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	The importance of the periodic table.

That  the periodic table has developed since its discovery.

	There have been many attempts to classify the elements, such as Dalton’s table, Newlands’ law of octaves and Mendeleev’s table. Ask the students to imagine that they work for an advertising agency. They are to make an advert for each method of listing elements. Their advert needs to be persuasive, as they want scientists to subscribe to their method of listing the elements.

In pairs, give the students 20 cards of A6 in size. Ask the students to make a separate card for each of the first 20 elements.

The card should include the name, symbol, atomic mass of the element, state at 20°C and a little information about its chemical reactions.

Then ask the students to sort the cards.

Circulate around the different groups to find out how the students have ordered the cards. Students may choose alphabetical order, increasing mass, groupings in terms of chemical properties.

Allow the students to ‘visit’ other groups to find out how they ordered them.

Ask the students to make a decision on how they would order the first 20 elements and ask them to jot it in their notes with an explanation of their choice.

Then give the students a mystery element card, only including chemical and physical data. Ask the students to place this into their table.

Then hold a discussion about how the elements were ordered by each group and draw into the discussion how Mendeleev discovered the periodic table.

Allow students to contrast their ordering with Mendeleev’s table and discuss the leaving of gaps in his table.

	Most students should be able to:
Describe how the periodic table was firs•

 ICT link-up.  The Internet or RSC electronic data book can be used to gain information about the elements.

Use Electronic Resource C3 3.1 ‘periodic table’ from the GCSE Chemistry CD ROM.
t constructed.

Some students should also be able to:
Explain why the periodic table is important.

Explain how the periodic table was discovered.

Explain why Mendeleev’s ordering of the elements was so innovative.

Key Points

Start a spider diagram using the key points from this spread. Then at the end of each lesson during this chapter, encourage students to add the new key points to their diagram.


	
	
	 Homework.  Ask students to find out another way that elements were ordered in the past, e.g. the law of triads.

Allow students to consider the f-block elements and how they fit into the modern periodic table.

Encourage students to consider why there were gaps in the periodic table proposed by Mendeleev, and how he managed to predict the properties of these chemicals.

Ask students to write a letter from Mendeleev to explain to a friend his great discovery. Students may even wish to

‘age’ the paper using tea bags and singe the edges with a candle. They could even melt some candle wax and make a seal.

	Copy of 

periodic table
NA
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	That elements fit into groups.

That there are patterns of behaviour in groups
	Give students a blank A3 periodic table and a selection of colours. Ask them to label each group (1 to 0) and add extra names if they can (e.g. alkali metals).

Then ask the students to detail which elements are metals, non-metals, liquids and gases by developing their own key.

Also ask students to work out the electronic structure of the first 20 elements and note them in the appropriate box, e.g. Ca 2.8.8.2.

Finally ask students to determine any relationship between electronic structure and position in the periodic table. Hopefully they will realise that the number of outer shell electrons is the same as the group number and that the number of shells is the same as the period number.

Alternatively, give the students a pack of cards with the electronic structure of the first 20 elements. Ask them to order the cards in the form of the periodic table. Then challenge the students to work out the connection between the group number and the electronic structure.

State the trends in reactivity in Groups 1 and 7. Then ask the students to explain the trends in prose, using electronic structures. The explanation for the trends in reactivity is Higher Tier content.


	Most students should be able to:
Label the main groups of the periodic table.

Determine which group a given element belongs to.

Recall the trend in reactivity in Groups 1 and 7.:
Explain why the chemical properties are similar in a group.

Explain why reactivity changes in Groups 1 and 7. [HT only]
Key Points
Give the students a word search, but not a list of words to find. All the missing words should be found in the key points.

	
	
	ICT link-up.  Use Simulation C3 1.2 ‘periodic table’ from the GCSE Chemistry CD ROM.

Homework.  Ask students to create a rhyme or mnemonic to help them remember the patterns of reactivity in Groups 1 and 7.


	Students could wear sports bibs to represent the different sub-atomic particles in an atom. This drama then can be used to physically explain the effect of shielding on the outer electrons and its effect on reactivity.

Ask students to find the trends in reactivity of some other groups of the periodic table.
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	The physical and chemical properties of Group 1 elements.

That the properties of the Group 1 elements change depending on their position in the group.

	Ask students to predict the products of the reaction between the Group 1 metals and water (with universal indicator solution added). Encourage students to also suggest the observations and what causes them.

Then demonstrate the reaction, using question and answer to draw out from the students the observations and how they relate to the balanced symbol equation.

Give the students an exercise to look up the melting points of the alkali metals and to present the data in a table. Then ask them to display the data graphically, justifying their choice [bar chart]. Higher attaining students can plot melting points against atomic numbers. Use this to revise ‘How Science Works’ concepts of ‘types of variable’ and ‘how to present data’.

Show students some revision guides and examination papers. Ask students to work in pairs to create an A3 spread for a revision book to review the objectives detailed.

Students should include a set of examination questions and their answers in their work. Once the students have planned their work, they could use desktop publishing packages to present it.


	
	
	
	.Ask students to find out three uses of Group 1 metals. They should detail which metal is used for what purpose and if it is in a compound, the formula should be included.

other metals.


	Equipment and materials required
Group 1 metals (lithium, sodium, potassium – flammable, corrosive), white tile, filter paper, spatula, tweezers, water trough, water, universal indicator solution (flammable), safety screen.

 wear eye protection and there should be safety screens between the water trough and the students. Be sure not to get the metal on the skin – if this does happen, remove with paper or tweezers and wash the affected area well with cold water. CLEAPSS Hazcards: lithium 58, sodium 88, potassium 76.

Half-fill the trough of water and add enough universal indicator solution so that the colour is clearly visible. Cut a small piece of lithium (no more than 3 mm). Wipe off the excess oil and put into the solution of universal indicator. Repeat with the other metals.
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	The chemical properties of Group 7 elements.

That the properties of the Group 7 elements change depending on their position in the group.


	Students can compare the reactivity of halogens using the displacement reaction between halogen and halide solutions of iodine, bromine and chlorine.

Ask students to think about the definition of a displacement reaction (maybe take the students back to displacement reactions of metal and metal ion solutions completed in Year 9).

Then ask them to write a bullet-point method and equipment list for this reaction. Check the plans for safety, and then encourage the students to design an appropriate results table and allow them to complete the experiment.

