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INTRODUCTION

Introduction

The following document has been designed as a guide for practitioners
teaching section 7 of the Consumer Chemistry component of Higher
Chemistry. This document can be used to explain specific examples to a more
in-depth level or to explain general concepts.
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SECTION 1: MAKING SOAP

Section 1: Making soap
Making soap

Soaps are formed by the alkaline hydrolysis of fats and oils by sodium or
potassium hydroxide by boiling under reflux conditions:

Hof i H—E"-OH
H-C-0—C—Cy;Hy, NaOH HO—C—Cy;Hys ‘
9 . 8 -d-or
H_T_O_C_Csts HO—C—Cy;Hys + T ©
@) .
I Hydrolysis I H-C-OH
H-E-O— C—C,Hy HO—C—C,H,, !
Gl |
Fat Fatty Acids yeero

The glycerol released is separated and used as a raw material for other
processes:

H

H O 0 .
| [l Il H-C-OH
H-C-0—C—C,;Hy NaOH HO—C—C,;H;; ‘
9 ; o
H-C-0—C—CH,, == HO-C-C,H, = ‘
9 Hydrolysis I H-C-OH
H—E-O— C—C,;Hy HO—C—C,,H,; !

. Glycerol

Fat Fatty Acids
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| SECTION 1: MAKING SOAP \

The fatty acids are produced in the form of their sodium or potassium salts.
These salts are called soap.

H Q Q
| -
H-C-O—C—C,,H,, NaOH Na*"0—C—Cy;Hy,
0
’ I I
H-C-O—C—C,,H,, > Na*"0—C—C,H,,
’ 0 Hydrolysis I
H-C-O— C—C,H,, Na*“0—C—C,H,,
H
Soap
Fat

The long covalent hydrocarbon chain that makes up the tail section of a soap
structure can be represented in a number of ways, either in the shorthand
notation shown below or as a bond-stick representation, shown at the bottom
of the page. The charged carboxylate group represents the head section of the
soap structure.

CHs. CH, CH, CH, CH, CH, CH, CH, CH, _ONa*

M2 il ~2 SR R - -

Na* O— (Ll_ C.H — CH; CH; CH; 'CH; 'CH; 'CH; 'CH; CH; \’r

17" '35 0o

Il CHs. CH, CH, CH, CH, CH, CH, CH,  _O'Na*
= — 3 2 P 2 P 2 P 2 P 2 2 a

Na*"O—C—CH,, = “CH; CH; CH; CH; CH; CHj CH2 CH2 \"/
Na*- O— (|:|_ C.H. == Mo OH GCH, CHp CH, GCH, ChH CH, _O'Na*

17" '35 —

~ - 2 - 2 - 2 - 2 - 2
CH; CH; GCH; CH; CH; CHj CH2 cn-c2 \’r
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Soap
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SECTION 1: MAKING SOAP

The structure of soap

The long covalent hydrocarbon chain gives rise to the hydrophobic (water
hating) and oil-soluble (non-polar) properties of the soap molecule
(represented in yellow). The charged carboxylate group (represented in blue)
is attracted to water molecules (hydrophilic). In this way, soaps are composed
of a hydrophilic head and a hydrophobic tail:

CH3\ ’CHZ ’CHQ ,CHZ ’CHZ ’CHz ’CHZ ’CHz ’CHz O'Na*
CH; CH; CH; CH; GCH; GCH; CH; CH; 7]/
(o]
I
covalent hydrocarbon chain I carboxylate head
O Na'
|
| O
non-polar, oil-soluble, hydrophobic | polar, water-soluble,
hydrophilic

How soaps work

The following ball (blue for hydrophilic head group) and stick (yellow for
hydrophobic tail group) diagram represents the initial interaction of soap on
addition to water and material with a grease stain:

1

®
52

material
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‘ SECTION 1: MAKING SOAP

When the solution containing soap and water is agitated (stirred vigorously)
the interactions of hydrophobicity and hydrophilicity become apparent. The
hydrophobic, non-polar, tails burrow into the greasy, non-polar molecule —
like attracting like. In the same way the polar hydrophilic head groups are
attracted to polar water molecules. The head groups all point up into the
water at the top of the grease stain.

material

The attraction of the head group to the surrounding water, via polar-to-polar
interactions, is so strong that it causes mechanical lift of the grease molecule
away from the material on which it was deposited. The hydrophobic tails are
anchored into the grease due to non-polar to non-polar attraction. In
combination, these effects allow for the removal of the grease stain.

)
. &\
R

material
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SECTION 2: CLEANSING ACTION OF SOAPS

Section 2: The cleansing action of soaps
Definition: the engine of the detergent system
When used for cleaning in combination with water, soap serves as a

surfactant. Surfactants are the main contributors to detergents’ cleaning
performance.

