Nail Structure And Product Chemistry 1

Nail Structure And
Product Chemistry

Downloaded
Nail from
Structure old.setefer.com
And Product by Reilly
Chemistry Mahoney
THE BLUEPRINT OF
BEAUTY:
UNDERSTANDING

NAIL STRUCTURE
AND PRODUCT
CHEMISTRY

Every time you apply a
coat of polish, file your
nails into shape, or sit
in a salon chair for a
gel manicure, you are
engaging with a
sophisticated interplay
between biology and
chemistry. For nail
technicians, beauty
enthusiasts, and
product developers
alike, understanding

the relationship
between nail structure
and product chemistry
is not just an academic
exercise—it is the
foundation of healthy,
long-lasting, and
beautiful nails. By
appreciating how the
natural anatomy of the
nail interacts with
synthetic polymers,
monomers, and
solvents, you can make
smarter product
choices, avoid common
pitfalls like lifting or
damage, and elevate
your nail care routine
to a professional level.
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Structure

Before examining the
chemistry of the
products we apply, it is
essential to understand
the substrate they
bond to. The human
nail is a complex,
multi-layered structure
designed for both
protection and fine
motor function. Each
component plays a
specific role in how
products behave on
the nail surface.

The visible part of the
nail, known as the nail

ecifically hard
Sfr@m and trace

amounts of lipids and
minerals. This high
protein content makes
the nail plate relatively
rigid, but its porosity
varies significantly
based on health and
environment.

Beneath the nail plate
lies the nail bed, a
layer of skin tissue rich
in blood vessels that
gives the nail its
pinkish hue. The nail
plate glides over the
nail bed as it grows,
anchored by
longitudinal grooves.
This relationship is
crucial for adhesion. If
the nail plate loses
contact with the nail
bed (a condition called
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onycholysis), product
chemistry cannot save
the bond.

At the base of the nail
is the matrix, the
living tissue
responsible for cell
production. This is the
factory of the nail. The
matrix determines the
thickness, shape, and
growth rate of the nail
plate. Damage to this
area can result in
permanent structural
changes, highlighting
why gentle cuticle work
and proper product
removal are non-
negotiable.

The
Chemistr
y of

Adhesion:
Why
Products
Stick (or
Don’t)

Nail product chemistry
is primarily concerned
with adhesion.
Whether you are
applying a simple base
coat or sculpting a full
acrylic extension, the
goal is to create a
durable physical and
chemical bond with the
nail plate. The
challenge lies in the
nail’s natural surface.

The nail plate is
naturally covered in a
very thin layer of lipid
biofilm and moisture.
This creates a barrier
that is hydrophobic
(water-repelling). Most



nail products are
designed to be equally
hydrophobic, meaning
water alone does not

remove them.
However, oils and
natural lipids can
interfere with bonding.
This is why
dehydration is the
first step in nearly

every professional nail
service.

Understanding nail
structure and
product chemistry
begins with the
concept of cross-
linking. A monomer is a
single small molecule
that, when triggered,
links up with other
monomers to form a
polymer chain. This
polymerization process
transforms a liquid or
semi-liquid substance
into a solid, durable
film. The strength of
this film, and its ability
to resist lifting,
depends on how well it

intermingles with the
keratin fibers of the
natural nail.

Classic
Nail
Lacquer:
Solvents,
Resins,
and
Plasticize
rs

Traditional nail polish is
the simplest example
of product chemistry in
action. It is a
suspension of several
key ingredients, each
with a specific role. The
solvent system,
typically a cocktail of
ethyl acetate and butyl

4 Nail Structure And Product

2024-10-26

Chemistry



Nail Structure And Product Chemistry 5

acetate, keeps the
pigment and resin in a
liquid state. When you
brush the polish onto
the nail, the solvent
begins to evaporate
immediately. This
evaporation is the
drying process.

The film-forming
resins, such as
nitrocellulose or
tosylamide-

formaldehyde resin,
are left behind as the
solvents evaporate.
These create the hard,
glossy film we
recognize as dried
polish. However, a pure
nitrocellulose film
would be brittle and
prone to chipping. To
counter this,
plasticizers like
camphor or dibutyl
phthalate are added.
Plasticizers wedge
themselves between
the polymer chains,
increasing flexibility
and allowing the polish

to bend slightly with
the natural movement
of the nail plate.

Pigments provide color,
while suspension
agents keep these
pigments evenly
distributed. When you
shake a bottle of polish
before use, you are re-
suspending the
pigment particles that
have settled due to
gravity. The chemistry
of nail lacquer is a
delicate balance: too
much solvent and the
polish takes forever to
dry; too little plasticizer
and the polish shatters
on the first impact.

Gel Polish
Systems:
Oligomer



s and

When you apply a gel
polish and place it
,under a lamp, the

Photoipybinitiater in the

ators

Gel polish represents
an evolutionary leap in
nail product chemistry.
Unlike traditional
lacquer, which dries by
solvent evaporation,
gel polish cures via a
chemical reaction
initiated by UV or LED
light. This process is
called

photopolymerization

The base of a gel
polish consists of
oligomers, which are
short chains of polymer
units. These oligomers
are suspended in
monomers that act as
reactive diluents,
reducing viscosity
without the need for
evaporating solvents.

formula absorbs the
light energy and
breaks down into free
radicals.

These free radicals
attack the carbon-
carbon double bonds in
the monomers and
oligomers, initiating a
chain reaction that
links everything
together into a dense,
three-dimensional
polymer network. The
result is a hard, non-
porous surface that is
highly resistant to
chipping and
scratching.

