St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 10 (Chemistry)

This is the plan for the taught curriculum during achievement period: Assessment Period 3 (March/April to July)

	Brief summary of the topic/work being covered during this period	

	Students are taught the following topics 'Chemical changes’’ and ‘Rates’.
Students are taught the topics so that they can gain a full understanding of the core principles of Chemistry and enable them to achieve their full potential at GCSE.

	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS3
Acids and alkalis
- The pH of a solution depends on the strength of
the acid: strong acids have lower pH values than
weak acids.
Mixing an acid and alkali produces a chemical
reaction, neutralisation, forming a chemical called
a salt and water.

Metals and non-metals
Metals and non-metals react with oxygen to form
oxides which are either bases or acids.
Metals can be arranged as a reactivity series
in order of how readily they react with other
substances.
Some metals react with acids to produce salts
and hydrogen.

Chemical energy
During a chemical reaction bonds are broken 
(requiring energy) and new bonds formed (releasing energy). If the energy released is greater than the energy required, the reaction is exothermic. If the reverse, it is endothermic.


Types of reaction
Combustion is a reaction with oxygen in which energy is transferred to the surroundings as heat and light.
Thermal decomposition is a reaction where a single reactant is broken down into simpler products by heating.
Chemical changes can be described by a model where atoms and molecules in reactants rearrange to make the products and the total number of atoms is conserved.

Practical Skills Covered in KS3
- Students should have completed similar experiments and be aware of many of the skills, chemicals and equipmen involved
- Graph drawing, mean calculations and more should be familiar for students.


	Rationale for students studying this unit/topic 

	Rationale for studying this topic
Students have got the foundation knowledge about reactions and more detailed experiments over Year 10, they are now moving onto more complex reactions and experiments. However, they will all tie in with their schema and now extend that into these two topics. 

These topics further develop upon the scientific content covered at KS3 and give the teacher opportunities to further develop the practical investigative skills the students gained at KS3.

Rationale for timing of this topic
Students cover these topics in year 10 as it forms the basis of their scientific understanding moving forward into year 11. In addition, these topics embed and build upon the knowledge and skills covered in the KS3 curriculum.


	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	Neutralisation and soluble salts
- Students should recall and be able to describe acids are neutralised by alkalis (eg soluble metal hydroxides) and bases (eg insoluble metal hydroxides and metal oxides) to produce salts and water, and by metal carbonates to produce salts, water and carbon dioxide. The particular salt produced in any reaction between an acid and a base or alkali depends on: the acid used (hydrochloric acid produces chlorides, nitric acid produces nitrates, sulfuric acid produces sulfates); the positive ions in the base, alkali or carbonate. 
-Students should be able to: predict products from given reactants and use the formulae of common ions to deduce the formulae of salts.
- Students should be able to recall that soluble salts can be made from acids by reacting them with solid insoluble substances, such as metals, metal oxides, hydroxides or carbonates. The solid is added to the acid until no more reacts and the excess solid is filtered off to produce a solution of the salt. Salt solutions can be crystallised to produce solid salts. 
-Students should be able to describe how to make pure, dry samples of named soluble salts from information provided.

Anticipated Gaps
- Students will find a lot of this familiar as they have covered this is basic terms in KS3, however repetition and experiments will allow students to grasp the new knowledge and understand it. Using dual coding and reviewing content in lots of different ways is very important too.


