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Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 15. 
This Topic Exploration Pack supports OCR GCSE (9-1) Gateway Science Chemistry A and the Twenty First Century Science Chemistry B qualifications.
When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Mapping to specification level (Learning outcomes)

GCSE (9–1) Gateway Science Chemistry A/Combined Science A
C4.1a recall the simple properties of Groups 1, 7 and 0

C4.1b explain how observed simple properties of Groups 1, 7 and 0 depend on the outer shell of electrons of the atoms and predict properties from given trends down the groups to include ease of electron gain or loss; physical and chemical properties
GCSE (9–1) Twenty First Century Science Chemistry B/Combined Science B
C2.2.5 – Recall the simple properties of Group 1 including their reaction with moist air, water and chlorine.

C2.2.6 – Recall the simple properties of Group 7 including their state and colours at room temperature and pressure, their colours as gases, their reactions with Group 1 elements and their displacement reactions with other metal halides.

C2.3.1 – Recall the simple properties of Group 0 including their low melting and boiling points, their state at room temperature and pressure and their lack of chemical reactivity.

C2.3.2 – Explain how observed simple properties of Groups 1, 7, 0 depend on the outer shell of electrons of the atoms and predict properties from given trends down the groups.

C2.3.3 – Explain how the reactions of elements are related to the arrangement of electrons in their atoms and hence to their atomic number
Introduction to the Topic
Atomic structure is the key to understanding why chemical reactions occur. The structure of the nucleus and electron arrangement of the first twenty elements are introduced in C2.1, while C2.2 focuses on three groups showing contrasting properties and uses electron arrangement to explain these. 
While chemists tend to focus on the electrons, it must be remembered that it is the nucleus that is attracting electrons, which in turn causes chemical reactions to occur. Atoms react to gain a full outside layer of electrons which makes them stable and thus less reactive. However, the further the electrons are from the nucleus, the less attraction there is. This makes it easier for large group 1 elements to lose their outer electron. Demonstrating the reactions of lithium, sodium and potassium with water will give learners the opportunity to predict the likely reaction for rubidium and caesium with water. For group 7, the larger the number of electrons, the less the nucleus can attract the electron it requires, and it is thus less reactive. This can be demonstrated by comparing the reactivity of the halogens with iron wool. Learners are often surprised that reactive elements then form very unreactive compounds, sodium and chlorine forming sodium chloride being the most obvious example. The difference between the atom and the ion need to be made clear. For example, fluoride is found in toothpaste but fluorine is a poisonous yellow gas: one electron can make a huge difference to properties. This is usefully illustrated by carrying out displacement reactions between solutions of potassium halides and solutions of the halogens, where the more reactive element will win the ‘battle’ for the electron and leave the least reactive halogen in its natural, coloured state.

Word equations should have been introduced in Key Stage 3 and should be used to describe the more important reactions in this topic. Symbol equations will be studied in more detail in Section C2.4 but can be introduced for more able learners here. Atomic structure, particularly electron arrangement should have been covered and can be reviewed by making models of the smaller group 1 and 7 elements (Li, Na, K, F, Cl – the electronic structure is more complicated for atoms with atomic number over 20).

Most learners are unlikely to have many misconceptions about the elements of groups 1, 7, 0 as they are rarely encountered, other than chlorine as a disinfectant in swimming pools. However, most learners will be convinced that iodine is a liquid, as its solution is used for testing for starch in biology. Pure iodine is never a liquid – it sublimes (turns straight from a solid to a gas) when heated.