In small groups, encourage the students to discuss their results and use a question and answer session to determine a class-wide conclusion [reactivity decreases as you go down the group and a more reactive halogen will displace a less reactive halide from its compounds].

Ask students to imagine that they are part of the advertising branch of a large chemical company. They are to design a magazine advert for a science publication explaining what halogens are, their properties and uses, in order to increase sales.


	
	
	
	Ask students to explain the trend in reactivity in Group 7. They could be encouraged to illustrate their answer with symbol equations and information about the electronic structure of the atoms/ions.
	Safety: Wear eye protection and keep the halogen solutions in a fume cupboard. These reactions may produce toxic fumes and should be completed in a well-ventilated area.

CLEAPSS Recipe Cards: potassium iodide 55; potassium chloride 51; gas solutions 28. CLEAPSS Hazcards: chlorine 22; bromide 15.

Into three separate dimples put three drops of potassium chloride solution, then put three drops of each halogen solution into each of the dimples and observe. Note that the same halogen and halide will not react, but some students may try to complete this experiment. Repeat the above with potassium bromide and potassium iodide
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	The properties of transition metals.

The type of reactions that transition metals will be involved in.

	Give the students a template of a cube on an A4 piece of card. On each of the six faces, students could be encouraged to put a different piece of information (physical properties, chemical properties, specific uses, information about transition

compounds, position in the periodic table, alloys).

Students should be encouraged to use colour and summarise the information in an easy to digest format, then cut out the cube template, scoring in the appropriate positions and using glue, stick the cube together.

Students need to be aware of the properties of transition metals and their compounds. On a large poster of the periodic table, put samples of different transition metals and transition metal compounds.

Allow the students to look at the exhibition and to draw visible conclusions.

Then let the students use different metals to test their properties and contrast them with Group 1 metals. Set up a circus of five stations with different transition metal elements, allowing the students to rotate around the circus using an activity card placed at each station with the method to complete the practical.

Once all the activities have been tried, encourage the students to write a bullet-point list of the properties of transition elements.


	
	
	
	
	 Ask students to find out which transition metals or their compounds are used in the following:

Haber process [Fe], Contact process [vanadium oxide], making margarine [Ni] and nitric acid production [Pt/Rh].

ICT link-up.  .
Samples of different transition metals, two crocodile clips, three wires, lamp, lab pack, boiling tubes, boiling tube holders, Bunsen burner and safety equipment, beaker, water, 1 mol/dm3 acid (corrosive/irritant), white tile, dropping pipette, spatula, tongs, magnets.

Details
Allow students to handle the metals to find out that they are malleable, ductile and lustrous. They can check if the metal is magnetic using the magnet. Allow students to place in water and observe if there is any reaction and comment on the density. Wearing eye protection, put the metal on a white tile then add a drop of acid and observe. Still wearing eye protection, connect the metal with the crocodile clip into a simple circuit. 
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	That water is involved in acidity and alkalinity.

That certain ions are responsible for acidity and alkalinity.

The difference between strong and weak acids or alkalis.

	Students can use universal indicator to determine the pH of a solution and thus infer whether it is strongly or weakly acidic/alkaline.

Carefully explain the difference between strong and weak acids as opposed to concentrated and dilute solutions of acids. Ask how they can have a solution of a strong acid (high degree of dissociation) but with a relatively high pH value, e.g. 5 [very dilute solution].

Another method for comparing the strength of acids is to consider their reaction with a metal e.g. magnesium ribbon. Give students a selection of mystery acids (of equal concentration) labelled A to E and ask them to put the acids in order, from weakest to strongest.

Give the students a set of 20 questions about the topic. Encourage them to answer each question in full.

Then ask each student to review their work and highlight in red the words acidic, acid or an example of an acid. Then use blue for alkaline, alkali, base or an example of a base.


	Other than the examples used in the lesson, encourage the students to find a further example of a

strong acid, weak acid, strong alkali and weak alkali.

	
	
	Other than the examples used in the lesson, encourage the students to find a further example of a

strong acid, weak acid, strong alkali and weak alkali.

	Comparing a strong and a weak acid 
Magnesium strips about 5 mm in length (flammable), five different 1 mol/dm3 solutions of acids labelled A–E (e.g. hydrochloric acid, sulfuric acid, ethanoic acid, tartaric acid, citric acid – corrosive or irritants), measuring cylinder (10 cm3), 5 test tubes, test-tube rack, stopwatch. Hazcards: magnesium 59; hydrochloric acid 47; sulfuric acid 98; ethanoic acid 
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	That accurate measurements can be taken in a neutralisation reaction.

That there are methods for determining the completion of a neutralisation reaction
	Using a data logger, an acid–base titration can be demonstrated to the class. Ask students to predict shape of the pH curve and temperature graph.

Complete the titration and discuss the shape of the curve and contrast this with the prediction.

Students can complete their own titration. To help them get used to using the equipment, allow the students to fill the pipettes with water and practise getting the meniscus to the line. Also students can fill the burette with water and practise running it out at different rates and noting the volume. Discuss accuracy, precision, reliability and repeat readings with the students, as well as designing an appropriate results table (this relates to: ‘How Science Works’).

Students could use a pH probe to measure the acidity of different solutions.

Students could be encouraged to find out which acid is naturally in rain (weak acid, carbonic) and how it is formed. They could then go on to find out/revise how acid rain differs [contains strong acids like nitric and sulphuric acid] and how it affects the environment.
	ICT link-up.  Show the students footage of the use of a pipette, burette and titrations. This is available from Practical A-level Chemistry, CD ROM from the RSC (or search the Internet for ‘titration video’.)


	
	
	Students could draw a pictorial flow chart to explain the step- by-step method of a titration.

Homework.  Students could draw a pictorial flow chart to explain the step- by-step method of a titration.


	Safety – Give students a series of images of titrations being completed unsafely, e.g. no eye protection, etc. Ask the students to discuss the safety issues in the images and explain why they are problems. Pick a few groups to feedback about each image. (10 minutes
Stand, boss, clamp, 1 mol/dm3 hydrochloric acid (irritant), 1 mol/dm3 sodium hydroxide (corrosive), pipette, pipette filler, burette, funnel, conical flask, dropping pipette, phenolphthalein, wash bottle, white tile. hydrochloric acid 47; sodium hydroxide 91; phenolphthalein 32. Titrations: see CLEAPSS Handbook/CD ROM section 13.8.


