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Edexcel GCSE (9–1) in Combined Science Support scheme of work (including Entry Level Certificate) -Chemistry
Edexcel GCSE (9–1) Combined Science Support 
Scheme of work (including Entry Level Certificate) 
CHEMISTRY

Important information:

This Scheme of Work matches the Active Learn Digital Service materials for Chemistry.
You can access these materials here.

You may also find the document titled ‘Entry Level specifications map to resource topics and assessments’ useful when planning your course.
Also available on our website are course planners so you can plan your topic delivery order.

How to use this scheme of work:

This Scheme of Work focuses on allowing students to access and prepare for GCSE foundation tier content, whilst achieving the Entry Level
Certificate qualification. There is no obligation to complete or certificate the Edexcel Certificate through this course. 

Each topic is allocated 4 hours and is supported by Active Learn Digital Resources.

Approximately 2 hours is allocated to teach ELC content and up to a further 2 hours to secure ELC learning and extend to GCSE foundation tier level,
if appropriate for your learner. Recap and securing lessons could be taught directly after the first lesson on a particular topic or could be taught at
a later point in the academic calendar (spiral).

Notes: Content in square brackets is only covered in ‘Exemplar re-cap topic differentiated teaching activities - Securing GCSE’.
Occasionally GCSE Specification points are not fully covered. The parts not covered by the materials are indicated by […].  

	
C1 Atoms, compounds and states of matter


	C1a States of matter (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.29 Describe the arrangement and movement of particles in each of the three states of matter: solid, liquid and gas.

1A.30 Recall the names used for the interconversions between the three states of matter.

1A.31 Describe the changes in arrangement and movement of particles during these interconversions.

1A.32 Recognise that these interconversions are physical changes, unlike chemical reactions that result in chemical changes.


GCSE Combined Science

C2.1 Describe the arrangement, movement and the relative energy of particles in each of the three states of matter: solid, liquid and gas.

C2.2 Recall the names used for the interconversions between the three states of matter, recognising that these are physical changes: contrasted with chemical reactions that result in chemical changes.

C2.3 Explain the changes in arrangement, movement and energy of particles during these interconversions.

[C2.4 Predict the physical state of a substance under specified conditions, given suitable data.]


	Starter
Have some examples of substances in the three states of matter available for students to examine; solids, liquids, gases. Ask students to a) suggest properties common to substances in the same state and b) their ideas about how the particles are arranged in each of the states.

Exploring
Worksheet C1a.1 explores what happens when a substance changes from one state to another. Students observe a sample of liquid octadecanoic (stearic) acid as it cools from about 90 °C. They record the temperature of the sample at regular intervals and note the appearance of the sample. Observations should continue until after the sample has solidified and the temperature has fallen to around 40 °C. Students plot their results on graph axes. Students may need help drawing a line of best fit.

Explaining
Ensure that students can recall the names for the changes of state. Discuss what happens at these temperatures, both in the bulk properties and in the particle arrangement of the substances. Explain that the melting point and freezing point of a substance are the same, similarly the boiling and condensation points, discuss why these are known as physical changes. 
	Starter
Show students a melting ice cube and ask them to make statements about it. Include observations and explanations. This could be repeated with a boiling kettle of water.

Securing ELC
Worksheet C1a.5 has a graph of temperature against time for water, showing two changes of state. Working in pairs, students should cut out the labels and diagrams at the bottom of the sheet and stick them in the appropriate places on the graph. Their finished labelled graph should name and describe the changes that take place at different temperatures.

Securing GCSE Support
Worksheet C1a.6 has a graph of temperature against time for water, showing two changes of state. Working in pairs, students should fill in the labels to name and describe the states and the changes, including the energy of the particles at each point. Students could use the labels below the dotted line rather than writing their own descriptions.

Securing GCSE 
Worksheet C1a.7 provides the melting and boiling points of some substances. Students should use this data to answer questions about the state of the substances at different temperatures. 
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C1 Atoms, compounds and states of matter


	C1b Atomic structure (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.1 Describe the structure of an atom as: 
 a a nucleus containing protons and neutrons 
 b a nucleus surrounded by electrons arranged in
shells (of the first 20 elements of the periodic
table)

1A.2 Describe the nucleus of an atom as very small compared to the overall size of the atom

1A.4 Recall that most of the mass of an atom is concentrated in the nucleus

1A.3 Recall the relative charge and relative mass of: 
 a a proton b a neutron c an electron

1A.5 Describe atoms of a given element as having the same number of protons in the nucleus and that this number is unique to that element and known as the atomic number

1A.6 Recall the meaning of the term mass number of an atom

GCSE Combined Science

[C1.1 Describe how the Dalton model of an atom has changed over time because of the discovery of subatomic particles (Exploring 3 only).]

C1.2 Describe the structure of an atom as a nucleus containing protons and neutrons surrounded by electrons in shells.

[C1.3 Recall the relative charge and relative mass of: a a proton b a neutron c an electron.]

C1.4 Explain why atoms contain equal numbers of protons and electrons

C1.5 Describe the nucleus of an atom as very small compared to the overall size of the atom

C1.6 Recall that most of the mass of an atom is concentrated in the nucleus

[C1.7 Recall the meaning of the term mass number of an atom.]

C1.8 Describe atoms of a given element as having the same number of protons in the nucleus and that this number is unique to that element


	Starter
Write the word ‘atoms’ in the centre of the board. Ask students to define this term. Then write the words ‘matter’, ‘elements’, ‘compounds’, ‘particles’ and ‘structure’ around it in a rough circle. Ask students to identify any of these words that they don’t know the meaning of. 

Exploring
Ask students to use a variety of resources to make an atomic model. The model should be three-dimensional and show the arrangement of the subatomic particles. When completed, ask students to compare their models and choose the examples which represent atomic structure most accurately.

Explaining
Show the arrangement of the subatomic particles in an atom. Discuss this with students, and ask them to suggest the properties of each of these particles and to compare the nucleus of an atom to the atom as a whole. 

	Starter
Display the labelled diagram of a lithium atom. Challenge students to think up ways of telling this atom apart from atoms of different elements. Answers could include: measure the mass of the atoms, measure the mass of the nucleus, count the number of protons, count the number of electrons, measure the total charge of the protons, measure the total charge of the electrons.

Securing ELC 
Students revisit the atomic structure models they made in Exploring. Students should then add labels to their models to show the properties of the subatomic particles. In addition, tell students their model is going to be part of a display. Ask them to write an information panel to go with their model. 

Securing GCSE Support
Ask students to draw a beryllium atom; 5 neutrons, 4 protons, and 4 electrons. Ask them to annotate their diagram with labels showing the properties of each of the subatomic particles and any other important features of the atom

Securing GCSE
Introduce to students how ideas about atomic structure have changed and gets them to think about the different discoveries that have prompted changes in models. 

















	
C1 Atoms, compounds and states of matter


	C1c  The periodic table (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.8 Describe how Mendeleev arranged the elements, known at that time, in a periodic table by using properties of these elements and their compounds.

1A.9 Describe how Mendeleev used his table to predict the existence and properties of some elements not then discovered.

1A.10 Describe that in the periodic table: a elements are arranged in order of increasing atomic number, in rows called periods; b elements with similar properties are placed in the same vertical columns called groups.

1A.13 Explain how the arrangement of electrons in an element is related to its position in the periodic table.


GCSE Combined Science

C1.13 Describe how Mendeleev arranged the elements, known at that time, in a periodic table by using properties of these elements and their compounds.

C1.14 Describe how Mendeleev used his table to predict the existence and properties of some elements not then discovered.

C1.17 Describe that in the periodic table: a elements are arranged in order of increasing atomic number, in rows called periods; b elements with similar properties are placed in the same vertical columns called groups.

C1.20 Explain how the electronic configuration of an element is related to its position in the periodic table.



	Starter
Show students samples of some of the elements that were known by the middle of the 19th century; copper, iron, magnesium, nickel, sodium, calcium, sulfur, oxygen, hydrogen, bromine, helium and carbon. Discuss with students the variety of properties that these elements have. Ask them to suggest how the elements might be grouped into a number of categories of elements with similar properties. Compare the different categorisations that are suggested. 

Exploring
Using Worksheet C1c.1, students have nine element cards to sort – three each from groups 1, 2 and 7. Students work through the steps on the sheet, individually at first and then in pairs, to work out an order and an explanation of the reasons for their order. Once the individual and pair work has been completed, show students a periodic table. Ask them to compare the order of their elements with the order on the periodic table. Ask them to rearrange their cards into the order shown on the periodic table, if their order was different. Ask them to describe any patterns in the order, given the information on the cards.

Explaining
Check that students recall the atomic structure learnt in the previous topic, with respect to protons and neutrons in a central nucleus and electrons in shells around the nucleus, before looking at the structure of an element’s atoms in relation to its position in the periodic table and diagram C. The ALDS presentation C1c The periodic table looks at the development of the periodic table from Mendeleev’s first arrangement through to the modern periodic table.
	Starter
Students list what they know about the periodic table and particularly what it tells us. Compare their lists and create an agreed list from joining their ideas. 

Securing ELC 
Give students a sheet of A3 paper and a copy of the periodic table without any shading of metals/non-metals/semi-metals or labels for the mass or atomic number. A copy is provided on Worksheet C1c.5. 
Students stick the periodic table in the centre of the A3 sheet of paper, add labels, colours and captions to show what the information on the periodic table shows and means. Add annotations to illustrate the link between the arrangement of electrons in an atom and where the element is placed in the periodic table.

Securing GCSE Support
As Securing ELC.

Securing GCSE
Students complete the electronic configurations for the first 10 elements (H to Ne). Worksheet C1c.6 provides empty diagrams with instructions on how to write and draw electronic configurations. Work through the examples as a class.













	
C1 Atoms, compounds and states of matter


	C1d Metals and the periodic table (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1A.11 Identify elements as metals or non-metals according to their position in the periodic table.

1A.12 Describe most metals as shiny solids that have high melting points, high density and are good conductors of electricity, whereas most non-metals have low boiling points and are poor conductors.

1A.14 Recall that when elements react, their atoms join with other atoms to form compounds.


GCSE Combined Science

C1.9 Describe isotopes as different atoms of the same element containing the same number of protons but different numbers of neutrons in their nuclei.

C1.10 Calculate the numbers of protons, neutrons and electrons in atoms given the atomic number and mass number.

[C1.11 Explain how the existence of isotopes results in relative atomic masses of some elements not being whole numbers.]

C1.15 Explain that Mendeleev thought he had arranged elements in order of increasing relative atomic mass but this was not always true because of the relative abundance of isotopes of some pairs of elements in the periodic table.

