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	The Science Behind the Materials – Practical

	
	
	

	Explore the properties of solids, liquids and gases



	Subject(s):  Science, Design & Technology, Mathematics
Approx. time: 2 x 60 mins
	
	Key words / Topics: 

· solids
· liquids

· gases
· particles

· particulate nature

· models

	
	
	

	Suggested Learning Outcomes
	
	

	· To understand that models can be used to explain macroscopic properties of matter 

· To understand that smart materials react to their environment 

· To experience the behaviour of a non-Newtonian fluid

	

	Introduction
	
	

	In this unit, students will develop their understanding of the properties of the three states of matter. They will have the opportunity to experiment with a range of different substances that do not fit neatly into the traditional states of matter model. This activity focuses on students exploring materials to develop an understanding of why they behave the way they do. A strong understanding of the science behind the material, will allow students to predict material properties and how the materials are used. 



	Purpose

	This module could be taught through science or as part of resistant materials in design and technology.

	
	
	

	Activity
	
	Teacher notes

	1. Role-play activity - this activity develops an understanding of particle arrangements and properties.

Get the students out in an open space, maybe the field or the hall. Start off by modelling a solid by getting a number of students to line up in regular rows and columns. Each student should hold onto the shoulders of the student to their left and to the one in front thereby generating a lattice arrangement.
You, or another volunteer could try (gently) pulling or pushing the ‘solid’ to see that the shape changes but it relaxes back into the arrangement it was before. You could even try ‘pushing the solid’ into a container made from three desks arranged in a U shape. Either the solid will fit, rattle around or will need to be broken up. For the liquid, the same students can let go with one hand – only holding on with one. If students are pulled gently, the ‘liquid’ can be made to flow. In fact, a more forceful tug can separate particles in the liquid. Again, the liquid can be poured into the U-shaped desk container. For the gas, the students should let go altogether and roam around the open space. The remaining students could try to collect in the ‘gas’ and put it in the container. They will have to form a ‘lid’ to keep them in! 
2. Modelling more complex materials 

This involves two practical exercises which will help students to explore what happens in materials when the particles don’t behave in a typical manner. 

A) Students should produce their own model of a non-Newtonian fluid using string / pasta and grease. A non-Newtonian fluid is one where the viscosity of the liquid varies proportionally with the shear stress applied to it. 

The string / pasta will behave like long particles in a non-Newtonian fluid. Pull one particle slowly and it will slip out of place. Grab a handful and pull hard and the whole consistency will move, as the particles do not have time to move out of position. If students do not have access to automotive grease, they can use margarine or butter instead. 

B) Cornflour and water 

Demonstrate the properties of a non-Newtonian fluid with a pre-made sample of the mixture, cornflour and water. An interesting example involves pouring the cornflour / water mix through a funnel and dropping the funnel – it is momentarily supported on a column of the mix before falling. Discuss this phenomenon with the class and try to ascertain why it happens. 

Ask the students to mix up cornflour and water in a dish (a plastic takeaway container is great for this).

Adding the cornflour to water, not the other way round, is best. As the mixture thickens, stirring it becomes more and more difficult. It is often best to use a knife to stir / fold it as it cuts easily. You will reach a point where the mixture starts to become crumbly as the proportion of cornflour becomes too great. Students should investigate the proportions needed to reach this position. Comparison of the decision reached by different groups and the measurement / recording techniques would serve as a good comparison of the variation in results obtained by different scientists to carry out the same experiment. 

Now ask the students (in pairs) to produce another mix, but each pair to make the mix with varying proportions. Drop a large bouncy ball into each mix. It seems that there is a limit to bouncing and that the thicker the mixture, the higher the bounce height but the immersion depth of the ball (students to measure the diameter of the ring of droplets remaining on the ball when caught and the height reached for their mix) remains constant. The ball does have to be dropped from at least 2 meters for a decent bounce height to be achieved. 
	
	Approximate time split: 60 minutes each for tasks 1 and 2.

Access to the learning from the role-play activity could be supported by videoing the role-play activity as an extension activity. Using Microsoft Moviemaker, all students could be allowed individual access to the video. They could edit it (to include captions, talk-overs or music) in order to demonstrate their understanding of the key learning points. This allows students who are not keen on group work or role-play to access the learning. However, this would need additional time to be allowed.
You could also use the ‘Stringy Particles’ (Worksheet). This will allow the students to explore the nature of the material and attempt an explanation in terms of the particle behaviour. 

