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Learning outcomes
Students should be able to:
•  demonstrate knowledge, understanding and 

applications for the following modern materials, 
and their application in product design to 
include:
–  thermochromic and photochromic materials;
–  phosphorescent pigments;
–  reflective films and holograms;
–  liquid crystal displays;
–  polyether ether ketone (PEEK)
–  polyphenylsulfone (PPSU); and
–  graphene.

Course content
What are Thermochromic materials?
Thermochromic materials change colour at specific 
temperatures. A change in temperature causes the 
liquid crystals to re-orientate which brings about 
the change in colour. They are incorporated into a 
special ink and printed onto plastic films to create 
thermometers or temperature indicators. The battery 
test strip is a good example. If a battery has good 
life in it, the current flows through a printed resistor 
under a thermochromic film which heats up to cause 
the colour change. The liquid crystal material itself 
is contained within microscopic spherical capsules 
which are used to make paints, inks or are mixed to 
moulding for different products. 

There are two main types of materials used to 
produce thermochromic effects. These are:
• liquid crystals, and;
•  organic dyes known as leucodyes. 

Liquid Crystals
Thermochromic liquid crystals give a relatively 
accurate measurement of temperature; and as a 
result this allows them to be widely used in such 
things as strip thermometers, mood rings and LCD 
displays on calculators.

Leucodyes
Leucodyes are organic chemicals that change 
colour when heat is applied to them. This makes 
the molecules in the leucodyes move between two 
structures known as colourless ‘Leuco’ or coloured 
‘non Leuco’. Both of these structures reflect light 
differently. 
Leucodyes are 
temperature 
sensitive dyes or 
inks which start 
off as a particular 
base colour but 
change space as 
the temperature 
rises or falls. 
Leucodyes are 
used on novelty 
items e.g.: Tshirts, 
coffee cups, and 
till receipts.
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What are Photochromic materials?
Photochromic materials are materials that undergo 
colour changes induced by exposure to different 
lighting conditions and are used for a range of 
products. Products as diverse as nail varnish, 
photochromic lenses, camera filters, smart coatings 
for windows, sun-blinds, specialist clothing, jewellery 
and large-scale sign boards utilise the technology in 
these materials. Photochromic materials are reactive 
to the UV component in sunlight, and as a result can 
be used as UV radiation indicators.

What are Phosphorescent 
Pigments?
Phosphorescence is a process in which energy 
absorbed by a substance is released slowly in the form 
of light. Phosphorescent pigments consist of very fine 
crystals of zinc sulfide; copper is then added to the 
zinc sulfide as an activator. This allows the crystals to 
absorb light and slowly emit it over time. 

The main characteristic of phosphorescent 
pigments is their capacity to absorb, store and emit 
light. After absorbing light they can glow in the 
dark for up to twelve hours. In addition the material 
is stable, non-toxic, has no radioactive additives 
and has good weatherability.

Phosphorescent Pigments 
Applications
Phosphorescent pigments can be used in 
manufacturing of paints, inks plastics, rubber and 
films. It is completely safe and is widely used for 
the following;
• clothing and shoes;
• stationary goods and escape route signs;
• watches, toys; and 
• sporting goods.
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What are Reflective films? 
There are many types of reflective films on the 
market each with their own specific characteristics. 
Reflected films on the whole recycle light that has 
not reached the intended direction on its first pass, 
and directs it back into the system. 

Reflective Films Applications
Reflective film used in windows for the commercial 
and domestic market can be made out of one 
or more layers of polyester. This film is usually 
installed to improve energy efficiency by lowering 
the amount of heat entering a building as a result 
of sunlight. They are used to improve privacy and 
shatter resistance. As well as helping to decrease 
the amount of ultraviolet (UV) light entering a room 

which can fade furnishings and fabrics. 
Innovative reflective films can be applied 
accurately and at speed to ensure high visibility 
and branding for emergency service vehicles for fire 
police and ambulance.

What are Holograms?
A hologram is a flat surface that, under proper 
illumination, appears to contain a three 
dimensional image. Holograms are made up of 
multiple two dimensional layers with images 
placed one behind the other to produce a three-
dimensional structured effect. 

Types of Hologram
The three most common types are:
• reflection; 
• transmission and;
• embossed holograms.

