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Smart Materials Case Studies & Activities 

 

Smart materials are products that extend the usefulness of a material or give it 
extra, active functions, in essence do something ‘smart’. For example, conductive 
threads that allow an electrical current to pass therefore allowing electronic devices 
to be incorporated into clothing, chemical treatments that render fabrics resistant to 
water or bacteria, or metals that ‘remember’ and can return to a particular shape 
under certain physical conditions. 

This resource includes examples of real technologies which can be used as 
inspiration to Key Stage 2 & 3 children. Following on from the challenges that Tim 
Peake and his clothing will face in space, these case studies include background 
information for teachers, supporting Powerpoint slides, and example activities 
which can be edited and adapted to suit the needs of your group. We’ve 
concentrated on just six examples, but there is a wealth of information on other 
smart materials available that your pupils could incorporate into their designs for 
wearable smart clothing for Tim Peake. 
 

KEY LEARNING OBJECTIVES 
 

Pupils will  

• be introduced to a range of smart materials and consider their properties, uses and applications; 

• be creative and problem solve, applying their knowledge of the smart materials to solve issues faced by 

Tim Peake on his mission; 

• form links between school science, technology and ICT to real-world products and applications 

 

NATIONAL CURRICULUM LINKS 
 

Aspects of the Key Stage 2 curriculum including: Science: Working scientifically; Animals, including humans; 

Light; Electricity; Properties and changes of materials. Design and technology: 

designing, making, evaluating and applying technical knowledge. Literacy. Numeracy 

and elements of Art and design.  

 

Aspects of the Key Stage 3 curriculum including: Science: Working scientifically, links to 

Chemistry and Physics; Design and technology; English including structured 

discussions; ICT/Computer science; Maths; PSHE, Ethics and discussion.  
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ACCOMPANYING POWERPOINT 
 

The accompanying Powerpoint has additional teachers’ notes within it although the following notes outline 

the actual activities. It includes images that you are free to use with relevant credits and links to online videos 

(check your in-school ICT capabilities/restrictions prior to use). 

It is arranged as follows and is designed so that you can pick and choose elements for your lessons i.e. not 

all activities have to be completed. 

Slide 1:  Title slide 

Slide 3:  Learning outcomes 

Slides 4-5:  The challenges of space & space travel 

Slides 6-7:  Smart and advanced materials  

Slide 8:  Hyperlinked page to each case study 

Slides 9-10: Case study one: Solid or liquid? 

Slides 11-12: Case study two: Sodium polyacrylate 

Slides 13-14: Case study three: Photochromic materials 

Slides 15-17: Case study four: Thermochromic materials 

Slides 18-21: Case study five: Functional surfaces 

Slides 22-28: Case study six: Printable electronics 

Slide 29: The challenge 

Slide 30: Some ideas 

Slide 31: Thanks 
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One: Solid or liquid? (cornflour slime) – absorbing 

impact 

 
 

1.1 Background information 

Using simple resources can demonstrate the properties of some smart materials. This old (and messy!) 

favourite is packed with science and with interesting applications. 

Cornflour is frequently used in cooking as a thickening agent. Extracted from maize, it is starch and as such 

is made up of lots of linked glucose sugar units. When added to water, the water molecules are able to move 

between the starch particles as the starch becomes suspended in the liquid. It therefore exhibits the classic 

properties of a liquid, being able to flow and taking the shape of its container. However, if you apply a rapid 

force, the starch particles lodge together and the water no longer fills the gaps. It therefore cannot flow and 

so exhibits properties of a solid. This is referred to as sheer-thickening or non-Newtonian fluid behaviour. 

Modern smart materials with this same sheer-thickening property (but without the mess) can be used to 

protect and cushion things from damage caused by impact, shock or compression. For example, the British 

invention D30®, is used in many different products including protection clothing for motorcycling, sports and 

building trades; impact absorption in footwear; and protection for electrical devices such as mobile phone 

cases to limit damage caused by accidental dropping.  

 

1.2 Key words 

Properties of solids, liquids and gases; non-Newtonian or sheer-thickening fluid; viscosity; impact  

 

1.3 Materials 

• PowerPoint  

• Cornflour  

• Water 

• Bowls 

• (lots of) Towels 

• Aprons 

• A product containing D3O (if you happen to own one) 
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1.4 Activity (20 mins+) 

You can just do this as a demonstration but it does provide an enjoyable learning experience.  Do be 

prepared for the mess! And be aware that some pupils will not like to handle this. 

