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Unit-3

Physical Pharmaceutics- 11

B.Pharma 4% Sem Notes

UNIT-3

e Coarse dispersion: Suspension, interfacial properties of suspended particles, settling
in suspensions, formulation of flocculated and deflocculated suspensions. Emulsions
and theories of emulsification, microemulsion and multiple emulsions; Stability of
emulsions, preservation of emulsions, rheological properties of emulsions and
emulsion formulation by HLB method.
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Solution:

A solution is a homogeneous mixture. This means it appears completely uniform
throughout, like lemonade or saltwater. You can't distinguish the separate components
by sight.

The mixture has two components:

o Solvent: The dissolving agent, usually the substance present in the larger
amount. In lemonade, water is the solvent.

Solute: The substance that gets dissolved, usually present in a smaller amount.
In lemonade, sugar is the solute.

Dispersion

e A dispersion is a heterogeneous mixture. This means it has distinct phases, so you
can differentiate the components to some extent. For example, in a shaken bottle of
salad dressing, oil and vinegar separate when left undisturbed.

Coarse dispersion:

» Coarse dispersions are heterogeneous mixtures where relatively large solid particles
(greater than 0.5 micrometers) are distributed throughout a liquid medium.
Suspensions are the most common type of coarse dispersion.

Coarse Dispersion Types:

1. Suspension
2. Emulsion

1. Suspensions:

* A suspension is a heterogeneous mixture where solid particles are dispersed
throughout a liquid medium.
The dispersed particles (internal phase) are insoluble in the suspending medium
(external phase).

e Examples: Antibiotics syrups and calamine lotions.

Properties of Suspension:
e A suspension is a heterogeneous mixture.
The particles of a suspension settle down over time.

The particles of a suspension scatter a beam of light passing through it, making its
path visible. This is called the Tyndall effect.

The particles of a suspension cannot pass through filter paper, so it can be separated
by filtration.

For Notes Regular Visit our Website: www.noteskarts.com




Noteskarts B.Pharma Notes
Subscribe & Visit our Website For Notes

Types of Suspension:

1. Flocculation:
e When particles come together loosely due to weak attractive forces, the
suspension is flocculated.
e Flocculated suspensions appear cloudy and the particles settle faster, but they
can be easily re-dispersed upon shaking.
2. Deflocculation:
e When particles remain well-dispersed due to strong repulsive forces (high zeta
potential), the suspension is deflocculated.
e Deflocculated suspensions have a smooth, uniform appearance and slower
settling rates, but re-dispersion might be more difficult after settling.

Difference Between Flocculated And Deflocculated Suspension:

Deflocculated Suspension Flocculated Suspension

Particles exist in suspension as Particles form loose aggregates or
separate entities flocs

Rate of sedimentation is slow Rate of sedimentation is high

The sediment eventually becomes very | The sediment is loosely packed and
closely packed. due to weight of upper | possesses a scaffold-like structure.
layers of sedimenting material. | Particles do not bond tightly to each
Repulsive forces between particles are | other and a hard, dense cake does not
overcome and a hard cake is formed|form. The sediment is easy to
which 1s difficult, if mot impossible, | redisperse, so as to reform the original
to redisperse. SUSPension.

The suspension has a pleasing | The suspension is somewhat unsightly
appearance

Interfacial Properties of Suspended Particles:

In suspension the solid particles is uniformly dispersed in liquid medium.

The interface is formed in between the two phases, which influence the stability of
suspension.

In the formulation of suspension, the solid is reduced to fine particles and disperse
them in a continuous medium.

The system with very fine particles is thermodynamically unstable because of large
surface area.

The large surface area of the particles is associated with a excess of surface free
energy.
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e Due to this the particles become highly energetic and tend to regroup in such a way as
to decrease the total area and reduce the surface free energy.

e The Equation that describe the relation between the surface free energy and the
surface area can be expressed by

AG = yAA
Where,

e AG = Surface Free energy
e v = Interfacial tension b/w solid & liquid
* AA = Change in surface Area

Settling in suspensions:

e Itisalso known as rate of sedimentation because settling of suspension is depend on

sedimentation rate.
The settling down of suspended particles of suspension at bottom is known as settling
of suspension or sedimentation.