C1.16 Explain the meaning of atomic number of an element in terms of position in the periodic table and number of protons in the nucleus.

C1.18 Identify elements as metals or non-metals according to their position in the periodic table, explaining this division in terms of the atomic structures of the elements.

C1.42 Describe most metals as shiny solids which have high melting points, high density and are good conductors of electricity whereas most non-metals have low boiling points and are poor conductors of electricity.



	Starter
Introduce a display of different metals and non-metals and ask students to match each one with a possible use, with an explanation.

Exploring
Students carry out a practical in which they investigate some physical properties of metals and non-metals. Instructions are given on Worksheet C1d.1. Students test various solids (aluminium, copper, iron, sulfur, carbon) for their electrical conductivity, appearance and density. 

Explaining
Revisit the atomic structure within the context of metals, looking at atomic number and mass number and how these can be used to calculate the number of neutrons, protons and electrons. Links this with introducing isotopes and Mendeleev’s arrangement of elements, involving swapping the place of some elements.



	Starter
Students to construct a concept map with ‘periodic table’ at the centre of it You might discuss ideas as a class or create a class list of words to support students. Students should be encouraged to use colour on their concept maps to help them organise their thoughts. 

Securing ELC 
Ask students to return to the periodic table they created as part of the Securing recap work for topic C1c The periodic table. Add further labels, colours and captions to show the information on the periodic table relating to metals and non-metals. 

Securing GCSE Support
Ask students to return to the periodic table they created as part of the Securing recap work for topic C1c. Work in the same pairs to add labels, colours and captions to show information on the periodic table relating to metals, non-metals and isotopes. 
Students should illustrate an example of calculating the number of protons, neutrons and electrons for a sample of elements, using the element’s mass number and atomic number given in the periodic table.
Students should write notes about anything that is incorrect or missing for each other’s periodic table.

Securing GCSE
Worksheet C1d.5 reinforces work on atomic number and mass number, and calculating numbers of protons, neutrons and electrons and introduce students to the idea of isotopes using hydrogen, lithium and lead as examples. Explains how these atoms of the same element are different and why this means the relative atomic mass of elements is rarely a whole number. 











	
C1 Atoms, compounds and states of matter


	C1e Ionic bonding (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.15 Describe how ionic bonds are formed:
 a between a metal atom and a non-metal atom
 b by the transfer of electrons to produce positive and negative ions, including the use of dot and cross diagrams.

1A.16 Explain the structure of an ionic compound as a giant structure of positive and negative ions. 

1A.17	Describe the formation of ions in ionic compounds from their atoms, limited to compounds of elements in groups 1 and 7.

1A.18	Describe the properties of ionic compounds limited to:
 a high melting points and boiling points, because energy is needed to overcome the strong forces between the ions
 b  solubility in water
 c whether or not they conduct electricity as solids, when molten and in aqueous solution.


GCSE Combined Science

C1.21 Explain how ionic bonds are formed by the transfer of electrons between atoms to produce cations and anions, including the use of dot and cross diagrams.

C1.22 Recall that an ion is an atom or group of atoms with a positive or negative charge.


C1.24 Explain the formation of ions in ionic compounds from their atoms, limited to compounds of elements in groups 1, 2, 6 and 7.

C1.27 Explain the structure of an ionic compound as a lattice structure: 
 a consisting of a regular arrangement of ions 
 b held together by strong electrostatic forces (ionic bonds) between oppositely charged ions.

C1.33 Explain the properties of ionic compounds limited to: 
 a high melting points and boiling points, in terms of forces between ions 
 b whether or not they conduct electricity as solids, when molten and in aqueous solution.




	Starter
Investigating compounds that include sodium chloride, commonly known as (common) salt. Ask students what they know about the properties of salt.
Demonstration: put a little salt in a hard glass test tube and heat over a roaring Bunsen flame until the tube is red hot.

Exploring
Students work through Worksheet C1e.1 individually, in pairs or in groups. The sheet requires students to cut out diagrams and captions, which they can then put into a sequence to storyboard the formation of sodium chloride from sodium and chlorine atoms. Each student ends up with a copy of the storyboard to keep in their book or file. Alternatively, groups can work on a blown-up version of the storyboard to be displayed in the classroom.

Explaining
The ALDS presentation C1e Ionic bonding contains questions about anions, cations, dot and cross diagrams and the properties of ionic compounds.


	Starter
Ask students for the differences between: the compound potassium chloride and the elements potassium and chlorine; a potassium atom and a potassium ion and a potassium ion and a chloride ion. Display dot and cross diagrams of potassium and chlorine atoms and/or ions. 

Securing ELC 
Worksheet C1e.5 has questions about the formation and properties of sodium fluoride. 

Securing GCSE Support
Worksheet C1e.6 has a linking lines exercise on potassium bromide, linking descriptions of the formation and properties of potassium bromide with explanations. In the next task on the worksheet, students sketch dot and cross diagrams of the ions in sodium fluoride.

Securing GCSE
Worksheet C1e.7 extends the work on ionic bonding to include compounds of elements from groups 2 and 6, specifically magnesium oxide and calcium sulphide. It also introduces the explanation for the formation of the ions and the ionic bond. The worksheet also explains that ions are stable because they have full outer shells.






	
C1 Atoms, compounds and states of matter


	C1f Covalent bonding (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.19	Describe how a covalent bond is formed when a pair of electrons is shared between two 
non-metal atoms.

1A.20	Recall that covalent bonding usually results in the formation of simple molecules.

1A.21	Describe the formation of simple molecular, covalent substances using dot and cross diagrams, including: 
a	hydrogen 
b	hydrogen chloride 
c	water (double bonds are not required).

1A.22	Describe the properties of typical covalent, simple molecular compounds limited to:
a	low melting points and boiling points, because of weak forces between molecules (intermolecular forces) 
b	poor conduction of electricity.

1A.23	Recall that covalent bonding sometimes results in the formation of giant molecules.

1A.27	Describe, using poly(ethene) as the example, that simple polymers consist of large molecules containing chains of carbon atoms.


GCSE Combined Science

C1.28	Explain how a covalent bond is formed when a pair of electrons is shared between two atoms.
C1.29	Recall that covalent bonding results in the formation of molecules.

C1.30	Recall the typical size (order of magnitude) of atoms and small molecules.

C1.31	Explain the formation of simple molecular, covalent substances, using dot and cross diagrams, including:
a	hydrogen
b	hydrogen chloride
c	water
d	methane
[e          oxygen
f           carbon dioxide.]

C1.34	Explain the properties of typical covalent, simple molecular compounds limited to:
a	low melting points and boiling points, in terms of forces between molecules (intermolecular forces)
b	poor conduction of electricity.

C1.39	Describe, using poly(ethene) as the example, that simple polymers consist of large molecules containing chains of carbon atoms.


	Starter
Show beakers containing various simple molecular substances, e.g. water, hexane, sulfur, wax, ammonia. Ask students questions about the state and appearance of these substances. For example:
What colour are the substances?
Are they solid, liquid or gaseous at room temperature?
Do they have high or low melting points? 
Can they conduct electricity? 
Ask students to share their ideas about what covalent bonding is. Ensure students understand that covalent bonding is the sharing of electrons between non-metal atoms. With students who were able to describe what a covalent bond is, discuss how atoms share electrons to get to a full outer electron shell, which is more stable.

Exploring
Students work through Worksheet C1f.1 exploring the properties of simple molecular substances. Properties looked at are melting and boiling points and electrical conductivity.

Explaining
Work through the Student Book pages, answering the questions up to the checkpoint.
Check that students understand the concept of covalent bonding and can recall that the number of electrons in the outer shell of each atom is equal to the group number of the periodic table. 
	Starter
Show some diagrams of atoms with the electrons in the shells around the nucleus (e.g. hydrogen, oxygen, chlorine, carbon). Ask the students to count how many outer electrons each atom has, then ask them to estimate how many covalent bonds each atom could form. The Student Book has suitable diagrams in 
C1b Atomic structure (diagram B) and C1c The periodic table (diagram D).

Securing ELC
Worksheet C1f.5 contains questions about the formation of covalent bonds and gives practice in using dot and cross diagrams. It concentrates on building up the formation of dot and cross diagrams for hydrogen, hydrogen chloride and water molecules. 

Securing GCSE Support
Worksheet C1f.6 has an activity with further work on dot and cross diagrams and general questions about covalent bonding in simple molecular substances. 

Securing GCSE 
Worksheet C1f.7 extends the work on dot and cross diagrams by asking the students to draw their own dot and cross diagrams for oxygen and carbon dioxide. 







	
C1 Atoms, compounds and states of matter


	C1g Giant covalent compounds (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1A.23	Recall that covalent bonding sometimes results in the formation of giant molecules.

1A.24	Describe the properties of giant covalent compounds, limited to:
a	high melting and boiling point
b	poor conduction of electricity (except graphite)
c	insoluble in water.

1A.25	Recall that graphite and diamond are different forms of carbon and that they are examples of giant covalent substances.

1A.26	Describe the uses of graphite in electrodes or as a lubricant, and diamond in cutting tools, and relate them to their properties.

GCSE Combined Science

C1.35	Recall that graphite and diamond are different forms of carbon and that they are examples of giant covalent substances.

C1.36	Describe the structures of graphite and diamond.

C1.37	Explain, in terms of structure and bonding, why graphite is used to make electrodes and as a lubricant, whereas diamond is used in cutting tools.

C1.38	Explain the properties of fullerenes including C60 and graphene in terms of their structures and bonding.

C1.41	Describe the limitations of particular representations and models of molecules.

	Starter
Show students beakers containing various giant covalent substances (or pictures of the substances in real life), e.g. sand/graphite/diamond. 
Ask students about the physical states of these substances. What elements are they made from? What do students think their typical melting/boiling points would be? Would they conduct electricity? What are these substances used for? How are they different from typical simple molecular substances? Gather ideas from the students as a spider diagram. 

Exploring
Students work through Worksheet C1g.1 exploring the properties of giant covalent substances, including melting point, boiling point, electrical conductivity and solubility in water.

Explaining
Work through the Student Book pages, answering the questions up to the checkpoint.
Check that students understand that covalent bonding can form giant covalent substances and can recall the properties and structure of these types of substances. They should be able to compare giant covalent substances with simple molecular substances that have been studied in previous lessons.