The key to longevity in
gel systems is the
base coat chemistry.
Gel base coats often
contain acidic
monomers (such as
methacrylic acid
derivatives) that etch
into the surface of the
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natural nail at a
microscopic level. This
creates an uneven
surface for the gel to
grip onto, significantly
improving adhesion.
This is why gel polish
can last two to three

weeks without
chipping, while
traditional polish

struggles to last a
week.

Acrylic
Systems:
The
Powder
and
Liquid
Reaction

Acrylic nails are
created through a

classic chemical
reaction between a
liquid monomer
(typically ethyl
methacrylate or EMA)
and a powdered
polymer (a pre-
polymerized acrylic
polymer). This is often
called the
polymerization
exotherm.

When the liquid
monomer is combined
with the polymer
powder, the monomer
molecules begin to
penetrate the polymer
beads, causing them to
swell and dissolve. A
catalyst in the liquid,
usually benzoyl
peroxide from the
powder, initiates the
free-radical

polymerization. Unlike
gel systems which
require external light,
acrylic cures via a
chemical initiator
system. This is a
chemical reaction that



generates its own heat,
which is why larger
beads of acrylic feel
warm as they cure.

The ratio of liquid to
powder is critical. A
wet bead (more liquid)
will flow easily but may
shrink more during
curing, potentially
causing lifting. A dry
bead (less liquid) will
be stiff and difficult to
shape but will have
greater dimensional
stability. The skilled
technician masters this
ratio to create a
strong, non-yellowing,

and perfectly
contoured nail
extension.

One of the most
important concepts in
acrylic chemistry is the
glass transition
temperature. This is
the temperature at
which the polymer
changes from a rigid,
glassy state to a softer,
more rubbery state. A

properly formulated
and cured acrylic nail
will have a glass
transition temperature
well above body
temperature, ensuring
it remains rigid and
strong while worn. Poor
curing or incorrect
ratios can lower this
temperature, leading
to soft, flexible nails
that are prone to lifting
and bacterial growth.

Polygel
and
Hybrid
Systems

Polygel represents a
fusion of gel and
acrylic chemistries. It is
a two-in-one system
that combines the non-
odor benefits of gel
with the sculpting
capabilities of acrylic.
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The chemistry involves
a putty-like mixture of
oligomers, monomers,
and photoinitiators,
thickened with fillers to
create a moldable
consistency.

Because polygel is UV-
curable like gel, it does
not require the liquid
monomer and powder
polymerization.

However, its viscosity
allows it to be shaped
similarly to acrylic. The
key ingredient
difference is the
inclusion of
thixotropic agents,
which allow the
material to flow when
touched or pressed
(shear thinning) but
remain stiff when at
rest. This property
makes polygel ideal for
creating apexes and
arches without

sagging.

The Role
of
Primers
and
Dehydrat
ors

No discussion of nail
structure and product
chemistry is complete
without addressing the
critical prep step.
Primers and
dehydrators are
formulated to modify
the chemical
environment of the nail
plate surface.

Dehydrators are
typically 99 percent
isopropyl alcohol or
ethyl alcohol solutions.
They remove surface
moisture and residual



oils, allowing the
product to make direct
contact with the
keratin. Primers take
this a step further.
Acid-based primers
(often containing
methacrylic acid)
actually modify the nail
plate surface by
creating microscopic
etchings, dramatically
increasing surface area
for bonding.

Non-acid primers work
through a different
mechanism. They
contain adhesion
promoters like
methacrylate-
functionalized silanes
that form a chemical
bridge between the
keratin protein and the
acrylic polymer.
Understanding which
primer to use depends
entirely on the product
chemistry of the
enhancement system
and the condition of
the natural nail.

10

Maintaini
ng the
Bond: Oll
and
Lemon
Interactio
ns

The delicate balance of
adhesion is easily
disrupted. Cuticle oils,
hand creams, and even
natural sebum
production can
interfere with the bond

between a nail
enhancement and the
nail plate. The

chemistry of these oils
involves triglycerides
and fatty acids that act
as release agents,
preventing proper
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wetting of the product
on the nail surface.

Lemon-based products,
sometimes promoted
as natural nail
whiteners, pose a
particular risk. The
citric acid in lemon
juice is a weak organic

acid. While it can
remove superficial
staining, prolonged
exposure can
demineralize the
keratin structure,
making the nail plate
weaker and more
porous. This

compromised surface
is then less able to
accept nail
enhancements, leading
to premature lifting
and breakage.

Conclusio
n

11

Chemistr
y as the
Key to
Healthy
Nails

The intricate
relationship between
nail structure and
product chemistry
defines the success of
every manicure, from a
simple polish change
to an elaborate
sculptured set. By
understanding that the
nail plate is a living,
reactive surface
composed of moisture,
protein, and oils, you
begin to appreciate the
careful balance
required for any
product to adhere
properly and perform
as intended. Solvents



evaporate, monomers
polymerize, and
primers etch, all with
the goal of creating a
durable, beautiful
finish that works in
harmony with the
natural biology of the
nail. Whether you are a
professional technician
or a dedicated home
enthusiast, respecting
this synergy is the
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ultimate secret to
achieving nails that are
both stunning and
structurally sound. The
next time you open a
bottle of polish or mix
a bead of acrylic, you
are not just applying a
product—you are
engaging with a
fascinating world of
chemistry designed to
enhance nature's own
design.
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