pH
- Students can recall that acids produce hydrogen ions (H+ ) in aqueous solutions. Aqueous solutions of alkalis contain hydroxide ions (OH– ). The pH scale, from 0 to 14, is a measure of the acidity or alkalinity of a solution, and can be measured using universal indicator or a pH probe. A solution with pH 7 is neutral. Aqueous solutions of acids have pH values of less than 7 and aqueous solutions of alkalis have pH values greater than 7. In neutralisation reactions between an acid and an alkali, hydrogen ions react with hydroxide ions to produce water. 
-Students should be able to: describe the use of universal indicator or a wide range indicator to measure the approximate pH of a solution and use the pH scale to identify acidic or alkaline solutions.
- Students should be able to describe that a strong acid is completely ionised in aqueous solution. Examples of strong acids are hydrochloric, nitric and sulfuric acids. A weak acid is only partially ionised in aqueous solution. Examples of weak acids are ethanoic, citric and carbonic acids. For a given concentration of aqueous solutions, the stronger an acid, the lower the pH. As the pH decreases by one unit, the hydrogen ion concentration of the solution increases by a factor of 10. -Students should be able to: use and explain the terms dilute and concentrated (in terms of amount of substance), and weak and strong (in terms of the degree of ionisation) in relation to acids AT 8 An opportunity to measure the pH of different acids at different concentrations.  describe neutrality and relative acidity in terms of the effect on hydrogen ion concentration and the numerical value of pH (whole numbers only).

Anticipated Gaps
- See above


Titrations (Separate Chemistry only)
- Students should be able to describe and explain the volumes of acid and alkali solutions that react with each other can be measured by titration using a suitable indicator. 
-Students should be able to: describe how to carry out titrations using strong acids and strong alkalis only (sulfuric, hydrochloric and nitric acids only) to find the reacting volumes accurately (HT Only) calculate the chemical quantities in titrations involving concentrations in mol/dm3 and in g/dm3 .

Anticipated Gaps
- Students will find this a difficult topic, as well as the practical side too. However, reviewing videos and methods before hand and using exam practice to illustrate exactly what they need to know will be vital.


Electrolysis 
- Students should be able to describe when an ionic compound is melted or dissolved in water, the ions are free to move about within the liquid or solution. These liquids and solutions are able to conduct electricity and are called electrolytes. Passing an electric current through electrolytes causes the ions to move to the electrodes. Positively charged ions move to the negative electrode (the cathode), and negatively charged ions move to the positive electrode (the anode). Ions are discharged at the electrodes producing elements. This process is called electrolysis. (HT only) Throughout Section 4.4.3 Higher Tier students should be able to write half equations for the reactions occurring at the electrodes during electrolysis, and may be required to complete and balance supplied half equations.
- Students should recall when a simple ionic compound (eg lead bromide) is electrolysed in the molten state using inert electrodes, the metal (lead) is produced at the cathode and the non-metal (bromine) is produced at the anode. 
-Students should be able to predict the products of the electrolysis of binary ionic compounds in the molten state.
- Students should be able to describe metals can be extracted from molten compounds using electrolysis. Electrolysis is used if the metal is too reactive to be extracted by reduction with carbon or if the metal reacts with carbon. Large amounts of energy are used in the extraction process to melt the compounds and to produce the electrical current. Aluminium is manufactured by the electrolysis of a molten mixture of aluminium oxide and cryolite using carbon as the positive electrode (anode). 
-Students should be able to: explain why a mixture is used as the electrolyte and explain why the positive electrode must be continually replaced.
- Students should be able to idenitfy that the ions discharged when an aqueous solution is electrolysed using inert electrodes depend on the relative reactivity of the elements involved. At the negative electrode (cathode), hydrogen is produced if the metal is more reactive than hydrogen. At the positive electrode (anode), oxygen is produced unless the solution contains halide ions when the halogen is produced. This happens because in the aqueous solution water molecules break down producing hydrogen ions and hydroxide ions that are discharged. 
-Students should be able to predict the products of the electrolysis of aqueous solutions containing a single ionic compound.
- Students should be able to describe that during electrolysis, at the cathode (negative electrode), positively charged ions gain electrons and so the reactions are reductions. At the anode (positive electrode), negatively charged ions lose electrons and so the reactions are oxidations. Reactions at electrodes can be represented by half equations, for example: 2H+ + 2e- → H2 and 4OH- → O2 + 2H2O + 4eor 4OH- – 4e- → O2 + 2H2O

Anticipated Gaps
- Students always find this a difficult topic, layering on the difficulty over a few lessons is vital, with half equations. Reviewing these using regular retrieval is key and can allow students to improve and build their understanding and knowledge.


