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By substituting organofunctional groups
for some methyl groups, significant
changes of properties occur. These
modified silicones are very often re-
ferred to as organofunctional silicones.

Silicones occupy a versatile, yet unique
role in skin care applications: their prop-
erties are adaptable to a range of formu-
lation and use requirements. As formu-
lation aids, silicones help detackify other
ingredients. They can serve as emulsify-
ing agents, or as carriers that deliver
active ingredients to the skin and then
quickly evaporate, leaving no residue.
Incorporated in skin care products, sili-
cones impart a characteristic soft feel,
provide a protective barrier to irritants,
and contribute lubricity and emollient
benefits. They are essentially physiolog-
ically and chemically inert, showing a
low order of oral toxicity, and are nonir-

ritating and nonsensitizing when applied
to the skin. Figure 1 shows the broad range
of silicone functionalities available and
the benefits they provide in personal care.

Silicones as Delivery Systems
A recent research focus at Dow Corning
has been directed toward ways of delivering
or enhancing actives in final formulations.
Studies have highlighted the ability of sil-
icone-based technologies to meet these
objectives, while providing a range of de-
sirable features and benefits. A delivery
system is usually defined as any type of
material that is capable of making an active
available for a targeted site of action. Using
this definition, personal care delivery systems
range widely from the simplest concepts
such as volatile carriers for actives to in-
creasingly sophisticated technologies like
encapsulation with the capability of providing
controlled or sequential release of the active.
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Synergistic Effects: Silicones
as Enhancers of Organic
Ingredient Efficacy
Silicone delivery systems are available
in a variety of modalities. The most basic
example of such a system is when a phys-
ical association of ingredients in a for-
mulation can be used to achieve a carrier
effect. For example, volatile silicones
(e.g., low molecular weight cyclomethi-
cone) have often been used as vehicles
for delivering antiperspirant actives.
This approach has been expanded to ac-
tivesa such as fragrances and conditioning
agents as well.

In another type of system, silicone can
be used to impart a synergistic effect.
Examples of such features are the bene-
ficial effect on sun protection factor
(SPF) value of a sunscreen formulation
resulting from the addition of a few
percent of an alkylmethylsiloxane copol-
ymer.1  Sunscreen actives (UVB absorb-
ers) must be delivered to the skin in a
uniform film to provide effective sun
protection. Alkyl-modified silicones
(AMS), especially stearyl dimethicone,
appear to improve the distribution of
sunscreen actives on the skin. Conse-
quently, the formula containing AMS
exhibits a higher SPF for a given level
of active compared to those without the
alkylmethylsiloxane (Figures 2 and 3).

Encapsulation or Entrapment
Encapsulation or entrapment2-4 is another
delivery form that can be used to release
actives simultaneously during application.
In one form of entrapment, silicone elas-
tomers (i.e., polymeric silicone molecules
cross-linked to such an extent that the
material gels) can be used to entrap or
absorb polar or nonpolar oils prior to
their formulation into the end product.
In this case, release of the active material
occurs under shear—such as a rubbing
motion onto the face or body.

Typical examples of actives that can be
absorbed into the silicone elastomer
network are vitamin E and vitamin A
acetate. Both of these vitamins are

Figure 2.  Effect of AMS addition on SPF values.

Figure 3.  Formulation efficiency for systems containing AMS.

a In this context, actives are defined as any materials upon which marketing claims for specific performances of an end product are either
made or implied.
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Figure 4.  Water-in-oil-in-water emulsion.

4

somewhat polar oils, and therefore are
not compatible with silicone elas-
tomers based entirely on polydimeth-
ylsiloxanes. However, the incorpora-
tion of polyether groups onto the
silicone elastomers significantly im-
proves the compatibility of polar oils
with the elastomers and results in ho-
mogeneous blends. Compatibility of
such polar oils has been observed to
improve with increasing degree of
polyether substitution.

As reported earlier, oil-soluble vita-
mins such as vitamins A and E can
be entrapped in the oil phase of an
elastomeric silicone polyether. This
active-containing oil phase can then
be used as such, or emulsified and
stabilized without the addition of a
secondary other surfactant. Both vita-
mins can be delivered to various sub-
strates (e.g., hair and skin) during the
high shear application forces and the
concomitant evaporation of the vola-
tile cyclomethicone.

One of the main advantages of such
homogeneous blends of vitamin E in
elastomeric silicone polyether gels is
the lower tendency of oxidation, and
the resulting increase in stability of the
vitamin in the formulation.

Encapsulation with Release:
Silicone-Based Formulation
Options
In addition to delivery system technologies
that entrap or encapsulate actives, other
means to stabilize, protect and deliver
actives to the substrate are also available.
A number of specific silicone-based
formulations can act as delivery systems
for actives and provide solutions for
their issues. These include multiple phase
emulsions of nonaqueous emulsions of
polyols, using silicone emulsifiers.

As an example of this approach, multi-
ple-phase emulsions can be used to
deliver a number of active ingredients.
Water-in-oil-in-water (W/O/W)
emulsions5,6 based on alkyl silicone
polyether or polyether-modified elas-
tomer can be used to delivery vitamins

A and E, which would be incorporated
into the silicone oil as the primary emul-
sion. Vitamin C could be incorporated
in the aqueous phase (Figure 4).

Nonaqueous-based emulsion chemistries
allow the delivery of storage-sensitive
personal care actives in conventional
creams, lotions and gels.7  This technol-
ogy is based on propylene glycol-in-
silicone emulsions that incorporate
dimethicone copolyols, which were orig-
inally developed for formulating water-
in-silicone emulsions.

The manufacture and stabilization of
these emulsion systems provide oppor-
tunities for many innovative applications
in the field of emulsion technology. In
particular, polyol-in-silicone emulsions
offer a stable vehicle for transporting
raw materials that are sensitive to hy-
drolysis. In the personal care market-
place, these emulsions offer a new,
reasonably priced and efficient method

for encapsulating enzymes, vitamins
and antioxidants in conjunction with
their incorporation into oil-in-water
emulsions.

Table 1 illustrates a method of stabiliz-
ing vitamin C using an anhydrous
emulsion.

By employing volatile silicones as the
continuous phase and selecting the poly-
ol, it is possible to manufacture personal
care products that not only protect stor-
age-sensitive active, but also:

• Possess a selective mechanism for
the transport of active substances.

• Exert a moisturizing effect via the
nature of the polyol phase.

• Are completely free of preservatives.

• Do not leave an unpleasant, greasy
film on the skin.

• Create a pleasant skin feel during
application to the skin.

Table 1.  Prototype Polyol-in-Silicone Emulsion Containing Vitamin C

Ingredients Wt. %

Phase A
Dow Corning® 5225C Formulation Aid 20.0
XIAMETER® PMX-0245 Cyclopentasiloxane 2.5

Phase B
Propylene glycol with 5% ascorbic acid 77.0
Sodium chloride 0.5