 

You can measure out quantities of cornflour to water (Suggestions on the internet), but this often works well 

as a more relaxed experiment with approx. 1 measure of cornflour: 2 of water. 

 

Divide pupils into small groups.  Give each group a bowl and a few tablespoons of cornflour.  

 

Demonstrate adding water to the cornflour slowly and show the pupils the required consistency.  

 

Ask pupils to slowly add water until they reach the right consistency.  

Ask pupils to experiment with it e.g.,  

• hold some in your hand and let it drip through; 

• squeeze it in your hand; 

• move your hand slowly through the mixture, then more rapidly; 

• punch the mixture… 

 

Consider the properties. Do they change? How would you describe the material? Why do you think this 

happens? 

 

Discuss the properties and possible applications. 

 

Using the Powerpoint, link to D3O and its applications.  



 

Smart Materials Case Studies & Activities 

  

5 

 

In partnership with 
 

 
 

 

 

1.4 Health and safety 

Standard classroom Health and Safety analysis with reference to CLEAPPS and local recommendations.  

 

 

1.5 Links 

http://www.raeng.org.uk/publications/other/creating-captivating-cornflour  

http://www.ifst.org/lfls/experiments  

(Nice film of mix on a speaker:) Non-Newtonian Fluid on a Speaker Cone - YouTube  

http://www.d3o.com 

http://www.telegraph.co.uk/finance/businessclub/10988649/Real-life-Flubber-made-in-the-UK-saving-lives-in-

war-zones-and-on-the-football-field.html 

See link for demo: http://www.youtube.com/watch?v=9VDeJ7rLUYU 

  

 
Space to Earth challenge:   

 
How could you use a smart material with this property in Tim Peake’s space suit? 

 

 
Pupils should consider: 

• What problem(s) would it solve> 

• How could you incorporate it into the design? 

• Are there any examples of this?  Or is it something new? 

• Are there benefits of using a smart material rather than a traditional material in the design?  How would 
it compare? 

• aecatias asse quiant.Adist, vit harumquid quo exces ius.Lore conseque nectibusa 

• m restium facepedit, ad que vel incienim exerovidus ut dis volor rem. 

http://www.raeng.org.uk/publications/other/creating-captivating-cornflour
http://www.ifst.org/lfls/experiments
http://www.youtube.com/watch?v=3zoTKXXNQIU&feature=related
http://www.d3o.com/
http://www.telegraph.co.uk/finance/businessclub/10988649/Real-life-Flubber-made-in-the-UK-saving-lives-in-war-zones-and-on-the-football-field.html
http://www.telegraph.co.uk/finance/businessclub/10988649/Real-life-Flubber-made-in-the-UK-saving-lives-in-war-zones-and-on-the-football-field.html
http://www.youtube.com/watch?v=9VDeJ7rLUYU
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Two: Sodium polyacrylate – a hydrogel 

(Maximum Absorbency Garments aka nappies) 

 
2.1 Background information 

How you go to the toilet in space is one of the top questions that children ask – and one of the most pressing 

for anyone travelling into space.  Astronauts on the International Space Station do have access to a toilet, for 

which they undergo training in its use (For anyone particularly interested there is great information available 

from NASA’s and other websites).  However, for spacewalks and take-off/landing NASA developed 

Maximum Absorbency Garments (MAGS), which are like cycling, shorts with several layers of material and 

sodium polyacrylate crystals.  

The early astronauts underwent some interesting experiments and sodium polyacrylate has revolutionised 

the space experience. Bear in mind that when an astronaut goes on a spacewalk it can take up to 2 hours to 

put their space suit on, then spacewalk for 6-8 hours then another hour to take the suit off again. So no 

opportunity to pop back in for a quick wee.  

Disposable nappies also contain sodium polyacrylate crystals so we can see how absorbent they are. 

Sodium polyacrylate has the ability to absorb 200-300 times its mass in water and is an example of a super-

absorbing polymer. As well as being the absorbent material in disposable nappies, it is used to thicken 

materials (like hair gel), as artificial snow, bath products such as gellibaff, gel air fresheners, and cat litter (to 

absorb urine and smells).  

Sodium polyacrylate is a polymer, meaning that it is formed of long chains of units repeated along its length. 