Activity 1 
Group 1 Reactions – a learner activity to be completed while watching a demonstration of lithium, sodium and potassium with water

Activity 2 
Group 7 Reactions – a learner activity to be completed while watching a demonstration of the halogens reacting with iron wool

Activity 3 
Halogens Crossword – an activity to review the main learning outcomes for group 7

Activity 4 
Electrons in Reactions – model making to review electron arrangement and begin to explain the differences in reactivity along with a learner sheet 

Activity 5 
Loop card game – a revision activity for the end of this section
Activity 1

Group 1 Reactions

Group one is an exciting place to start – the reactions with water are a dramatic introduction which may well have been demonstrated in KS3. A visualiser would be useful for allowing the whole class to see the reactions on a larger scale, so no detail is lost. The Group 1 Reactions sheet can be completed while the demonstrations are carried out, showing that the metal hydroxide and hydrogen are produced and that the elements become more reactive down the group, as the atomic number and mass increase. Most learners should be able to make some simple predictions of the properties of rubidium and caesium, the next members of the group, and these can be checked by showing a video clip of the reactions at http://www.bbc.co.uk/education/clips/z28kjxs   More able learners should complete the Going Further section at the bottom of the sheet.

More resources:

http://www.rsc.org/learn-chemistry/resource/res00000801/reaction-of-rubidium-with-water  short RSC clip of rubidium reacting with water 

http://www.rsc.org/learn-chemistry/resource/res00000796/reaction-of-caesium-with-water  short RSC clip of caesium reacting with water

http://www.bbc.co.uk/education/clips/z28kjxs  a short clip showing the available group 1 metals reacting with water, caesium cracking the trough!

Group 1 Reactions Answers
While watching the demonstrations, fill in the gaps or choose the best answer in italics.
The lightest alkali metal is _________lithium________________ .

It can be cut with a knife and loses its shine quickly/ slowly.

When added to water, it floats/ sinks/ sinks then floats and moves slowly.

The word equation for the reaction is:

Lithium + water ( lithium hydroxide + hydrogen gas

2Li (s) + 2H2O (l) ( 2LiOH (aq) + H2 (g)
The next alkali metal in group 1 is sodium.

It is easier to cut with a knife and loses its shine faster/ slower than lithium.

When added to water, it floats/ sinks/ sinks then floats and moves faster than lithium.
The word equation for the reaction is:

Sodium + water ( sodium hydroxide + hydrogen gas

2Na (s) + 2H2O (l) ( 2NaOH (aq) + H2 (g)
The next alkali metal in group 1 is potassium.

It is even easier to cut with a knife than sodium and loses its shine faster/ slower than sodium.

When added to water, it floats/ sinks/ sinks then floats and moves erratically, faster than sodium etc 

The word equation for the reaction is:

Potassium + water ( potassium hydroxide + hydrogen gas

2K (s) + 2H2O (l) ( 2KOH (aq) + H2 (g)
This shows that the group 1 elements get more/ less reactive as they get heavier down the group.

Going further

Find the symbol equation for each reaction and write it under the word equation. Remember to add the state symbols (s) (l) (g) or (aq).

Work out the electron arrangement of each metal. Li 2:1
Na 2:8:1
K 2:8:8:1

Why are they in Group 1? They all have one electron in their outside shell.
Why do you think they get more reactive as their atomic number increases?  It is easier for the larger atoms to lose their outside electron as the attraction of the positive nucleus is shielded by the electrons in the inner layers.

Activity 2

Group 7 reactions

The halogens can be introduced by watching the reactions with iron wool as it shows their appearance and the decrease in reactivity down the group. Learners should complete the worksheet while watching the demonstration in the first link below. More able learners should complete the Going Further section at the bottom of the sheet. The reaction is described in detail in the RSC resource http://www.rsc.org/learn-chemistry/resource/res00000844/halogens#!cmpid=CMP00000955 

http://www.rsc.org/learn-chemistry/resource/res00000792/physical-appearance-of-halogens  a short clip to show the appearance of fluorine, chlorine, bromine and iodine.

http://www.rsc.org/learn-chemistry/resource/res00000804/halogen-reactions-with-iron-wool  shows reactivity decreases down the group (reaction of fluorine with iron wool is not discussed)

More resources:

http://www.rsc.org/learn-chemistry/resource/res00000791/displacement-of-halogens  illustrates displacement reactions by fluorine

https://www.youtube.com/watch?v=xaDGCB9AI44&safe=active  displacement of bromine in Dead Sea water by chlorine in bleach

Group 7 Reactions Answers

While watching the video, fill in the gaps of choose the best answer in italics.

