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Objectives (aimed towards late high school/early undergraduate)

e To understand the general chemical structure of surfactants and recognize their
widespread use in everyday products.

¢ To introduce the concept of the packing parameter and how it affects micelle structure.

e To create a tangible visualization of micellization via 3D printing and encourage the
exploration of further design modifications.

¢ To generate interest in colloidal science and demonstrate the prevalence of chemical
engineering in everyday life.

What is a surfactant?

Surfactants (short for surface active agent) are molecules that contain hydrophobic (“water-
fearing”) and hydrophilic (“water-loving”) components. Most surfactants have a tail that is often
composed of nonpolar chemical groups like hydrocarbon chains, while the head is formed from
charged or polar groups like ammonium (NH4") [1]. Surfactants are classified based on their
head group, which may be either cationic, anionic, non-ionic, or zwitterionic (containing both
positive and negative charges) [1].

In mixtures of hydrophilic and
hydrophobic substances like water

and oil, the surfactants will self- :
assemble into structures called —O
micelles (Figure 1). The surfactant :

molecules arrange and cluster hydrophobic : hydrophilic
themselves so that the hydrophilic '

heads and hydrophobic tails align
themselves towards the hydrophilic Figure 1: Surfactant§ contqin hydrophobic and hydrophilic parts. They will
and hydrophobic environments arrange themselves into micelles to face the environment each part favors [1].

respectively. In other words, “like
dissolve like.”
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Surfactants in everyday life

Surfactants are found in many everyday products ranging from soaps, detergents, and
even our food [1]. If you look at the ingredients label of common dish or hand soap, you may
see something called sodium pareth sulfate. This is an example of a common surfactant that
contains an anionic sulfate head and a nonpolar pareth tail. Why is this complex molecule in
soap?

After enjoying a bag of chips, you will find it easier to clean your hands with soap and water than
with just water alone. The reason is due to surfactants like sodium pareth sulfate in soap. When

1



you wash your hands with soap, the surfactant tails surround the hydrophobic bits of dirt and
grime, while the heads face outwards towards the watery environment. This process forms a
spherical micelle, which captures oil and allows water to rinse away grease.
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Figure 2: Sodium pareth sulfate is found in common hand soap [2,3]. The "C12-13" denotes the number of carbons
in the pareth tail (n). The surfactant will align to form a spherical shell around oil particles, with the hydrophilic head
facing the aqueous environment.

Micelles self-assemble; they form spontaneously if enough surfactant molecules are
added. The concentration that is required for surfactants to start aggregating into micelles is
called the critical micelle concentration (CMC) [4]. The CMC is different for each surfactant,
depending on its chemical structure and the surrounding environment [4]. Micelle self-assembly
is also affected by temperature and the ions they’re paired with [4].

Not all surfactants assemble into spherical
micelles. For example, phospholipids in our cell
membranes and lecithin (Figure 3) in baked goods arrange
themselves into bilayers [5]. Others form cylinders and
even micelles shaped like worms! Chemists and chemical
engineers create and study surfactant molecules for use in
everyday products. Depending on the application, we want
to design and choose surfactants to form different micelle
shapes. Imagine if the phospholipids in your cell

membrane formed spheres instead of bilayers! Figure 3: An example of a lecithin surfactant. The
polar head is in blue and the tails are in red. Notice
how the shape of this surfactant is wildly different

from sodium sulfate pareth in soap! [6]




Packing parameter

Scientists can predict the micelle structure that surfactants will assemble into based on a
number called the packing parameter [7]. The packing parameter considers the surface area of
the polar head' (a¢) and the volume (v,) and length of the nonpolar tail group (I,) [7]. The
packing parameter is calculated as:

. vO
Packing parameter =

acl,

Figure 4 shows what packing parameter values correspond to each micelle structure.
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Figure 4: The value of the surfactant's packing parameter translates to the micelle shape [7,8].

Materials

e 3D printed surfactants — see included .STL files. At least 8 cylinders, 12 wedges, and 12
pentagonal pyramids are required. The designs are compatible with any 3D printing
material.

e 198 5 x 3 mm circular magnets

e Superglue

¢ Gloves (to keep superglue off hands)

e Calculator

The three surfactant shapes and their dimensions are shown below. Try to hypothesize what
structure each shape will form and confirm your guess by calculating the packing parameter!

Shape Head area a. (mm?) | Tail length I, (mm) | Tail volume v, (mm?®)

Cylinder 113 36 4072

Wedge 240 21 2494
Pentagonal pyramid 951 26 8299

' This is a big oversimplification. In reality, ac also involves the chemical identity of the head group,
thermodynamics, temperature, and the environment the surfactant is in [7]. Sometimes, we can
manipulate these parameters to affect ae so that micelles transition from spheres to bilayers!
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Instructions
TIPS:

¢ We recommend wearing gloves to protect your hands from superglue!

e To check what magnet pole you're using, we recommend first gluing a magnet in any
hole and designating that as “north.” Then, you can always use that as a test reference.
Let the glue harden around that magnet before proceeding — this helps prevent the
magnet from getting out during testing.

Cylinders

Take half of your cylinders. Use superglue to adhere
the magnets in the following pattern (Figure 5). Continue
alternating the magnet polarities (e.g., the polarity in the hole
next to “S” should be north).

Repeat the process on the other half of the cylinders,
with the bottom hole containing a south pole magnet. In
this way, we are creating two groups of cylinders that
should be magnetically complementary to each other.

Figure 5: Magnet configuration for the cylinders.

Wedge

All the wedges will have the same magnet configuration
(Figure 6). The holes on the triangular faces should be opposite
poles. For example, in Figure 6, the hole on the other side of the
triangular face shown should have a south polarity.

Pentagonal pyramid Figure 6: Magnet configuration for the wedges.

All the pentagonal pyramids will have the same
magnet configuration (Figure 7). Alternate magnet polarities
each hole. We recommend putting magnets on the left hole of
each triangular face to not confuse polarities.

Self-assembly

(OPTIONAL) Once each surfactant is assembled, place
each type into their own respective jars. Temperature plays a
secondary role in micelle formation. As temperature rises, the
average kinetic energy of particles also increases. When we
shake these jars faster, we are simulating an increase in
temperature. Figure 8 shows a photograph of assemblies of Figure 7: Magnet configuration for the
these various surfactants. pentagonal pyramids.




Figure 8: Photographs of assembled (a) cylinders in a bilayer, (b) wedges in a hexagonal cylinder, and (c) pentagonal
pyramids for a part of a micelle.
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