It contains carbon (C), hydrogen (H), sodium (Na) and oxygen (O) atoms (C3H3NaO2).  The sodium parts 

have a positive charge and the long chain of the molecule has a negative charge. 

Water molecules are made up of two hydrogen and one oxygen atom (H2O). Because of the way the atoms 

in water are bonded together, one part of the molecule has a positive charge and the other a negative. Since 

opposites attract, water molecules are attracted to each other and to other molecules with positive and 

negative charges. 

When sodium polyacrylate is placed in water the negative part of the long molecules are attracted to the 

positive parts of the water molecules whilst the positive sodium atoms dissolve in the water. As you add 

more water, the long chains stretch and straighten exposing more areas  that are attracted to water. 

Adding salt (which contains sodium) reverses this - it dehydrates.  

Sodium polyacryclate can absorb up to 800 times its mass in distilled water, about 300 times its mass in tap 

water (because it naturally contains some salts) and about 60 times its mass in urine (which also contains 

salts). 

 

2.2 Key words 

Absorb/absorbency, nappies, polymer, hydrogel, molecule, atom, positive/negative charge 
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2.3 Materials 

• PowerPoint 

• Size 5-6 nappies (cheap brands will work) 

• Bowls/beaker 

• Scissors 

• Measuring jugs with water  

• Droppers – optional 

• Salt 

• Safety goggles  

• Alternatively, you can purchase ‘magic snow’ powder to see the same effect.  

 

 

2.4 .1 Activity 1 (using nappies) (~20 mins) 

This activity tests the absorbency properties of babies’ nappies by extracting and testing the material. Pupils 

are encouraged to investigate the link between absorbency and the polymer structure.  

1. Show a nappy to the class and discuss its structure and purpose. Question what makes a good nappy 

and introduce concept of absorbency. 

2. Demonstrate cutting the nappy open by laying it out flat, then carefully cutting the top layer of the pad 

down the centre of the nappy. Examine the nappy’s structure. Remove the hydrogel crystals from the 

padded area (you will be able to see and feel them) and place in the bowl/beaker. You can ask the pupils 

to predict how much will come from a nappy. (You can usually get between 1-2 litres of water to be 

absorbed by the crystals from one nappy - if you get most of them out). 

3. Divide the pupils into groups with their own equipment. Encourage groups to get as many of the crystals 

out as possible.  

4. Instruct the class to add water (using the droppers). They should do this slowly and gradually.  

5. Ask the class if they can suggest what is happening. Discuss the process. 

6. Class activity can then be to investigate the amount of water absorbed by a nappy. 
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Possible adaption/extensions: 

• You can turn the beaker upside down to show absorption of water (‘magic trick’). 

• Get pupils to weigh the amount of material they remove from the nappy and measure/weigh the amount 

of water added. Investigation results plotted as a graph of Mass of Absorbent Material against Volume of 

Water absorbed. 

• Comparison of different brands of nappies i.e. Brand name against supermarket own-brand. 

• Comparison of different liquids (NB: remember about dehydration) 

• How will the action be reversed? Dehydration reaction. Add salt following the above experiment and 

observe the results. This sometimes needs a little stir. 

 

2.4.2 Activity 2 (Using ‘magic snow’ powder or pre-purchased hydrogel) (~15 mins) 

This activity surprises the pupils and challenges them to consider what is happening and investigate the link 

between absorbency and the polymer structure.  

1. Divide the pupils into groups and give each group a small bowl containing a teaspoon of the crystals. 

2. Ask them to feel and look at the crystals and suggest what they could be (Do not consume/inhale). 

Discuss the suggestions. 

3. Provide water to each group and ask them to predict what will happen. Instruct the class to add water 

(using the droppers). They should do this slowly and gradually. Are their predictions correct? 

4. Ask the class if they can suggest what is happening. Discuss the process. 

Possible extensions: as above 

You can also use the crystals to perform a version of the magic cups trick. Take three identical non-

transparent cups. Place a small amount of the crystals in one of the cups.  Pour water into one of the cups 

and ask the audience to confirm which cup it is. Mix up the cups and keep asking periodically which is the 

cup with the water (leaving enough time for the water to be absorbed by the crystals). Then turn each cup 

upside down in turn. The audience will be confused as to where the water has ‘gone’. 

 
Space to Earth Challenge: 

 
How could you use hydrogel in Tim Peake’s space suit? 

 

 
Pupils should consider: 

• What problem(s) would the hydrogel solve? 

• How could the hydrogel be incorporated? 