The lightest halogen is fluorine.   It is a yellow coloured solid/ liquid/ gas.
The next halogen in group 7 is chlorine. It is a green coloured solid/ liquid/ gas.
When added/heated with iron wool, you see it glows quickly and changes colour.
and a salt called iron chloride is made. The word equation for the reaction is:

chlorine + iron  ( iron chloride
3Cl2 (g) + 2Fe (s) ( 2FeCl3 (s)
The next halogen in group 7 is bromine. It is a red-brown coloured solid/ liquid/ gas.
When added/heated with iron wool, you see glowing after a while.

The word equation for the reaction is:

bromine  + iron  ( iron bromide

3Br2 (g) + 2Fe (s) ( 2FeBr3 (s)
The next halogen in group 7 is iodine. It is a purple/black coloured solid/ liquid/ gas.
When added/heated with iron wool, you see a slight glow after a while.

The word equation for the reaction is:

iodine + iron  ( iron iodide 
3I2 (g) + 2Fe (s) ( 2FeI3 (s)
This shows that the group 7 elements get more/ less reactive as they get heavier going down the group.

Going further

Find the symbol equation for each reaction and write it under the word equation. Remember to add the state symbols (s) (l) (g) or (aq).

Work out the electron arrangement of F and Cl. F 2:7
Cl 2:8:7
Why are they in group 7?  All have 7 electrons in their outside shell.
Why do you think they get less reactive as their atomic number increases?  It is harder for the nucleus to attract the extra electron needed to complete its outside shell due to shielding by the extra electrons.

Which group 1 and 7 elements would give the most dramatic reaction?  Caesium and fluorine
Activity 3

Halogens crossword

The crossword is a revision activity for the group 7 elements, which could be completed after researching the halogens and their reactions and uses, or as a homework after completing the practical work.
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Activity 4

Electrons in reactions

Kinaesthetic learners may enjoy making card models of different atoms in group 1 and 7 showing electron layers (see diagram 1). Some learners may enjoy sticking coloured dots/sequins on the models to represent the electrons, using a different colour for the transferred electron. These can be made into mobiles to hang from the ceiling or on a line between clamp stands, if the electron rings and nucleus are separated (see diagram 1) and joined by thread.

Learners should choose a group 1 metal from lithium, sodium or potassium and a group 7 element from fluorine or chlorine as the other elements contain too many electrons for the GCSE model of an atom.
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Resources required: atom template photocopied onto thin card, thread, scissors, sticky tape, coloured pens or stickers to mark on electrons.

Diagram 1
Two different coloured counters can be added to A4 diagrams of atoms to represent protons and electrons. The two colours can be paired up to remind learners that atoms are neutral overall. When the electron is transferred during a reaction and an ion forms, the extra counters (electrons or protons) make it clear what the charge on the ion is. (Learners often find it illogical that atoms that have lost electrons become positive and those atoms that have gained electrons become negative.)  The position of the charge on the top right of the atom’s symbol should be stressed and added to the model, as learners may only be used to the lower right position to indicate the number of atoms within a molecule. This could then lead on to dot-cross diagrams to show which electron has come from which atom. This can be reviewed by completing the Electrons in Reactions sheet. More able learners should complete the Going Further section at the bottom of the sheet.
More resources:

http://www.rsc.org/learn-chemistry/resource/res00001126/ri-christmas-lectures-2012-the-halogens#!cmpid=CMP00002150 reaction of Na and Cl2, Cs and F2
Template for electron models
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Electrons in Reactions

Fluorine has atomic number 9.


Lithium has atomic number 3.

How many electrons does it have? 9


How many electrons does it have? 3
Draw the electron arrangement using x as 

Draw the electron arrangement           
the electron.





using o as the electron.
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There are 9 positive protons and  


There are 3 positive protons and 
9 negative electrons, so there is no charge 

3 negative electrons, so there is no charge 
on the atom.





on the atom.
When fluorine and lithium react, both atoms end up with a full outer shell of electrons. Add an arrow to the diagrams above to show how this could happen.