Non-Newtonian fluids are smart materials as their properties change in response to changes in their external environment – in this case, the property is the viscosity/’rigidity’ and the external stimuli is the speed with which the force is applied.



	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Video activity, as described in the teachers notes for task 1 above. This supports the development of understanding by repeating the activity from a different perspective.

If the ‘Stringy Particles’ (Worksheet) is used, the properties could be inserted in advance, in the form of questions (Can it be bent? Can it be squashed? If it was coloured, how intense would it be?)
	
	Show the egg protector video http://www.youtube.com/watch?v=KYSlK4f94p0. Ask students to try to explain why the egg does not crack. Clearly more impact would be gained from actually demonstrating this rather than watching the video. 

Students can look at energy and its affect on particle behaviour, particularly during a change in state allowing for further practical work. Ask the student to place a small amount of ether onto a watch glass and place the glass on top of a drop of water (evaporation of ether will take place which will freeze water, making the glass stick to the surface, coasters are good to use as you can lift it up). Discuss with the students what has taken place and how it fits with changing material properties. 
Students could look around the home (with obvious safety precautions) to find other strange materials like foams, gels and sols and investigate their behaviour as well. They will find that most other materials are not pure – a foam is a mixture of a gas in a liquid (shaving foam) or a solid (sponge), a gel is a mixture of a liquid in a solid (hair gel, jelly) and a sol is a colloidal suspension of a solid in a liquid (blood, paint). 



	
	
	

	Resources
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	· Projector/Whiteboard
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 Odd one out (Presentation)
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 Solid Liquid Gas (Worksheet)
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 Stringy Particles (Worksheet)



	
	
	

	Additional websites
	
	

	There is a non-Newtonian fluid egg protector video listed in the differentiation above.

· Additional videos of cornflour / water non-Newtonian fluid are shown in the  following clips: http://www.youtube.com/watch?v=f2XQ97XHjVw or http://www.youtube.com/watch?v=cuzn8wh8Fys 


	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: D30
· ACTIVITY: Science Behind the Materials
· ACTIVITY: Materials: Fit for Purpose
Main (Options)

· ACTIVITY: Science Behind the Materials – Practical
· ACTIVITY: Engineered Materials

· ACTIVITY: Concept & design

	Main (cont.)
· ACTIVITY: Engineering Products

· ACTIVITY: Materials and Design
Plenary

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used

	
	
	


	The Engineering Context    [image: image7.png]




	· The story D30
· How it works? The Concept
· Who makes it work? Richard Palmer
· Who makes it work? Floria Antolini
· Who makes it work? John Sudul
· Who makes it work? Mike Austin



	
	
	


	Curriculum links and PLTS

	England

Science 

· KS3 2d, 2e, 3c, 15a, 15b, 21c, 39a 
Design & Technology 

·   KS3 3b, 4a
	Northern Ireland

Technology & Design

(Objective 1) Developing pupils as Individuals

· Abide by health and safety rules when using tools, machines and equipment
Learning Outcomes

· Demonstrate practical skills in the safe use of a range of tools, machines and equipment

· Research and manage information effectively to investigate design issues, using Mathematics and ICT where appropriate

· Work effectively with others


	Scotland

Technologies

· TCH 3-01a
	Wales

Design & Technology

· 3.1, 3.2, 5.3


	GCSE D&T

AQA D&T

· 3.1.3
Edexcel D&T

· 1.4.1
Eduqas D&T

· 2.1 Core: 4

OCR D&T

· 5.1f i
	GCSE Science
AQA Combined Science Trilogy

· 5.2.2.1
AQA Combined Science: Synergy

· 4.1.1.1
Edexcel Combined Science

· Chemistry: 2.1, 2.2

Eduqas Combined Science

· 2.2: 2a
OCR Gateway Science: Combined Science A

· C1.1a, b
OCR 21st Century Science: Combined Science B

· C1.1: 1

	GCSE Chemistry
AQA Chemistry
· 4.2.2.1
Edexcel Chemistry
· 2.1, 2.2
Eduqas Chemistry
· 2a
OCR Gateway Science: Chemistry A
· C1.1a, b
OCR 21st Century Science: Chemistry B
· C1.1: 1
	

	
	


	Assessment opportunities

	· Science AF1, AF3, AF4, AF5

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative thinker

· Independent enquirer

· Team worker




