The Chemistry of Your Craft:
Why Nail Science Matters

A deep dive into the formulations, reactions, and scientific principles that define
professional nail care — and why understanding them makes you a better, safer, and

more confident nail artist.




Beyond Beauty: The Science Behind Every Application

When you pick up a bottle of gel polish or scoop a bead of acrylic, you're not just working with color — you're working with sophisticated chemical

formulations engineered to perform under very specific conditions. Every product in your kit is the result of decades of research in polymer chemistry,

materials science, and dermatology.

Complex Chemical Systems

Nail products are not simple cosmetics.
They are multi-component formulations
where each ingredient plays a precisely
defined chemical role. Changing even one
variable — application thickness, curing
time, or prep protocol — can fundamentally

alter the result.

Performance & Safety in Your
Hands

Understanding the chemistry behind your
tools ensures superior product performance
and protects both you and your clients.
Knowing what's in a product — and why —
allows you to avoid hazardous ingredients
and make informed choices about

formulation quality.

Professional Expertise & Client
Trust

Clients trust nail professionals not just for
beautiful results, but for knowledgeable
guidance. When you can explain why a
particular product is used, how it behaves
on the nail plate, and what to expect during
removal, you elevate the entire client
experience and distinguish yourself as a

true expert.



The Building Blocks of Nail Products

Every nail product — from a basic clear coat to a complex sculpting acrylic — is built on a foundation of key chemical components. Understanding what

each one does helps you predict how a product will behave, why it sometimes fails, and how to choose the best formulations for your clients.

Film Formers Solvents Plasticizers

Film formers are the backbone of nail polish and  Solvents serve a critical role: they dissolve other A nail film that is too rigid will crack and chip

many other nail products. They are responsible ingredients into a homogeneous mixture, control  under the stresses of daily life. Plasticizers are
for creating the continuous, adherent film that the viscosity of the product, and evaporate during added to introduce flexibility into the hardened
coats the nail plate. The most well-known film the drying process. Common solvents in nail film, reducing brittleness and extending wear.
former is nitrocellulose, a cellulose-based products include Ethyl Acetate, Butyl Historically, phthalates (such as dibutyl

polymer derived from plant fiber. When Acetate, and Isopropyl Alcohol. The speed at  phthalate) were widely used, but growing health
dissolved in solvents, it spreads evenly across the =~ which solvents evaporate determines the concerns have driven the industry toward safer
nail and dries into a smooth, hard, glossy layer. product's dry time and workability window. Too alternatives like triphenyl phosphate and bio-
Without film formers, polish would not adhere, fast, and the product may dry before you've based plasticizers. When a polish chips quickly
harden, or achieve the characteristic shine we finished application; too slow, and smudging despite proper application, inadequate plasticizer
associate with a quality finish. Modern formulas =~ becomes a concern. The careful balance of fast- balance is often a contributing factor.

sometimes blend nitrocellulose with other resins  and slow-evaporating solvents is one of a Understanding this helps you identify quality

— such as tosylamide/formaldehyde resin or formulator's most important challenges. formulations and recommend products that will
polyester resin — to improve flexibility, gloss, truly last.

and adhesion.



Gel Polish: The Science of UV Curing

Gel polish revolutionized the nail industry by delivering long-lasting, high-gloss results that traditional polish simply couldn't match. The secret lies in a

photochemical reaction that transforms a liquid gel into a solid polymer network in seconds — but only when triggered by the right wavelength of light.

Acrylate Chemistry & Photoinitiators

Gel polishes are formulated with UV-reactive acrylate monomers
and oligomers — small and medium-sized molecules that contain
reactive double bonds. In their liquid state, these molecules flow freely,
giving the gel its workable consistency. Embedded within the formula are
photoinitiators: specialized molecules engineered to absorb photons at
specific UV or visible-light wavelengths. When the lamp is switched on,
the photoinitiators become energetically excited and fragment into

highly reactive free radicals.

These free radicals attack the double bonds of the acrylate molecules,
initiating a chain reaction called radical polymerization. Each
activated monomer links to the next, rapidly building long polymer
chains. Within seconds, the entire gel transforms from a viscous liquid
into a solid, cross-linked polymer network — a process called
photopolymerization.