Draw the new electron arrangements below:





There are 9 positive protons and 
There are 3 positive protons and 
10 negative electrons, so there is a negative
2 negative electrons, so there is a positive
charge on the atom.
charge on the atom. 

It is now called an ion.
It is now called an ion.

The ions will not now react because they have complete outer shells (like the noble gases)
Going further

Sodium has atomic number 11, chlorine has atomic number 17. Draw diagrams to show the atoms’ electron arrangements before and after reacting. Na 2:8:1
Cl 2:8:7
Why is chlorine less reactive than fluorine? Harder for positive nucleus to attract the extra electron due to shielding by inner electrons.
Why is sodium more reactive than lithium?  Harder for positive nucleus to hold on to the outer electron due to shielding by inner electrons.
Activity 5

Loop card game

This is a useful revision activity which can be carried out as a whole class or in small groups, which develops listening skills. The cards should be cut out so that learners have one answer (or START/END) and one question and should be shuffled before dealing out to the class.

The learner with the START card reads the first question to the class. The learner with the correct answer reads it out and then reads out their question. It is important that the teacher checks the correct answer has been given. This is best done by having the complete set of question printed out to follow as the game progresses. The questioning continues until the END card is reached. It is useful to time how long it takes so that the class can try and improve on their time in subsequent games as they become more familiar with the information. 
More able learners could make their own loop game for particular parts of the topic that they have found challenging. They could also try playing it in smaller groups so that more questions have to be answered.

Resources required: loop card game photocopied onto thin card.

Answers:

	START
	A noble gas used to fill balloons that float

	helium
	A noble gas used to make red signs

	neon
	The alkali metal that is below lithium in group 1

	sodium
	The word to describe the noble gases

	inert
	Inert means that a chemical doesn’t   ….

	react
	Another name for the group 1 elements

	alkali metals
	The alkali metals all have this number of outer electrons

	1
	Another name for the group 7 elements

	halogens
	The alkali metals all tarnish when they react with this gas in the air

	oxygen
	This halogen is a liquid at room temperature

	bromine
	This pure halogen is a dark grey solid at room temperature

	iodine
	The halogen which is a green poisonous gas. It was used in the First World War

	chlorine
	The most reactive halogen

	fluorine
	The halogens all form molecules made up of this number of atoms

	2
	A word which means that molecules are made up of 2 atoms

	diatomic
	The colour of iodine vapour

	purple
	The least reactive alkali metal

	lithium
	The gas made when group 1 metals react with water

	hydrogen
	When a lit splint is put into hydrogen, it gives a

	squeaky pop
	This noble gas is used in welding and traditional light bulbs to stop the hot metal reacting

	argon
	Fluorine is used to make Teflon, a slippery polymer used to coat

	non-stick pans
	The soluble chemical made when an alkali metal reacts with water

	metal hydroxide
	The colour of pure bromine liquid

	red-brown
	The colour of bromine gas

	orange
	Group 1 and 7 react to form solids called

	salts
	If you test the pH of the water after adding a group 1 metal to it, it is

	alkaline
	The 2 lightest halogens are both in this state at room temperature

	Gas
	Chlorine is used in swimming pools because it is a

	disinfectant
	Chlorine makes colours fade, so can be used as a

	bleach
	END


Supporting information

As with all practical work, it is vital to practise the experiments before doing them with the class. A relevant risk assessment should also be read. A fume cupboard must be available if doing reactions other than displacement with halogens.

It is also important to preview any video clips to ensure the relevance to the class being taught.

http://www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine#!cmpid=CMP00005145  has practical information from the Royal Society of Chemistry (RSC) on Heating Group 1 Metals in Air and in Chlorine and a video of these reactions and reactions of group 1 with water with practical tips for teachers at http://www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine#!cmpid=CMP00000939 . Reactions with chlorine around 9:30; reactions with water around 11:30.

