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Episode 2: Hair From First Principles


Every claim in this market, from “repair” to “hydrating” to “barrier,” is a claim about a structure most buyers have never pictured. This episode builds that structure for you from the inside out, slowly enough that you could explain it to a cosmetic chemist without embarrassment. Once you can picture a single hair, the rest of the course becomes common sense, and you will also be able to tell, in any competitor’s ad, which sentence is chemistry and which is decoration.




A hair is a dead fibre with a long memory

The first fact to hold onto is that the hair you can see is dead. It is made inside the follicle under the skin, out of living cells that fill themselves with protein and then die, and by the time the strand pushes out of the scalp it is a finished fibre with no blood supply, no nerves and no way to repair itself. Scalp hair grows about a centimetre a month, roughly half an inch. That means the ends of hair that reaches the shoulders are two to three years old, and the ends of hair that reaches the middle of the back can be five or six years old. Every summer, every pool season, every bleach appointment and every hot tool that hair has met is still written on those ends. A person’s hair is a timeline, freshest at the root and most worn at the tip, and that gradient explains why tangles, splits and dryness gather at the ends.

The second fact is size. A typical scalp hair is between about 50 and 100 microns across, which is a twentieth to a tenth of a millimetre. People of East Asian descent tend to have thicker, rounder hairs, people of European descent span the whole range, and children’s hair is finer than adult hair, with diameter generally increasing through childhood into adolescence. “Fine” and “thick” in the buyer’s language mostly mean the diameter of each strand, while “thin” and “dense” mean how many strands there are. A woman can have fine hair that is very dense, which is the combination behind many of Ebb’s unhappy reviews, because each strand is delicate and there are a great many of them to tangle.




The three layers

A hair has up to three layers, and the outer one matters most for this market.

The outside is the cuticle. Picture five to ten layers of flat, transparent cells, each about half a micron thick, overlapping like roof tiles with their free edges pointing toward the tip. Those overlapping edges are why hair feels smoother stroked from root to tip than from tip to root, and why friction between two hairs depends on which direction they slide. Each cuticle cell has its own layers. The outermost skin of each cell is very hard and rich in sulfur cross-links. The inner part, called the endocuticle, is softer, low in cross-links, and swells when it takes on water. Between one cuticle cell and the next sits a thin glue of proteins and fats called the cell membrane complex, and that glue is the main highway by which water, chlorine, dye and everything else travel into the hair.

Inside the cuticle is the cortex, which makes up most of the hair’s mass and nearly all of its strength. The cortex is built from long spindle-shaped cells packed with keratin, a protein that coils into fine filaments, which bundle into larger fibrils, which sit in a matrix of protein rich in the amino acid cystine. The cortex also holds the melanin granules that give hair its colour. When a stylist talks about the “inside” of the hair, or a bond builder claims to work inside, this is the place they mean.

At the very centre of thicker hairs there is sometimes a medulla, a loose, spongy core. Fine hairs often have none. It matters little for this market, and you can leave it to the textbooks.




The coat every hair is born with

Now to the single most important structure for Ebb’s argument. The outer surface of every cuticle cell is covered with a fatty acid called 18-methyleicosanoic acid, which chemists shorten to 18-MEA. It is a branched chain of twenty-one carbon atoms, and it is chemically bonded to the protein underneath through a sulfur-containing link called a thioester. A 1997 review in the journal Micron estimated that about one in every ten protein units on that outer membrane carries one of these fatty chains. The result is a surface that behaves like a thin layer of oil fused to the hair, so healthy hair repels water and slides easily against its neighbours. Researchers at Unilever and elsewhere measured that layer with atomic force microscopes and found it acts as a lubricant.

