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Colloidal Dispersion

* Although there is no precise point at which the
size of a particle in a dispersion can be considered
to be “colloidal”, there is a generally accepted size
range.

* A substance is said to be colloidal when its
particles fall between 1 nm and 1um (or 0.5 pm).

* Colloidal particles are usually larger than atomes,
ions, or molecules and generally consist of
aggregates of many molecules, although in
certain proteins and organic polymers, single
large molecules may be of colloidal dimension
and form colloidal dispersions.



1.

2.

Differences between colloidal
dispersion and true solution

The particle size: the larger particle size of the
disperse phase of colloidal type of preparation.

The optical properties of the two systems: true
solutions do not scatter light and therefore
appear clear, but colloidal dispersions contain
opaque particles that do scatter light and thus
appear turbid. This turbidity is easily seen even
with dilute preparations, when the dispersion is
observed at right angles to a beam of light
passed through the dispersion.



The Tyndall Effect

The scattering of visible light by colloidal
particles is called the Tyndall effect.
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Properties of colloidal dispersions

* Colloidal dispersions have the following
properties:

1. Visible in electron microscope and often in ultra-
microscope, but invisible in ordinary
microscope.

2. Low rate of diffusion.
Undergo Brownian motion.

4. Pass through filter paper, retained by ultrafilters
and dialysis membrane.

5. Low osmotic pressure.
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Terms used for colloidal dispersions

Sol: is a general term to designate a dispersion of
a solid substance in either a liquid, a solid, or a
gaseous dispersion medium.

Hydrosol: a prefix hydro refers to water, means
the dispersion medium is water.

Organosol: dispersion of solid in organic solvent

Alcosol: a perfix alco refers to alcohol, dispersion
medium.

Aerosol: term for a dispersion of solid or a liquid
in @ gaseous phase.



Types of colloidal dispersions

* According to the attraction or lack of attraction between
the dispersion phase and dispersion medium, colloidal
dispersion divided into:

1. Lyophilic colloid:

* thereis a considerable attraction between dispersed
phase and dispersion medium.

* There is extensive solvation and the system is said to be
solvent loving when there is high affinity between the two
phases.

* |Ifthe dispersion medium is water then the system is
called hydrophilic.

* For example starch, gelatin, acacia, povidone these swell,
disperse, dissolve spontaneously in water.
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Official lyophilic dispersion

Cellulose and cellulose derivatives

Starch

Polyelectrolytic polysaccharide

Acacia, tragacanth, sodium alginate and agar
Synthetic non-ionic water-soluble polymers
Polyethylene glycol

Povidone (polyvinyl pyrolidone)

Protein and polypeptides

gelatin



* If the dispersion medium is of low polarity or
low dielectric constant then it is called
lipophilic or oleophilic.

* These have good affinity for oils or solvent of
low polarity like benzen, CCl,.

* Examples of lipophilic dispersion: polymers
like polystyrene or gum rubber, they dissolve

molecularly in benzene. Magnesium or
Aluminum stearate in cotton seed oil.



* Lyophilic colloidal systems are usually:

1. Easier to prepare, formed spontaneously
because of high affinity between dispersed
particle and the dispersion medium.

2. Thermodynamically stable because of high
affinity will give small surface area which
gives small free energy (A F)

AF=YAA
3. Reversible: even if the solvent is removed

from the system and then is bring back, the
system will formed spontanously.



Hydrophilic dispersion classification

1. Soluble material: are soluble in water whether they
are linear or branched polymer. Their solution is
classified as colloid because the individual molecules
are in the colloidal particle size range, they exceed 50-
100 A°. For example acacia, povidone.

2. Particulate: represent solids which swell in water, but
their primary particles do not dissolve or break down
into individual molecules or ions. One subdivision of
this class composed of cross-linked polymers, their
linear uncross-linked analogues are soluble in water.



* Sodium polystyrene sulfonate which is used as

Examples

cation exchange resin and it is water insoluble
produced by copolymerization of styrene with
few percentage of divinyl benzene and then
the product is subjected to sulfonation and

neutralization.

* The polymer behaves as single molecule
where its atoms are linked together by vinyl
bond, they are strong and resist rupture and

dissolution.
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Examples

* Cholestramin resin USP, which has the same
backbone of the cross-linked polystyrene
chain but they contain quaternary ammonium
chloride group instead of sodium sulfonate
group, so it acts as anion exchange resin.

Cholestyramine

CH——CH,——CH——CH>

R=l=

CHLSN*(CH3)sCI-




3. Gels (sometimes called jellies) are semisolid
systems consisting of dispersions of small or large
molecules in an aqueous liquid vehicle rendered
jelly like by the addition of a gelling agent.

