


Colloid stability

» Forces of interaction between colloidal particles
include repulsive (e.g. electrical) and attractive (e.g.
van der Waals) forces.

 In the DLVO theory, the combination of the
electrostatic repulsive energy (V) with the
attractive potential energy (V,) gives the total
potential energy of interaction:
by o olas Uy JUR Vit = Va + Vi
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If forces of attraction overcome repulsive forces,
the colloid particles will coagulate leading to
instability of dispersion.

Pharmaceutical applications of colloids

e Colloidal  dosage forms (e.g.  hydrogels,
microemulsions, liposomes, micelles, and
nanoparticles) have many pharmaceutical benefits:

1. Modifying the properties of pharmaceutical agents,
especially the solubility and stability of the drug.

2. Prolonging drug action (Sustained drug delivery
systems).

3. Enhancing drug bioavailability and decreasing their
side effects (targeted drug delivery systems).
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Emulsions

Theory of emulsion stabilization

Interfacial films

» Adsorption of a surfactant at the oil-water interface lowers
interfacial tension.

* Unless the interfacial tension is zero, there is a natural
tendency for the oil droplets to coalesce to reduce the area
of oil-water contact, but the presence of the surfactant
monolayer at the surface of the droplet reduces the
possibility of collisions leading to coalescence.

* Adsorption of charged surfactants will lead to an increase
in zeta potential and will thus help to maintain stability by
increasing V;.
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Interfacial films 5]

» The appropriate choice

Emulsions

Theory of emulsion stabilization

of emulsifier or
emulsifier mixture can
be made by preparing a
series of emulsions with
a range of surfactants of
varying HLB.
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oilin-water emulsion as a function of the HLB of the
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Brij 92-Brij 96 mixtures.
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Theory of emulsion stabilization
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A number of hydrophilic colloids are used as emulSifying ojjuwie- mbefocs 38 alsorpbion
agents in pharmacy.
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These include proteins (gelatin, casein) and polysaccharides .2, sh,,,;,,,;\ ok e

(acacia, cellulose derivatives and alginates). ey ol ebule 3 gaed Lager 5% 2
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These materials, which generally exhibit little surface
activity, adsorb at the oil/water interface and form

multllayers' MJ/ophlln‘c collord Al Ysin aul E_ﬁ._;,u

Such multilayers have viscoelastic properties, resist rupture.: ¢ . tws fusckion gas <l

and presumably form mechanical barriers to coalescence.
e Tontzabion @3~ 2o
Some of these substances have chemical groups that ionize, PR sy o

thus providing electrostatic repulsion as an additional barrier
to coalescence.
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Theory of emulsion stabilization

Solid particles in emulsion stabilization— *+'- /‘ﬁﬁ ol
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. 7+ Emulsions may be stabilized by finely divided solid particles if
F/Q)/;:‘ ff ;;";f ;:0 they are preferentially wetted by one phase and possess
7 sufficient adhesion for one another so that they form a film
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e X Phy L wekin,

o1\ s Miwdy e s Preferential wetting of solid by water, lead to an o/w emulsion,
P oa/w(&"“—"‘(l-‘_y
o a2 é,, while preferential wetting of solid by 011 lead to a w/o emulsion.
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(a) (b)
Fig. 6.14 Emulsion stabilization using solid particles.
(a) Preferential wetting of solid by water, leading to an o/w
emulsion; (b) preferential wetting of solid by oil, leading to a w/o
emulsion.
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Solid particles in emulsion stabilization
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e Aluminium and magnesium hydroxides and clays such as
bentonite are preferentially wetted by water and thus
stabilize o/w emulsions, e.g. liquid paraffin and magnesium
hydroxide emulsion.

« Carbon black and talc are more readily wetted by oils and
stabilize w/o emulsions.
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Multiple emulsions

* Multiple emulsions are emulsions whose disperse
phase contains droplets of another phase.

« They are made by emulsifying a water-in-oil
emulsion with a hydrophilic surfactant to produce a
water-in-oil-in-water system, or an oil-in-water
system with a low HLB surfactant to produce an oil-
in-water-in-oil system.
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Microemulsions- >

* Microemulsions are homogeneous transparent systems of

low viscosity which contain a high percentage of both oil

and water and high concentrations (15-25%) of
emulsifier mixture.