• How could you ‘refresh’ the hydrogel or ‘dispose’ of the human waste? 

• Is there anything new that you are adding to current space suits? What are the added benefits of your 

design? 
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2.4.3 Activity 3: Ethics - Renewable nappies (30 mins+) 

The outcome of this activity is to evaluate the effectiveness and impact of nappies through the ages; 

disposable nappies are compared to reusable (washable). 

The debate could include ideas on: 

• Sustainability 

• Convenience 

• Cost 

• Effectiveness 

Possible formats: 

• Dragon’s Den: requires pupils to design a nappy and pitch the design to the rest of the class outlining 

why their design is the most effective. 

• Expert corners: pupils research different aspects of the production and use of nappies and feed back to 

others on what they have discovered about the product life cycle. 

• Role Play Debate: pupils given a character brief i.e. Full-time parent, working parents, environmentalist 

and nappy manufacturer and asked to evaluate the use of disposable and washable nappies. Which is 

better in terms of sustainability, convenience, cost and effectiveness?  

 

2.5 Health and safety 

Standard classroom Health and Safety analysis including use of scissors. See CLEAPPS and local 

guidelines for use of hydrogel/sodium polyacrylate in the classroom, which include the use of goggles and 

awareness of asthma risk.  

 

Dispose of the nappies/gel in the bin and do not place down the drain.  

 

2.6 Links 

http://www.cmu.edu/gelfand/k12-teachers/polymers/polymer-and-absorption/super-absorb-powder.html 

http://imaginationstationtoledo.org/content/2011/03/how-do-diapers-work/  

http://www.twinkleontheweb.co.uk/howtonappy.pdf 

http://www.tes.co.uk/teaching-resource/Polyacrylate-Project-6025325/ 

http://www.space.com/10168-space-toilet-technique-nasa-video.html  

 

  

http://www.cmu.edu/gelfand/k12-teachers/polymers/polymer-and-absorption/super-absorb-powder.html
http://imaginationstationtoledo.org/content/2011/03/how-do-diapers-work/
http://www.twinkleontheweb.co.uk/howtonappy.pdf
http://www.tes.co.uk/teaching-resource/Polyacrylate-Project-6025325/
http://www.space.com/10168-space-toilet-technique-nasa-video.html
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Three: Photochromic materials 

 
3.1 Background information 

Ultraviolet light (UV) has a shorter wavelength than visible light. It is invisible to most people (although some 

children and young adults can see some wavelengths of UV). It is found naturally in sunlight and although 

we can’t feel it, our skin tries to protect us from it by turning darker. Darker skin absorbs more UV light and 

so less UV radiation passes into deeper tissues where it can damage cells. UV light is also important for 

many animals, including humans, to make Vitamin D which we need for bone strength. Luckily for us, the 

Earth’s atmosphere filters out much of the UV radiation from the Sun, protecting us from high levels of 

exposure.  

Photochromic materials are also referred to as light-sensitive materials. They contain special pigments or 

dyes whose molecules are affected by UV light causing a chemical change which is often a change in the 

molecule’s ‘shape’ (its conformation). We see this as a change in colour. In most cases, in the absence of 

UV light the material appears colourless. However, upon exposure to UV light (low sunlight through a 

window is usually adequate), the pigment becomes coloured. There is a range of different colours available. 

The reaction is reversible.  

There are many applications of this from novelty items, make-up and children’s toys to glasses/sunglasses 

lenses that become darker when exposed to UV light. The examples in the PowerPoint are of designer Amy 

Winters’ creations.   

 

3.2 Key words 

Photochromic, Colour, Light, Ultraviolet (UV), Electromagnetic Spectrum, Reversible reaction  

 

3.3 Materials 

• PowerPoint  

• Photochromic beads (available on-line – sometimes called UV beads) 

• Photochromic paints, liquids and other products such as nail polish are available 

• Pipe cleaners or bracelet string 

• UV lamp (although the effect can be seen in low level sunlight through a window) 

For extension activities 

• Acetate strips 

• Suntan lotions of different factors 

• Different materials such as: glass, perspex, cotton, fishtank or plastic box filled with water. 
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3.4 Activity (10 mins+) 

Give pupils some of the beads and ask if they think there is anything special about them.  

Hand out UV torches (or go into direct sunlight) and demonstrate the effect of the UV light. Can the pupils 

suggest why this happens? Discuss the process. 

