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UNDERSTANDING MIXTURES: A GUIDE TO PARTICLE
SIZE DIFFERENCES

When we look at the world around us, most of what we encounter
is not a pure substance but a mixture. From the air we breathe to
the milk in our morning coffee, mixtures define our daily
experience. For students, scientists, and curious minds,
classifying these mixtures is fundamental to understanding
chemistry and materials science. The most critical factor that
distinguishes one type of mixture from another is the size of the
particles dispersed within it. In this comprehensive guide, we
will compare suspensions, colloids, and solutions in terms of
particle size, exploring how this single variable dictates their
behavior, appearance, and stability. By the end, you will have a
clear, practical understanding of how these three categories
differ and why particle size matters in everything from industrial
manufacturing to cooking.

THE THREE FUNDAMENTAL TYPES OF MIXTURES

Before we dive into the numbers, it is essential to establish a
working definition of each mixture type. A solution is a
homogeneous mixture where one substance (the solute) is
completely dissolved in another (the solvent). A colloid is a
heterogeneous mixture where the dispersed particles are larger
than those in a solution but still small enough to remain
suspended without settling. A suspension is a heterogeneous
mixture where the particles are large enough to eventually settle
out over time. The key differentiator across all three is the
particle size of the dispersed phase.

Particle Size: The Defining
Metric

When we compare suspensions, colloids, and solutions in terms
of particle size, we are looking at a spectrum that spans from the
atomic scale to the visibly macroscopic. Solutions occupy the
smallest end of the spectrum, suspensions occupy the largest,
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and colloids sit comfortably in the middle. This ordering is not
arbitrary; it determines how the mixture interacts with light,
whether it can be filtered, and how stable it remains over time.

SOLUTIONS: THE REALM OF ATOMS AND SMALL
MOLECULES

In a true solution, the solute particles are broken down to the
level of individual atoms, ions, or small molecules. When we
compare suspensions, colloids, and solutions in terms of
particle size, solutions consistently exhibit the smallest
dimensions. Typically, the particle size in a solution is less than 1
nanometer (nm). To put this in perspective, a nanometer is one
billionth of a meter. At this scale, the particles are invisible even
under a powerful microscope, and they do not scatter visible
light.

Characteristics of Solutions
at the Nanoscale

 Homogeneity: Because the particles are so small, they
distribute evenly throughout the solvent, creating a single,
uniform phase. You cannot distinguish the solute from the
solvent, even with the most advanced optical instruments.

e Transparency: Solutions are typically clear and
transparent. For example, salt dissolved in water produces
a solution that looks just like plain water. The particles are
too small to interfere with the passage of light waves.

¢ Non-filterable: You cannot separate a solution by ordinary
filtration. The dissolved particles pass through even the
finest filter paper because they are smaller than the pores.

e Stability: Solutions are permanently stable. The solute
does not settle out over time, no matter how long you wait.
This is due to the constant random motion of molecules
(Brownian motion) and the strong interactions between
solute and solvent.

Common Examples of
Solutions

Examples of solutions are abundant in daily life. Air is a solution
of nitrogen, oxygen, and trace gases. Seawater is a solution of
salts in water. Brass is a solid solution of copper and zinc. In
every case, the particle size is below the 1 nm threshold, making
them true solutions.

COLLOIDS: THE BRIDGE BETWEEN TWO WORLDS

Colloids occupy the fascinating middle ground between solutions
and suspensions. When we compare suspensions, colloids, and
solutions in terms of particle size, colloids typically range from
approximately 1 nm to 1000 nm (or 1 micrometer). This
intermediate range gives colloids unique properties that are
exploited in countless industrial and biological applications.
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The Tyndall Effect: A
Signature of Colloidal
Particles

One of the most striking features of colloids is the Tyndall
effect, which is the scattering of light by particles in a colloid.
Because colloidal particles are large enough to interact with
visible light waves, they cause the light to scatter in all
directions. This is why a beam of light is visible when it passes
through a colloid like fog, milk, or a gel. Solutions do not exhibit
this effect because their particles are too small to scatter light.
Suspensions can also scatter light, but their larger particles often
make the mixture opaque rather than translucent.

Stability and Brownian
Motion

Colloidal particles are large enough to be affected by gravity, yet
they do not settle out quickly. This is because they are small
enough to be constantly buffeted by solvent molecules, a
phenomenon known as Brownian motion. This random, jittery
movement keeps the particles dispersed indefinitely, provided
the colloid is not destabilized by factors like heat, electrolyte
addition, or freezing.

Types of Colloids

Colloids come in many forms. An aerosol is a colloid of liquid or
solid particles dispersed in a gas (e.g., fog, smoke). An emulsion
is a colloid of one liquid dispersed in another immiscible liquid
(e.g., mayonnaise, milk). A gel is a colloid where the dispersed
phase forms a network that traps the liquid (e.g., jelly, agar). A
sol is a colloid of solid particles in a liquid (e.g., paint, ink).