	Starter
Show students pictures of various simple molecular and giant covalent substances, such as water, wax, graphite and diamond. Ask the students to describe: their bonding, the differences in their structures, the differences in their properties. Gather ideas from students in the form of a spider diagram. GCSE students could be expected to explain their properties as well as recalling the terms simple molecular substance and giant covalent substance.

Securing ELC 
Worksheet C1g.5 has multiple-choice questions about the properties and uses of giant covalent substances. 

Securing GCSE Support
Worksheet C1g.6 has a set of fact cards containing diagrams and information about structure, properties and uses of different giant covalent substances, which the students arrange for each substance.

Securing GCSE
Worksheet C1g.7 asks students to place statements about the advantages and disadvantages of representing structures in different ways in the correct columns. 










	
C1 Atoms, compounds and states of matter


	C1h  Metallic bonding and bonding summary (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1A.28	Describe the properties of metals, including:
a	the ability to conduct electricity, because of free moving electrons
b	malleability, because layers of metal atoms can slide over each other.


GCSE Combined Science

C1.32	Explain why elements and compounds can be described as:
a	ionic
b	simple molecular (covalent)
c	giant covalent
d	metallic
and how the structure and bonding of these types of substances results in different physical properties, including relative melting point and boiling point, relative solubility in water and ability to conduct electricity (as solids and in solution).

C1.40	Explain the properties of metals, including malleability and the ability to conduct electricity.

C1.42	Describe most metals as shiny solids which have high melting points, high density and are good conductors of electricity whereas most non-metals have low boiling points and are poor conductors of electricity.



	Starter
Show some different metal samples to the class, e.g. copper, zinc, magnesium, iron. Ask students questions such as: What are the typical physical properties of metals? What are the typical chemical properties? Are there any metals that do not display the usual properties? 

Exploring
Students use Worksheet C1h.1 to investigate the electrical conductivity of metals. Students place different metal samples into a circuit and see whether the light bulb lights up. 

Explaining
Work through the Student Book pages, answering the questions up to the checkpoint.
Check that students understand the concept of metallic bonding and can recall the properties of metals. They should be able to compare this type of bonding with covalent and ionic bonding, which have been studied in previous lessons.

	Starter
Ask students to make a list of what they can remember of the typical properties of metallically bonded substances. If students are struggling to find some differences between metals and non-metals, then give some clues about the properties they should consider, e.g. melting/boiling points, electrical conductivity and solubility in water.

Securing ELC 
Worksheet C1h.5 has questions about bonding in metals, including labelling a diagram to describe metallic bonding and the properties of metals. 

Securing GCSE Support
Worksheet C1h.6 provides questions on the different properties of ionic, simple molecular and giant covalent substances. 

Securing GCSE
Using Worksheet C1h.7, students classify different types of elements and compounds by investigating their melting points and boiling points, solubility in water, and electrical conductivity (as solids and in solution), for substances including aluminium, sodium chloride, magnesium sulfate, hexane, liquid paraffin, silicon(IV) oxide, copper sulfate and sucrose (sugar).
















	
C2 Separating mixtures

	C2a Separating mixtures (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.1	Recall that a mixture contains two or more substances that are not chemically combined.

1B.2	Describe the experimental techniques for separation of mixtures by:
c	filtration
d	crystallisation.

1B.5	Describe how waste and ground water can be made drinkable, including 
the need for sedimentation, filtration and chlorination.


GCSE Combined Science

C2.5	Explain the difference between the use of ‘pure’ in chemistry compared with its everyday use and the differences in chemistry between a pure substance and a mixture.

[C2.6	Interpret melting point data to distinguish between pure substances which have a sharp melting point and mixtures which melt over a range of temperatures.]

C2.7	Explain the types of mixtures that can be separated by using the following experimental techniques:
c	filtration
d	crystallisation.

C2.12	Describe how:
a	waste and ground water can be made potable, including the need for sedimentation, filtration and chlorination.



	Starter
Explain that, in this lesson, students will be investigating how to separate mixtures. 
Show students a range of substances, some that are mixtures and some that are pure substances. These can include substances that students are familiar with, like orange juice, salt, soil and water, as well as metals and compounds used in chemistry, such as copper sulfate. Ask students to work in pairs to decide whether each substance is pure. Ask students to come up with a definition for the term pure. 
Then ask students to suggest methods to separate mixtures they have identified, to show what they remember from KS3.

Exploring
Worksheet C2a.1 provides instructions for the separation of a mixture of sand and salt to gain pure sand and pure salt. 

Explaining
The ALDS interactive C2a Purifying water gives students the opportunity to solidify their knowledge of how to make ground and waste water drinkable.



	Starter
Ask students to individually list all the different separation techniques they know. Then ask them to share their list with another student and see whether the lists are the same and if any can be added to. Then go through the lists with the class and ask students to make any corrections. Ask them to give examples of where the separation techniques may be used. 

Securing ELC 
Worksheet C2a.5 provides diagrams and labels for students to use in order to produce a poster on separating techniques. They will need to show they understand how the equipment is used, using the cut-out diagrams appropriately on their poster. Students can be asked to add explanatory labels. 

Securing GCSE Support
Worksheet C2a.6 provides instructions to make a model of the filtration tower in a water treatment plant. You will need to provide some water mixed with grit as ‘ground water’. Students will make the model and use it to filter the ‘ground water’. They should then write a paragraph comparing their model with the filtration tower in a water treatment plant.

Securing GCSE
Worksheet C2a.7 extends the work on pure substances to show how students can use melting points to test whether a substance is pure. 





















	
C2 Separating mixtures


	C2b Chromatography (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.2	Describe the experimental techniques for separation of mixtures by:
e	paper chromatography.

1B.4	Interpret a paper chromatogram to: 
a	distinguish between pure and impure substances 
b	identify substances by comparison with known substances.


GCSE Combined Science

C2.7	Explain the types of mixtures that can be separated by using the following experimental techniques:
e	paper chromatography.

C2.9	Describe paper chromatography as the separation of mixtures of soluble substances by running a solvent (mobile phase) through the mixture on the paper (the paper contains the stationary phase), which causes the substances to move at different rates over the paper.

C2.10	Interpret a paper chromatogram:
a	to distinguish between pure and impure substances
b	to identify substances by comparison with known substances
c	to identify substances by calculation and use of Rf values.




	Starter
Students investigate the dyes in a felt-tip pen using chromatography. This will remind students of the terms solvent, solute and solution, as well as giving them a chance to carry out basic chromatography. 

Exploring
Students work through Worksheet C2b.1 individually or in pairs. The worksheet requires students to carry out chromatography on the dyes in a selection of different coloured candy-coated chocolates to see whether any of the colours are pure. More confident students could also tackle the ‘Extra challenge’ question to calculate Rf values and see whether any of the colours are the same. 

Explaining
The ALDS presentation C2b Interpreting chromatograms contains questions about chromatograms and Rf values.


	Starter
Give students five minutes, in pairs, to define the following terms: paper chromatography, solvent, mobile phase, stationary phase, Rf value, chromatogram.
After five minutes, students should then share their definitions with another pair and assess each other’s work. Then ask one student from each four to give a definition of one of the terms. Discuss and correct the definition as a class if necessary.

Securing ELC 
Worksheet C2b.5 has diagrams showing the method for paper chromatography. Ask students to cut these out and then put them in the correct order. Students should fill in the blanks in the descriptions of each stage. Discuss the method to check that all students have the correct order and have filled in the missing words correctly. 

Securing GCSE Support
Worksheet C2b.6 has diagrams showing the method for paper chromatography. Students should cut these out and put them in the correct order. Then ask students to complete the caption explaining why certain steps are followed. Students should also complete the section on Rf values.

Securing GCSE
Ask students to research the effect of different solvents on a chromatogram. Students should carry out paper chromatography using water and then using another solvent, e.g. ethanol. Students can follow the method on Worksheet C2b.1, but must be instructed to repeat the experiment using ethanol instead of water. Students should look at the two chromatograms side by side. 






	
C2 Separating mixtures


	C2c Purifying mixtures (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.2	Describe the experimental techniques for separation of mixtures by: 
a	simple distillation 
b	fractional distillation.
1B.3	Describe an appropriate experimental technique to separate a mixture, knowing the properties of the components of the mixture.


GCSE Combined Science

C2.7	Explain the types of mixtures that can be separated by using the following experimental techniques:
a	simple distillation
b	fractional distillation.

C2.8	Describe an appropriate experimental technique to separate a mixture, knowing the properties of the components of the mixture.

C2.11	Investigate the composition of inks using simple distillation and paper chromatography.

C2.12	Describe how: 
[…]
b	sea water can be made potable by using distillation.
[c	water used in analysis must not contain any dissolved salts.]



	Starter
Show students the appropriate experimental equipment for: filtration, chromatography and evaporation set up on a laboratory bench. Ask students questions about each technique. 

Exploring
Students work through Worksheet C2c.1, using simple distillation to separate water from ink. 

Explaining
The ALDS presentation C2c Purifying mixtures works through the methods used to separate different mixtures. It identifies the physical properties of the substances in the mixture and explains why a particular method should be used.



	Starter
Show students the appropriate practical equipment set up to carry out the fractional distillation of ethanol and water.
Ask students to describe what happens during fractional distillation.
Ask students to explain how fractional distillation occurs in the experimental set-up shown.

Securing ELC 
Worksheet C2c.5 has a set of statements describing the process of simple distillation to obtain pure water from a salt solution. Students are required to cut out the statements, place them in the correct order and stick them down. 

Securing GCSE Support
Worksheet C2c.6 has a set of diagrams that need to be ordered to describe how pure water could be obtained from a salt solution. Students then explain how the process of simple distillation works. 

Securing GCSE
Worksheet C2c.7 asks students to draw and then label a diagram of simple distillation apparatus that could be used to obtain a sample of pure water from seawater. They then answer questions about simple distillation and how pure water, which does not contain any dissolved solids, must be used when analysing a substance. 
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C2 Separating mixtures


	C2d Electrolysis (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.6	Describe electrolysis as a process in which electricity decomposes ionic compounds in the molten state or dissolved in water.

1B.7	Recall the formation of the products in the electrolysis, using inert electrodes, of some electrolytes, including: 
a	copper chloride solution 
b	water acidified with sulfuric acid 
c	molten lead bromide (demonstration).

1B.8	Predict the products of electrolysis of other binary, ionic compounds in the molten state.


GCSE Combined Science
C3.22	Recall that electrolytes are ionic compounds in the molten state or dissolved in water.

C3.23	Describe electrolysis as a process in which electrical energy, from a direct current supply, decomposes electrolytes.

C3.24	Explain the movement of ions during electrolysis, in which:
a	positively charged cations migrate to the negatively charged cathode
b	negatively charged anions migrate to the positively charged anode.