The displacement reactions of the halogens should also be covered: http://www.rsc.org/learn-chemistry/resource/res00000844/halogens#!cmpid=CMP00000954  activity 2 is displacement reactions described for learners. Learners by completing the activity ‘displacement reactions with halogens’ will have covered Chemistry ‘Practical Activity Group 1’ (PAG1) in Chapter 8 of the specification. 
http://www.rsc.org/learn-chemistry/resource/res00000844/halogens#!cmpid=CMP00000955  has the accompanying teacher notes – good supporting information on the halogens, including demonstrating the halogen and iron wool reactions.

A useful homework is to research the atomic mass, melting point, boiling point and a common use for each of the noble gases. Learners could use this to predict the relative density of the gases which can be illustrated with http://www.rsc.org/learn-chemistry/resource/res00001127/ri-christmas-lectures-2012-the-noble-gases#!cmpid=CMP00002151  a short video from the 2012 RI Christmas lecture which demonstrates the density and colour of the gases when electricity is passed through them. 

http://www.rsc.org/learn-chemistry/resource/res00001127/ri-christmas-lectures-2012-the-noble-gases#!cmpid=CMP00002152 uses of xenon in medicine.
http://www.rsc.org/learn-chemistry/resource/res00001632/visual-elements-trumps RSC elements top trumps game – to buy. Learners may prefer to create their own version, using categories such as melting point, atomic number, reactivity, number of electrons in outer shell.

Weaker candidates may struggle to see the relevance of some of the work, but if the learning outcomes are compared to a musician’s scales which must be practised before being able to play complicated pieces, this may help. It is also vital to include up to date uses wherever possible, such as xenon in medicine, to show that the more we know about a subject, the more useful it becomes.

Topic Exploration Pack

Chemical Patterns
Learner Activity

Activity 1 – Group 1 Reactions
While watching the demonstrations, fill in the gaps or choose the best answer in italics.

The lightest alkali metal is _________________________ .

It can be cut with a knife and loses its shine quickly/ slowly.

When added to water, it floats/ sinks/ sinks then floats and moves ____________________ 

The word equation for the reaction is:

Lithium + water ( _________________ hydroxide + ____________________ gas

The next alkali metal in group 1 is _________________________ .

It is easier to cut with a knife and loses its shine faster/ slower than lithium.

When added to water, it floats/ sinks/ sinks then floats and moves ____________________ 

The word equation for the reaction is:

Sodium + water ( _________________ hydroxide + ____________________ gas

The next alkali metal in group 1 is _________________________ .

It is even easier to cut with a knife than sodium and loses its shine faster/ slower than sodium.

When added to water, it floats/ sinks/ sinks then floats and moves ____________________ 

The word equation for the reaction is:

Potassium + water ( _________________ hydroxide + ____________________ gas

This shows that the group 1 elements get more/ less reactive as they get heavier down the group.

Going further

Find the symbol equation for each reaction and write it under the word equation. Remember to add the state symbols (s) (l) (g) or (aq).

Work out the electron arrangement of each metal. 
	


Why are they in Group 1?  
	


Why do you think they get more reactive as their atomic number increases?

	


Activity 2 – Group 7 Reactions

While watching the videos or demonstrations, fill in the gaps of choose the best answer in italics.

The lightest halogen is ____________________________.   It is a ___________________ coloured solid/ liquid/ gas.
The next halogen in group 7 is ____________________________. It is a ______________ 

coloured solid/ liquid/ gas.
When added/heated with iron wool, you see ______________________________________

and a salt called iron chloride is made. The word equation for the reaction is:

chlorine + iron  ( _________________________ 

The next halogen in group 7is ____________________________. It is a _______________ 

coloured solid/ liquid/ gas.
When added/heated with iron wool, you see ______________________________________

The word equation for the reaction is:

____________________+ iron  ( _________________________ 

The next halogen in group 7 is ____________________________. It is a ______________ 

coloured solid/ liquid/ gas.
When added/heated with iron wool, you see _____________________________________

The word equation for the reaction is:

____________________+ iron  ( _________________________ 

This shows that the group 7 elements get more/ less reactive as they get heavier going down the group.
Going further

Find the symbol equation for each reaction and write it under the word equation. Remember to add the state symbols (s) (l) (g) or (aq).

