Micellar self-assembly Sun-screen dispersions for UV protection

Micellar self-assembly in sunscreen dispersions refers to creating stable, high-performance
formulations by using surfactants to form microscopic, spherical structures called micelles.
These micelles effectively encapsulate and disperse the UV filters, leading to superior UV
protection, stability, and skin feel compared to traditional sunscreen emulsions.

The process of micellar self-assembly

The formation of micelles is driven by amphiphilic molecules called surfactants, which have
both a water-loving (hydrophilic) head and an oil-loving (hydrophobic) tail. When a
sufficient concentration of these surfactants is added to a solvent (typically water), they
spontaneously assemble into micelles.

Surfactant concentration: At low concentrations, surfactant molecules exist individually in
the solution.

Critical Micelle Concentration (CMC): When the concentration of surfactants exceeds the
CMC, the molecules aggregate to form micelles. This is the point where it becomes more
energetically favorable for the surfactant molecules to cluster than to remain dispersed.

Micelle structure:

In water (oil-in-water emulsions): The surfactants form normal micelles where the
hydrophilic heads face outward toward the water, and the hydrophobic tails cluster inward,
creating a hydrophobic core.

In oil (water-in-oil emulsions): The surfactants form reverse micelles where the hydrophilic
heads face inward, and the hydrophobic tails face outward.

Components of a micellar sunscreen dispersion

Surfactants: These are the key molecules that self-assemble into micelles. For sunscreens,
non-ionic surfactants are often preferred for their mildness and stability. Examples include
polysorbates like Tween 80. Block copolymers like Pluronic are also used and have been
shown to interact strongly with UV filters.

UV filters: These are the active ingredients that absorb or reflect UV radiation.

Organic (chemical) filters: Absorb UV radiation. They are often oil-soluble and are
encapsulated within the hydrophobic core of the micelle.

Inorganic (mineral) filters: Reflect UV radiation (e.g., zinc oxide, titanium dioxide). They
can be dispersed or encapsulated in the micellar system.

Solvent: The continuous phase of the dispersion, most commonly water.

Other cosmetic ingredients: These can include emollients, antioxidants, and preservatives.

The mechanism of enhanced UV protection




Uniform dispersion and stabilization of UV filters: Micelles effectively solubilize and
disperse UV filters that are not easily soluble in water. This prevents the active ingredients
from clumping together, creating a much more uniform and stable dispersion.

Increased photostability: Some organic UV filters, such as avobenzone, are notoriously
unstable when exposed to sunlight. By encapsulating these filters within the protective
micelle core, their rate of photodegradation is significantly reduced. This means the
sunscreen's protective capabilities last longer.

Film-forming properties: The surfactants used to create the micellar system can also have
film-forming capabilities. When the sunscreen is applied, the micelles deposit the UV filters
and other ingredients onto the skin, forming a uniform, consistent protective film. This
ensures even coverage and avoids gaps in protection.

Reduced skin penetration and irritation: Encapsulating UV filters within micelles can
limit their direct contact with the skin, especially in water-resistant formulations. This is
particularly beneficial for high molecular weight or allergenic UV filters, reducing the risk of
skin irritation or photoallergic reactions.

Boosting the SPF: The precise control over the size and structure of the micelles allows
formulators to optimize the sunscreen's performance. The encapsulation of filters and the
superior film formation can increase the Sun Protection Factor (SPF) value compared to a
standard emulsion with the same concentration of UV filters.

Advantages of micellar sunscreen dispersions

Higher performance: Encapsulation improves the stability and efficacy of UV filters,
leading to more reliable and longer-lasting protection.

Improved aesthetics: Micellar formulations can result in lightweight, non-greasy, and fast-
absorbing products. This is because the surfactant system can effectively disperse oils,
leading to a cosmetically elegant texture that is more pleasant for users.

Reduced irritation potential: By reducing direct skin exposure to UV filter chemicals, these
formulations are often gentler and more suitable for sensitive skin types.

Versatility: The micellar self-assembly technique is highly flexible, allowing for the
encapsulation of various active ingredients, including antioxidants or soothing agents, for
added benefits.