C3.25	Explain the formation of the products in the electrolysis, using inert electrodes, of some electrolytes, including: 
a	copper chloride solution 
[b	sodium chloride solution
c	sodium sulfate solution]
d	water acidified with dilute sulfuric acid 
e	molten lead bromide (demonstration).
C3.26	Predict the products of electrolysis of other binary, ionic compounds in the molten state.

[C3.30	Explain the formation of the products in the electrolysis of copper sulfate solution, using copper electrodes, and how this electrolysis can be used to purify copper.]

C3.31	Investigate the electrolysis of copper sulfate solution with inert electrodes and copper electrodes.




	Starter
Show a model (e.g. sodium chloride) that shows how ionic compounds are made from different ions which are ionically bonded together. Ask students about the ionic compound, including about the conduction of electricity in different forms. 

Exploring
Students work through Worksheet C2d.1 investigating the electrolysis of copper sulfate solution. This practical forms part of the core practical requirement of the specification.

Explaining
The ALDS presentation C2d Electrolysis includes examples of the electrolysis of molten and dissolved electrolytes. Those included are copper chloride solution, water acidified with sulfuric acid and molten lead bromide.


	Starter
Ask students to name the ions in sodium chloride solution and sodium sulfate solution. Make sure students understand that a molten substance will only have one type of positive ion and one type of negative ion. Review that when an ionic solid is dissolved in water to form a solution, then H+ and OH– ions are also present, from the water, as well as the ions from the ionic substance. 

Securing ELC 
Worksheet C2d.5 has a set of key words connected to electrolysis to match to their correct definition. In addition, students name the products at the electrodes when several different molten ionic compounds undergo electrolysis.

Securing GCSE Support
Worksheet C2d.6 is a card sort in which students have to match the ionic compound to the correct ions and products that form at each electrode. 

Securing GCSE
Worksheet C2d.7 asks students to answer questions about the movement of ions in several solutions undergoing electrolysis and name the products at each electrode. Students then draw and label a diagram showing how copper can be purified using electrolysis. 








	
C3 Acids and metals


	C3a Acids and alkalis (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.9	Recall that a neutral solution has a pH of 7, acidic solutions have lower pH values and alkaline solutions higher pH values.

1B.10	Recall the effect of acids and alkalis on indicators, including litmus, pH indicator paper/universal indicator solution.

0.3	Describe the use of hazard symbols on containers to:
a	indicate the dangers associated with the contents
b	inform people about safe working precautions with these substances in the laboratory.


GCSE Combined Science
[C3.1	Recall that acids in solution are sources of hydrogen ions and alkalis in solution are sources of hydroxide ions.]

C3.2	Recall that a neutral solution has a pH of 7 and that acidic solutions have lower pH values and alkaline solutions higher pH values. 

C3.3	Recall the effect of acids and alkalis on indicators, including litmus, methyl orange and phenolphthalein.

C0.5	Describe the use of hazard symbols on containers to:
a	indicate the dangers associated with the contents
b	inform people about safe working precautions with these substances in the laboratory.
	Starter
Display the corrosive, flammable and harmful to the environment hazard symbols on the board. Get students to discuss what they think the symbols might mean if they saw them on containers in a lab. Show students some examples of different hazard symbols on different containers. Discuss what students think they mean and what precautions are needed to be safe when handling these substances.
Demonstrate the effect of acid and alkali on litmus paper. 

Exploring
Explain to students that in this part of the lesson they will learn how to test whether a substance is an acid or alkali using the pH scale. Worksheet C3a.1 provides a method for the practical. Read through the method with students and make sure they understand how to do it. 

Explaining
Provide students with a list of the following numbers – 1, 6, 7, 8, 14 – and also the following statements – most alkaline, most acidic, least acidic, least alkaline, neutral – on the whiteboard. Ask students to match the pH value to the correct statement. Review the activity by ensuring that students understand the link between pH value and the acidity or alkalinity of a solution. 
	Starter
Give students a sticky note and a mini-whiteboard. Ask students to write down one question and answer based on what they know about the pH scale. Then select a student to ask their question to the class. Ask the rest of the students to write their answers on their mini-whiteboard and then show the class after a 3, 2, 1 countdown. Repeat this by asking other students to volunteer other questions.

Securing ELC 
Worksheet C3a.5 consolidates all the ELC learning outcomes. There are a range of different questions that students can complete.

Securing GCSE Support
Worksheet C3a.6 builds on the ELC content and assesses students’ progression against GCSE specification criteria. Students will need to be familiar with methyl orange and phenolphthalein as indicators. There is a gap-fill activity for students to complete.

Securing GCSE
Worksheet C3a.7 extends the work that students have been doing on acids and alkalis. It includes new material which students have not come across in these series of lessons. Students use the information provided to understand the idea that H+ and OH– ions make substances acidic or alkaline. 





	
C3 Acids and metals


	C3b Neutralisation (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.11	Recall that acids are neutralised by:
a metals
b metal oxides
c metal carbonates
to produce salts.

1B.12	Recall that:
1. hydrochloric acid produces chloride salts
1. nitric acid produces nitrate salts
1. sulfuric acid produces sulfate salts.

1B.13	Describe the chemical test for:
1. hydrogen 
1. carbon dioxide (using limewater).


GCSE Combined Science
[C3.6	Core practical: Investigate the change in pH on adding powdered calcium hydroxide or calcium oxide to a fixed volume of dilute hydrochloric acid.]

C3.9	Recall that a base is any substance that reacts with an acid to form a salt and water only.

C3.10	Recall that alkalis are soluble bases.

C3.11	Explain the general reactions of aqueous solutions of acids with:
1. metals
1. metal oxides
1. metal hydroxides
1. metal carbonates
to produce salts. 

C3.12	Describe the chemical test for: 
1. hydrogen 
1. carbon dioxide (using limewater).
C3.13	Describe a neutralisation reaction as a reaction between an acid and a base.

C3.16	Explain why, if soluble salts are prepared from an acid and a soluble reactant:
1. titration must be used
1. the acid and the soluble reactant are then mixed in the correct proportions
1. the solution remaining, after reaction, is only salt and water. 




	Starter
Explain to students that in this lesson they will be looking at what happens during a neutralisation reaction. To begin with, they will see a neutralisation reaction being demonstrated. Full details of the demonstration are given in the TTPP pages for C3b. 

Exploring
Students carry out two experiments described on Worksheet C3b.1 to obtain carbon dioxide and hydrogen gas. They will then use the appropriate gas test to test each gas. 

Explaining
Help all students write generic word equations by giving examples of reactions and getting them to practise writing them in the correct format with the substances that react on the left and the products that are formed on the right, with an arrow. Ensure that students do not use an equals (=) sign. 

The ALDS presentation C3b Naming salts provide information on what type of salts are produced when different acids (chlorides, sulfates and nitrates) react with different bases.

	Starter
Demonstrate the reaction between calcium carbonate and hydrochloric acid. Add a spatula at a time of calcium carbonate to a fixed volume of hydrochloric acid (25 cm3) in a conical flask. Question students on what to add to the flask so that the pH change can be observed. Make sure that a few drops of universal indicator are added at the start. Get students to tell you when they think neutralisation has occurred. Extend the students by asking what the bubbles given off show. What gas could be made? Can they write the word equation to show what is made?

Securing ELC 
Worksheet C3b.5 consolidates all the ELC learning outcomes. 

Securing GCSE Support
Worksheet C3b.6 provides a simple method for the GCSE core practical on the change in pH that occurs as the base calcium hydroxide is added to hydrochloric acid. This is a Core practical and full details are given in the TTPP pages for C3b. 

Securing GCSE
Worksheet C3a.7 extends the work that students have been doing on acids and alkalis. It includes new material which students have not come across in these series of lessons. Students use the information provided to understand the idea that H+ and OH– ions make substances acidic or alkaline. 
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C3 Acids and metals


	C3c Making salts (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate

1B.14	Describe the process of preparing a soluble salt from an acid and an insoluble reactant, including: 
a	excess of the reactant is added
b	the excess reactant is removed
c	the solution remaining is only salt and water
d	the salt is obtained by evaporation/crystallisation.


GCSE Combined Science
C3.15	Explain why, if soluble salts are prepared from an acid and an insoluble reactant: 
a	excess of the reactant is added
b	the excess reactant is removed
c	the solution remaining is only salt and water. 

C3.17 	Core practical: Investigate the preparation of pure, dry hydrated copper sulfate crystals starting from copper oxide including the use of a water bath.

C3.19	Recall the general rules which describe the solubility of common types of substances in water: 
a all common sodium, potassium and ammonium salts are soluble
b all nitrates are soluble
c common chlorides are soluble except those of silver and lead
d common sulfates are soluble except those of lead, barium and calcium
e common carbonates and hydroxides are insoluble except those of sodium, potassium and ammonium.
C3.20	Predict, using solubility rules, whether or not a precipitate will be formed when named solutions are mixed together, naming the precipitate if any.

C3.21	Describe the method used to prepare a pure, dry sample of an insoluble salt.




	Starter
Students should become familiar with the names and uses of some common salts such as sodium chloride, potassium chloride, ammonium nitrate and potassium permanganate. The C3c pages of the TTPP give details of the salts to be introduced and the sorts of questions that students could be asked. 

Exploring
Explain to students that they will learn how to prepare a soluble salt from reacting an acid with a solid base. This practical forms part of the core practical requirement of the specification. 
Worksheet C3c.1 provides a method for making copper sulfate starting from copper oxide. It is best to give each group a pre-weighed amount of copper oxide (just in excess) so that they do not waste it. 

Explaining
The ALDS presentation C3c Solubility rules shows students the solubility rules that they need to be aware of. Some slides include questions with equations where students use the solubility table to decide whether the salts named in the equations are soluble or insoluble. 


	Starter
Demonstrate the preparation of the insoluble salt lead chloride from lead nitrate solution and sodium chloride solution. Have all the equipment listed and ask students to talk you through how to set up each stage and what processes will be needed. 

Securing ELC 
Worksheet C3c. 5 consolidates all the ELC learning outcomes. 

Securing GCSE Support
Worksheet C3a.6 builds on the ELC content and assesses students’ progression against GCSE specification criteria. Students will need to be familiar with methyl orange and phenolphthalein as indicators. There is a gap-fill activity for students to complete.

Securing GCSE
Worksheet C3c.7 extends the work that students have been doing on insoluble and soluble salts. Students are given four word equations. They must name the salt produced and predict whether it is soluble or insoluble. The salts include exceptions to the rule, such as silver chloride being insoluble.