This layer is bonded on, and it is made only once, inside the follicle. Once it is removed, nothing in the body replaces it, because the hair is dead. Several things remove it. Alkaline treatments such as bleach and permanent dye strip it efficiently. Chlorine solutions strip it; the 1997 review names acidic chlorine solutions specifically. Sunlight degrades the hair’s lipids, and ordinary washing with detergent takes some of it each time. On a long hair the root end usually still has most of its coat and the tips may have almost none. A simple demonstration makes the difference visible: a drop of water placed on virgin hair sits up as a bead, while on bleached or heavily weathered hair it soaks straight in. Scientists call the stripped surface hydrophilic, which means water loving, and that change from water repelling to water loving is the root of nearly every complaint in this market.

Keep the word “coat” in your head. When Ebb says “hair barrier,” the honest meaning is this surface layer plus the tightly closed cuticle under it. The skin has a living barrier that rebuilds itself; hair has a dead one that only wears away. Episode six comes back to how far that comparison can be pushed.




The bonds that hold a hair’s strength and shape

Hair proteins are held together by three kinds of bonds, and each one explains a different everyday experience.

The strongest are disulfide bonds, sulfur-to-sulfur links between cystine units in neighbouring protein chains. They give hair its strength and its permanent shape, and they survive water, shampoo and conditioner. Only harsh chemistry breaks them: bleach, perms, relaxers and, more slowly, sunlight and chlorine. When a brand like Olaplex or K18 talks about “bonds,” these are the bonds it means.

The weakest and most numerous are hydrogen bonds, attractions between neighbouring protein chains that break as soon as water gets between them and reform as the hair dries. This is why you can set a shape in wet hair with a round brush and a dryer, why a blow-dry falls apart in the rain, and why humid air undoes a style. Water slips in, takes over the hydrogen bonds, and when the hair dries again the bonds reform in whatever position the hair happens to be in at that moment.

The third kind are salt bridges, attractions between positively and negatively charged parts of the protein, which shift with the acidity of whatever touches the hair. Hair’s overall electrical balance point sits at a pH of about 3.7, which is quite acidic. At any pH above that, including plain tap water, pool water and almost every shampoo, the hair surface carries a net negative charge. Damage makes it more negative still, because broken bonds leave behind acidic groups. That negative charge is the reason conditioners work at all, as you will hear in a moment.




Hair and water

Hair is a thirsty material: immersed in water, healthy hair absorbs roughly 30 percent of its own dry weight, and badly damaged, porous hair can take up more. The strand swells about 14 to 16 percent in diameter and only one or two percent in length, because the keratin filaments run along the fibre and the water pushes them apart sideways. Even in ordinary room air hair holds a good amount of water, rising and falling with the humidity, which is why your hair can feel different in a dry office and on a humid beach on the same day.

Three consequences follow, and each one shows up in buyer complaints. First, wet hair is weak. With its hydrogen bonds broken, it stretches far more easily under small forces, and combing studies show it snaps at lower loads than dry hair. Second, wet hair is grippy. The softened cuticle and the water between strands raise the friction between hairs, so a brush meets more resistance and pulls harder exactly when the hair can least afford it. Third, every soak and dry is a swell and a shrink, and hair scientists use the term hygral fatigue for the idea that repeated swelling and shrinking slowly cracks and lifts the cuticle. The term comes from the coconut oil work of Rele, Mohile, Ruetsch and Kamath in the early 2000s, and you should treat it as a well-supported mechanism with modest direct proof: the swelling is measured fact, while the size of the damage it causes from ordinary washing is still argued.




Porosity, and why “dry” usually means rough

Porosity is how easily water and other things get into and out of the hair. Virgin hair with an intact cuticle and its fatty coat is low in porosity, and water enters and leaves slowly. Bleach multiplies the pores in the hair; one gas sorption study found it nearly tripled the internal surface area within the first minute. Sun opens pores gradually over hours of exposure. Even years of shampooing dissolves small amounts of protein from inside the fibre and leaves more empty space. High porosity hair drinks fast and dries fast, and a Japanese imaging study found that bleached hair gave up absorbed water about an hour sooner than untreated hair as it dried.