	

	8

	How to calculate concentration from reacting volumes. [HT only]

How to calculate the amount of acid or alkali used in a neutralisation reaction. [HT only]
.
	Create a card sort made up of 30 questions and their answers on separate cards. The questions should range from easy questions, such as what is concentration measured in, to calculation questions from the worked examples and summary questions.

This activity can be differentiated by giving fewer questions to lower attaining students, also students could work in teams. Students should match the questions with their answers.

Then ask students to pick five of the questions and copy them into their notes, including their answers. One of the five should be a calculation question, and the students should be encouraged to show their working out to arrive at the answer.

Demonstrate how to complete a calculation from a titration, by building up the steps on the board.

Encourage students to generate a flow chart to help them answer this type of question, showing in the correct order all the steps that need to be followed.

Then give the students a few calculation questions, which they should then answer, using their flow chart to help them.


	Generate multiple-choice questions, one per PowerPoint slide show. Play the question slideshow and allow small groups to go to the interactive whiteboard to try to answer the sequence of questions. Time each group, and give the group that correctly answers the questions fastest a small prize. Use Interactive C3 2.3 ‘Titration Calculations’ from the GCSE Chemistry CD ROM.


	
	
	Give the students the key terms, e.g. mass and concentration, on separate cards. Split the class into small groups and give each team some Blu-Tack, sugar paper, pens and a pack of cards. Get the students to generate a mind map of these points by choosing two cards, one to be the first word of the sentence and the other to be the last word. Draw an arrow between the cards to show the flow of the sentence and write the middle words of the sentence on the arrow. Each word can have as many arrows going into or coming out of it as is needed. Encourage the students to use all the key words at least once.

	Allow students to actually complete a titration with different combinations of strong/weak

acids and bases and use the titres to complete the calculations.

Safety: See Practical support C3 2.2
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	That many substances dissolve in water and that solutions can be saturated.

 Most students should be able to:
Describe where rainwater comes from.

Give examples of substances that can dissolve in water.

State the units for solubility.
State a definition for saturated solutions.

Some students should also be able to:
Explain the water cycle.

Explain which type of substances are usually soluble.

Key points

Give students the words that make up the key points as a card sort. Students should then generate the key points from the cards. The first student to successfully complete the sentences could get a prize.

	Demonstration – Take a very large (1 litre) glass beaker, table-tennis balls, marbles and a large glass rod. Put the table-tennis balls into the glass beaker and add the marbles and stir. Ask the students to think about what they have just been shown and ask them to work in pairs to explain what the model shows. Ask a few groups to feedback to the class about what they think the model shows. [The table-tennis balls represent the solvent, the marbles represent the solute that dissolves to form a mixture of the two spheres, the solution]. Ask about the limitations of the model and how it could be improved. (10 minutes.

In chemistry, like dissolves like. For example, ionic chemicals dissolve in water, as water is polar; whereas covalent compounds dissolve in organic solvents that tend not to be polar.

Allow students to experiment with different substances and solvents to find out the pattern between solvent and solute. Students may need a hint to consider bonding.

Ask students to predict the effect of temperature on dissolving. Then ask students to design their own experiment to prove their prediction.


	Give students an unlabelled diagram of the water cycle. Allow students to add their own labels. For lower attaining students, the labels could be supplied so that they cut and stick them into position. Use Animation C3 3.1 ‘Water cycle’ from the GCSE Chemistry CD ROM. (5–10 minutes)

ICT link-up.  The dissolving practical can be completed as a demonstration on microscope slides. Connect the microscope via flexi-cam to the TV or a data projector to see, at the microscopic level, the chemicals dissolving or otherwise.


	
	
	Ask students to name three everyday solutions, their solvent and solute.
Solubility experiment
Equipment and materials needed
Copper sulfate crystals (harmful), spatula, sodium chloride crystals, nail varnish (flammable), propanone (flammable and irritant), water, polystyrene beads, test tubes, test-tube racks, two dropping pipettes. (CLEAPSS Hazcards: copper sulphate 27; propanone 85.)


	Wearing eye protection, put a crystal of copper sulfate into two test tubes and add water to the first and propanone to the second. Shake the tube and decide if the compound has dissolved in either of the solvent. Repeat the experiment with sodium chloride, nail varnish (put a small amount in the tube and allow to dry) and polystyrene beads.
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	That solubility changes with temperature and how to use solubility curves.
That cooling a saturated solution results in crystallisation.

That gases can dissolve in water and factors that affect their solubility.
Some students should also be able to:
Explain the water cycle.

Explain which type of substances are usually soluble
Most students should be able to:
Read data from a solubility curve.

Give examples of gases that can dissolve in water and uses for this.

Construct a solubility graph.

Read information from solubility curves.

Some students should also be able to:
 Explain how solubility changes with temperature and pressure and solve more complex problems using solubility curves.

	Ask the students to make a saturated sugar solution in a 50 cm3 beaker containing hot water. Put a cocktail stick into the solution and leave.

• Then allow the solution to cool as the students predict what the effect will be.

• Ask the students to record their results in a flow chart of diagrams including at least one labelled particle diagram.

• If the reactants and the room are hygienic, the sugar crystals can be eaten from the stick. (Use a food technology room for this.) They can be coloured by adding food 
colouring to the saturated solution.

Allow students to use the Internet or data books to find out the solubility of potassium nitrate and sodium chloride for at least five different water temperatures.

Encourage the students to plot the two curves on the same graph.


	The solubility curves could be plotted using a graphs package, e.g. Excel. Use Animation C3 3.1 ‘Water cycle’ from the GCSE Chemistry CD ROM.

	
	
	Encourage students  to find out where fish get their oxygen.


	Starter demonstration
Stand, boss, clamp, Bunsen burner and safety equipment, two boiling tubes, spatula, filter funnel, filter paper, 0.02 mol/dm3 lead nitrate solution (toxic), 0.04 mol/dm3 sodium iodide solution, 2 mol/dm3 hydrochloric acid (irritant). CLEAPSS Hazcards: lead nitrate 57; hydrochloric acid 47.

Details
Wearing eye protection, pour a depth of about 3 cm lead nitrate solution into the boiling tube. Add hydrochloric acid until the boiling tube is half-full and allow the precipitate to settle. To speed up this process, filter the mixture and collect the solid from the filter paper. Put a few lead chloride crystals into another boiling tube and add cold water. Clamp into position over a blue Bunsen flame. Observe the crystals.