Rate of Sedimentation T = Rate of settling T

The more rate of sedimentation faster the particles settle down and faster the
formation of cake.
The rate of settling of suspended particles is explained by stokes law.

d? -
V= (P1—P2)
18n

Where,

V = Rate of sedimentation / Rate of settling

d? = diameter of particle

p1 = Density of suspended particle (dispersion phase)
p2 = Density of solvent (dispersion medium)

g = gravity

1N = viscosity of dispersion medium

Rate of settling 1 = stability |

For Notes Regular Visit our Website: www.noteskarts.com




Noteskarts B.Pharma Notes
Subscribe & Visit our Website For Notes

Preparation of the Suspension:

Grinding the insoluble material with vehicle containing wetting agent to get smooth paste

Then dissolve soluble ingredients in some portion of vehicle and add into above step to get
slurry

Transfer the slurry to the graduated cylinder

Rince mortar with some part of vehicle

Add suspending agent or flocculating agent for mixing into vehicle

Finally adjust the volume with the vehicle
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Emulsion:

* Emulsions are colloidal systems stabilized by surfactants or emulsifiers that are made
up of two immiscible liquids, usually water and oil.
Many different industries, including paints, food, medicines, and cosmetics, employ
these flexible systems extensively.
This paper looks at the properties, manufacturing processes, stability issues, and
applications of emulsions.

Classification of Emulsion:
1) Oil in water (O/W):

* In this type of emulsion, the oil will be the dispersed phase, and water will be the
dispersion medium.
The best example of o/w emulsion is milk. In milk, the fat globules (which act as the
dispersed phase) are suspended in water (which acts as the dispersion medium).

2) Water in oil (w/0):

e In this type, water will be the dispersed phase, and oil will be the dispersion medium.
Margarine (a spread used for flavouring, baking and working) is an example of water
in oil emulsion.

3) Multiple emulsion:

e Those emulsion which are made up of more up of more than two phase.
e In which the droplets of one liquid are dispersed in droplet of second liquid which is
further dispersed in dispersion medium.

The two types of multiple emulsions are:

e W/O/W: Dispersed oil globules that contain smaller aqueous droplets

e O/W/O: Dispersed aqueous globules that contain smaller oily dispersed droplets

4) Micro Emulsion:

* Microemulsions are clear, thermodynamically stable isotropic liquid mixtures of oil,
water and surfactant, frequently in combination with a cosurfactant.
The aqueous phase may contain salt and/or other ingredients, and the "oil" may
actually be a complex mixture of different hydrocarbons.

Theories of Emulsification:

e Monomolecular Theory
e Multi-Molecular Adsorption Theory
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e Solid Particle adsorption theory
e Surface Tension Theory:
e Oriented Wedge Theory:

(a) Monomolecular adsorption:

The surface active agent (SAA) is a molecule that has two parts, one is hydrophilic and the
other is hydrophobic. Upon the addition of SAA, they tend to form monolayer film at the
oil/water interface.

The functions of surface active agents to provide stability to dispersed droplets are as
follows:

e Reduction of the interfacial tension.

e Form a coherent monolayer to prevent the coalescence of two droplets when they
approach each other.
Provide surface charge which causes repulsion between adjusted particles.

(b) Multi-Molecular Adsorption Theory

e Multi-molecular adsorption occurs when the pressure of an absorbed gas is
comparable to the saturation pressure of its liquid.
The Brunauer-Emmett-Teller (BET) theory of multimolecular adsorption states that
the evaporation-condensation properties of the liquid state apply to molecules in the
second and higher adsorbed layers.
The BET multilayer adsorption model describes the relationship between the
adsorption capacity and the gas partial pressure.

(c) Surface Tension Theory:

e This theory focuses on the role of surface tension, the natural tendency of a liquid to
minimize its surface area.
Immiscible liquids have a high interfacial tension at the point where they meet.
Emulsifiers, being surface-active agents, adsorb at the interface and lower the surface
tension.
This allows for easier breakup of the dispersed phase (e.g., oil) into smaller droplets
and reduces the attraction between the two liquids, promoting better dispersion.