Pupils can make bracelets from UV beads and pipe cleaners/bracelets string.  

Can predict what colour each bead will change to? How long will it take to return to colourless? What factors 

affect this? 

 

Extensions: 

Pupils can perform simple experiments varying the time exposed to the UV to the intensity of the colour. Lots 

of questions around nature and accuracy of measurement can follow. 

 

Alternatively, pupils can paint different factor sun cream onto strips of acetate. They can shine UV light onto 

the strip and compare how the beads (or fluid etc) react. 

Use different materials to see what blocks UV light and what doesn’t – e.g. put the UV bead in water and see 

if they still change colour in daylight or under UV torch, place beads under different materials and the box 

smeared with sunscreen.  

 

 

 

 

 
Space to Earth challenge: 

 
How could you use photochromic materials in Tim Peake’s space suit?? 

 

 

Pupils should consider: 

• What problem(s) would the photochromic material solve? 
• How could the photochromic material be incorporated? In what form? 

• What are the added benefits of your design?. 
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3.5 Health and safety 

Standard classroom Health and Safety analysis taking particular note of choke hazard, the particular 

chemicals used and bracelet string. Also, see CLEAPPS and local guidelines in relation to the use 

of/exposure to UV light.  

 

3.6 Links 

http://www.designinsite.dk/htmsider/m1316.htm 

http://www.technologystudent.com/joints/photchrom1.html 

Amy Winters is the innovative fashion designer behind Rainbow Winters.  Her wearable designs provide 

multisensory experiences and fuses cutting-edge science with high-fashion. www.rainbowwinters.com  

 

  

http://www.designinsite.dk/htmsider/m1316.htm
http://www.technologystudent.com/joints/photchrom1.html
http://www.rainbowwinters.com/
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Four: Thermochromic materials 

 
 

4.1 Background information 

Thermochromic materials change colour with changes in temperature.  

There are many different materials that have this property. One example is the mineral pyrope which is 

sometimes used as a gemstone. Pyrope with chromium ions is thermochromic, appearing red at room 

temperature but green when heated. This change is caused by changes in the chemical bonds.  

Many of the commercially available thermochromic pigments and paints are coloured when colder (below the 

temperature that they change at). When they reach the ‘activation’ temperature, they become lighter in 

colour or colourless. This means that the paint appears to ‘disappear’, but returns when the temperature 

lowers again – a reversible reaction. Pigments are available that react at different temperatures.  

 

 

Other examples of thermochromic materials are some liquid 

crystals. At lower temperatures, these materials have a 

crystalline structure where the molecules are arranged in a 

lattice. As the temperature increases they become more 

“liquid” as the molecules leave the arranged, orientated 

lattice structure. We can actually see these molecular 

changes as changes in colour. 

 

 

 

Thermochromic materials are used in many products ranging from mood rings to kettles, battery level 

indicators to Hypercolour™ clothing, and baby safety items to novelty coffee mugs. 

 

4.2 Key words 

Thermochromic, temperature, colour, reversible reaction 

 

Liquid crystal thermochromic sheet 
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4.3 Materials 

• PowerPoint  

• A thermochromic material. You can purchase thermochromic sheets, pigments that can be added to 

paints. Alternatively you can purchase or you may own products that contain thermochromic 

materials such as: 

• Colour change toys (I like bath toy ducks) 

• Heat sensitive cutlery, bowls etc for weaning 

• Novelty mugs or ironing boards 

• Hypercolour™ clothing 

• Depending on your choice of material 

• Activity 1: Liquid crystal sheets or liquid crystal thermometers (ie those used on fish tanks/babies’ 

foreheads); conductive wire & battery (optional)  

• Activity 2: Thermochromic pigments; base paint to add pigment to (suitable for surface); paint 

brushes & pots; surface to paint onto eg paper, paper/thin polystryrene cups, fabric; hairdryer 

(optional); kettle with hot water, heat-safe beaker & tongs, goggles (optional)  

• Activity 3: Thermochromic product (See above); tap-hot water; thermometers; kettle with hot water, 

heat-safe beaker & tongs, goggles (optional)  

 

 

4.4.1 Activity 1 (using Thermochromic Sheets/thermometers – liquid crystal displays) (5-10 

mins) 

Allow pupils to place hands onto sheets.  

Ask them why they think the colour is changing. If they get the link with temperature, ask them which colours 

are which temperatures (which are hotter/colder) – this can sometimes lead to conversations about the 

representation of temperature by colour eg is red hot? 