Wash hands after experiment.
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	Students should learn:
That water can be described as hard.

That there are advantages and disadvantages to hard water.

.Most students should be able to:
Recall a definition for hard water.

List advantages of hard water.

List disadvantages of hard water

Explain what makes water hard.

Explain what happens to soap in hard water
Ask the students to re-write the key points into their own words. This could be in a paragraph, questions and answers or changing the bullet points so that they are not just copied.

	Students may find it difficult to understand that the dissolved compounds in the water cause the hardness. Use PhotoPLUS C3 3.3 ‘Hard water’ from the GCSE Chemistry CD ROM.

Students can experimentally investigate the amount of dissolved compounds in the water. Higher attaining students could design their own experiment, whereas others could be supplied with the method.

Students should record their information in the appropriate results table and calculate the mass of dissolved substances in the water.

Discuss the accuracy and errors involved in the experiment (this relates to: ‘How Science Works’).

Ask the students to imagine that they have been commissioned by a water company to create a fact file card to be put into an information pack given to schools. Many companies provide educational resources. Show students some information from companies, maybe hard copies or web sites.

They can use the information on the pages and their card should be an introduction to what causes hard water, its benefits and the problems that it can cause.


	Students could design a label for a bottle of mineral water explaining the health benefits of dissolved minerals and how they get into the water.

Students could study the packaging of different mineral waters. They could then rate the science content of the labelling. They could also draw pie charts to show the mineral composition of the different waters.

Students could research into industrial tests for hardness of water, e.g. test strips.

The hardness of water could be investigated by the amount of standard soap solution that is needed to produce a permanent soap lather. A set volume of the water to be tested should be measured into a conical flask. Then add 1 cm3 of soap, maybe from a burette, and shake the flask. Keep adding 1 cm3 of soap and shaking until a lather of bubbles persists for 10 seconds.

This experiment can be carried out using micro-scale equipment.

	
	
	Water hardness can reduce the life of appliances in the home. Ask students to find out how hardness of water can be removed at home.

	Hard water experiment
Two beakers, measuring cylinder, balance, samples of hard and soft water, Bunsen burner and safety equipment, tripod, gauze, eye protection. CLEAPSS Recipe Cards 72, 60.

Details
Record the mass of an empty beaker. Measure 100 ml of hard water and put into the same beaker and re-record the mass. While wearing eye protection, boil the water on a tripod and gauze over a blue Bunsen flame until all the water has been removed. Allow the beaker to cool and re-weigh. Repeat the experiment with soft water.
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	Students should learn:
That hardness can be removed from water

Most students should be able to:
List methods for removing hardness from water.

Some students should also
be able to:
Explain how different methods remove hardness from water
Ask the students to copy out the key points and highlight any key words in the text.

	Hardness in water can be permanent or semi-permanent. Create a circus of three different methods to remove hardness from water.

Allow students to circulate around the different stations removing the hardness using a method card at each station.

Each student should record in their notes a brief explanation of the method, how successful it is, its advantages, and a use for that method.

Students could be encourage to write a report on the different methods, including a results table to compare the different methods. (‘How Science Works’ opportunity.)

Show students a selection of science magazines. Ask students to imagine that they have been commissioned to write a feature about how water can be softened. Their article should be aimed at a scientific audience and include diagrams. Use ELS C3 3.4 ‘Hard water’ Electronic Resource from the GCSE Chemistry CD ROM.


	ICT link-up.  Ask students to research claims made for water-softening devices sold for the home.


	
	
	Ask students to answer the ‘Learning objective’ question.
Give the students an examination question on this topic. Using a stopwatch, time each section (a minute a mark) and give the students time checks for each section of the question. Once all the time has been used, give the students the mark scheme and ask them to mark their own work in a different colour and jot any amendments. (15 minutes)

Ask all students to sit down. Then ask students in turn a question. If they get it correct they can leave the classroom on the bell. If they get it incorrect, pass the question to hands up. Each student has a chance of as many questions as they need to get one correct. (10 minutes)

Diagram – Give the students an unlabelled diagram of an ion-exchange column, and a sheet of information to explain how it works. Ask students to annotate the diagram using the labels provided to explain how this water softening method works. (10 minutes)


	Methods of removing hardnes
Ion-exchange column, hard water, conical flask, soap solution (irritant, may be flammable), sodium carbonate (irritant), filter funnel, filter paper, conical flasks, beaker, tripod, gauze, Bunsen burner and safety equipment, measuring cylinder, spatula. CLEAPSS Recipe Cards: hard water 72; soap solution 60.

To test the hardness of water, add a measured amount of water into a conical flask. Add 1 ml of soap solution and shake. Repeat, until the foam lasts for 10 seconds or more.

Station 1 – Measure 25 ml of hard water into a beaker. Wearing eye protection, boil the water for about 2 minutes, observe. Allow the water to cool, and test to compare hardness.

Station 2 – Measure 25 ml of hard water into a beaker. Add excess sodium carbonate and filter the mixture. Test to compare hardness.

Station 3 – Measure 25 ml of hard water and run through an ion-exchange column. Test to compare hardness.
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	Students should learn:
How water is made safe to drink.

That there is a difference between pure water and drinking water.

	Show students a water filter cartridge that is used in the domestic environment. Ask the students to work in small groups to generate a TV advert to promote the product, explain its benefits and how it works. Impress on the students that advertising is expensive, so the advert can be no longer than 1 minute.

Water treatment has a number of stages. Ask the students to write a flow chart to show how ground water is turned into drinking water.

Students could be encouraged to add a colour code, e.g. colour the chemical stages in red and the physical stages in yellow.

Use PhotoPLUS C3 3.5 ‘Treating water’ from the GCSE Chemistry CD ROM.


	ICT link-up.  The adverts could be recorded on a camcorder. This material could then be transferred to Windows Movie Maker. Groups could then add text and manipulate the images to make a discrete advert. The final product could be shown to the students or presented on the school web site.

	
	
	Homework.  Ask students to find out where the water comes from in their area, e.g. in the Midlands it comes from the Welsh mountains and is stored in reservoirs.

In some countries the water in the taps is not fit to drink, or water may need to be collected by each family from bore holes or rivers. Ask students to find out how this water is made fit to drink.

