Figure 4c is the ideal situa-
tion. Good steric stabilization is 
achieved when the solution condi-
tions are such that the macromol-
ecule adsorbs onto the surface by 

many contacts. The open struc-
ture of the “loop” segments also 
provides a solvation layer that, 
itself, supplies additional repul-
sive force; there is resistance to 
squeezing out this layer because it 
entails removal (or displacement) 
of solvent. The “tails” provide ad-
ditional depth to the barrier. 

Thus, in practice, the most use-
ful steric stabilizers are block and 
graft copolymers. They are gener-
ally composed of two parts; one of 
which is insoluble in the disper-
sion medium and which firmly an-
chors the stabilizing moiety, and 
a second part which is soluble in 
the dispersion medium, provid-
ing the steric repulsion. Naturally 
occurring polymers such as gela-
tin, casein, gum Arabic and even 
vegetable oils have been used. 
Sterically stabilized systems are 
much less sensitive to electro-
lytes and they provide tolerance 
at very high ionic strengths. Thus, 
they are very useful in formulat-
ing pharmaceutical suspensions. 
They exhibit more progressive 
rheological properties and gen-
erally display better freeze/thaw 
behavior. Sterics also allow higher 
solids loadings and they work in 
non-aqueous media. The disad-
vantage is that a suspension can 
be readily destabilized if there 
is poor coverage or if there is ex-
cess steric stabilizer in solution. A 
whole textbook has been devoted 
to this subject (7).
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TYPES OF CONFORMATIONS 
IN A SOLUTION

(a) Flat-on- Adsorption

(b) Random Coil Adsorption

(c) Trains Adsorption

Loops Tails


