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	The Science Behind the Materials

	
	
	

	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

	
	
	

	Stay safe
	
	

	Whether you are a scientist researching a new medicine or an engineer solving climate change, safety always comes first. An adult must always be around and supervising when doing this activity. You are responsible for:

•
ensuring that any equipment used for this activity is in good working condition

•
behaving sensibly and following any safety instructions so as not to hurt or injure yourself or others 

Please note that in the absence of any negligence or other breach of duty by us, this activity is carried out at your own risk. It is important to take extra care at the stages marked with this symbol: ⚠

	
	
	

	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 understand that particles are not always spherical and that the shape of the particles can affect the properties of the material 

	
	
	

	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. Using models to explain the structure of matter:

The 3 models of the states of matter can be used to demonstrate the properties and particle arrangement of the three states of matter. They can be thrown in the air to add excitement! 

Using the ‘Solid, Liquid, Gas’ worksheet, ask students to write a description of each model and an explanation of selected (relevant) properties. 

2. Building on the above learning outcomes, students need to explore the properties of materials in a practical way. Working in pairs, students need to explore materials of different types, through a variety of different tests. They should suggest what properties they are going to test and how they are going to evaluate them. If necessary, guidance could be given, such as the tests could be designed around these key questions – 

· Can it float? 

· Can it be squashed? 

· Can it be bent?

· Does it flow? 

· Does it take on the shape of its container? etc. 

3. Smart Materials

Define what is meant by a smart material. Show the students a selection of smart materials and demonstrate their property changes.

Ask the students to work in pairs and identify a potential application for each of the materials demonstrated.

	
	Approximate split: 60 mins for tasks 1 & 2, 60 mins for task 3

The 3 models (solid, liquid, gas) need to be prepared before the activity:

· Dried peas glued together with PVA (slightly flexible and clear)  
· Dried peas stuck together with grease

· Dried peas not stuck together 

· You could use plasticene or playdoh rolled into balls and stuck together instead of peas.
You should stress that the particles are the same but the strength in which they are fastened together varies. Take care not to confuse the students into believing that the type of ‘fastening’ varies – this is one of the problems with models! 

Properties could include strength/hardness (can it be squashed?), colour intensity (how intense is the colour?), density (can it float?) etc.

Suggested materials include:

· Pine (softwood)

· Balsa wood (hardwood)

· Steel

· Aluminium

· Thermoplastic

· Polystyrene

Students need to record their results in a summary table. 

A smart material is a material that responds to changes in its environment.

Possible materials to use include:

· Thermochromic sheet

· Photochromic beads or glass

· Shape memory alloy

· Smart Grease

· Piezo electric material

· Quantum Tunnelling Composite


	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	In tasks 1 and 2, write in the properties to be evaluated in the form of questions to constrain the scope.

The scope of task 2 could also be limited by specifying the testing to be carried out.
	
	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!

Ask the students to use the internet to investigate a nominated smart material. They should prepare a presentation describing the material, its properties, how it is made and give a range of potential applications for it.


	
	
	

	Resources
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	· Projector/Whiteboard

· 3 models of the states of matter, as described above

· A selection of material samples, as outlined above

· A selection of smart materials. [Some commercial suppliers, such as Mindsets/Middlesex University Teaching Resources, sell samples of a range of different smart materials that can be used for this type of activity]
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 Odd one out (Presentation)
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 Solid Liquid Gas (Worksheet)
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 Stringy Particles (Worksheet)



	
	
	

	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 2a, 2b, 2c, 2d, 2e, 15a, 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

	Scotland

Technologies

· TCH 3-01a, TCH 3-13a


	Wales


Design & Technology

· 3.1, 3.2, 3.4

	GCSE D&T

AQA D&T

· 3.1.3, 3.1.6, 3.2.5
Edexcel D&T

· 1.4.1, 1.8, 1.9, 1.10, 1.11, 1.12, 2.2, 3.2, 4.2, 5.2, 6.2, 7.2
Eduqas D&T

· 2.1 Core: 4, 8, 9, 10, 11, 12

· 2.1 Papers: 1, 2

· 2.1 Plastics: 1, 2

· 2.1 Metals: 1, 2

· 2.1 Textiles: 1, 2

· 2.1 Timbers: 1, 2
OCR D&T

· 5.1f i, 5.2a, b
	GCSE Engineering
AQA Engineering

· 3.1.1, 3.4.2

	GCSE Science
AQA Combined Science Trilogy

· 5.2.2
AQA Combined Science: Synergy

· 4.1.1.1, 4.6.2.5, 4.6.2.7
Edexcel Combined Science

· Chemistry: 1.32, 1.33, 1.34, 1.40, 2.1, 2.2

Eduqas Combined Science

· 2.2: 2a, 5d, g, h, i, 6p, q

OCR Gateway Science: Combined Science A

· C1.1a, b, C2.2a

OCR 21st Century Science: Combined Science B

· C1.1: 1
· C2.2: 4
	GCSE Chemistry
AQA Chemistry
· 4.2.2
Edexcel Chemistry
· 1.32, 1.33, 1.34, 1.40, 2.1, 2.2
Eduqas Chemistry
· 2a, 5d, g, h, i, 6p, q
OCR Gateway Science: Chemistry A
· C1.1a, b, C2.2a

OCR 21st Century Science: Chemistry B
· C1.1: 1
· C2.2: 4

	
	


	Assessment opportunities

	· Science AF1, AF3, AF4, AF5

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative thinker

· Independent enquirer

· Team worker