Students could use agar plates to test for microorganisms in water. Water collected from puddles or another ‘dirty’ source could be cleaned using different methods for purification of water, e.g. sterilisation tablets
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	Students should use their skills, knowledge and understanding of ‘How Science Works’:
• to consider and evaluate the environmental, social and economic aspects of water quality and hardness.

	Students should use their skills, knowledge and understanding of ‘How Science Works’:
 to consider and evaluate the environmental, social and economic aspects of water quality and hardness.
– Show students different poster campaigns from charities about poor sanitation and water supply on the Internet.

To find these run a Google search for the charity and homepage, e.g. Christian Aid, homepage. Other charities with similar campaigns are Red Cross and Save the Children. Encourage students to think about how the posters are persuasive, maybe images, words or a combination of both. Ask students to then design their own poster focusing on the plight of women and children in poor sanitation conditions.


	Information about water and water aid can be found at www.wateraid.org.uk. Use PhotoPLUS C3 3.5 ‘Treating water’.


	
	
	Reduce water consumption – Ask students to find out three ways that water consumption could be reduced by their household, e.g. reducing the water in a toilet cistern, collecting rain water for washing cars and watering the garden, not have the tap running when brushing teeth.
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	That the energy produced by different fuels can be measured.

	Show the students health posters and leaflets that may be found in doctor’s surgeries and at supermarkets.

Ask the students to design their own piece of marketing material (could be a poster, leaflet, sticker, bookmark, advert, etc.) to explain why vegetable fats are an important part of a human’s diet. However, the poster should be a balanced piece and also contain information about the health impact of over-consumption of fat.

Create a cut and stick activity about vegetable oils as fuels. A set of sentences relating to the ‘social’, ‘economic’ and ‘environmental’ impact should be given to the students. They could then sort the sentences into the three groups, and underline disadvantages in red and advantages in green.

Show students the equipment for calorimetry, and ask them to consider what is the independent variable [fuel] and dependent variable [temperature]. As a class, using question and answer, generate the values for the control variables, e.g. amount of water (50 cm3), distance from flame to calorimeter (5 cm), time (2 minutes). (This relates to: ‘How Science Works’: types of variable and fair testing.)

Allow the students to experimentally compare the energy content of two different fuels.

Give students a diagram of a bomb calorimeter. They should then add labels to explain how it can be used to monitor energy changes in a chemical reaction, e.g. combustion.


	Give the students data of the amount of energy released by different alkanes. Encourage them to show this in a graph (number of carbon atoms, energy released) and draw conclusions from this.

	
	
	Depending on the age and activity of humans, they need a different amount of energy from their diet. Ask the students to find out how much energy a child, a pregnant woman, and an old person need
	Comparing the energy produced by fuels when they burn
Glass beaker/metal can/calorimeter, tripod, gauze, flame-proof mat, spirit burner, paraffin (flammable), ethanol (flammable), thermometer, measuring cylinder, water, stopwatch, eye protection.

Details
Measure 50 cm3 of water into a calorimeter and place on the tripod. Take the temperature of the water. Light the spirit burner and put on the flame-proof mat, positioned under the calorimeter. Time for 2 minutes, then remove the burner and take the temperature again. (Know how to extinguish a bench fire. See CLEAPSS Hazcard 40 (ethanol); CLEAPSS Handbook CD-ROM section 9.4.3 (spirit burners).)

	

	16

	That bonds change in a chemical reaction.

• That energy changes in a reaction can be represented on a diagram including the activation energy.
State and explain how we can think of reactions as having exothermic and endothermic stages.
Complete a simple energy level diagram for a chemical reaction.

Interpret a simple energy level diagram for a chemical reaction.


	Create a set of statements about a number of energy transfer diagrams, e.g. these statements relate to the energy level diagram for the formation of carbon dioxide from its elements:

Reactants have higher energy than the product.

The reactants are carbon and oxygen.

There is a relatively small activation energy.
The y-axis is energy.

Energy is measured in kJ/mol.

The product is carbon dioxide.

Cut out each statement so that they are on separate cards. Give a pack of statements to pairs of students, they should use them to create and label the energy level diagram that it describes.

Give the students a selection of different reactions and state whether they are exothermic or endothermic. They could then draw their own energy level diagrams to represent these reactions.

Reactions suitable for this task could include those that have already been met: Haber process [exothermic] and neutralisation [exothermic]; or new ones like: dissolving of ammonium nitrate [endothermic], dissolving of potassium nitrate [endothermic].

Revise the effect of catalysis on a chemical reaction and introduce the concept of ‘lowering the activation energy’ by drawing an energy level diagram with and without the use of a catalyst.

Students could research to find out the exact amount of activation energy that a particular reaction needs, e.g. complete combustion of carbon. They could then use this information to draw an energy level diagram to scale.
	
	
	
	Ask students to write a mnemonic or rhyme to help them remember that energy is used to break bonds and energy is released on making bonds.
Fill in the missing word – Give the students this excerpt from the specification, with some missing words. Encourage students to complete the prose, using the most scientific word that they can:

In an [exothermic] reaction, the energy [released] from forming new bonds is greater than the energy needed to [break] existing bonds.

In an endothermic reaction, the [energy] needed to break existing bonds is [greater] than the energy from [forming] new bonds..Give the students an unlabelled energy level diagram for the combustion of carbon. They should then add the axis labels, detail which are the reactants and which is the product, annotate the activation energy and finally determine if the reaction is exothermic or endothermic

	
	

	17
	That bond energies can be used to calculate energy changes in a reaction. [HT only]
State a definition of bond energy.

Use a data table to get a bond energy.

Some students should also be able to:
Calculate the energy transferred in reactions using supplied bond energies. [HT only]

	Sort – Write the following sentences on separate cards:

Reactant bonds break (endothermic).

Atoms rearrange.

Product bonds form (exothermic).

Ask students to work in small groups and sort the sentences into the correct order. Then give each group a molecular model kit. Ask them to choose a reaction (the Student Book could help them, e.g. combustion of carbon). Then use the molecular model kit to make models of each stage of a chemical reaction (carbon atoms and oxygen molecules for stage one, free atoms for stage two and carbon dioxide molecules for stage three). Then each group could feedback their thoughts to the whole of the class. (15 minutes)

True or false – Give each child a red and a green card. Read out the following statements. If the students think a statement is true, they should show a green card, if they think it is false, they should show the red card.