Discuss the basic chemistry and applications. 

 

Extensions: 

This can also lead to simple experiments and discussion about friction, heat and energy transfer. 

The sheets can be used to ‘trace’ heat in different locations such as where a coffee cup has been. Or for a 

more detailed experiment, put fine electrical wire between the film and an adhesive backing, pass a current 

through the wire and watch the colour change. 
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4.4.2 Activity 2 (using Thermochromic Pigments) (20 mins+) 

Allow pupils to paint using thermochromic pigments/paints. Pigments usually come with instructions of how 

to add them to a base. Choose a base suitable for the 

surface that you are going to paint onto.  For ease, 

paper pictures which you can either heat with a hair 

dryer or (when completely dry) use the heat from your 

hands to observe the effect. Alternatively, paint onto 

fabric or thin polystyrene cup, heat the fabric or pour 

hot water into the cup and the colour will change.   

 

 

4.4.3 Activity 3 (using Thermochromic 

Products) (10 mins+) 

Allow pupils to examine the products. Is there anything special about them? Discuss ways to investigate if 

they do anything special. 

With some products the effect will be seen with body heat, with others you may have to use tap-hot (or 

hotter) water etc. Perform the experiment and discuss the effect. For example, with bath ducks, you can 

have several beakers with water at different temperatures. At what temperature do the ducks change colour? 

Why have the manufacturers chosen that temperature? 

 

 

4.5 Health and safety 

Standard classroom Health and Safety analysis taking particular note of the use of heat - see CLEAPPS and 

local guidelines.  

 

 

4.6 Links 

http://www.sserc.org.uk/index.php/the-sciences/vibrations-a-waves49/exploring-radiations/2347-see-the-

heat-with-thermochromic-sheet-sserc642 

http://www.raeng.org.uk/publications/other/the-whole-package 

  

http://www.sserc.org.uk/index.php/the-sciences/vibrations-a-waves49/exploring-radiations/2347-see-the-heat-with-thermochromic-sheet-sserc642
http://www.sserc.org.uk/index.php/the-sciences/vibrations-a-waves49/exploring-radiations/2347-see-the-heat-with-thermochromic-sheet-sserc642
http://www.raeng.org.uk/publications/other/the-whole-package


 

Smart Materials Case Studies & Activities 

  

16 

 

In partnership with 
 

 
 

Five: Functional surfaces  

 
 

5.1 Background information 

We are surrounded by so many different materials. From early years and Key Stage 1, children are familiar 

with identifying everyday materials such as wood, plastic, glass and fabrics and being able to consider and 

describe their physical properties. They develop an awareness of being able to change some of these 

properties through processes such as heating and dissolving. Advances in chemistry are enabling us to 

change and adapt some of the properties of certain materials through chemically engineering their surfaces. 

There is wide-ranging research and development in this area and in this section we give just a few 

examples. 

The surface of a material can be defined as any interface or boundary between two different materials. This 

could be gas-liquid, solid-solid, liquid-solid, etc. For example, the tea in a cup has surfaces interfacing with 

the air above it and the cup surrounding it.  Understanding surfaces and how they interact with other 

surfaces is important in many areas from mixing paint to speeding up industrial reactions to designing 

medical implants. Therefore, being able to engineer, to change a material’s surface and give it different 

properties or function is important in many different industries and is solving many real world problems. 

For example, in looking to find practical solutions to the serious issue of a lack of access to safe drinking 

water, an issue which affects over a billion people world-wide, researchers were inspired by a beetle. The 

desert where the Namib desert beetle (Stenocara gracilipes) lives is one of the most arid places on earth but 

the beetle is able to collect water from the desert’s morning fog. It has evolved tiny structures which allow it 

to collect and condense water from the air and then, when the droplets become large enough, roll them into 

its mouth to drink. By investigating the surfaces that allow the beetles to do this, researchers have been able 

to mimic these surfaces producing a mesh which can harvest up to one litre of drinking water per square 

meter of mesh in areas with lots of fog but low rainfall.  

