Nanoemulsion

Nanoemulsions are stable, submicron-sized dispersions of two immiscible liquids,
typically oil and water, stabilized by surfactants. They are characterized by their small droplet
size (10-500 nm), high surface area, and optical transparency, making them ideal for various
applications. Nanoemulsions can be classified into oil-in-water (O/W), water-in-oil (W/O),
and bicontinuous types. Their properties, like enhanced stability and bioavailability, have led
to their use in drug delivery, food, cosmetics, and other industries.

Introduction:

Nanoemulsions, also known as miniemulsions or ultrafine emulsions, are a type of
colloidal system with droplet sizes ranging from 10 to 500 nm. Unlike traditional emulsions,
nanoemulsions are thermodynamically stable, meaning they don't separate into their
constituent phases under normal conditions. This stability is achieved through the use of
surfactants, which lower the interfacial tension between the oil and water phases and prevent
droplet coalescence.

Types of Nanoemulsions:

e Oil-in-Water (O/W) Nanoemulsions: In this type, oil droplets are dispersed in a
continuous water phase.

e Water-in-Oil (W/O) Nanoemulsions: Here, water droplets are dispersed within a
continuous oil phase.

e Bicontinuous Nanoemulsions: These systems feature interdispersed microdomains of
both oil and water phases.

Properties:

e High Surface Area:

Nanoemulsions have a large surface area per unit volume, which enhances interactions with
other substances and improves their bioavailability.

e Enhanced Stability:

They are kinetically stable and do not readily separate into their constituent phases.

e Optical Transparency:

Due to their small droplet size, nanoemulsions are often transparent or translucent.

e Tunable Rheology:

Their properties can be adjusted by modifying the formulation and processing conditions.

o Enhanced Bioavailability:
Nanoemulsions can improve the absorption and delivery of active ingredients, particularly
those that are poorly soluble in water.



Applications:

e Drug Delivery:

Nanoemulsions are used to deliver drugs, including those that are poorly soluble, to specific
sites in the body. They can enhance drug absorption and reduce side effects.

e Food Industry:

Nanoemulsions are used to deliver nutrients, flavors, and colors, as well as to create edible
coatings and packaging.

e Cosmetics:

They are incorporated into cosmetic products to improve the delivery of active ingredients
and enhance product performance.

e Antimicrobial Products:
Nanoemulsions can be used to deliver antimicrobial agents and enhance their efficacy.

e Material Synthesis:
Nanoemulsions can serve as templates for the synthesis of nanomaterials with specific
properties.