The Curing Process & Removal

The resulting polymer network is highly ordered and densely cross-linked,
which is why cured gel polish is so much harder and more durable than
traditional air-dried polish. The degree of cure depends on several factors:
the lamp's wavelength and intensity, the thickness of the gel layer, and the
presence of any pigments that might block UV penetration. This is why
applying gel in thin, even layers and using a quality, compatible lamp is

not just a technique recommendation — it's a chemistry requirement.

An under-cured gel remains partially liquid internally, leading to
premature lifting, dulling, and even skin sensitization from uncured
monomers. Soft gel polishes are removed by soaking in acetone, which
penetrates and breaks down the polymer chains. LED lamps cure only
visible-light-responsive photoinitiators, while UV lamps cover a broader

spectrum — always match your lamp to your product for optimal results.

(@) Always apply gel polish in thin, even layers. Thick applications
block UV/LED light from fully penetrating, resulting in an
under-cured base that can lift, discolor, or cause skin

sensitization.



Acrylics: The Power of Polymerization

Acrylic nail enhancements have been a cornerstone of the professional nail industry for decades. Their strength, versatility, and sculptability come from

one of chemistry's most powerful phenomena: rapid, exothermic polymerization triggered simply by combining two components at room temperature.

Liquid Monomer

The liquid component is primarily composed
of Ethyl Methacrylate (EMA), a small,
reactive molecule with an exposed double
bond ready to participate in polymerization.
It also contains a catalyst — typically a
tertiary amine — and a cross-linking agent
to build network density. The monomer may
also contain small amounts of inhibitors to
prevent premature polymerization during
storage. MMA (methyl methacrylate) is
an older monomer now widely banned or
discouraged due to its high adhesion causing
nail plate damage during removal and its

potential for allergic sensitization.

Powder Polymer

The powder is a pre-polymerized PMMA
(polymethyl methacrylate) — tiny
spherical beads that are already solid.
Embedded in the powder are benzoyl
peroxide (BPO) initiator molecules. When
liquid monomer contacts the powder, the
amine catalyst in the liquid reacts with the
BPO in the powder to generate free radicals,
instantly initiating polymerization of the
remaining liquid monomer around and

between the powder beads.

The Chemical Reaction &
Sculpting

This reaction is exothermic — it releases
heat as it proceeds, which is why clients
sometimes feel warmth during application.
The reaction progresses through distinct
stages: the mix begins workable and paste-
like, transitions through a rubbery "snap"
stage as the polymer network forms, and
ultimately hardens into a rigid, durable
enhancement. Skilled technicians exploit this
working window to sculpt the desired shape
before full cure. The final structure is a
composite of PMMA beads embedded in a
cross-linked polymer matrix — exceptionally
strong. Removal requires acetone soaking

to swell and dissolve the polymer network.

/\ Never use MMA (Methyl Methacrylate) monomers. They are associated with irreversible nail plate damage, extreme allergic reactions, and are

prohibited by many professional licensing boards. Always verify your liquid monomer is EMA-based.



UV [ LED CURED

Hard Gels: Sculpting with
Strength

Hard gels occupy a unique position in the nail professional's toolkit. Like
gel polish, they are based on acrylate photochemistry and require UV or
LED light to cure. However, their chemical architecture is deliberately
engineered for maximum structural rigidity — making them the preferred
choice for building strong nail extensions and overlays that can withstand

significant mechanical stress.

The defining characteristic of hard gels is their high cross-linking
density. While soft gel polish uses relatively short oligomer chains with
fewer cross-linking points, hard gel formulas incorporate
multifunctional monomers — molecules with three or more reactive
acrylate groups. When these cure, they form a densely interconnected
three-dimensional polymer lattice. Think of it like the difference between
a loosely woven net and tightly packed chain mail — both are made of the

same material, but the structure determines the strength.

This dense network is precisely why hard gels cannot be soaked off with
acetone. The highly cross-linked polymer is virtually impenetrable to
solvent molecules — acetone simply cannot diffuse through the matrix
quickly enough to break it down in a reasonable timeframe. Hard gels
must instead be carefully filed away using an e-file or hand file, leaving

only a thin base layer to protect the natural nail.

Key Properties & Professional Considerations

e Exceptional rigidity: Ideal for clients with weak, flexible nails who
need structural support or for building long extensions that require
strength without breakage.

e Compatibility: Hard gels can be overlaid with gel polish color or
traditional polish, offering design versatility on a strong structural

base.

e Cure depth: Because hard gels are often applied more thickly, cure
time and lamp compatibility are critical. Always cure in the
recommended thin layers to ensure full photopolymerization
throughout the depth of the product.

e Builder gels: A subcategory of hard gels, builder gels (often called
BIAB — Builder In A Bottle) are self-leveling formulas that combine
strength with ease of application, making them increasingly popular

for natural nail overlays.

