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Water can flow over a greasy surface without carrying much grease away. Adding soap
changes the interaction among water, the oily material and the surface. The oil need not
disappear chemically. It can become detached and dispersed in forms that the moving
water can transport. The important question is therefore not simply whether grease
dissolves, but how it leaves one place and remains suspended long enough to leave with
the liquid.

The answer involves interfaces as well as molecules. Soap molecules can accumulate at
boundaries, alter the energetic cost of those boundaries and form aggregates in water.
None of these statements alone describes the whole cleaning process. A microscopic
picture of one tidy spherical micelle is an entry point, not a complete account of a dirty
surface.

1. A molecule with two different environments
Ordinary soaps are salts of fatty acids. A soap ion contains a hydrocarbon part and an ionic
head group. The two parts do not interact with water in the same way. The ionic group can
be hydrated, while exposing the hydrocarbon chain to water has a different free-energy
cost. Calling the molecule amphiphilic summarizes this contrast [1].

“Water-loving” and “water-fearing” are useful mnemonics only if they do not turn into
intentions or absolute rules. A hydrocarbon chain still interacts with water. What differs is
the thermodynamic balance between possible molecular arrangements. Temperature,
dissolved ions and molecular structure affect that balance.

At an oil-water boundary, a soap molecule can arrange its hydrocarbon part towards the
oily environment and its ionic group towards water. Many such molecules together change
the properties of the interface. The molecular structure thus connects an everyday
observation, improved removal of grease, to a measurable question about surface and
interfacial behaviour.

2. Detachment is not the same as dissolution
Grease on a solid creates several relevant interfaces: solid-water, solid-oil and oil-water.
Detaching a deposit exchanges areas of these interfaces. Surfactant adsorption can
change their free energies and the way water wets the solid. Mechanical motion can then
help displace and fragment the deposit. Which route dominates depends on the substrate
and the grease, not merely on the presence of the word soap on a container. Gómez
Herrera distinguishes several removal and antiredeposition mechanisms in his overview of
detergency [3].

A useful simplified expression is an interfacial contribution ΔG = γ ΔA, with interfacial
tension γ held fixed. Creating more oil-water area costs free energy in this description.
Lowering γ reduces that cost. It does not establish that every oily patch will detach
spontaneously: changes at the solid interfaces, adsorption and other contributions must
also be included in a complete balance.

Consider a purely geometrical illustration. If a fixed volume of oil is divided into identical
spherical droplets of radius r, its total area is A = 3V/r. Reducing r by a factor of ten
increases the area by a factor of ten. This is why breaking oil into smaller drops changes



THE UNIVERSE AND ITS OBSERVERS

QUE · Article 006 · Juan Segurola · All Rights Reserved 2

the interfacial problem so strongly. The equation is a model calculation, not a claim that a
real wash contains identical spheres.

3. Micelles and emulsions answer different questions
Soap molecules in water can aggregate with hydrocarbon regions sheltered inside and
hydrated head groups exposed outside. Such aggregates are called micelles. The textbook
picture identifies an arrangement of molecular parts, not a universal size or shape for
every formulation [1]. An aggregate model must specify concentration and conditions
before it can predict a population.

Some oily material can be accommodated within surfactant aggregates. In other
circumstances, appreciable oil remains as a distinct dispersed liquid phase. An emulsion
contains droplets of one liquid within another. Molecules adsorbed at a droplet boundary
can hinder the merging of droplets, but an oil droplet coated with surfactant is not
automatically equivalent to a small micelle with a little solubilized oil [2].

This distinction matters experimentally. Clear appearance does not by itself identify one
microscopic structure, and a cloudy dispersion does not tell us that a chemical reaction
has destroyed the oil. The questions are whether oil is present as molecules within
aggregates, as separate droplets, or in several forms at once, and how those populations
evolve.

4. Keeping detached oil from returning
Breaking a deposit into droplets is not enough if the droplets immediately merge or return
to the solid. An adsorbed layer can change how approaching droplets interact. For ionic
soaps, charge and the surrounding ionic environment can contribute to repulsion. The
detailed stability problem also depends on coverage, drainage of the liquid film between
droplets and the formulation.

OpenStax's discussion of emulsions distinguishes the creation of droplets by mixing from
their stabilization against coalescence [2]. The distinction prevents a misleading account
in which soap alone performs all of the mechanical work. Agitation produces deformation
and new area; the surfactant modifies the energetic and kinetic conditions under which
that dispersed state persists.

Transport completes the explanation. Once grease has detached, flowing liquid can carry
dispersed material away. A static vessel in which oil is merely redistributed is a different
system from a surface being washed and rinsed. Removal requires an accounting
boundary: where did the original grease go, and how much remains on the solid?

5. Why the water and formulation matter
Calcium and magnesium ions can form poorly soluble salts with ordinary soap anions. This
consumes soap species that would otherwise be available in solution and can produce
deposits. The distinction between soap and some synthetic detergents is consequently
chemical, not simply a difference in marketing vocabulary [1,2]. It would be inaccurate to
treat all detergents as identical or claim that every surfactant behaves like a fatty-acid
soap.

Concentration also matters, but more surfactant does not imply proportionally more useful
cleaning under all conditions. Interfacial coverage, aggregation and the available amount
of grease create different regimes. A formulation may contain ingredients with functions
beyond the surfactant itself. The present explanation therefore establishes mechanisms
rather than ranking products or prescribing a dose.
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Temperature and the physical state of the deposit can change how easily it deforms,
detaches or disperses. Those influences do not replace amphiphilic chemistry. They help
explain why the same nominal soap can behave differently with different surfaces and
deposits. No hygienic efficacy or health recommendation follows from this physical
account alone.

6. What would count as evidence?
The simplest direct endpoint is how much of a specified deposit remains after a defined
treatment. Measuring only the amount of foam is not the same measurement. One can also
examine wetting, interfacial tension, droplet sizes and the material carried into the liquid.
Those measurements interrogate different steps in the proposed mechanism.

A persuasive comparison would hold the substrate, deposited mass, water composition,
temperature and mechanical action under control. If oil removal improves while droplet
stability or wetting changes, that supports a mechanism more specifically than a
photograph of bubbles. This is a proposed experimental logic, not a new data set or a
claim that one pathway dominates every cleaning problem.

The robust answer is that soap changes how oily material interacts with water and
surfaces, enabling detachment, dispersion and transport. The uncertainty concerns the
relative contribution of each step in a particular system. Grease is not made to vanish by a
single ideal micelle; it is moved through a sequence of physical states whose boundaries
and conditions can be measured.

Related reading: IDE-007, on collective organization.
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