Performance Contribution to Detergency

% Contribution
N
o

AN N N N N NN

Surfactant Bleach Polymer Builder Enzyme

The bulk components of detergents are surfactants; other key ingredients
include:

* bleach, to enhance the appearance and effect of whiteness

* polymers, for binding to and removing certain types of dirt

* builders: to provide the formulations (liquids, gels, capsules and tablets)
with consistency

* enzymes, to remove biological stains, including, blood, wine, chocolate
and coffee.
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‘ SECTION 2: CLEANSING ACTION OF SOAPS

Structure and composition

A broad definition of a surfactant is: a substance, such as soap, that possesses
a hydrophobic tail and a hydrophilic head and which, on being made into a
solution with water, reduces the surface tension of water and also reduces the
interfacial tension between oil and water.

O'Na*

I o}

CHs. CH, CH, CH, CH, CH CH

J LCH, CH, CH, CH, CH, ! CH; O'Na
CH; CH; CH; CH; CH; CH; CH;

“CH; Hydrophilic Head

(non-polar) Hydrophobic Group

How surfactants work
What is surface tension and how does a surfactant lower it?
The surface tension of water can be seen in the picture below. The cohesion

between the water molecules is strong enough to allow relatively dense
objects to be suspended above the water line.
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SECTION 2: CLEANSING ACTION OF SOAPS

The diagram below shows how surface tension can be disrupted. In steps A—C
a water bead is placed on the surface of a fabric:

Water bead
(no surfactant)
A High surface tension B Water bead C
(with surfactant) Water bead
Lower surface (with surfactant)

tension Water spreads; ‘wetting’

Low surface tension

The addition of a surfactant, such as soap, disrupts the cohesion between the

water molecules, causing the water droplet to spread, covering a wider
surface area of the fabric (a process called wetting). This maximises contact
with any stains or dirt deposited on the fabric.

How does a surfactant reduce the interfacial tension between oil and
water?

In Section 1 (‘How soaps work’), diagrams showed how soap molecules
interact with a grease stain in the presence of water. Essentially, this is how
the interfacial tension between the oil and water is reduced; in other words, a
surfactant reduces the immiscible layer between an oil/grease droplet and
water. There are three main ways in which surfactants are absorbed between
oil and water and so bring about soil/stain removal:

* roll-up mechanism
¢ solubilisation
e celectrostatic interaction.
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‘ SECTION 2: CLEANSING ACTION OF SOAPS

Mechanism of stain/dirt removal
Roll-up mechanism

The hydrophobic tails ‘burrow’ into the
droplet of oil or grease.

The hydrophilic heads are left to face the o
surrounding water.

This results in the formation of a ball-
like structure (a micelle).

The non-polar substances, such as oil or
grease, are held inside the ball and
suspended in water, to be washed away.

The structure of a micelle

. _-Hydrophilic head
‘ Aqueous
' solution

. . “Hydrophobic tail

The hydrophobic tails ‘burrow’ into the droplet of oil or grease.
The hydrophilic heads are left to face the surrounding water.
This results in the formation of a ball-like structure (a micelle).
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SECTION 2: CLEANSING ACTION OF SOAPS

Solubilisation

Solubilisation works like the roll-up mechanism. In this case the surfactant
breaks down the soil in stages: the micelle formed breaks off small pieces of
soil a bit at a time and gradually removes the stain. This is typical of stubborn
stains or if a lot of dirt has been deposited onto a fabric.

Electrostatic interactions

Anionic surfactants adsorb on the surfaces of
particulate soil and/or oil droplets.

They increase their charge density and induce
separation of the soils/oils by electrostatic
repulsion.

In this way the soil/oil cannot redeposit onto the
surface of a fabric.

7777 T 7 7 7
Fabric
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‘ SECTION 2: CLEANSING ACTION OF SOAPS

Types of surfactant

hydrophil hydrophob
Non-ionic surfactants /\/\/\/\/\
(not charged)
Anionic surfactants /\/\/\/\/\
(negatively charged) -

Cationic surfactants /\/\/\/\/\
(positively charged) +

Amphoteric surfactants A

(zwitterionic: - + /\/\/\/\/\

positive and negative charged)

Structural examples of the head groups (hydrophil)
(R represents the hydrophobic group)

Zwitterionic

CH,

R_CHZ_ N* _(CHZ)_C

|
0]

Anionic Non-ionic

R\c /0' R-O-CHZ- CH —CH3

I (ot

Cationic
P

R CH, e N* s CH,

CH,
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SECTION 3: EMULSIONS

Section 3: Emulsions
What is an emulsion?