* Microemulsions form spontaneously = when the
components are mixed in the appropriate ratios and are
thermodynamically stable.

| * In their simplest form, microemulsions are small droplets
el s g Ly (diameter 5-140 nm) of one liquid dispersed throughout
emlsifiying mighu S| another.
Jf;’m‘/ ?’ s b » The droplet size is therefore very much smaller than that
5{:’/?: 7\ phos &/ of normal emulsions (which is why microemulsions are
transparent) and the droplets are very much more uniform
in size.
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sty 0% sens 20 < The rheology of emulsions

* Most emulsions display both plastic and
pseudoplastic flow behaviour rather than simple
Newtonian flow. Pocerbal wse 5 w8 \s1

» The pourability, spreadability and ‘syringeability’
of an emulsion will be directly determined by its
rheological properties.
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ST, Suspensions

Ruvicet M=o\ e, G, Controlled flocculation and stability of suspension

S mssible 5550 o Formulation of pharmaceutical suspensions to minimize

o s Woker caking can be achieved by the production of flocculated
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a suspension is a heterogeneous dosage form in which solid drug particles are dispersed throughout a liquid phase (usually aqueous, but can also be oily). These solid particles are insoluble
in the dispersion medium, and they remain suspended with the aid of suspending agents or through agitation.

Flocculation is the process by which dispersed solid particles in a suspension form loose, reversible aggregates (called flocs) due to weak attractive forces (e.g., van der Waals forces).
These flocs settle rapidly, but they do not form a hard cake, and they can be easily redispersed by gentle shaking. 1
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Controlled flocculation and stability of suspension

G0 Qb dr bmula 2 2=t In order to quantify the sedimentation

das corws scais) ke Of suspended particles, the ratio R of
_ ﬂ/ujqu,b,,l sedimeabt gedimentation layer volume (V) to
total suspension volume (V, ) may be

nak hacd coly Rarof Celge
s ché‘)('w“cwbl' CAM_,
Use\2s(isiors 2aby used.

» A measure of sedimentation may also
be obtained from the height of the
sedimented layer (h,) in relation to the
initial height of the suspension (hy).

SQJI'men}eJ ,0;473/_,“ Velumpe _)IQJM \7Q ,__R — & ~ h_oo -2 coasle \'J\“
Yolum N >
g LR R calf e df o Vt 170 Nght  srewn)
<l E’h(cu'a}.’en RIS WL’
\S:“P(“CCq(q}lloﬂ 3o \Cte UL
D b asG ey ey
(st s Lo ) calcing
QN Q . SyPonsion jl”j-!f
LR U o nl
Suspensions

Controlled flocculation and stability of suspension

* Most suspension particles dispersed in water have a
charge acquired by specific adsorption of ions or by
ionization of ionizable surface groups.

« If the charge arises from ionization, the charge on the
particle will depend on the pH of the environment.

* Repulsive forces arise because of the interaction of the
electrical double layers on adjacent particles.
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Suspensions

Controlled flocculation and stability of suspension

 In suspensions of charged particles the flocculation may

S fepuin o o 0€_controlled by the addition of electrolyte or ionic
surfactants that reduce the zeta potential, and hence V4,

to give a satisfactory secondary minimum in which flocs

may be formed.
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Controlled flocculation and stability of suspension

Example

*Bismuth subnitrate has a <y

positive zeta potential;
addition of phosphate
reduces the charge and the
zeta potential falls to a
point where maximum
flocculation is observed.
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*In this zone there is no caking. Further addition of phosphate leads
to a negative zeta potential and a propensity towards caking.
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Stability of nonaqueous suspensions

Many pharmaceutical aerosols consist ol solds
disperscd 1n a non-aqucous propcllant  or
propellant mixture.

Low amounts of water adsorb at the particle
surface and can lead 1o aggregaton ol the
particles or to deposition on the walls ol the
containcr, which adversely affccts the product.
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