[J Never attempt to soak off hard gel with acetone alone — it will
not work and may damage the surrounding skin from prolonged
exposure. Always file to the appropriate thickness before

finishing.



The Essential Removers: Acetone & Alcohol

Removers are every bit as chemically important as the products they dissolve. Understanding how and why they work — and their respective limitations —

allows you to use them safely, effectively, and strategically in your services.

Acetone (Propan-2-one)

Acetone is one of the most powerful and versatile solvents in the nail
industry. Chemically, it is a simple ketone — a small, polar molecule
that interacts effectively with the polymer chains in nail products
through a principle called "like dissolves like." Acetone molecules
penetrate the polymer matrix of soft gel polishes, traditional nail
polish, and acrylic, causing the chains to swell, soften, and ultimately

break apart.

The effectiveness of acetone removal depends on the product's cross-
link density: loosely cross-linked polymers (like traditional polish or
soft gel) dissolve relatively quickly, while more complex structures
require longer soak times. For acrylics, acetone doesn't fully dissolve
the material but causes it to swell and soften enough to be gently

removed with an orangewood stick or pusher.

Safety considerations: Acetone is highly flammable and a strong
dehydrating agent. Prolonged or repeated skin exposure strips natural
oils and moisture from the skin and nail plate. Always work in a well-
ventilated area, cap bowls when not in use, and apply cuticle oil post-

service to restore moisture balance to the surrounding tissue.

Isopropyl Alcohol (IPA)

Isopropyl alcohol — typically used at 70—99% concentration in
professional nail settings — is a far less aggressive solvent than
acetone, but serves equally critical functions in a nail service. At the
molecular level, IPA is an amphiphilic molecule, meaning it has both
polar (water-attracting) and nonpolar (oil-attracting) regions. This
dual nature allows it to dissolve both water-soluble and oil-soluble

contaminants.

Pre-application prep: Applied with a lint-free wipe before gel or
acrylic application, IPA removes surface oils, light moisture, and
residual dust that would otherwise compromise adhesion. This is a
chemically critical step — even a microscopic film of oil between the
nail plate and the product can prevent proper bonding and lead to

premature lifting.

Inhibition layer removal: After curing gel polish, a tacky
inhibition layer remains on the surface. This layer is composed of
oxygen-inhibited, uncured monomers — oxygen in the air interferes
with the top surface of the polymerization reaction. IPA effectively
wipes away this layer, revealing the fully cured, high-gloss finish
beneath. Using acetone instead would risk softening the surface of

softer gel formulas — IPA is specifically correct here.

Tool sanitation: IPA is also a standard-grade sanitizer for non-
porous nail tools between clients, though it does not replace EPA-

registered disinfectants for full decontamination protocols.



The Crucial Prep: Primers

Primers are one of the most chemically nuanced — and most frequently misunderstood — products in nail technology. Though they are applied in a

vanishingly thin layer and may appear invisible on the nail, their impact on adhesion, durability, and client safety is enormous. Skipping or misapplying

primer is one of the most common causes of lifting and product failure.

What Does Primer Actually Do?

The natural nail plate is composed of densely packed keratin protein
fibers. Its surface, while appearing smooth, is chemically complex —
naturally coated in sebaceous oils and moisture that repel adhesion. The
nail plate also carries a slight surface charge. Primers work to overcome

these barriers through one or more of three mechanisms:

e Dehydration: Many primers contain dehydrating agents that
displace surface moisture and oils, creating a cleaner, drier surface

for product bonding.

e Chemical etching: Acid-based primers contain methacrylic acid,
which mildly etches the nail plate's surface proteins, creating
microscopic irregularities and reactive sites that products can

physically and chemically grip.

» Bifunctional bonding: Non-acid (or "acid-free") primers work
through bifunctional molecules — one end bonds to the nail plate
proteins, the other bonds chemically to the acrylic or gel product,
acting as a molecular bridge between two otherwise incompatible

surfaces.