* Among the gelling agents used are synthetic
macromolecules, such as carbomer 934; cellulose
derivatives, such as carboxymethylcellulose or
hydroxypropyl methylcellulose; and natural gums,
such as tragacanth.

* Carbomers are high molecular weight water-
soluble polymers of acrylic acid cross-linked with
allyl ethers of sucrose and/ or pentaerythritol.



* There are two properties for substances to form
gel:

1. The particle must be extensively solvated

2. They must be able to adhere to each other at
the point of contact.

* A gel consists of two continuous phases mixed
together and interpenetrating, the solid matrix
and the immobilized liquid.

* Agelis formed when the polymer substances
are present at high concentration and/ or at a
temperature where their solubility is low.

* Examples of such hydrogel are gelatin and
starch, which will form gel on cooling. While
methylcellulose will form gel on heating.



Gel is considered as a semisolid or solid dispersion.

Gels owe their rigidity to an intertwining network of
the disperse phase which entraps and holds the
dispersion medium.

A change in the temperature can cause certain gels to
resume the sol or liquid state. Also, some gels may
become fluid after agitation and resume their solid or
semisolid state after remaining undisturbed for a
period of time, a phenomenon known as thixotropy.

Gels may thicken on standing, forming a thixotrope,
and must be shaken before use to liquefy the gel and
enable pouring.



Lyophobic Dispersion (Colloid)

1. Asystem in which there is little attraction
between dispersed phase and dispersion
medium. It is called solvent-hating.

2. Unlike lyophilic colloids, lyophobic materials
do not spontaneously disperse, but must be
encouraged to do so by special individualized

procedures.

3. Their addition to the dispersion medium
does not greatly affect the viscosity of the
vehicle.



* When the dispersion medium is water then the system
called hydrophobic and this system consists of a
particle which is not hydrated by water, so water
molecules attract to each other to solvate particle.

* This system includes aqueous dispersion of

1. Oleophilic materials such as polystyrene, gum rubber,
steroids, paraffin wax and

2. Some other organic lipophilic materials like
Magnesium stearate

3. There is an exception for materials that are not
lipophilic and form hydrophobic dispersion, these are
AgCl and gold.



* Lyophobic dispersions are intrinsically
unstable because of the lack of attraction
between the dispersed phase and continuous
phase, and they are irreversible.

* The instability is also due to the large surface
area, which gives large surface free energy,
which is not lowered by solvation.

* The dispersion process does not take place
spontaneously and once the dispersed phase
is separated from the dispersion medium the
dispersion is not easily reconstitued.



Suspensions

Suspension is a coarse dispersion containing finely
divided insoluble material suspended in a liquid
medium or available in a dry powder to be distributed
in the liquid when desired, this in case the stability of
powder is low.

Suspension consist of two phases; solid dispersed
phase and dispersion medium, which is liquid and may
be oil or water.

The particle size of coarse particles usually 10-50 um in
size.

Suspension could be administer orally, topically,
parenterally (except 1.V), and for ophthalmic
administration.



* Some suspensions preparations are available in:

1.

Ready-to use form- that is, already distributed through a
liquid vehicle with or without stabilizers and other
pharmaceutical additives.

Other preparation are available as dry powders intended
for suspension in liquid vehicles. This type of product
generally is a powder mixture containing the drug and
suitable suspending and dispersing agents, which upon
dilution and agitation with a specified quantity of vehicle
(generally purified water) results in the formation of a
suspension suitable for administration.

This type of preparation is designated in the USP by a title
of the “drug powder for oral suspension”.

Prepared suspensions not requiring reconstitution at the
time of dispensing are simply designated as “drug oral
suspension”



Examples of suspension preparations




Reasons for suspensions

* There are several reasons for preparing suspensions

1.

3.

Certain drugs are chemically unstable when in
solution but stable when suspended. In instances such
as this, the suspension insures chemical stability while
permitting liquid therapy.

For many patients, the liquid form is preferred over
the solid form of the same drug because of the ease
of swallowing liquids and flexibility in the
administration of a range of dose. This particularly
advantageous for infants, children and the elderly.

The disadvantage of a disagreeable taste of certain
drugs when given in solution form is overcome when
the drug is administered as undissolved particles of an
oral suspension.



Suspension given as intramuscular injection,
because absorption from a suspension is
normally slower than from solution at the
injection site, and thus prolong the time of action
of drug.

By using an oil further slower down absorption
and provide sustained or prolong action.

Externally used suspension are either formulated
in aqueous or oily vehicle depending on the
intended of their use.