Similarly, developing surfaces that can clean themselves is a growing area of research. Not just with keeping 

our clothes clean, but improving safety clothing used to protect against certain chemicals, within medical 

applications, and even in improving the efficiency of certain products such as solar cells whose efficiency is 

greatly affected by the build up of dirt on the cells’ surface. And again, examples from nature have acted as 

inspiration. For example, lotus leaves have multi-scale structures which give the leaves very high levels of 

water repellence (called ‘superhydrophobicity’ – literally, a high ‘fear of water’ but effectively excluding 

water). These structures cause beads of water to form that pick up tiny particles of dirt and then roll off the 

leaf. Mimicking this through chemical engineering is producing so-called ‘self-cleaning’ surfaces and even 

being used to waterproof products such as on electrical equipment.  

Advances in developing functional surfaces are revolutionising many more areas such as the feel of fabrics, 

coatings that react to specific stimuli and antibacterial barriers on food packaging. 

 

5.2 Key words 

Surface, material, properties (of materials/surfaces), function(al), product 
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5.3 Materials 

• Plant leaf such as cabbage (test it is water repellent and easy to demonstrate with/observe) 

• Water 

• Towels 

• PowerPoint 

• Paper  

• Pens 

• Internet access, books, magazines etc for research 

 

5.4 Activity (20 mins+) 

Ask the class to predict what will happen if you pour water onto a leaf. Demonstrate by pouring some water 

on and discuss why this is (explanation varies depending on level).  

Ask the class to predict what will happen if you pour water onto our clothes. (You don’t have to demonstrate 

this). Discuss why this is. Using the PowerPoint, go through the lotus leaf example and related functional 

surfaces (superhydrophobicity & self-cleaning). 

Continue with other examples from PowerPoint (fog harvesting mesh). 

Divide pupils into small teams. They have 5 mins to discuss other uses of the examples. Each group shares 

some of their suggestions.  

Ask each group to research (if resource/time) and consider other ways we could adapt the function of 

different surfaces. Perhaps there are other things we can learn from nature? 

 

 

 
Space to Earth challenge: 

 
How could you incorporate a functional surface into Tim Peake’s space suit?? 

 

 

Pupils should consider  

• What problem(s) would the functional surface solve? 
• How could the functional surface be incorporated into the design? 
• Are there any examples of this use? Or is it something new? 
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5.4 Health and safety 

Standard classroom Health and Safety analysis. 

Consideration should be taken if discussing health-related elements. 

 

5.5 Links 

Prof Jas Pal Badyal and his research group at the University of Durham focus on understanding, designing 

and the societal impacts of functional surfaces.  Their topics of investigation include the cleanliness of optical 

lenses, the resistance of biomedical devices to bacteria, and providing access to clean drinking water. They 

are interested in devising functional surfaces for commercial applications as well as alleviating poverty in 

developing countries and are supported by the EPSRC (Grant EP/J005401/1). 

http://community.dur.ac.uk/jps.badyal/index.htm  

http://community.dur.ac.uk/jps.badyal/water.htm (information about the water harvesting project) 

The group has also produced educational videos on functional surfaces (suitable for 5-11, 11-18 and 18+ 

audiences) which are available at www.youtube.com/user/Functionalsurfaces  

  

http://community.dur.ac.uk/jps.badyal/index.htm
http://community.dur.ac.uk/jps.badyal/water.htm
http://www.youtube.com/user/Functionalsurfaces
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Six: Printable electronics 

 
 

6.1 Background information 

Think about the range of electronic devices that we use every day. Hair dryers, fridges, mobile phones, 

cameras, televisions, cars… the list goes on and on.  

Printable electronics is an increasingly developing market. Companies use specialised printers to create 

electrical devices on thin flexible surfaces such as plastics, foils and paper.  They use special ‘inks’ that allow 

electricity to flow and form the basis of the product. This has several advantages over conventional 

electronics including low cost and relatively simple production, and the light-weight and flexibility of the 

products.  

The UK is among the world leaders in developing this new technology and some of the most innovative 

examples include: 

• Intelligent tags to help locate and monitor objects and people  

• Thin antennae were printed onto metal and attached to all the components as part of a car 

manufacturing process. These can all be detected and allows the car manufacturer to map all the 

stock on the floor.  

• Using silver inks, small antennae were made using ink jet printing. These were incorporated into 

bracelets which were also printed using a 3D printer. The aim is to produce wearable devices that 

could be customised for uses including linking to Wi-Fi, healthcare, and fitness.  

