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Surface and Interfacial Phenomenon

Surface and Interfacial Phenomena

Introduction

o Surface and interfacial phenomena are critical in pharmaceutical sciences as they impact the
formulation, stability, and effectiveness of dosage forms like emulsions, suspensions, foams,
and ointments.

These phenomena describe the interactions at the boundaries (interfaces) between different
phases of matter—solid, liquid, and gas.

A thorough understanding of these interactions is vital for developing drug delivery systems
that offer optimal therapeutic outcomes.

Key Concepts

A. Liquid Interfaces

» Occur between immiscible liquids (e.g., oil and water) and are crucial for emulsions and
suspensions.

. Surface and.Interfacial Tensions
» Surface Tension: Force minimizing liquid surface area.

» Interfacial Tension: Force between two immiscible phases, impacting emulsion and
foam stability.

C. Surface Free Energy

» Energy needed to increase surface area; affects wetting and stability of coatings and
films.

D. Measuring Tensions

» Methods include Wilhelmy Plate, Drop Weight, and Capillary Rise techniques to control
formulation behavior.

. Spreading Coefficient

» Influences the ability of one liquid to spread over another, impacting ointment
spreadability.

. Adsorption at Liquid Interfaces

» Accumulation of molecules (e.g., surfactants) stabilizes emulsions and enhances drug
solubility.

G. Surface-Active Agents (Surfactants)

> Reduce tensions and stabilize emulsions, essential in formulations for solubilization.

H. Hydrophile-Lipophile Balance (HLB) Scale
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» Determines surfactant suitability for water-in-oil or oil-in-water emulsions.

l. Solubilization

» Incorporates poorly soluble substances into solutions using surfactants, enhancing
drug bioavailability.

J. Detergency

» Surfactants remove unwanted substances from surfaces, relevant in equipment and
skin cleaning.

K. Adsorption at Solid Interfaces

» Molecules accumulate on solids, affecting drug stability and interactions with
packaging.

Importance in Pharmaceutical Sciences

e These surface and interfacial phenomena are essential for designing stable, effective drug
delivery systems such as emulsions, suspensions, and ointments.

By controlling these interactions, pharmaceutical scientists can optimize drug release,
improve bioavailability, and ensure the therapeutic efficacy of formulations.

Liquid Interface

Definition

A liquid interface is the boundary between two immiscible liquid phases or between a liquid
and another phase (solid or gas).

At this boundary, the physical and chemical properties differ from those in the bulk phases due
to molecular interactions unique to the interface.

Types of Liquid Interfaces

Liquid-Gas Interface

Types of Liquid Interfaces Liquid-Liquid Interface

Liquid-5olid Interface

. Liquid-Gas Interface: Examples include the surface of water exposed to air.
. Liquid-Liquid Interface: Occurs between two immiscible liquids like oil and water.

. Liquid-Solid Interface: Exists where a liquid is in contact with a solid surface, such as water
on glass.

Importance in Pharmaceuticals
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. Stability of Dosage Forms: Interfaces play a crucial role in the stability of emulsions and
suspensions.

Drug Absorption: The interaction of drug molecules at biological interfaces affects absorption
and bioavailability.

. Surface Phenomena Control: Understanding liquid interfaces helps in manipulating wetting,
spreading, and adhesion properties.

Surface and Interfacial Tensions

Surface Tension

Surface tension is the force per unit length existing at the interface between a liquid and a gas
(usually air), arising from the imbalance of intermolecular forces at the surface layer of the
liquid.

Molecules at the surface experience a net inward force, leading to minimized surface area.
Units: Dynes per centimetre (dyn/cm) or Newtons per meter (N/m).

Equation:

Where:
o Yisthesurfacetension.
o Fisthe force required to break the surface.

o Listhe length over which the force acts.

Interfacial Tension

Interfacial tension is the force per unit length existing at the interface between two immiscible
liquids or between a liquid and a solid.

Similar in concept to surface tension but involves two liquid phases.

¢ Influences the formation and stability of emulsions.

Factors Affecting Surface and Interfacial Tensions

. Temperature: Generally, decreases with increasing temperature.

Presence of Surfactants: Surfactants lower surface and interfacial tensions by accumulating
at the interface.

Impurities: Can either increase or decrease tensions depending on their nature.

Applications in Pharmaceuticals

1. Emulsion Stability: Lower interfacial tension promotes emulsification.

2. Dosage Form Development: Affects the design of topical formulations and aerosols.
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