Fuel cells and batteries (Separate Chemistry only)
- Students should be able to recall that cells contain chemicals which react to produce electricity. The voltage produced by a cell is dependent upon a number of factors including the type of electrode and electrolyte. A simple cell can be made by connecting two different metals in contact with an electrolyte. Batteries consist of two or more cells connected together in series to provide a greater voltage. In non-rechargeable cells and batteries the chemical reactions stop when one of the reactants has been used up. Alkaline batteries are non-rechargeable. Rechargeable cells and batteries can be recharged because the chemical reactions are reversed when an external electrical current is supplied. 
-Students should be able to interpret data for relative reactivity of different metals and evaluate the use of cells. Students do not need to know details of cells and batteries other than those specified.

Anticipated Gaps
- Students should be able to connect this to electrolysis and physics (energy stores and potential difference), so drawing on these links to schema is important to include in lessons for this topic. 


Rates of reaction
- Students should be able to describe that the rate of a chemical reaction can be found by measuring the quantity of a reactant used or the quantity of product formed over time: mean rate o f  reaction  = quantity o f  reactant used time taken mean rate o f  reaction  = quantity o f   product  f ormed time taken The quantity of reactant or product can be measured by the mass in grams or by a volume in cm3 . The units of rate of reaction may be given as g/s or cm3 /s. For the Higher Tier, students are also required to use quantity of reactants in terms of moles and units for rate of reaction in mol/s. 
-Students should be able to: calculate the mean rate of a reaction from given information about the quantity of a reactant used or the quantity of a product formed and the time taken; draw, and interpret, graphs showing the quantity of product formed or quantity of reactant used up against time; draw tangents to the curves on these graphs and use the slope of the tangent as a measure of the rate of reaction. (HT only) Calculate the gradient of a tangent to the curve on these graphs as a measure of rate of reaction at a specific time.
- Students should be able to recall and explain the factors which affect the rates of chemical reactions include: the concentrations of reactants in solution, the pressure of reacting gases, the surface area of solid reactants, the temperature and the presence of catalysts. 
-Students should be able to recall how changing these factors affects the rate of chemical reactions.
- Students should be able to identify how collision theory explains how various factors affect rates of reactions. According to this theory, chemical reactions can occur only when reacting particles collide with each other and with sufficient energy. The minimum amount of energy that particles must have to react is called the activation energy. Increasing the concentration of reactants in solution, the pressure of reacting gases, and the surface area of solid reactants increases the frequency of collisions and so increases the rate of reaction. Increasing the temperature increases the frequency of collisions and makes the collisions more energetic, and so increases the rate of reaction. 
-Students should be able to : predict and explain using collision theory the effects of changing conditions of concentration, pressure and temperature on the rate of a reaction
- predict and explain the effects of changes in the size of pieces of a reacting solid in terms of surface area to volume ratio. Be able to use simple ideas about proportionality when using collision theory to explain the effect of a factor on the rate of a reaction
- Students should be able to describe how catalysts change the rate of chemical reactions but are not used up during the reaction. Different reactions need different catalysts. Enzymes act as catalysts in biological systems. Catalysts increase the rate of reaction by providing a different pathway for the reaction that has a lower activation energy. A reaction profile for a catalysed reaction can be drawn in the following form: 
-Students should be able to identify catalysts in reactions from their effect on the rate of reaction and because they are not included in the chemical equation for the reaction. 
-Students should be able to explain catalytic action in terms of activation energy. Students do not need to know the names of catalysts other than those specified in the subject content.

Anticipated Gaps
- Students will be able to use lots of practicals to be able to apply this knowledge and understanding, this alongside careful review and using specific exam practice is a great way to prepare students and assess their understanding.