 

• Low energy lighting - Coating ultra-thin layers less than 1/100th of the thickness of a human hair with 

special chemicals that emit light when an electric current passes through them. The technology uses 

less energy than other, traditional forms of lighting and its flexibility means that it can be used for many 

different applications including,  

• Using light to detect and treat illnesses such as an eye mask that can treat diabetes-related sight 

loss;  

• The windowless aircraft; 

• Illuminated clothing such as Amy Winter’s ‘Thunder Dress’ whose lighting blots grow as the volume 

of the music increases and the iconic Garth Pugh “Light Dress”.  

 

• Interactivity - Combining traditional silicon chips with printed electronic circuits provides a mass of 

opportunities. 

• Flexible media equipment such as mobile phones, televisions and interactive displays. 

• Reflective advertising displays that can cover windows so only visible at certain times;  
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• Interactive posters that people can touch for example producing music or adapting images; 

• Smart labels on medicines and food to detect use-by dates and provide additional information;  

• Smart greetings cards and interactive toys.  

 

• Solar panels (photovoltaic cells) 

• Using printable electronic technology allows ultrathin, transparent photovoltaic cells to be produced 

which can cover windows. This means that you can still see through it, it is lightweight and it 

harnesses solar power for the building’s use.  

• Versions could also be carried around or possibly incorporated into clothing.  

  

• Medical applications such as prosthetics and personalised implants. 

 

6.2 Key words 

Electronics, electricity, product, print 

 

6.3 Materials 

• PowerPoint  

• Paper  

• Pens 

• Internet access, books, magazines etc for research 

 

6.4 Activity (~25 mins) 

Divide pupils into small teams with paper and pens. They have 5 mins to list (or draw) as many electronic 

products as they can. (Depending on the age/ability of the group, you may have to introduce the term 

‘electronic’ and discuss what this means). 

Each group shares some of their suggestions (You can ask them to group according to type of product eg 

entertainment, household, communications).  

Using the PowerPoint, introduce the idea of printable electronics. 

Ask each group to choose one of the products from their list. What could it be like if it was made using 

printable electronics instead? Depending on time constraints, you could ask the groups to re-design the 

product, perhaps even creating a prototype or design brief, and present back to the rest of the class. 
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6.5 Health and safety 

Standard classroom Health and Safety analysis. 

Consideration should be taken if discussing health-related elements. 

 

6.6 Links  

The CPI (Centre for Process Innovation) is the UK’s National Centre for Printed Electronics and is based in 

the North East of England. The CPI supports companies in developing the next generation of products and 

processes.  www.uk-cpi.com  

Polyphotonix works with designers (including artists and fashion designers), manufacturers, and customers 

to create innovative lighting for a range of markets including medical, automotive and architectural. 

www.polyphotonix.com  and an interview with CEO, Richard Kirk, 

http://www.artquest.org.uk/articles/view/richard_kirk_ceo_polyphotonix  

Amy Winters is the innovative fashion designer behind Rainbow Winters.  Her wearable designs provide 

multisensory experiences and fuses cutting-edge science with high-fashion. www.rainbowwinters.com  

PragmatIC Printing Limited enables printed electronic logic circuits that introduce intelligence and 

interactivity into a wide range of products and applications, in form factors that are not possible using silicon 

chips. Thier intellectual property covers unique device architectures, process techniques, and circuit designs 

that enable flexible imprinted logic circuits with compact footprint, high performance and low cost. PragmatIC 

operates a pilot line at the UK’s National Centre for Printable Electronics, part of CPI. The pilot line supports 

customer prototyping activities as well as commercial production for deployment of new product concepts. 

They also license our technology for higher volume production. 

www.pragmaticprinting.com 

 

 
Space to Earth challenge: 

 
How could you use printable electronics in Tim Peake’s space suit? 

 
Pupils should consider: 

• What problem(s) would the printable electronics solve? 
• What added features would the printable electronics give to the space suit? 
• How could the printable electronics be incorporated into the design? 
• Are there any examples of this use? Or is it something new? 
• Are there benefits of using printable electronics over traditional electronics in the design? How would it 

compare? 

http://www.uk-cpi.com/
http://www.polyphotonix.com/
http://www.artquest.org.uk/articles/view/richard_kirk_ceo_polyphotonix
http://www.rainbowwinters.com/
http://www.pragmaticprinting.com/
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6.7 Copyright 

Free permission to copy and adapt for use in schools and for instructing children of school age and for use 

by children of school age. Image credits should be reproduced accordingly.  
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EP/J005401/1) 

Richard Kirk, Polyphotonix 

Amy Winters 

 

 