Here is a point most buyers have never heard, and it will matter later. When a person says her hair feels dry, she is mostly describing touch: roughness, stiffness, a straw-like crunch and the way the strands catch on each other and on her fingers. The water content of hair tracks the humidity of the air around it far more than it tracks any product, so two heads of hair in the same room hold similar amounts of water whether they feel soft or rough. What differs is the surface. A smooth, lubricated surface with its cuticle lying flat feels soft and looks shiny; a raised, stripped, rough surface feels dry and looks dull. Cosmetic chemists say this plainly, and it is why the conditioning ingredients that make hair feel “moisturised” are mostly lubricants and film formers, while the water in a “hydrating” product evaporates within the hour. The leaky hair argument in Ebb’s third philosophy has a true core, that damaged hair releases water faster, but the bigger reason damaged hair feels dry is that it has lost its lubricated surface.




Why hair frizzes

Frizz is hair that refuses to line up with its neighbours, and it has three causes that stack on top of one another. The first is humidity acting on hydrogen bonds: water from the air enters the hair, the hydrogen bonds reset, and each strand drifts back toward its natural shape or into a new random bend. Porous and damaged sections take on water faster and more unevenly than healthy ones, so in the same hair some lengths swell and bend while others do not, and the hairs stop moving as a group. The second cause is a rough surface: lifted cuticle edges catch light badly and catch on neighbouring hairs, so strands separate instead of clumping into smooth sections. The third, in dry winter air, is static: the negatively charged strands repel one another and stand away from the head as flyaways.

Wavy and curly hair frizzes more for structural reasons. The cross-section of curly hair is oval rather than round, the cortex is built unevenly on two sides, and every bend is a point where the cuticle is lifted and the fibre is weaker. The natural oil from the scalp travels slowly down a curly strand, so the lengths and ends get less of it. It is no accident that 139 of Ebb’s reviews come from curly and wavy hair, and that wavy is the largest single texture Sephora reviewers report for the brand, at 108.




Why hair tangles

Tangling combines four forces, and the physics is simpler than the parenting advice that surrounds it. The first is friction between hairs, which rises when the fatty coat is gone and when the surface carries more negative charge. The second is wet adhesion. In a 2010 study, researchers at the Kao company in Japan stripped the fatty layer from hair tresses and watched them in water: untreated hair lay in fine parallel bundles and dried flat, while stripped hair clumped into coarse tangled bundles because the strands stuck to each other, and the tress dried in that tangled shape. The third is length and movement. A physics team at the University of California, San Diego tumbled a string in a box 3,415 times and found that knots formed within seconds, that the chance of knotting rose steeply with length, and that for long flexible strings given enough tumbling it approached certainty. Long hair in a pool, in the surf, in the wind or on a pillow all night is a long flexible string being tumbled. The fourth is fineness. Thin strands bend easily and wrap around one another, and once they wrap, friction holds the knot closed instead of letting it slide loose.

Matted hair is the extreme of the same process. Dermatology case reports describe hairs permanently bent through 180 degrees and felted together, and the standard medical treatment is cutting the mat out, which matches the thirteen records in our corpus where a parent or adult describes cutting knots out.




Why fine hair gets weighed down

This is the piece of physics I most want you to carry, because it explains the largest complaint in Ebb’s own reviews. How stiff a hair is when it bends depends on its diameter raised to the fourth power. That is standard beam mechanics, the same rule an engineer uses for a steel rod. A hair half as thick as another is therefore sixteen times easier to bend. At the same time, a thinner fibre has more surface area for each gram of hair, so a head of fine hair offers more surface to every pump of product and has far less stiffness to hold its shape under the added weight. The same leave-in that sits invisibly on thick hair can flatten fine hair at the roots and make it look greasy by noon. This is why the fine-haired buyer is at once the largest group in Ebb’s Sephora reviews, at 292, and the largest group among its unhappy reviews, at thirteen of 37. She needs slip more than most, because her strands tangle and break easily, and she tolerates weight less than anyone. The answer that follows from the physics is a smaller dose placed on the lengths and ends, where the coat is missing, and kept off the roots, where the hair still has its own.