	
C3 Acids and metals


	C3d Metals (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.15	Deduce the relative reactivity of some metals by their reactions with water, acids and salt solutions.

1B.16	Recall that:
a	most metals are extracted from ores found in the Earth’s crust 
b	unreactive metals are found in the Earth’s crust as the uncombined elements.

1B.17	Explain why the method used to extract a metal from its ore is related to its position in the reactivity series and the cost of the extraction process, illustrated by:
a	heating with carbon (including iron)
b	electrolysis (including aluminium) 
(knowledge of the blast furnace and the aluminium electrolysis cell are not required).


GCSE Combined Science
C4.1	Deduce the relative reactivity of some metals, by their reactions with water, acids and salt solutions.

C4.3	Explain the reactivity series of metals (potassium, sodium, calcium, magnesium, aluminium, (carbon), zinc, iron, (hydrogen), copper, silver, gold) in terms of the reactivity of the metals with water and dilute acids […].

C4.4	Recall that:
a	most metals are extracted from ores found in the Earth’s crust
b	unreactive metals are found in the Earth’s crust as the uncombined elements.
[C4.5	Explain oxidation as the gain of oxygen and reduction as the loss of oxygen.

C4.6	Recall that the extraction of metals involved reduction of ores.]

C4.7	Explain why the method used to extract a metal from its ore is related to its position in the reactivity series and the cost of the extraction process, illustrated by:
a	heating with carbon (including iron)
b	electrolysis (including aluminium) 
(knowledge of the blast furnace is not required).

C4.9	Explain how a metal’s resistance to oxidation is related to its position in the reactivity series.
	Starter
Demonstrate the reactivity of group 1 metals (lithium, sodium and potassium) in a large trough of water. Ask students to make observations during the demonstration. 

Exploring
Students work through Worksheet C3d.1, carrying out their own experiment into the reactivity of different metal samples with water and with dilute hydrochloric acid.

Explaining
The ALDS presentation C3d Metals contains slides that describe the reactivity series, displacement reactions and how the reactivity series determines the method of extraction from the metal ore. The presentation includes sets of questions for discussion.

	Starter
Draw a spider diagram on the board, in which to add information provided by students. Ask students to provide any information that they can remember from the previous lesson about: names of metals in the reactivity series, how these metals react with water/acid/salt solution, how they exist in the ground, how they can be extracted.

Securing ELC 
Worksheet C3d.5 has an incomplete reactivity series that requires some metals to be placed in it based on their reactivity information. Students are then asked to decide whether there would be a displacement reaction between some of these metals and a salt solution. 

Securing GCSE Support
Worksheet C3d.6 asks students to assemble a set of fact cards that compare the reactivities of different metals.

Securing GCSE
Worksheet C3d.7 asks students to read the passage about oxidation and reduction in relation to the extraction of a metal, and then answer the questions.






	
C3 Acids and metals


	C3e Recycling metals (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1B.18	Describe the uses of metals in relation to their properties, including: 
a	aluminium 
b	copper 
c	gold 
d	steel.

1B.19	Describe the advantages of recycling metals, including economic implications and how recycling can preserve both the environment and the supply of valuable raw materials.


GCSE Combined Science
C4.10	Evaluate the advantages of recycling metals, including economic implications and how recycling can preserve both the environment and the supply of valuable raw materials.

C4.11	Describe that a life-cycle assessment for a product involves consideration of the effect on the environment of obtaining the raw materials, manufacturing the product, using the product and disposing of the product when it is no longer useful.

[C4.12	Evaluate data from a life cycle assessment of a product.]





	Starter
Show students samples and/or pictures of the metals aluminium, gold, copper and steel. Ask students to describe their appearance. Can they name any general properties of metals (e.g. high melting and boiling points, shiny, good conductors of heat, good conductors of electricity, etc.)? Can they name any common uses of metals (e.g. steel for cutlery, copper for electrical wiring, gold and silver for jewellery, etc.)?

Exploring
Students use Worksheet C3e.1 to investigate some metal samples and link the metals with some of their properties and uses. Students make observations by handling the different metal samples and use these to help assign properties and uses for each metal. 

Explaining
The ALDS presentation C3e Recycling metals contains slides that describe the properties and uses of metals, the benefits of recycling metals and how a life cycle assessment is carried out and used. The presentation includes sets of questions for discussion.


	Starter
Ask students to describe some of the benefits of recycling metals. Make a list of these advantages on the board.

Securing ELC 
Worksheet C3e.5 has a crossword that students complete by considering the clues given for each word. 

Securing GCSE Support
Worksheet C3e.6 provides a completed crossword for which students create their own clues using C3e Recycling metals in the Student Book. 

Securing GCSE
Using Worksheet C3e.7, students read the text and answer the questions, which include evaluating data from a life cycle assessment of two materials. 
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C3 Acids and metals


	C3f Calculations involving masses (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
1A.1	Describe the structure of an atom as:
a	a nucleus containing protons and neutrons
b	[...].

1A.3	Recall the relative charge and relative mass of: 
a	a proton 
b	a neutron 
c	an electron.

1A.4	Recall that most of the mass of an atom is concentrated in the nucleus.

1A.5	Describe atoms of a given element as having the same number of protons in the nucleus and that this number is unique to that element and known as the atomic number.

1A.6	Recall the meaning of the term mass number of an atom.

GCSE Combined Science
C1.43	Calculate relative formula mass given relative atomic masses.

C1.44	Calculate the formulae of simple compounds from reacting masses or percentage composition and understand that these are empirical formulae.

C1.45	Deduce:
a	the empirical formula of a compound from the formula of its molecule
b	[...].

C1.47	Explain the law of conservation of mass applied to: 
a	a closed system including a precipitation reaction in a closed flask.
b	[...].

[C1.48	Calculate masses of reactants and products from balanced equations, given the mass of one substance.]

	Starter
Ask students the following questions: What are atoms made from? What are compounds made from? Then lead into students discussing what is meant by ‘mass’. For more able GCSE students, demonstrate the law of conservation of mass using plastic bricks. Show how bricks are arranged in one way at the start and then, after the chemical reaction, how the bricks are arranged in a different way.

Exploring
Students use Worksheet C3f.1 to guide them through a practical activity to show that mass is not gained or lost in a chemical reaction. 

Explaining
The ALDS presentation C3f Calculations involving masses contains slides that explain the law of conservation of mass, how to calculate the relative formula mass (Mr) of a substance (with a worked example), and how to calculate the empirical formula of a compound (with worked examples). The presentation includes several more calculation questions and answers.

	Starter
For Entry Level Certificate (ELC) students, give them a copy of the periodic table and ask them to find the relative atomic masses of various common substances that are used in calculations. For example, carbon (12), oxygen (16), sulfur (32), hydrogen (1), chlorine (35.5), copper (63.5), calcium (40), magnesium (24). 
For GCSE students, use models or diagrams of molecules (e.g. water H2O, carbon dioxide CO2, methane CH4 etc.) and ask students to calculate the relative formula mass of each molecule. 

Securing ELC 
As this topic does not include any ELC statements, Worksheet C3f.5 has multiple-choice questions about the particles found within atoms and mass. 

Securing GCSE Support
Worksheet C3f.6 has a series of questions to answer about empirical formulae, including molecules such as C4H10, C3H6 and C2H6O2. 

Securing GCSE
Worksheet C3f.7 asks students to go through a worked example showing how to calculate the mass of a product by using the balanced equation for the reaction. Students then calculate the answers for the other reacting mass calculations.
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C4 Elements and chemical reactions


	C4a Group 1 (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.1	Recall that some elements are classified as alkali metals (group 1) […] based on their position in the periodic table.

2A.2	Recall that alkali metals:
a	are soft
b	have relatively low melting points.

2A.3	Describe the reactions of lithium, sodium and potassium with water.

2A.4	Describe the pattern in reactivity of the alkali metals, lithium, sodium and potassium, with water; and use this pattern to predict the reactivity of other alkali metals.

GCSE Combined Science
C6.1	Explain why some elements can be classified as alkali metals (group 1), halogens (group 7) or noble gases (group 0), based on their position in the periodic table.

C6.2	Recall that alkali metals: 
a	are soft
b	have relatively low melting points.

C6.3	Describe the reactions of lithium, sodium and potassium with water.

C6.4	Describe the pattern in reactivity of the alkali metals, lithium, sodium and potassium, with water; and use this pattern to predict the reactivity of other alkali metals.

[C6.5	Explain this pattern in reactivity in terms of electronic configurations.]
	Starter
Show students some unlabelled samples of group 1 elements (lithium, sodium and potassium) which are stored in oil. Ask students to name some of the alkali metal elements in group 1 of the periodic table and their symbols. 

Exploring
Demonstrate the reactivity of group 1 metals (lithium, sodium and potassium) in a large trough of water. Ask students to make observations during the demonstration, using Worksheet C4a.1. 

Explaining
The ALDS presentation C4a Group 1 supports the Student Book content. The last few slides ask students to use their knowledge of group 1 to predict the properties of an element they may not have studied. 

	Starter
Draw a table on the board with two headings, one for group 1 metals and one for ‘typical metals’. Ask students to come up to the board and write a typical physical property of the alkali metals. Then ask some different students to come up to the board and write a typical physical property of general metals. Ask students to compare group 1 metals with other typical metals such as copper and iron.

Securing ELC 
Worksheet C4a.5 has a cut-and-stick activity where students need to make three word equations for group 1 metals reacting with water. 

Securing GCSE Support
Worksheet C4a.6 asks students to match the sentence openings with the correct sentence endings to form a series of statements about group 1 elements. 

Securing GCSE
Worksheet C4a.7 asks students to read some information about the electronic configurations of group 1 metals and then answer questions. 


	
C4 Elements and chemical reactions


	C4b Group 7 (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.1	Recall that some elements are classified as […] halogens (group 7) […] based on their position in the periodic table.

2A.5	Recall the colours and physical states of chlorine, bromine and iodine at room temperature.

2A.6	Describe the pattern in the physical properties of the halogens, chlorine, bromine and iodine, and use this pattern to predict the physical properties of other halogens.

2A.7	Describe the chemical test for chlorine.

2A.8	Describe the reactions of the halogens, chlorine, bromine and iodine, with metals to form metal halides, and use this pattern to predict the reactions of other halogens.

GCSE Combined Science
C6.1	Explain why some elements can be classified as […] halogens (group 7) […] based on their position in the periodic table.

C6.6	Recall the colours and physical states of chlorine, bromine and iodine at room temperature.