Work out the electron arrangement of F and Cl. 
	


Why are they in group 7?  Why do you think they get less reactive as their atomic number increases?
	


Which group 1 and 7 elements would give the most dramatic reaction?

	


Activity 3 – Halogens Crossword
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Across

1.
The only radioactive halogen.

3.
The number of electrons that a halogen needs to complete its outside shell.

7.
The most reactive halogen.

8.
Group 7 elements react with metals to form this type of compound.

10.
The atomic mass of bromine to two significant figures.

12.
The halogens should always be handled in a fume cupboard as they are ---

13.
Iodine does not change the colour of potassium bromide solution because it is less --- than bromine.

14.
The only halogen which is a liquid at room temperature.

Down
2.
The salt made when sodium and chlorine react.

4.
The part of an atom that attracts an electron.

5.
As the atomic number increases, the reactivity of the halogens ---

6.
The atomic number of fluorine.

9.
Because chlorine is more reactive, it displaces this halogen from potassium iodide solution.

11.
The colour of the most reactive halogen.

Activity 4 – Electrons in Reactions

Fluorine has atomic number 9.


Lithium has atomic number 3.

How many electrons does it have? 


How many electrons does it have? 

Draw the electron arrangement using x as 

Draw the electron arrangement using o as the electron.




as the electron.


There are              positive protons and 

There are              positive protons and 
            negative electrons, so there is no 
 
            negative electrons, so there is no  charge on the atom.




charge on the atom.
When fluorine and lithium react, both atoms end up with a full outer shell of electrons. Add an arrow to the diagrams above to show how this could happen.

Draw the new electron arrangements below:



There are              positive protons and 

There are            positive protons and 

            negative electrons, so there is a

               negative electrons, so there is a 
                          charge on the atom.


a                             charge on the atom.
It is now called an ion




It is now called an ion.
The ions will not now react because
	


Going further

Sodium has atomic number 11, chlorine has atomic number 17. Draw diagrams to show the atoms’ electron arrangements before and after reacting.
	


Why is chlorine less reactive than fluorine?
	


Why is sodium more reactive than lithium?
	


Template for electron models

Activity 5 – Loop card game

	gas
	Chlorine is used in swimming pools because it is a….


	purple
	The least reactive alkali metal


	bleach
	END


	alkaline
	The 2 lightest halogens are both in this state at room temperature


	lithium
	The gas made when group 1 metals react with water


	metal hydroxide
	The colour of pure bromine liquid


	2
	A word which means that molecules are made up of 2 atoms


	red-brown
	The colour of bromine gas


	fluorine
	The halogens all form molecules made up of this number of atoms


	diatomic
	The colour of iodine vapour


	salts
	If you test the pH of the water after adding a group 1 metal to it, it is…


	chlorine
	The most reactive halogen


	bromine
	This pure halogen is a dark grey solid at room temperature


	hydrogen
	When a lit splint is put into hydrogen, it gives a…


	iodine
	The halogen which is a green poisonous gas. It was used in the First World War


	squeaky pop
	This noble gas is used in welding and traditional light bulbs to stop the hot metal reacting


	inert
	Inert means that a chemical doesn’t   ….


	START
	A noble gas used to fill balloons that float


	sodium
	The word to describe the noble gases


	oxygen
	This halogen is a liquid at room temperature


	orange
	Group 1 and 7 react to form solids called


	react
	Another name for the group 1 elements


	argon
	Fluorine is used to make Teflon, a slippery polymer used to coat


	alkali metals
	The alkali metals all have this number of outer electrons


	non-stick pans
	The soluble chemical made when an alkali metal reacts with water


	neon
	The alkali metal that is below lithium in group 1


	helium
	A noble gas used to make red signs


	halogens
	The alkali metals all tarnish when they react with this gas in the air


	1
	Another name for the group 7 elements
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