Common Examples of
Colloids

Milk is a classic example of a colloid. It consists of fat globules
(the dispersed phase) suspended in water (the continuous
phase). The fat globules range in size from about 100 nm to 1000
nm, squarely within the colloidal range. Similarly, fog is a colloid
of water droplets in air, and blood is a complex colloid containing
cells, proteins, and other particles.

SUSPENSIONS: THE REALM OF VISIBLE PARTICLES

At the other end of the spectrum, suspensions contain the largest
particles. When we compare suspensions, colloids, and solutions
in terms of particle size, suspensions typically have particles
larger than 1000 nm (1 micrometer). At this scale, the particles
are often visible to the naked eye or at least easily seen under a
standard microscope.



Key Properties of
Suspensions

* Heterogeneity: Suspensions are visibly heterogeneous.
You can often see the particles floating, swirling, or
sedimenting in the mixture. Texture and appearance are
not uniform.

* Opacity: Because the particles are large, they block and
scatter light heavily. Most suspensions appear cloudy,
murky, or opaque. You cannot see through a muddy water
suspension.

e Sedimentation: This is the hallmark of a suspension. Over
time, the larger particles will settle to the bottom under the
influence of gravity. The rate of sedimentation depends on
the particle size and the viscosity of the liquid.

e Filterability: Suspensions can be separated by standard
filtration. The particles are larger than the pores of filter
paper, allowing the liquid to pass through while retaining
the solids.

e Instability: Unlike solutions and stable colloids,
suspensions are inherently unstable. They require constant
agitation (stirring or shaking) to remain temporarily mixed.

Common Examples of
Suspensions

Muddy water is the classic example. Soil particles, sand, and silt
are suspended in water, but they will eventually settle to the
bottom if left undisturbed. Other examples include paint (pigment
particles in a liquid), orange juice with pulp, and the dust
particles suspended in the air. In medicine, many oral
suspensions are designed to be shaken before use to re-disperse
the active ingredients.

COMPARATIVE ANALYSIS: PARTICLE SIZE AT A
GLANCE

To truly understand how we compare suspensions, colloids, and
solutions in terms of particle size, a structured comparison is
invaluable. The following breakdown highlights the key
differences across the three categories.

Solutions

e Particle Size: Less than 1 nm

* Visibility: Particles are invisible even with an electron
microscope

e Appearance: Transparent and clear

e Stability: Permanent; no settling

« Filtration: Cannot be separated by ordinary filtration
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e Tyndall Effect: Does not occur
 Examples: Salt water, sugar water, air, metal alloys

Colloids

e Particle Size: 1 nm to 1000 nm (1 um)

* Visibility: Particles are not visible to the naked eye but
can be seen with an ultramicroscope

e Appearance: Translucent or opaque, often milky

» Stability: Stable; particles remain dispersed due to
Brownian motion and electrostatic repulsion

e Filtration: Pass through ordinary filter paper but are
retained by ultrafiltration or semipermeable membranes

e Tyndall Effect: Exhibits strong light scattering

* Examples: Milk, fog, gelatin, mayonnaise, ink, blood

Suspensions

e Particle Size: Greater than 1000 nm (1 um)

* Visibility: Particles are often visible to the naked eye or
under a light microscope

e Appearance: Opaque, cloudy, or muddy

» Stability: Unstable; particles settle over time

e Filtration: Can be separated by ordinary filter paper

* Tyndall Effect: May scatter light but often too opaque to
observe clearly

e Examples: Muddy water, sand in water, dust in air, some
liquid medicines

WHY PARTICLE SIZE MATTERS: PRACTICAL
IMPLICATIONS

The differences in particle size are not just academic distinctions.
They have profound practical implications in science, industry,
and daily life. Understanding how to compare suspensions,
colloids, and solutions in terms of particle size allows us to
predict and control the behavior of mixtures.

In Medicine and
Pharmaceuticals

Drug formulations rely heavily on particle size. Many medications
are delivered as solutions for rapid absorption, because the drug
molecules are already dissolved and immediately available. Other
drugs are formulated as suspensions (e.g., antacids) where the
active ingredient is not soluble in the liquid. These must be
shaken to ensure an accurate dose. Colloidal drug delivery
systems, such as liposomes and nanoparticles, are engineered to
target specific tissues or to improve bioavailability.

In Food Science

Textures and mouthfeel in food products are determined by
particle size. Mayonnaise is an emulsion colloid that remains
stable due to the fine dispersion of oil droplets. Ice cream is a
complex colloid of ice crystals, fat globules, and air cells. If the



particle size grows too large (e.g., large ice crystals in ice cream), Water treatment processes are designed around particle size.
the texture becomes gritty and unappealing. Solutions like sugar Suspended solids in wastewater are removed by sedimentation
water are clear and flow easily, while suspensions like orange and filtration. Colloidal particles, such as those found in clay-rich
juice with pulp provide a distinctly different sensory experience. river water, require coagulation and flocculation to aggregate

them into larger particles that can then settle or be filtered.

In Environmental Science Understanding the
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