For parenteral and ophthalmic use suspension
should be sterile, and smaller particle size (less
than 10um)



Features desired in a pharmaceutical
suspension
1. A properly prepared pharmaceutical suspension
should settle slowly and should be readily
redispersed upon the gentle shaking of the
container.

2. The characteristics of the suspension should be
such that the particle size of the suspensoid
remains fairly constant throughout long periods
of undisturbed standing.

3. The suspension should pour readily and evenly
from its container.



What are the properties of ideal suspension

* The properties of acceptable ideal suspension are:

1.

o

It should have a uniform particle size so that each particle
acts as other particles producing constant behavior for the
suspension as a whole.

No particle-particle interaction (no aggregation) and no
clamping should occur; such suspension is called
monodispersed suspension.

Their should be no sedimentation, the particles should
either be stationary or moved randomly through out the
dispersion so that there is always uniform dispersion of
the drug.

The suspension should not be too viscous and pour freely.
It should have an agreeable odor, color, and taste.

It must not be decomposed or support microbial growth
during storage.



* |n other words suspension must provide a
uniform therapeutically active pleasant dose that
is convenient to take by the patient.

* The properties or parameters that could be
controlled in an attempt to reach ideal behavior
are:

1. Particle size: it is desirable to have small particle
size.

» In colloidal system Brownian movement keeps
the particles movement, while in coarse
dispersion as in suspension the particle size are
too large for the terminal energy to keep them
suspended and their will be always some degree
of sedimentation.



The terminal velocity with which particles settle in a coarse
dispersion is expressed by stokes law:

ax _ o _ d*(p— po) g
dt 181

Where, V is the terminal velocity or sedimentation rate of fall
of an average particle in the dispersion (perfectly spherical
particles).

d is the mean particle diameter.

p is the density of the particles

Po is the density of the dispersion medium.
G is acceleration constant due to gravity

n is the viscosity of the dispersion medium.



» Diameter is important factor because it is raised to the 2"
power.

» So by reducing the diameter by reducing particle size using
mortar and pestle the terminal velocity is decreased. Thus
decrease sedimentation of particles.

Mills is used for hard substances like crystals.
2. Particle movement and density and viscosity of medium.
A. If the density of solid equal the density of the dispersion

medium then the rate of sedimentation V equal zero,
which means ideal condition; but this condition is hard to

get, because

* it is difficult to prepare a suspension with density great
enough to match the density of a solid.

* Also the density of a solution is affected by the
temperature, so density matching is useful only at control
temperature.



B. Viscosity adjustment is better control of movement
of sedimentation that by increasing it to a certain
extent will decrease the sedimentation rate because
there is an inverse proportion between them
referring to Stokes’ law, and this done by

» adding a thickening or suspending agent to increase
the viscosity of the dispersion medium.

» Hydrophilic colloids are commonly used specially
gums; cellulose, clays.
Example

* A powder has a density of 1.3 g/cc and is
available as a powder with an average particle
diameter of 2.5 microns (assuming the
particles to be spheres). According to stokes
Equation, this powder will settle in water
(viscosity of 1cps assumed)at a rate of:

v (2.5 x 107%)2(1.3 - 1.0)(980)
B 18 x 0.01

= 1.02 x 10~ %*cm/sec



If the particle size of the powder is reduced to
0.25 p and water is still used as the dispersion
medium, the powder will now settle at a rate

of: )
p - (25x107°)%(1.3 — 1.0)(980)

18 x 0.01
As is evident, a decrease in particle size by a

factor of 10 results in reduction in the rate of
settling by a factor of 100,

This enhanced effect is a result of the “d”

factor in stokes’ equation being squared.

Now, if a a different dispersion medium, such as
glycerin is used in place of water, a further decrease
in settling will result.

Glycerin has a density of 1.25g/cc and a viscosity of
400 cps. The larger particle size powder (2.5 ) will
settle at a rate of:

o (2.5x107%)(1.3 — 1.25)(980) — 495 x 10—
v = 18x2 = 4. X cm/sec

= 1.02 x 10~ %cm/sec

The smaller particle size (0.25u) powder will now
settle at a rate of:

(2.5x1075)(1.3 — 1.25)(980)
v= - Ty — — = 4.25 x 1071° cm /sec




* Asummary of these results is shown in the following table:

Condition Rate of settling (cm/sec)
2.5u powder in water 1.02 x10*
0.25u powder in water 1.02 x10©
2.5u powder in glycerin 4,25 x108
0.25u powder in glycerin 4.25 x1010

As is evident from this table, a change in dispersion medium results in the
greatest change in the rate of settling of particles. Particle size reduction
can contribute significantly to suspension stability. These factors are

important in the formulation of physically stable suspensions.