Reflection holograms are illuminated by a white 
light source on the viewing side of the hologram. 
The light is reflected from the hologram to show 
the image. Transmission holograms are viewed 
by illuminating from the rear with a laser. The 
advantage of transmission holograms is that they 
can be very sharp, loaded with detail and the 
image can have great depth. Embossed holograms 
are commonly found on consumer goods and 
credit cards. The hologram is embedded on a thin 
plastic film backed with reflective aluminum. The 
aluminum reflects incident light back through the 
hologram thereby activating it.
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Hologram Applications
Holograms have many applications and are used 
on certain product packaging and on magazine 
covers. In addition they are found on credit cards, 
driver’s licenses, and even clothing to help stop 
counterfeiting. 

It is possible to take flat medical images, such 
as a CAT scan and have the final image as a 
three-dimensional hologram. Engineers also use 
holography to test for fractures and for quality 
control during manufacturing. This is called 
holographic non-destructive testing. 

The holograms used in security are very difficult to 
forge, because they are reproduced from a master 
hologram that requires expensive, specialized 
equipment. As a result they are used widely in 
many currencies, such as the British pound 5, 10, 
20 notes. They are also used in ID cards, books, 
DVDs, and sports equipment.

What are Liquid Crystal Displays 
(LCD)
Liquid crystal displays (LCD) are used in the 
following tpes of products: flat screen televisions, 
computers, digital watches and calculators.

LCDs use less power than LEDs and are made up of 
liquid crystal placed between two sheets of glass. 

The liquid crystals are sensitive to temperature 
and are affected by electric currents, because they 
are low on energy consumption they generate very 
little heat during operation.

The diagram below shows how LCDs work.

Polyether ether ketone (PEEK)
PEEK is a semi-crystalline engineering 
thermoplastic which can operate at high 
temperatures. It has excellent thermal and 
combustion properties. It is tough, strong and rigid 
and can resist a range of solvents. In addition to 
its natural unreinforced form, PEEK is available in 
glass-fibre reinforced and carbon-fibre reinforced 
grades and in a range of forms including sheets, 
rods and bars.

PEEK can operate continuously at high 
temperatures (up to 280°C). Little smoke or toxic 
gas is emitted when it is exposed to flame. It 
has low moisture absorption and is resistant to 
radiation and chemical attack.

Applications of PEEK
The various grades of PEEK are used widely in 
the automotive, marine, medical and aerospace 
industries. The unreinforced grade is very tough 
and is suited for use in seal components or for 
applications where aesthetics is important. Glass 
fibre reinforced grades are suited to structural 
applications where greater strength and stiffness 
are needed at high temperatures. Carbon-fibre 
reinforced grades offer the best resistance to wear 
and have greater thermal conductivity, therefore 
they are often used in bearings where they help to 
dissipate heat.
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Polyphenylsulfone (PPSU)
PPSU is a type of plastic which is highly mouldable 
and as a result is often used in rapid prototyping 
and rapid manufacturing applications. It has 
virtually no melting point due to its amorphous 
nature and therefore has a high resistance to heat 
and chemical attack.

Application of PPSU
PPSU is widely used in the automotive, medical, 
aerospace and plumbing industries.

Graphene
Graphene is basically a very thin layer of pure 
carbon (one atom thick) bonded together in a 
hexagonal structure. It is the lightest material 
known to man and is also the strongest. Graphene is 
the best known conductor of heat and of electricity. 
Carbon is one of the most abundant elements on 
earth and therefore graphene has the potential to 
be an extremely sustainable material. However 

the main difficulty is in managing to create pure 
graphene without the need for toxic chemicals 
and the use of metal substrates (from which it was 
difficult to subsequently remove the graphene 
without damaging it).

Applications of Graphene
Some graphene-enhanced products are already 
available on the market (for example conductive 
ink, tyres) Because of it’s many amazing properties, 
there is a vast range of potential applications for 
graphene in the future. Graphene batteries will be 
much lighter than current litium-ion batteries and 
can be charged in seconds. Because graphene is 
inert, graphene paint will be highly resistant to water 
and corrosion. Its high strength could see it replace 
Kevlar in protective clothing and also used widely in 
vehicle manufacture. The high electrical conductivity 
of graphene will also see it widely used in electronics, 
in touch-screen devices and also possibly in foldable 
lightweight television screens for example.
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Revision Questions

Give two specific applications for each of the following:
• photochromic materials;
• reflective films;
• holograms and
• PEEK. 

2

Outline two main characteristics associated with Phosphorescent pigments.1