Bond making is exothermic. [True] If the reactants have more energy than the products, the reaction is endothermic. [False]

Ammonia contains three identical bonds. [True]

Energy is needed to break bonds. [True]

If (H is negative, the reaction takes in energy. [False]

Bond energy is measured in joules per gram (J/g). [False]

Bond energy is the energy needed to break the bond between two atoms. [True] (5 minutes)

On flip-chart paper, write different examination questions that relate to bond energies. The worked example could be used as one.

Using Blu-Tack, attach the sheets to the wall. Split the students into pairs and give each team a marker pen and a calculator. Ask each pair to start answering one question, and time the students for 3 minutes.

Then ask the students to move on, they should read the previous work, correct if necessary and add to the answer. Once all the students have attempted each question, give each group a sheet of paper and ask them to copy up the question and what they consider to be the correct working out into their notes.

Give the students different energy level diagrams (ones from lesson 4.2 could be used). Encourage them to add on the mathematical information relating to the bond energies for each chemical. Also students should calculate the (H and add this onto the diagram.

There is a set number and order of stages to calculate the (H of a reaction, using bond energies. Encourage students to create a flow chart to explain the process.
 Then ask students to use their flow chart to answer some bond energy questions.

Use Electronic resource C3 4.3 

	Encourage students to research to find out how values for bond energies have been generated.

Students could draw a graph or chart to compare the bond energies of different bonds. Students could find out how the C–C, C=C and C≡C compare and why they are different.

	
	
	Ask students to explain why the calculated   H is never the same as the actual energy change measured in the reaction.
Calculate – Ask students to work out how much energy would be needed to break a molecule of the following into separate atoms:
methane [1652 kJ/mol]

ammonia [1173 kJ/mol]

hydrogen chloride [432 kJ/mol]

water [928 kJ/mol]. (10 minutes)

Relationship – Bond energies and (H are related. Ask students to work in small groups to explain how these terms can be linked. Then ask each group to share their thoughts. (10 minutes)
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	 Energy balance – how much energy do you use?

	Energy from food, news article – Obesity is a big issue in the western world, and this disorder is even affecting youngsters. Ask students to imagine that they have been commissioned by a Sunday newspaper to write a feature article. Show some examples of feature articles in different newspapers and magazines. Explain to the class that they must write between 500–1000 words comparing the life of a child in the UK to a child in the developing world. They should include information about the difference in size of the children, even if their food intake is the same.

Diary – Ask students to use information from the pie chart and pictures in the Student Book to empathise with the two students in the developed and developing world. They could be encouraged to write a diary entry for each child.


	Students could write up their newspaper article into a desktop publishing package and add images taken from the Internet.

Use PhotoPLUS C3 4.4 ‘Energy from fuels’ from the GCSE Chemistry CD ROM.


	
	
	Questionnaire – Encourage students to ask ten members of their family or friends the questionnaire as detailed in the Student Book. Students could then record the methods of transport as a pie chart and the distance as a bar chart.


	Activities– Split the students into groups of about four. Explain to them that they are going to write a script for a TV programme or radio programme about travelling to school or work. Students should create a script that includes at least one expert interview and an anchorperson, which focuses on the amount of energy used for these journeys. The article should be balanced, and consider energy usage in the developed and developing world. The images in the Student Book could help students brainstorm the issues of energy usage in different parts of the world. 
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	That cations can be experimentally identified.


	Firstly, students could test different known metal solutions to determine the flame colour of lithium, sodium, potassium, calcium and barium.

Once students can distinguish the difference in the colours, a group of mystery solutions could be given. They should carry out flame tests to determine the positive ion present.

Students could use sodium hydroxide to test for copper(II), iron(II) and iron(III) ions in unknown solutions.

A set of three (A6) flash cards could be given to the students. On one side they could write the chemical test [flame, using sodium hydroxide and damp litmus paper]. On the back they could write a step-by-step set of instructions to explain how to conduct each test and what the result would infer.

The cards could be laminated, and used in a lab to help the students to identify ‘mystery’ solutions.

Use Interaction C3 5.1 ‘Testing for positive ions’ from the GCSE Chemistry CD ROM
State the positive result for lithium, sodium, potassium, calcium and barium in flame tests.

State the positive result for aluminium, calcium, copper(II), iron(II)/(III), ammonium and magnesium ions with sodium hydroxide.

State the positive result for ammonia.

Some students should also be able to:
Explain how to complete a flame test.

Explain how to use sodium hydroxide to test for different cations.

Explain how to test for ammonia gas using litmus paper.

Interpret results of chemical tests.


	ICT link-up.  The Bunsen flame tests could be photographed. These images could then be printed out and students could add them to their notes.


	
	
	Crossword – Ask students to create their own crossword that relates to the chemical tests that have been studied in the lesson. To speed the process up, the box frame could be given to the students, so they just need to work out which word goes into what position and generate the clues. (20 minutes)

Ask students to find out what colour copper ions turn in a flame test.

	Testing with sodium hydroxide
Three test tubes, 0.1 mol/dm3 sodium hydroxide solution (irritant), three dropping pipettes, test-tube rack, <1.4 mol/dm3 copper(II) chloride (harmful), 1 mol/dm3 iron(II) chloride (harmful), 1 mol/dm3 iron(III) chloride (irritant)

Wearing chemical splash-proof eye protection, add about 1 cm3 of each solution to separate test tubes. Add about 2 cm of sodium hydroxide solution to each test tube, agitate the tube and observe.
Flame tests
Inoculating loop (nichrome flame wires, fused onto glass rod handles), Bunsen burner and equipment, nine watch glasses, solutions of lithium chloride (irritant), sodium chloride, potassium chloride, calcium hydroxide (irritant), 0.2 mol/dm3 barium sulfate,hydrochloric acid (corrosive). Hazcards: barium sulfate 10; lithium chloride 58; sodium salts 95; hydrochloric acid 47; calcium hydroxide 18; sodium hydroxide 91; copper chloride 27; iron compounds 55. Be aware of what to do if alkali gets into the eye.
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	That anions can be experimentally identified.

State the positive result for carbonates.

 State the positive result for halides.

State the positive result for sulfates.

State the positive result for nitrates.

Some students should also be able to:
Explain how to complete tests for carbonates, halides, sulfates and nitrates.