Why hair gets weak and breaks

A hair breaks for two reasons. Either the cortex has been weakened chemically, by bleach, perms, relaxers or months of sun, or the cuticle has been worn away mechanically until the cortex is exposed and begins to split. Combing studies by Clarence Robbins and Yash Kamath showed how the second process plays out: below the comb, hairs loop around other hairs and form small knots, and when the comb drives through those loops the hair snaps in long pieces. Wet combing produced more long breaks, because of higher friction and lower breaking strength in water. Bleached hair broke more, and a conditioner reduced breakage of both kinds. Split ends are the visible end of this story: the cuticle is gone from the tip, and the cortex frays into two or more strands.




The toolkit that acts on a hair

Every product in this market is assembled from a short list of ingredient families, and knowing them lets you read any label, Ebb’s included, in a few seconds.

The workhorses are cationic surfactants, molecules with a positively charged head and a long fatty tail. Behentrimonium chloride and cetrimonium chloride are the common ones. The charged head sticks to the negatively charged hair, and the fatty tail points outward, so the hair ends up wearing a thin, slippery, oil-like layer that imitates the coat it lost. A 2009 study measured such a layer at about five nanometres thick. They nearly always travel with fatty alcohols such as cetearyl and stearyl alcohol, which despite the name are waxy, gentle thickeners that add softness and body to a conditioner.

The second family is the cationic polymers: polyquaternium-10, guar hydroxypropyltrimonium chloride and their relatives. These are long, positively charged chains that lie along the hair and help detangle, and some are built into shampoos so that a little conditioning survives the wash. Shampoo detergents remove part of them again, which is why their effect fades.

The third family is silicones, dimethicone and amodimethicone above all, which spread into a smooth, water-repelling film and give the most slip and shine per drop of any ingredient. Their plant-derived substitutes are esters and copolymers, such as the diheptyl succinate and the capryloyl glycerin and sebacic acid copolymer in Ebb’s tonic, which imitate silicone’s light, slippery feel.

The fourth family is oils and butters. Some, like coconut oil, are small and straight enough to soak into the hair; most, like argan, jojoba and avocado, sit mainly on the surface and add shine and a film that slows water exchange.

The fifth family is hydrolysed proteins, from wheat, quinoa, soy, silk or keratin, chopped into fragments. Small fragments can enter a damaged fibre and partly fill it; large ones coat the surface. Their size, which brands rarely publish, decides which of the two they do.

The sixth family is humectants, glycerin, propanediol, panthenol and sodium hyaluronate, which attract water. They help in moderate humidity and can backfire in very humid air, when they pull extra water into the hair and feed frizz, or in very dry air, when there is little water for them to hold. Finally there are acids, most often citric acid, which set the product’s pH; a slightly acidic product leaves the hair surface a little less negative and lowers friction. Seaweed extracts such as the sea moss and kelp in Ebb’s Marine BioRepair Complex add film-forming sugars and a story, and the published evidence for them on hair specifically is thin.




The picture to keep

Put the pieces together and you have a fibre that starts life coated, closed and slippery and spends years being stripped, opened and roughened, from the tip upward. A stripped hair drinks water and loses it quickly, frizzes as the hydrogen bonds reset unevenly, grips its neighbours when wet, knots when it moves, breaks when it is brushed wet, and feels dry because its surface is rough. None of that heals. Everything that improves it, from conditioner to oil to a leave-in spray, works by laying something on or into the hair that the hair has lost, and all of it wears off again. That single picture is the foundation for every episode that follows, and episode three turns to the forces that do the stripping, starting with water itself.