C6.7	Describe the pattern in the physical properties of the halogens, chlorine, bromine and iodine, and use this pattern to predict the physical properties of other halogens.

C6.8	Describe the chemical test for chlorine.

C6.9	Describe the reactions of the halogens, chlorine, bromine and iodine, with metals to form metal halides, and use this pattern to predict the reactions of other halogens.

C6.10	Recall that the halogens, chlorine, bromine and iodine, form hydrogen halides which dissolve in water to form acidic solutions, and use this pattern to predict the reactions of other halogens.

[C6.11	Describe the relative reactivity of the halogens chlorine, bromine and iodine, as shown by their displacement reactions with halide ions in aqueous solution, and use this pattern to predict the reactions of astatine.

C6.13	Explain the relative reactivity of the halogens in terms of electronic configurations.]
	Starter
Show students some samples of group 7 elements (chlorine, bromine and iodine) in sealed containers. Ask students to name some of the halogen elements in group 7 of the periodic table and their symbols. 

Exploring
Demonstrate the reactivity of group 7 elements with iron wool. Ask students to record their observations using Worksheet C4b.1. Students then answer questions about the demonstration and other reactions involving group 7 elements.

Explaining
The ALDS presentation C4b Group 7 contains material to support the Student Book, including word equations. The last two slides cover hydrogen halides and are therefore not required by ELC students. 

	Starter
Read out the names of different elements and ask students to decide which group each element belongs to, e.g. bromine – group 7, sodium – group 1, etc. Then, in addition, ask students to write down any additional information they know about the element that has been read out, e.g. chemical symbol, which elements is it above/below in that group, its physical properties, its chemical properties, etc. (Just cover groups 1 and 7.) 

Securing ELC 
Worksheet C4b.5 has a crossword that needs to be completed using the clues provided. 

Securing GCSE Support
Worksheet C4b.6 asks students to assemble word equations to represent the chemical reactions that are described in each question. The words below the dotted line can be used by students to help them write the word equations. This section can be removed for students who do not need additional help. 

Securing GCSE
Worksheet C4b.7 asks students to read two passages of text. The first is about the displacement reactions, and the second deals with the electronic configurations of group 7 elements. 





	
C4 Elements and chemical reactions


	C4c Group 0 (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.1	Recall that some elements are classified as […] noble gases (group 0), based on their position in the periodic table.

2A.9	Explain why the noble gases are chemically inert, compared with the other elements, in terms of the arrangement of their electrons.

2A.10	Describe how the uses of noble gases depend on their inertness, low density and/or non-flammability.

GCSE Combined Science
C6.1	Explain why some elements can be classified as [alkali metals (group 1), halogens (group 7)] or noble gases (group 0), based on their position in the periodic table.

C6.14	Explain why the noble gases are chemically inert, compared with the other elements, in terms of their electronic configurations.

C6.15	Explain how the uses of noble gases depend on their inertness, low density and/or non-flammability.

C6.16	Describe the pattern in the physical properties of some noble gases and use this pattern to predict the physical properties of other noble gases.


	Starter
Show pictures/samples of elements from group 1, 0 and 7. First ask students to write down what they can recall about group 1 and group 7 elements from previous lessons, e.g. physical properties, chemical properties, trends in each group, etc. Remind students that elements with similar chemical properties are placed in groups in the periodic table, and that those groups often have trends within them. Then ask students what they know about group 0 elements, such as names, chemical symbols, uses, etc.

Exploring
In this activity using Worksheet C4c.1, students are asked to research information about group 1, group 7 and group 0 elements, including their discovery history, chemical properties, physical properties and uses. Students then look at the statements provided and sort them into those belonging to group 1, group 7 or group 0.

Explaining
The ALDS presentation C4c Group 0 looks at the uses of the noble gases and then the trends within the physical properties of the group. 
	Starter
Name some group 1 (lithium, sodium, potassium), group 7 (chlorine, bromine, iodine) and group 0 (helium, neon, argon) elements. Ask students to arrange the elements as if they were in a periodic table. Ask students for each element’s general properties, e.g. physical state at room temperature, relative reactivity, density, etc. Ask them if they can remember anything else about these particular elements and their uses.

Securing ELC 
Worksheet C4c.5 has a completed crossword. Students need to produce their own clues for each of the crossword answers. 

Securing GCSE Support
Worksheet C4c.6 asks students to answer an exam-style question. A mark scheme is provided at the bottom of the worksheet which can be removed initially. Once students have written their answers they can then use the mark scheme to mark their own work. 

Securing GCSE
Worksheet C4c.7 asks students to read a passage about the electronic configurations of group 1, group 7 and group 0 elements, then answer the questions. 






	
C4 Elements and chemical reactions


	C4d Energy changes (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.11	Recall that changes in heat energy accompany the following changes: 
a	salts dissolving in water 
b	neutralisation reactions
c	combustion 
and that, when these reactions take place, temperature changes can be measured to reflect the heat changes. 

2A.12	Describe an exothermic change or reaction as one in which heat energy is given out.

2A.13	Describe an endothermic change or reaction as one in which heat energy is taken in.

GCSE Combined Science
C7.9	Recall that changes in heat energy accompany the following changes:
a	salts dissolving in water 
b	neutralisation reactions
c	displacement reactions 
d	precipitation reactions 
and that, when these reactions take place in solution, temperature changes can be measured to reflect the heat changes.

C7.10	Describe an exothermic change or reaction as one in which heat energy is given out.
  
C7.11	Describe an endothermic change or reaction as one in which heat energy is taken in.

[C7.15	Explain the term activation energy

C7.16	Draw and label reaction profiles for endothermic and exothermic reactions, identifying activation energy.]
	Starter
Explain to students that in this lesson they will be looking at different types of chemical reaction and physical process. Write on the board: combustion, dissolving, neutralisation, displacement and precipitation. Ask students to work out which is the odd one out. They should say ‘dissolving’, as it is not a chemical re You could ask the following questions to extend students further in the discussion: What does each word mean? Can you give an example? Where might you see this type of reaction happening? 

Exploring
Students carry out some different reactions and work out whether each one is endothermic or exothermic. Worksheet C4d.1 provides full instructions for students. Read through the methods with students and make sure they understand what they need to do. Ask students to answer the questions on the worksheet as they work through the activity. Students may work in pairs for the practical activity. 

Explaining
The ALDS presentation C4d Energy changes enables students to relate temperature changes to endothermic or exothermic reactions. Students are given examples with the temperature at the start and the end of the reaction, and asked whether the reaction is endothermic or exothermic. 
	Starter
Demonstrate these two reactions: ice melting in a beaker, and a splint being lit from a Bunsen burner flame. 
Discuss with students what is happening. Try to elicit the idea that some changes need energy and will absorb it from the surroundings, making them colder, whereas other changes emit heat energy and make the surroundings warmer. 

Securing ELC 
Worksheet C4d.5 can be used to help consolidate all the ELC learning outcomes.

Securing GCSE Support
Worksheet C4d.6 builds on the ELC content and assesses students’ progression against GCSE specification criteria. Students have to identify exothermic and endothermic reactions. They are also asked to predict whether the temperature of the surroundings will increase or decrease during different types of reaction.

Securing GCSE
Worksheet C4d.7 extends the work that students have been doing on endothermic and exothermic reactions. It includes new material that students have not yet come across. Students use the information provided to understand the concept of reaction profiles and how they can be used to decide whether a reaction is endothermic or exothermic. They also look at activation energy in simple terms. 





	[bookmark: _Hlk503170539]
C4 Elements and chemical reactions


	C4e Rates of reaction (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.14	Explain how reactions occur when particles collide and that rates of reaction are increased when the frequency of collisions is increased.

2A.15	Interpret graphs of mass, volume or concentration of reactant or product against time.

2A.16	Explain the effects on rates of reaction of changes in temperature, concentration, surface area in terms of frequency of collisions between particles.

GCSE Combined Science
C7.1	Core Practical: Investigate the effects of changing the conditions of a reaction on the rates of chemical reactions by:
a	measuring the production of a gas (in the reaction between hydrochloric acid and marble chips)
b	observing a colour change (in the reaction between sodium thiosulfate and hydrochloric acid).

C7.2	Suggest practical methods for determining the rate of a given reaction.

C7.3	Explain how reactions occur when particles collide and that rates of reaction are increased when the frequency and/or energy of collisions is increased.

C7.4	Explain the effects on rates of reaction of changes in temperature, concentration, surface area [to volume ratio and pressure (on reactions involving gases)] in terms of frequency and/or energy of collisions between particles.

C7.5	Interpret graphs of mass, volume or concentration of reactant or product against time.
	Starter
In this part of the lesson, students will explore chemical changes. Demonstrate the reaction of two or three strips of magnesium ribbon with 25 cm3 1 M hydrochloric acid. After watching, students should be able to explain how they know that a chemical change is occurring. Some students will be able to write a word equation for the reaction. Then guide students through the idea of making predictions based on what they think would happen if certain factors were changed in the reaction.

Exploring
Worksheet C4e.1 contains details of an experiment to look at the effect of changing the size of marble chips on the rate of reaction with acid. This covers part of the core practical requirement for this topic. Full details are given in the TTPP pages for C4e. 

Explaining
The ALDS presentation C4e Rates of reaction introduces students to what happens during a chemical reaction, in terms of the arrangement of atoms to form new products. Talk students through each slide. The presentation links to the idea of activation energy; however, this need not be discussed in detail – activation energy should be referred to as the energy needed for particles to successfully collide and react. Students are shown diagrams explaining how concentration, surface area and temperature affect the rate of chemical reactions
	Starter
Demonstrate the reaction carried out by students on  Worksheet C4e.1 ie marble chips and acid. During the demonstration, question students about what is being produced. Why are the marble chips fizzing? What gas is given off? What is happening to the mass? Why is this happening? Ask students whether they can write a word equation for what has happened. 
The activity can be further extended by asking students how they could adapt this method to investigate the effect of changing surface area, temperature or concentration of acid on the reaction. 

Securing ELC 
Worksheet C4e.5 consolidates all the ELC learning outcomes. 

Securing GCSE Support
Worksheet C4e.6 provides a method for the second part of the core practical ie the reaction between sodium thiosulfate and acid. Full details are given in the TTPP pages for C4e. 

Securing GCSE
Worksheet C4e.7 extends the work that students have been doing on rates of reactions. It includes new material in the form of surface area to volume ratio and gas pressure. 





	
C4 Elements and chemical reactions


	C4f Reversible reactions (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2A.17	Describe a catalyst as a substance that speeds up the rate of a reaction without altering the products of the reaction, without undergoing a permanent change itself. 