Interpret results of chemical tests.

	Students could try to write a step-by-step method for testing carbonates. Then they could attempt the practical, having been checked for safety, and make any amendments to their method as they try to complete the practical. The students could test calcium, copper and zinc carbonates.

A circus of all the experiments could be set up, so that students test for carbonates, halides, sulfates and nitrates. Each station should contain a help card with an outline of the method and a diagram. (See ‘Practical support’.) Students should design their own results table and note observations at each station.

Use Interactive C3 5.2 ‘Testing for negative ions’ from the GCSE Chemistry CD ROM.


	On the RSC web site (www.chemit.co.uk) there are video clips of some of these experiments.

	
	
	Students could be given a set of examination questions on this topic. To help students with their exam preparation, time the students (approximately 1 minute per mark), and give the students an idea when they should be tackling each section of a question. Then show the students the mark scheme and allow them to mark their own work and make any notes that are needed, so that they can use the material for revision at a later date. (15 minutes)
Label – Give the students an unlabelled diagram of the equipment used to test for carbonates. Students should then annotate the diagram to explain the test. (10 minutes)


	Testing halides
Equipment and materials required
Five different salts containing halides labelled 1–5 (e.g. sodium chloride, sodium iodide, sodium bromide, potassium chloride, potassium bromide), spatula, 5 test tubes, test-tube rack, 2 dropping pipettes, 0.5 mol/dm3 nitric acid (corrosive), 0.05–0.1 mol/dm3 silver nitrate solution, eye protection.Hazcards: nitric acid 67; silver nitrate 

Wearing chemical splash-proof eye protection, put about a quarter of a spatula of a halide into a test tube. Add about 1 cm3 of nitric acid, agitate and add more nitric acid until all of the halide has dissolved. Then add about 1 cm3 of silver nitrate solution and observe the colour of the precipitate to determine the halide in the solution.

Testing for nitratesd
0.5 mol/dm3 sodium hydroxide (corrosive), warm water bath, damp red litmus paper, aluminium powder (flammable), test tube, spatula, two pipettes, a nitrate solution (e.g. sodium nitrate), eye protection. Hazcards: sodium hydroxide 91; aluminium 01; potassium (sodium) nitrate 82.

Wearing chemical splash-proof eye protection, put about 1 cm3 of nitrate solution in a test tube and add about 1 cm3 of sodium hydroxide. Heat the solution gently in the water bath and test for ammonia. If no ammonia is detected, add a small amount of aluminium powder and continue to test for ammonia.
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	That there is a simple test for organic compounds.

That the empirical formula can be calculated using combustion. [HT only] That C=C bonds can be experimentally detected.
State the positive test result for organic compounds.
State the positive test result for unsaturated organic compounds

Some students should also be able to:
Explain the test for organic compounds.

Calculate the empirical formula from a combustion analysis of a simple organic compound. [HT only]

Explain what an iodine number is.

	Students could be given a selection of saturated and unsaturated hydrocarbons. Their task is to sort them into two groups (saturated and unsaturated).

Students should be reminded that bromine water is decolourised in unsaturated hydrocarbons. There should be a selection of equipment for the students to use (but not all is needed). The task for the students is to select correctly the appropriate equipment and test the liquids. (See ‘Practical support’.)

Ask students to create a revision poster to explain how an organic compound is tested.

Also their poster should include a step-by-step guide on how to calculate the empirical formula of an organic compound using combustion analysis. Students should be reminded that colour helps people learn, so their poster should be colourful.


	Split the class into groups and give each team one question that involves the calculation of an empirical formula from a combustion analysis. (The example question and summary questions 3 and 4 from the Student Book could be used.) Wait for each group to solve the calculation, then encourage the students to demonstrate how to complete the question on the board and explain each step that they have performed in the calculation. (20 minutes)

Flow chart – Ask students to write a flow chart to explain how to test for unsaturated molecules. (10 minutes)

Complete – Ask students to complete the following sentence: ‘An iodine number is . . ..’ Then encourage a few students to read their sentence out. The class should vote on the most scientific sentence and the class should then copy it into their notes. (10 minutes)


	
	
	Ask students to find the iodine number of three fats of their choice.

Calculations – Split the class into groups and give each team one question that involves the calculation of an empirical formula from a combustion analysis. (The example question and summary questions 3 and 4 from the Student Book could be used.) Wait for each group to solve the calculation, then encourage the students to demonstrate how to complete the question on the board and explain each step that they have performed in the calculation. (20 minutes)

Flow chart – Ask students to write a flow chart to explain how to test for unsaturated molecules. (10 minutes)

Complete – Ask students to complete the following sentence: ‘An iodine number is . . ..’ Then encourage a few students to read their sentence out. The class should vote on the most scientific sentence and the class should then copy it into their notes. (10 minutes)


	Testing unsaturated compounds
Equipment and materials needed
Test tubes, bungs, test-tube racks, selection of 6 liquid saturated and unsaturated hydrocarbons (flammable), bromine water (harmful and irritant), 6 dropping pipettes, eye protection. CLEAPSS Recipe Card: gas solutions 28. CLEAPSS Hazcard: bromine 15.

Red herring: Flame-proof mat, beaker, conical flask, delivery tube, tripod, pipe-clay triangle, burette, pipette, measuring cylinder, gas syringe, delivery tube.
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	That there are a number of methods of modern analysis.
That elements can be identified using modern analysis techniques.
State the positive test result for organic compounds.

State the positive test result for unsaturated organic 

Explain the test for organic compounds.

Calculate the empirical formula from a combustion analysis of a simple organic compound. [HT only]

Explain what an iodine number is.

	Similarities and differences – Show the students the structural formulae of ethane and ethene. Ask the students to work in pairs to determine the similarities [same number of carbon atoms, both are hydrocarbons] and differences [different number of hydrogen atoms, ethane is saturated but ethene is unsaturated]. Ask groups to feedback to the class their thoughts to create a list of similarities and differences. (10 minutes)

True or false – In the corner of a classroom put a ‘false’ sign, then at the other corner on the same wall put a ‘true’ sign. This wall represents a continuum from true to false, ask students a list of statements and they should stand somewhere on the wall to show if

they definitely think the answer is ‘true’, ‘false’ or they are unsure. Misconceptions can then be discussed and challenged using question and answer. Read the following statements:

Combustion is the scientific word for oxidation. [False]

Hydrocarbons only contain two elements. [True]

An unsaturated hydrocarbons has an HDH bond. [False]

Hydrocarbons are organic compounds. [True]

Empirical formula is the simplest ratio of elements in a compound. [True]

Molecular, structural and empirical formula are all the same thing. [False] (10 minutes.
Students could be given a selection of saturated and unsaturated hydrocarbons. Their task is to sort them into two groups (saturated and unsaturated).