Types of Primers & When to Use Them

Acid-Based Primers are highly effective, particularly for acrylic
systems. They contain methacrylic acid, which aggressively prepares the
nail surface by reacting with the keratin. However, they must be applied
sparingly — only to the nail plate, never touching the skin or cuticle — as
they can cause chemical burns on soft tissue. Apply a single, thin coat and
allow it to turn matte white before proceeding, indicating proper

dehydration has occurred.

Non-Acid (Acid-Free) Primers use bifunctional bonding agents and
are generally safer for skin contact, making them more appropriate for gel
systems where the product may flow closer to the cuticle. They do not etch
the nail but instead create molecular bridges. They are less aggressive but

still highly effective when the nail has been properly dehydrated first.

Bonder/Base Coat Combinations used in gel systems are a modern
evolution of primer chemistry — they prime and base in one step,
incorporating adhesion molecules directly into a UV-curable base coat

formula.

(® Acid-based primers are corrosive. Never apply them to skin,
cuticles, or soft tissue. Use only with proper ventilation and
handle with care. One thin, matte coat on the nail plate is

sufficient — more is never better.



Why This Science is Your Superpower

Chemistry knowledge isn't just academic — it translates directly into the quality of your work, the safety of your clients, and the authority you carry as a

professional. The nail technicians who truly excel are not just skilled with a brush; they understand why every step matters.

J

Client Safety First

Understanding the chemical hazards present in nail products allows you to
make informed, responsible choices. Ingredients like Toluene (a solvent
linked to neurological effects), Dibutyl Phthalate (an endocrine
disruptor), and Formaldehyde (a known carcinogen) were once common
in nail products. Knowing why they were used — and why safer alternatives
now exist — empowers you to select 3-free, 5-free, or 10-free formulations
confidently. Beyond ingredient selection, chemistry knowledge informs
proper ventilation practices: volatile solvents and monomers release vapors
that accumulate in enclosed spaces and pose inhalation risks over time. A
well-informed technician protects their own long-term health as much as

their clients'.
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Confident Client Education

Clients ask questions — and the quality of your answers builds trust. Why
does gel last longer than regular polish? How does acrylic harden so
quickly? Is acetone damaging to the nail? Why does the lamp feel warm?
When you can answer these questions accurately, referencing the actual
science, you demonstrate a depth of expertise that elevates your
professional standing and reassures clients about the safety and quality of
what you're applying to their bodies. Educated clients also follow home care
instructions more faithfully, leading to better results and fewer service

issues.
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Troubleshooting Product Failures

When lifting, bubbling, or premature chipping occurs, chemistry gives you
the diagnostic framework to identify root causes rather than guessing.
Lifting at the cuticle? Likely insufficient dehydration or primer. Bubbles in
gel? Air trapped due to overly thick application preventing UV penetration.
Acrylic cracking? Incorrect monomer-to-powder ratio affecting
plasticization of the final polymer. Gel not curing? Lamp wavelength
mismatch or expired photoinitiators. Each failure mode maps directly to a
chemical principle, and understanding these connections transforms

troubleshooting from guesswork into precision problem-solving.
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Embracing Innovation

The nail industry is evolving rapidly. Bio-based monomers, HEMA-
free gel formulations (reducing sensitization risk), non-petroleum-
based solvents, and biodegradable nail films are all areas of active
development. Professionals grounded in chemistry can evaluate new
products critically — reading ingredient lists, understanding formulation
claims, and distinguishing genuine innovation from marketing language.
Staying informed keeps you at the leading edge of an industry that is

becoming simultaneously more sophisticated and more health-conscious.



Mastering Your Craft: Chemistry is Key

Your expertise goes far beyond technique and artistic vision. It is rooted in science — and that scientific foundation is what separates a truly great nail

professional from the rest. Every product choice, every prep step, every cure time is an act of applied chemistry.

Know Your Products Apply the Science

Read ingredient labels. Understand what each component contributes to Every step — dehydration, priming, layering, curing — is a chemistry
performance and safety. Choose formulations that reflect both quality protocol. Follow it with precision and intention. When something goes
and responsible chemistry. wrong, diagnose it through a scientific lens.

Protect & Educate Stay Curious

Use your knowledge to safeguard your clients, educate them genuinely, Formulations evolve. New chemistries emerge. Commit to ongoing

and advocate for safer, better-performing products across the industry. learning — attend classes, read brand technical sheets, and stay engaged

with the science behind your craft.

Embrace the chemistry behind every brush stroke, every cure, every finish — and elevate your nail artistry to new levels of excellence, safety, and

professional pride.