The following diagrams represent the formation of an emulsion. In diagrams
A—C we see the interaction between two immiscible liquids without the
addition of an emuliser. In diagram D we see how the addition of an
emulisifer leads to the formation of an emulsion.

In diagram A two liquids not yet emulsified form two separate phases, a layer
of oil on top of a layer of water.

/

I/ )
N

S

I Phase II: Oil
| Phase I: Water

In diagram B the liquids have been agitated (stirred vigorously), initally the
water layer and oil layers have formed an emulsion.

~

S
B

In diagram C the unstable emulsion progressively separates back into two
distinct layers (phases).
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SECTION 3: EMULSIONS

Eventually, after some minutes, the two liquids return to form two separate
phases, a layer of oil on top of a layer of water.

®

I Phase II: Oil

I Phase I: Water

It is worth highlighting at this point how important it is that we have a way of
preventing this from happening, otherwise the majority of our consumer
products, including shampoo, toothpaste, cosmetics, ice-cream, washing
detergents and salad dressings, would all end up as seperated layers, with the
active ingredients no longer able to work effectively.

In diagram B the oil and water have been agitated (stirred vigourously). If we

were at this point to add an emulsifer, we would arrive at a stable emulsion,
as shown in diagram D.

®

With the addition of an emulsifier (purple outline around particles) the
interfaces between phase II (oil) and phase I (water) create a stabilised
emulsion.

D

o]
0 e o
(o] le) (e}
(o] ® o
e ©
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SECTION 3: EMULSIONS

This addition of an emulsifier allows two otherwise immiscible layers to be
mixed uniformly, dispersing an equal amount of each throughout the entire
volume. The mixture is able to exist as a stable (non-separating) emulsion for
a reasonable time (known as shelf-life).

Stabilised emulsion

How do emulsifiers work?

Emulsifiers are soap-like molecules. Soaps and emulsifiers are composed of a
hydrophilic head and a hydrophobic tail.

Soaps are structured like this:

CHy 'CHz ’CHQ ’CHg ’CHZ ,CHZ ’CHz ’CHg ’CHz O'Na*
CH; CH; GCH; GCH; GCH; GCH; CH; CH; \“/
(o]
I
covalent hydrocarbon chain I carboxylate head
O Na'
I
| O
non-polar, oil-soluble, hydrophobic | polar, water-soluble,
hydrophilic
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‘ SECTION 3: EMULSIONS

In the case of soap/surfactants, they use their hydrophilic head and
hydrophobic tail properties to remove stains in the following process:

Surfactant

/ Stain
=

<

Cotton fabric

The hydrophobic tails of the surfactant ‘burrow’ into the droplet of oil or
grease stain on the fabric.

/ } ; N
/\ VY 43S A\
. \ F A {
§ ’\\ ha Ny . /1‘.- -—g —;‘ ~ f(
IR e IS

The oil/grease stain is held inside the ball and suspended in water.
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SECTION 3: EMULSIONS

Emulsifiers work in a similar fashion: this is how they can suspend oil in
water, for example. However, it is how they are made that makes them
chemically different from surfactants/soaps.

Making an emulsifier

Emulsifiers are made from the chemical reaction between glycerol and a
single unit of fatty acid, without the presence of a strong alkali.

H H o]
H-C-OH | |
’ H T o—cC
Il
H-C‘)—OH + Ho-—C—C H, > n T oH
H-C-OH H—C——OH
|
H |
H
Glycerol Fatty Acid Emulsifier
The resulting polar hydrophilic head group is not charged (as it can be for
surfactants). The resulting polarity comes from the hydrogen bond
interactions of the hydroxyl (OH) groups and the surrounding water
molecules.
o)
r 1l
H —c—o/ '
hydrophilic - water l )
soluble H s G s OH | covalent hydrocarbon chain
l |
hydroxyl group ~ Hs==C | hydrophobic — oil soluble
| !
I
The above ball (blue for hydrophilic head group) and stick (yellow for
hydrophobic tail group) diagram represents the structure of an emulsifier.
Note: The head group (blue) does not carry any charge.
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‘ SECTION 3: EMULSIONS

How an emulsion is made

Emulsifiers use their hydrophilic head and hydrophobic tail properties to
prevent oily liquids separating out from the aqueous liquids (water) in which
they are suspended:

&,

In the same way as a surfactant, the hydrophobic tails burrow into the oil
droplet and the hydrophilic head groups are left on the surface to interact
with the water molecules. Thus an oily substance can be suspended in a water
layer for some time without separating out. The resulting liquid is called an
emulsion.
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