(d) Oriented Wedge Theory:

* This theory proposes that some emulsifiers, especially those with a conical or wedge-
shaped molecule, can orient themselves at the interface with the polar end
(hydrophilic) in the water phase and the non-polar end (lipophilic) in the oil phase.
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e This creates a sort of mechanical barrier that hinders the droplets from coming
together and coalescing.

(e) Solid Particle adsorption theory

e In this add solid emulsifying agent in emulsion which increase the viscosity of
emulsion.
» TItalso reduce coalescense of dispersed particles.

Stability of emulsions:

Several factors can influence emulsion stability, including:
1. Flocculation:

e Itisa condition where neighboring globules came in contact with each other and form
aggregates in the external phase.

2. Creaming:
Creaming is the concentration of globules at the top on bottom of the emulsion.

e Upward creaming occurs in oil in water (O/W) emulsion.
* Downward creaming occurs in water in oil (W/O) emulsion.

3. Breaking:

* Due to improper mixing of oil and water in emulsion. Emulsion get separated into two
layer (Oil and water).
e TItalso occurred due to improper ratio of oil and water.

4. Coalescence:

e In emulsion oily particles (disperses phase) because of sticky nature attract each other
and they aggregate to from bug particles.

5. Phase Inversion:

e The change of emulsion type from oil in water (O/W) to (W/O).

Preservation of emulsions:
1. Preventing Microbial Growth:

e Preservatives: Adding specific chemicals like parabens, organic acids (benzoic and
salicylic acid), or some alcohols can inhibit the growth of bacteria, yeast, and mold.
These microbes can break down emulsifiers, contaminate the water phase, or cause
spoilage of the oil phase. The choice of preservative depends on the specific emulsion
and regulations.
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e Minimizing Water Content: Microbes require water for growth. Reducing the water
content in the emulsion can make it a less hospitable environment for microbial

activity.
2. Minimizing Chemical Degradation:

e Antioxidants: These compounds can scavenge free radicals, preventing oxidation of
the oil phase in oil-in-water emulsions. This is particularly important for emulsions
containing oils rich in polyunsaturated fatty acids, which are prone to oxidation and

rancidity.

Chelators: Metal ions can catalyze oxidation reactions. Adding chelators can bind
these metal ions, preventing them from initiating the degradation process.

3. Maintaining Physical Stability:

o Packaging: Using airtight containers minimizes contamination and prevents oxygen
ingress, which can contribute to oxidation and microbial growth.

Storage Conditions: Storing emulsions at moderate temperatures and away from
direct light helps to maintain stability. High temperatures can accelerate degradation
processes, while light can trigger some reactions.

Rheological properties of emulsions:
These properties of emulsion are related to the flow of emulsion.
It can be of two types:

1. Newtonian Flow:
This type of flow show by dilute emulsion.
Eg: Microemulsion

A Newtonian Fluid

Shear Stress

Shear Rate
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2. Non-Newtonian Flow:
This type of show by concentrated emulsion.
Eg: Lotions, Creams etc.

Shear stress (1) [Pa]

Shear rate (y) [s]

Application:

» Spreadibility (for skin)
e Removal from container (bottle)
e Flow of emulsion through hypodermic needle

Emulsion formulation by HLB method:

HLB means Hydrophilic-Lipophilic Balance.

Emulsifier with high HLB value are soluble in water and produce oil in water.
Emulsifier having low HLB value are more oil soluble they form water in oil
emulsion.
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18 —

Solubilizing agents

15 — Detergents

OFW Emulsifying
agents

Wetting and epreading
agents

WO Emulsifying
agents

Most antifoaming

agents

According to HLB method,

More HLB Value, More hydrophilic (Water Soluble)

Less HLB value, More lipophilic (Oil Soluble)

High HLB value showing emulsifying agent are mixed in O/W emulsion.
Low HLB value showing emulsifying agents are mixed in W/O emulsion.
HLB Scale decide to select emulsifier agent.
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