2A.18	Recall that enzymes are biological catalysts.

GCSE Combined Science
C4.13	Recall that chemical reactions are reversible, the use of the symbol ⇌ in equations and that the direction of some reversible reactions can be altered by changing the reaction conditions.

C4.14	Explain what is meant by dynamic equilibrium.

[C4.15	Describe the formation of ammonia as a reversible reaction between nitrogen (extracted from the air) and hydrogen (obtained from natural gas) and that it can reach a dynamic equilibrium. 

C4.16	Recall the conditions for the Haber process as:
a	temperature 450 °C
b	pressure 200 atmospheres
c	iron catalyst.]

C7.6	Describe a catalyst as a substance that speeds up the rate of a reaction without altering the products of the reaction, being itself unchanged chemically and in mass at the end of the reaction.

C7.8	Recall that enzymes are biological catalysts and that enzymes are used in the production of alcoholic drinks.

	Starter
This topic covers both reversible reactions and catalysis, so the examples below are intended to show students that the two are not invariably connected. 
Write the following word equations on the board. Students do not need any detail at this stage, except the idea that the equations represent the formation of products from reactants. Ask students what they think the arrow means in the first equation, and the double arrow in the second equation. Elicit the idea that the double arrow means that the reaction can happen in the forward and backward direction.
Reaction 1: hydrogen peroxide    water + oxygen
Reaction 2: nitrogen + hydrogen ⇌ ammonia
To extend students further, explain that manganese oxide can be used to speed up reaction 1, but is not used up in the reaction.

Exploring
Worksheet C4f.1 provides a method for investigating the effect of potential catalysts on the rate of decomposition of hydrogen peroxide, as well as questions.

Explaining
The ALDS presentation C4f Reversible reactions introduces students to the idea of equilibrium in reversible chemical reactions. Students should understand the idea that, in an equilibrium situation, the concentrations of the reactants and products are constant but are not necessarily equal. Introduce the idea of dynamic equilibrium – the reactions in both directions keep going, but the overall amounts of products and reactants remain the same. Explain the idea that dynamic equilibrium can only occur in a closed system. 
	Starter
For this starter activity, students will produce a concept map. Ask them to list all the keywords that have been covered so far in the topic. Put all the words on the whiteboard, adding any that students have missed. Explain to students that they must be able to link the keywords together with a line and a word or two. 

Securing ELC 
Worksheet C4f.5 consolidates all the ELC learning outcomes. 

Securing GCSE Support
Students investigate the reversible reaction detailed below. 
anhydrous copper(II) sulfate + water ⇌ hydrated copper(II) sulfate
Worksheet C4f.6 provides a method for the practical as well as questions. 

Securing GCSE
Worksheet C4f.7 extends the work that students have been doing on reversible reactions. It introduces new material in the form of the conditions required for the Haber process and the origins of the reactants. Students are given a gap-fill task as well as short-answer questions.  






	[bookmark: _Hlk503172054]
C5 Fuels and the Earth’s atmosphere


	C5a Hydrocarbons (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.1	Recall that hydrocarbons are compounds that contain carbon and hydrogen only.

2B.2	Describe crude oil as:
a	a complex mixture of hydrocarbons
b	an important source of useful substances (fuels and feedstock for the petrochemical industry)
c	a finite resource.

2B.3	Describe the separation of crude oil into fractions by the process of fractional distillation.

2B.4	Recall the names and uses of the following fractions:
a	gases, used in domestic heating and cooking 
b	petrol, used as fuel for cars 
c	kerosene, used as fuel for aircraft 
d	diesel oil, used as fuel for some cars and trains 
e	fuel oil, used as fuel for large ships and in some power stations 
f	bitumen, used to surface roads and roofs.

GCSE Combined Science
C8.1	Recall that hydrocarbons are compounds that contain carbon and hydrogen only.

C8.2	Describe crude oil as:
a	a complex mixture of hydrocarbons 
b	containing molecules in which carbon atoms are in chains or rings (names, formulae and structures of specific ring molecules not required) 
c	an important source of useful substances (fuels and feedstock for the petrochemical industry) 
d	a finite resource.

C8.3	Describe and explain the separation of crude oil into simpler more useful mixtures by the process of fractional distillation.

C8.4	Recall the names and uses of the following fractions: 
a	gases, used in domestic heating and cooking 
b	petrol, used as fuel for cars 
c	kerosene, used as fuel for aircraft 
d	diesel oil, used as fuel for some cars and trains 
e	fuel oil, used as fuel for large ships and in some power stations 
f	bitumen, used to surface roads and roofs.

C8.5	Explain how hydrocarbons in different fractions differ from each other in:
a	the number of carbon and hydrogen atoms their molecules contain
b	boiling points
c	ease of ignition
d	viscosity 
[and are mostly members of the alkane homologous series.]

	Starter
Write the following words on the board: mixture, hydrocarbon compound, boiling point, fraction, viscosity, finite resource. Pupils should work in pairs to define these words. Take examples from around the class to share and discuss. 

Exploring
Worksheet C5a.1 provides a card sort describing what crude oil is made up of and how it is used. Students should match sentence starters and sentence endings, using information on the worksheet to help them. 

Explaining
Demonstrate the distillation of ink. Discuss how and why the ink separates into pigments and water by the components’ different boiling points. Reinforce the idea of ink being a mixture, just as crude oil is. Ask students how crude oil could be separated. Use the image of the fractioning column in diagram C on C5a Hydrocarbons in the Student Book to discuss fractional distillation. Reinforce the idea that each fraction has different properties, not just a different boiling point as demonstrated, and therefore different uses.

	Starter
Write the following words on the board: mixture, hydrocarbon compound, boiling point, fraction, viscosity, finite resource. Pupils should work in pairs to define these words.

Securing ELC 
Worksheet C5a.5 provides a wordsearch to reinforce key vocabulary. There is also a cloze exercise, using the same key vocabulary, describing crude oil, how it is separated into useful fractions, and the uses of some of those fractions.

Securing GCSE Support
Students should complete Worksheet C5a.6, which involves a card sort. They match fractions to their exit position from a fractionating column, then match the uses to the fractions. The fraction cards include approximate ranges of carbon atoms per molecule and boiling points.

Securing GCSE
Students should complete Worksheet C5a.7, which involves using a molecular modelling kit to make models of alkane molecules. Following this, students should answer questions using the general formula of alkanes and use information to predict trends in the properties of alkanes.  





	
C5 Fuels and the Earth’s atmosphere


	C5b Combustion (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.5	Describe the complete combustion of hydrocarbon fuels as a reaction in which:
a	carbon dioxide and water are produced
b	energy is given out.

2B.6	Recall that the incomplete combustion of hydrocarbon fuels can produce carbon and carbon monoxide.

2B.7	Recall that carbon monoxide is a toxic gas.

2B.8	Describe the problems caused by incomplete combustion, producing carbon monoxide and soot in appliances that use carbon compounds as fuels.

GCSE Combined Science
C8.7	Describe the complete combustion of hydrocarbon fuels as a reaction in which:
	a	carbon dioxide and water are produced
	b	energy is given out.

C8.8	Explain why the incomplete combustion of hydrocarbons can produce carbon and carbon monoxide.

C8.9	Explain how carbon monoxide behaves as a toxic gas.

C8.10	Describe the problems caused by incomplete combustion producing carbon monoxide and soot in appliances that use carbon compounds as fuels.


	Starter
Light two Bunsen burners, one with a roaring flame and one with a safety flame. Ask students to discuss in pairs what the differences and similarities are between the two flames. Take examples and explanations from the class. 

Exploring
Students carry out the investigation detailed in Worksheet C5b.1, using tea lights and different size jars to time how long a flame burns if the volume of air is varied. 

Explaining
Demonstrate testing the products of combustion. Full details of the demonstration can be found in the TTPP pages of C5b. 
	Starter
Draw a key on the board and demonstrate drawing diatomic oxygen. Students then draw space-filler diagrams for carbon, carbon dioxide and carbon monoxide. One student could be asked to draw these on the board, or ask different students. Ask the class what the difference between the three diagrams is.

Securing ELC 
Worksheet C5b.5 provides a scaffolded research activity into the problems caused when a gas, oil or wood stove produces carbon monoxide. Students could work in pairs or small groups to collect answers, and then present them in the form of a poster. 

Securing GCSE Support
Worksheet C5b.6 provides a scaffolded research activity into the problems caused when a gas, oil or wood stove produces carbon monoxide, including an explanation of why carbon monoxide is toxic. Students could work in pairs or small groups to collect answers then present them in the form of a poster or leaflet. 

Securing GCSE
Worksheet C5b.7 provides a research activity into carbon monoxide, requiring an explanation of why carbon monoxide is toxic, and with less scaffolding than Worksheets C5b.6 and C5b.7. Students could work in pairs or small groups to collect answers, and then present them in the form of a poster or leaflet. 





	
C5 Fuels and the Earth’s atmosphere


	C5c Fuel pollution (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.9	Describe how impurities in some hydrocarbon fuels result in the production of sulfur dioxide.

2B.10	Describe some problems associated with acid rain, caused when sulfur dioxide dissolves in 
rain water.

2B.11	Recall that when fuels are burned in engines, oxygen and nitrogen can react together at high temperatures to produce oxides of nitrogen, which are pollutants.

GCSE Combined Science
C8.11	Explain how impurities in some hydrocarbon fuels result in the production of sulfur dioxide.

C8.12	Explain some problems associated with acid rain caused when sulfur dioxide dissolves in 
rain water.

C8.13	Explain why, when fuels are burned in engines, oxygen and nitrogen can react together at high temperatures to produce oxides of nitrogen, which are pollutants.

	Starter
Show students an image of a building or statue that has been weathered by acid rain. Ask them how the statue’s appearance will have changed over time, what has happened to the statue and what caused this to happen. 

Exploring
Students work in pairs to complete the practical described on Worksheet C5c.1. Students investigate which typical building materials react with sulfuric acid and which do not. 

Explaining
Demonstrate the pH testing of water from various sources ie rain water, tap water, river water etc. Full details are given in the TTPP pages for C5c. 

	Starter
Write the words sulfuric acid and nitric acid on the board. Ask students to name any of the elements they might find in each acid. Remind students that both of these acids are associated with acid rain. Ask students how this acid is formed, and ask them where each of the elements comes from. For example, in sulfuric acid, the sulfur comes from impurities in the fuel, oxygen comes from the air and water, and hydrogen also comes from water. 