Students should be reminded that bromine water is decolourised in unsaturated hydrocarbons. There should be a selection of equipment for the students to use (but not all is needed). The task for the students is to select correctly the appropriate equipment and test the liquids. (See ‘Practical support’.)

Ask students to create a revision poster to explain how an organic compound is tested.


	Students could complete calculations for combustion analysis of organic compounds that contain oxygen as well as carbon and hydrogen.

	
	
	.Ask students to find the iodine number of three fats of their choice.
Calculations – Split the class into groups and give each team one question that involves the calculation of an empirical formula from a combustion analysis. (The example question and summary questions 3 and 4 from the Student Book could be used.) Wait for each group to solve the calculation, then encourage the students to demonstrate how to complete the question on the board and explain each step that they have performed in the calculation. (20 minutes)

Flow chart – Ask students to write a flow chart to explain how to test for unsaturated molecules. (10 minutes)


	Testing unsaturated compounds
Equipment and materials needed
Test tubes, bungs, test-tube racks, selection of 6 liquid saturated and unsaturated hydrocarbons (flammable), bromine water (harmful and irritant), 6 dropping pipettes, eye protection. CLEAPSS Recipe Card: gas solutions 28. CLEAPSS Hazcard: bromine 15.

Red herring: Flame-proof mat, beaker, conical flask, delivery tube, tripod, pipe-clay triangle, burette, pipette, measuring cylinder, gas syringe, delivery tube.
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	Name some modern analysis techniques.

List advantages and disadvantages of modern analysis techniques.

Explain the technique of atomic absorption spectroscopy. [HT only]

Explain what mass spectrometry can be used

	Ask students to imagine that they have been commissioned by a steel mill to create a leaflet about their use of instrumental analysis in their industry.

Their leaflet should be designed for schools to use as an information sheet and should include an activity with answers.

Students could create a flow chart to detail the stages involved in atomic absorption spectroscopy and mass spectrometry.

They could imagine that they are a reporter in a newspaper in the past. They should write a news article documenting the discovery of atomic absorption spectroscopy and its uses. Students could use the Internet to find out the date for such an article and people that may have given relevant quotes.


	ICT link-up.  The RSC produce a spectroscopy CD ROM that has a video of these machines being used.


	
	
	Ask students to find out what an emission spectrum is. [Each atom gives out its own pattern of radiation when the electrons have been excited. The emitted radiation is the emission spectrum.]
– Ask students to work in pairs to compare their leaflets about instrumental analysis in steel mills. Students should comment (out of 10) on the science content, choice of language, activity and presentation, and award an overall mark out of 40. Students could then make amendments as homework. 
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	That compounds can be identified using modern analysis techniques. [HT only]
Name some modern analysis techniques. [HT only]

Recognise the information a given analysis technique will provide. [HT only]

Some students should also be able to:
Explain the difference that the medium makes in chromatography. [HT only]

Explain what chromatography, mass spectrometry, IR spectroscopy, UV/visible spectroscopy and NMR can be used for. [HT only]


	Give students the template of a cube (each face 5 cm × 5 cm) on A4 card. Students should then summarise each of the instrumental analysis techniques on separate faces. There will be one face left over, this could be a title face, glossary or outline of the advantages and disadvantages of instrumental analysis. Students should be encouraged to use colours and could summarise the information in diagrams as well as text.

Ask students to complete an alphabet based on instrumental analysis. Students should use their textbooks, work in small groups and will need to be creative to obtain 26 different sentences. For example, H is for hydrogen, which is usually featured in NMR.

Supply five A6 revision cards to each student. Each card should represent a different instrumental analysis technique. On the front, the student should write five questions, encourage students to try to write in an examination style. Then, on the reverse of the card, students should write a full answer.


	There are many cube templates available free on the Internet. Search the Internet for ‘cube template’.


	
	
	Students swap their question cards with another student. Each person should review the questions and with pencil correct any mistakes in the science content of the work. The corrected cards should then be returned to the writer, who should review the comments and make necessary corrections. (15 minutes)
Ask students to find out which instrumental analysis could be used to monitor chemicals in the blood. [IR – ethanol; gas-liquid chromatography – drugs; AAS – electrolytes.]
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	Students should use their skills,knowledge and understanding of ‘How Science Works’:
to interpret and evaluate the results of instrumental analysis carried out to identify elements and compounds for forensic, health or environmental purposes.

	Newspaper article – Show students a number of science-based articles in newspapers. Study one article to pull out features such as the number of quotes and people who gave them, images and length of text. Explain to students that they have been commissioned by a newspaper to write a similar article with the title: ‘Chemical analysis in action – can we believe our eyes?’ Students should write a balanced article and obtain real quotes, using the Internet to help them, e.g. companies that make the equipment and academics who use the equipment. Each student should also provide information about the images that they would include in their article.

Poster – There are a number of anti-drug posters that are given to schools. Show some of these posters to the students and discuss who they are aimed at, where they would be put and how they work [shock tactics with imagery, information giving, thought provoking etc.]. Then ask students to design their own poster to be shown in changing rooms to explain how athletes who take drugs are caught.

Table – Ask students to draw two tables with three columns labelled ‘goals’, ‘rights’ and ‘duties’. Students should work in small groups and complete each table for the characters James and Nelson. They may find that some of the statements are the same for the boys. Once the tables have been completed, each team should then prepare advice for the boys. 


	Newspapers often have archives on the Internet of previous stories. These databases could be used to obtain newspaper articles about athletes who have been part of doping controversy.

	
	
	Drug cheat – Ask students to find one example of a sports person that has been caught for taking drugs and the

punishment that was given.

Poster – There are a number of anti-drug posters that are given to schools. Show some of these posters to the students and discuss who they are aimed at, where they would be put and how they work [shock tactics with imagery, information giving, thought provoking etc.]. Then ask students to design their own poster to be shown in changing rooms to explain how athletes who take drugs are caught.

Check table
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