Concentration of solid:

High concentration of solid increase the possibility of
particle-particle collision, but will also promote particle-
particle interaction.

The concentration of solid is usually fixed in prescription
and can not be changed to affect the stability purpose.

Particle-particle interaction

Particle-particle interaction controls the deflocculation
and flocculation system. Particle-particle interaction must
be avoid because the aggregation of small particle will
behave as single large particle and tend to settle at
increase rate of flocculation.

If particle have similar electric charge then they
preventing from coming together. It is usually for solid
particles dispersed in aqueous media to carry the same
type of charge.



5. Particle-vehicle interaction: these are significant in
wetting and dispersion particle. When solid is reduced
to small particle size, there is an increase in surface
area AA and surface free energy AF, so the particle
now is highly energetic and tend to come together to
reduce the free energy.

* To summarize, flocculated particles are weakly
bonded, settle rapidly, do not form a cake, and
are easily resuspended; deflocculated particles
settle slowly and eventually form a sediment in
which aggregation occurs with the resultant
formation of a hard cake that is difficult to
resuspend.



* There are varies ways where charge can developed:

e

lonization of groups on solid surface.
Adsorption of surfactant on solid surface.
Adsorption of electrolyte from solution.

The last two methods are the most common. The sign of
charge develop on the surface of particle can be predicted
if the charge result from adsorption of sodium lauryl
sulphate on the solid will make the solid carry negative
charge.

The sign of charge which develop from electrical charge
adsorption depend on the ion adsorption from the
solution and it is difficult to be predicated.

The magnitude of charge is define as: the difference in
electrical potential between the charge of solid surface
and bulk of the solution.



* Important potential for suspension is zeta potential,
which is the difference of potential between surface of
tightly bound layer and electroneutral portion of
solution.

* In order to maintain a monodispersed system; the zeta
potential must be great enough for particle to repel
each other, the minimum value is called (the critical
zeta potential) and it is specific for suspension.

* The electrostatic repulsion set up between adjacent
like charge particle preventing them from adhering to
each other.



* |If particles have solvated surface, it will help
to prevent particles from coming together, so
in the presence of a suitable vehicle, a surface
charge or the possession of solvated sheath
around the particles results in the dispersion
of primary particles rather than aggregates.

* If the electrical or molecular barrier is very
large then flocculation will be negligible.

* Note: Flocculation results from the collision
and combination of primary particles in the
suspension.



* The potential energy of two particles is plotted in
Figure 17-1 as a function of the distance of separation.
Shown are the curves depicting the energy of
attraction, the energy of repulsion, and the net energy,
which has a peak and two minima.

* When the repulsion energy is high, the potential
barrier is also high, and collision of the particles is
opposed. The system remains deflocculated, and, when
sedimentation is complete, the particles form a close-
packed arrangement with the smaller particles filling
the voids between the larger ones.

* Those particles lowest in the sediment are gradually
pressed together by the weight of the ones above; the
energy barrier is thus overcome, allowing the particles
to come into close contact with each other






* To resuspend and redisperse these particles, it
IS again necessary to overcome the high-energy
barrier. Because this is not easily achieved by
agitation, the particles tend to remain strongly
attracted to each other and form a hard cake.

* When the particles are flocculated, the energy
barrier is still too large to be surmounted, and
so the approaching particle resides in the
second energy minimum, which is at a distance
of separation of perhaps 1000 to 2000 A. This
distance is sufficient to form the loosely
structural flocs.



Properties of flocculated and deflocculated suspensions

Flocculated suspension Deflocculated suspension

1. Particles form loss aggregate

2. Rate of sedimentation is high, since
particles settle as floc, which is a collection of
particles

3. A sediment is formed rapidly

4. The sediment is loosely packed and
possesses a scaffold like structure.

5. The sediment does not form hard cake and
easily re-disperse.

6. The suspension in some what unpleasant
due to rapid sedimentation and presence of
obvious clear supernatant region.

7. The floccules stick to the sides of the
bottle

1. Particles exist in suspension as separate
entities

2. Rate of sedimentation is low, since each
particle size is minimal.

3. A sediment is formed slowly

4. The sediment eventually becomes very
closely packed, owing to weight of upper
layers of sediment material.

5. Hard cake is formed which is difficult to re-
disperse

6. The suspension has a pleasing appearance
since the suspended material remains
suspended for a relative long time. The
supernatant remains cloudy even when
settling is apparent.

7. Particles do not stick to the sides of the
bottle
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