Securing ELC 
Worksheet C5c.5 provides a diagram with some labels for students to complete. 

Securing GCSE Support
Students complete Worksheet C5c.6, which involves a card sort. Students can work in pairs to sort statements into two piles: how acid rain forms, and problems caused by pollutants and acid rain.

Securing GCSE
Students complete Worksheet C5c.7, which involves a card sort. Students should cut out the statements, which suggest ways of reducing fuel pollution. Working in pairs, students arrange the statements in order from most to least important. Ask pairs to discuss the reasons for their choices, then compare their answers as a class and explain the order they have chosen. 
With more confident students, ask them to suggest and justify other measures that would reduce problems caused by sulfur dioxide and oxides of nitrogen produced by burning hydrocarbon fuels.





	
C5 Fuels and the Earth’s atmosphere


	C5d Cracking (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.12	Describe the advantages and disadvantages of using hydrogen, rather than petrol, as a fuel in cars.

2B.13	Recall that petrol, kerosene and diesel oil are non-renewable fossil fuels obtained from crude oil and methane is a non-renewable fossil fuel found in natural gas.

2B.14	Describe how cracking involves the breaking down of larger hydrocarbon molecules into smaller, more useful ones.

2B.15	Explain why cracking is necessary.

GCSE Combined Science
C8.14	Evaluate the advantages and disadvantages of using hydrogen, rather than petrol, as a fuel in cars.

C8.15	Recall that petrol, kerosene and diesel oil are non-renewable fossil fuels obtained from crude oil and methane is a non-renewable fossil fuel found in natural gas.

C8.16	Explain why cracking involves the breaking down of larger, saturated hydrocarbon molecules (alkanes) into smaller, more useful ones, some of which are unsaturated (alkenes).

C8.17	Explain why cracking is necessary.


	Starter
Show students a large cube or cuboid made of building blocks linked together. Ask students what this single large block could be used for. Then break the cube or cuboid down into its constituent bricks. Pose the question again: what can the individual bricks now be used for? Which is more useful, the single large brick or the many smaller bricks? The discussion should reflect the idea that a single large block has fewer uses than that same block broken down into smaller parts. You could emphasise that there is greater demand for smaller bricks (just like the shorter fractions in crude oil), because they are more useful. 

Exploring
Worksheet C5d.1 contains a table of data about the relative levels of supply and demand for various hydrocarbons. Students are asked to plot the data and answer a series of questions. 

Explaining
Students complete Worksheet C5d.2, which involves a card sort. Students should cut out the eight statements about hydrogen-powered cars and sort them into advantages and disadvantages. There are four statements for each. The statements should then be discussed as a class. 

	Starter
Show students some pictures of the uses of different fractions of crude oil (e.g. petrol for cars, kerosene for aircraft and bitumen for roads) and ask them to name the fraction used for each. Ask students to decide which fractions are in greatest demand, and ask them to explain why. 

Securing ELC 
Worksheet C5d.6 has a table which students should fill in using all the information on the sheet. It may be helpful to encourage students to highlight or underline the key information in the text. 

Securing GCSE Support
Worksheet C5d.7 asks students to produce an extended piece of writing and a diagram. The text should describe how hydrogen can be used to fuel a car, as well as persuading a person to buy a hydrogen-powered car instead of using a petrol car. 

Securing GCSE
Worksheet C5d.8 asks students to read a piece of text and then answer some questions. The worksheet concentrates on key terms for hydrocarbons, such as saturated and unsaturated. The worksheet asks students to think about the different advantages and disadvantages of using hydrogen as a fuel for cars. Students are then asked to make an evaluation.





	
C5 Fuels and the Earth’s atmosphere


	C5e Early Earth (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.16	Recall that the gases produced by volcanic activity formed the Earth’s early atmosphere.

2B.17	Describe that the Earth’s early atmosphere was thought to contain: 
a	little or no oxygen 
b	a large amount of carbon dioxide 
c 	water vapour 
d	small amounts of other gases
	and interpret evidence relating to this.

2B.18	Recall how condensation of water vapour formed oceans.

2B.19	Recall how the amount of carbon dioxide in the atmosphere was decreased when carbon dioxide dissolved as the oceans formed.

2B.20	Describe how the amount of oxygen in the early atmosphere gradually increased, as a result of photosynthesis by primitive plants.

2B.21	Describe the chemical test for oxygen.

GCSE Combined Science
C8.18	Recall that the gases produced by volcanic activity formed the Earth’s early atmosphere.

C8.19	Describe that the Earth’s early atmosphere was thought to contain: 
	a	little or no oxygen 
	b	a large amount of carbon dioxide 
	c	water vapour 
	d	small amounts of other gases
	and interpret evidence relating to this.

C8.20	Explain how condensation of water vapour formed oceans.

C8.21	Explain how the amount of carbon dioxide in the atmosphere was decreased when carbon dioxide dissolved as the oceans formed.

C8.22	Explain how the growth of primitive plants used carbon dioxide and released oxygen by photosynthesis and consequently the amount of oxygen in the atmosphere gradually increased.

C8.23	Describe the chemical test for oxygen.


	Starter
Ask the students to draw a mind map and add to it anything they can remember about the early Earth’s atmosphere and the modern day atmosphere. Then show students some spectacular video clips of volcanoes erupting and talk about some of the gases produced and therefore the gases present in the early atmosphere. 

Exploring
Students work through Worksheet C5e.1 by linking each hypothesis with a piece of evidence. It might be beneficial to ask students to work in groups to do the initial matching, and then discuss the results as a class. You may wish to remind students what the terms hypothesis and evidence mean.

Explaining
Collect a jar of oxygen or several test tubes of oxygen. This can be done by decomposing hydrogen peroxide. A catalyst such as manganese dioxide can be used to decompose the hydrogen peroxide more quickly and allow the oxygen gas to be collected in a shorter period. Light a splint and then blow the flame out, leaving the edge of the splint glowing red. Insert the glowing splint into the oxygen; the splint should relight and a flame appear on the splint again.

	Starter
Draw a key on the board and demonstrate drawing diatomic oxygen. Students then draw space-filler diagrams for carbon, carbon dioxide and carbon monoxide. One student could be asked to draw these on the board, or ask different students. Ask the class what the difference between the three diagrams is.

Securing ELC 
Worksheet C5e.5 has a set of statements describing the changes in the Earth’s atmosphere over time. Students are required to cut out the statements, place them in the correct order along the time line and stick them in. 

Securing GCSE Support
Worksheet C5e.6 has a table to complete which gives reasons for the differences between the early atmosphere and the modern day atmosphere. There is also a question asking students to describe a chemical test to distinguish between gases. 

Securing GCSE
Worksheet C5e.7 asks students to carry out experiments involving condensing water and bubbling carbon dioxide into water. These two experiments should be quick for the students to set up and carry out. Students need to make observations during the first experiment, including the warm heated water evaporating and then condensing on the underside of the cling film, back into a liquid. During the second experiment calcium carbonate reacts with hydrochloric acid to produce calcium chloride, water and carbon dioxide. Students are asked to record any observations they make during the experiment in the results table provided. This could include bubbling in the conical flask, temperature change, decrease in the observed amount of solid etc.






	
C5 Fuels and the Earth’s atmosphere


	C5f Today’s atmosphere (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	
Entry Level Certificate
2B.22	Describe how various gases in the atmosphere, including carbon dioxide, methane and water vapour, absorb heat radiated from the Earth, subsequently releasing energy that keeps the Earth warm: this is known as the greenhouse effect.

2B.23	Describe the potential effects on the climate of increased levels of carbon dioxide and methane generated by human activity, including burning fossil fuels and livestock farming.

2B.24	Evaluate the evidence for and against human activity causing climate change.

GCSE Combined Science
C8.24	Describe how various gases in the atmosphere, including carbon dioxide, methane and water vapour, absorb heat radiated from the Earth, subsequently releasing energy which keeps the Earth warm: this is known as the greenhouse effect.

C8.25	Evaluate the evidence for human activity causing climate change, considering: 
a	the correlation between the change in atmospheric carbon dioxide concentration, the consumption of fossil fuels and temperature change […].

C8.26	Describe: 
a	the composition of today’s atmosphere
b	the potential effects on the climate of increased levels of carbon dioxide and methane generated by human activity, including burning fossil fuels and livestock farming [c	that these effects may be mitigated: consider scale, risk and environmental implications.]


	Starter
Show students an image of a polar bear balancing on a small piece of ice (photo E on the Student Book pages for this topic). Ask students what the polar bear’s usual habitat is and why this bear is clinging to a small piece of ice. What has happened to the polar bear’s habitat and why? Take answers from the class. Note any misunderstandings for sorting out during the lesson. Make sure students know the difference between key terms such as global warming, the greenhouse effect and climate change.

Exploring
Students are asked to work in groups and research information to answer one of the questions posed in Worksheet C5f.1. The group are asked to prepare a 1 minute class presentation, using their researched information to answer the question they were given. The presentation could involve using digital technology if the students wish. Students could produce their presentation in one of a range of different formats, such as using presentation software or as a motion animation, movie or poster. 

Explaining
The ALDS presentation C5f Today’s atmosphere contains questions about greenhouse gases, climate change and ways of reducing climate change. Slides 12–15 discuss possible ways to reduce carbon dioxide levels in the atmosphere and are relevant only to GCSE students. 

	Starter
Show the students a set of gas jars (empty) with the following gases labelled, or just write a list of different gases on the board: carbon dioxide, methane, water vapour, oxygen, nitrogen, hydrogen. Ask students to divide these gases into two groups: greenhouse gases and non-greenhouse gases.

Securing ELC 
Worksheet C5f.5 has a set of questions about the greenhouse effect and climate change. Students are asked to consider the greenhouse effect and answer questions about the process and which human activities contribute to increasing the amounts of certain greenhouse gases in the atmosphere. Then students decide whether each of a list of pieces of evidence is evidence for or against human activity causing climate change. 

Securing GCSE Support
Worksheet C5f.6 asks students to decide whether each statement given is an example of a human activity that helps cause climate change or of the effects of climate change. Students also have to decide which human activities release methane gas into the atmosphere, and explain why this happens. The last question asks students about correlation and whether there is a correlation between increased atmospheric greenhouse gas concentrations and climate change.

Securing GCSE
Worksheet C5f.7 asks students to decide whether each of the statements given is of: human activities that help to cause climate change, ways of reducing the effects of climate change or effects of climate change. Students have to compare the arguments for and against building flood defences and decide whether these defences should be built. The last question considers the uncertainty of data collected over the years about global temperature and the amount of carbon dioxide in the air.
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