Reversible reactions and equillbria
- Students will be able to identify that in some chemical reactions, the products of the reaction can react to produce the original reactants. Such reactions are called reversible reactions and are represented: A + B C + D The direction of reversible reactions can be changed by changing the conditions. If a reversible reaction is exothermic in one direction, it is endothermic in the opposite direction. The same amount of energy is transferred in each case. When a reversible reaction occurs in apparatus which prevents the escape of reactants and products, equilibrium is reached when the forward and reverse reactions occur at exactly the same rate.
- Students will be able to describe the relative amounts of all the reactants and products at equilibrium depend on the conditions of the reaction. If a system is at equilibrium and a change is made to any of the conditions, then the system responds to counteract the change. The effects of changing conditions on a system at equilibrium can be predicted using Le Chatelier’s Principle. 
-Students should be able to make qualitative predictions about the effect of changes on systems at equilibrium when given appropriate information. Such as: 
1) If the concentration of one of the reactants or products is changed, the system is no longer at equilibrium and the concentrations of all the substances will change until equilibrium is reached again. If the concentration of a reactant is increased, more products will be formed until equilibrium is reached again. If the concentration of a product is decreased, more reactants will react until equilibrium is reached again. Students should be able to interpret appropriate given data to predict the effect of a change in concentration of a reactant or product on given reactions at equilibrium.
2) If the temperature of a system at equilibrium is increased: the relative amount of products at equilibrium increases for an endothermic reaction; the relative amount of products at equilibrium decreases for an exothermic reaction. If the temperature of a system at equilibrium is decreased: the relative amount of products at equilibrium decreases for an endothermic reaction; the relative amount of products at equilibrium increases for an exothermic reaction. 
-Students should be able to interpret appropriate given data to predict the effect of a change in temperature on given reactions at equilibrium.
- Students should be able to describe for gaseous reactions at equilibrium: an increase in pressure causes the equilibrium position to shift towards the side with the smaller number of molecules as shown by the symbol equation for that reaction, a decrease in pressure causes the equilibrium position to shift towards the side with the larger number of molecules as shown by the symbol equation for that reaction. 
-Students should be able to interpret appropriate given data to predict the effect of pressure changes on given reactions at equilibrium.

Anticipated Gaps
- Students will find this hard, like electrolysis, yet again using targeted retrieval and spacing of material in lessons will allow for students to be able to revisit and assess their knowledge of this topic. Models and diagrams are also great tools to build this knowledge.



	New key terminology students will be taught during this topic/unit

	Acid: Acids produce hydrogen ions (H+ )in aqueous solutions. They have a pH range of 0-6. 
Alkali: Alkalis produce hydroxide ions (OH- )in aqueous solutions. They have a pH range of 8-14. 
Crystallisation: A separation technique used to produce solid crystals from a solution by evaporating the solvent. 
Displacement: A chemical reaction in which a more reactive element displaces a less reactive element from its compound. 
Electrolysis: The splitting up of an ionic compound using electricity. The electric current is passed through a substance causing chemical reactions at the electrodes and the decomposition of the materials. 
Electrolyte: A solution containing free ions from the molten or dissolved ionic substance. The ions are free to move to carry charge. 
Extraction: Extraction techniques are used to separate a desired substance when it is mixed with others. 
Filtration: A separation technique used to separate solids from liquids. Negative electrode (cathode): The electrode where hydrogen is produced if the metal in the electrolyte is more reactive than hydrogen. It is where positively charged ions gain electrons and so the reactions are reductions. 
Neutralisation: The reaction when an acid and a base react to form water and a salt. Oxidation: A reaction involving the gain of oxygen. Oxidation is the loss of electrons. 
pH scale: The pH scale, from 0 to 14, is a measure of the acidity or alkalinity of a solution, and can be measured using universal indicator or a pH probe. 
Positive electrode (anode): The electrode where oxygen is produced unless the solution contains halide ions then the halogen is produced. It is where negatively charged ions lose electrons and so the reactions are oxidations. 
*Redox reaction: A reaction in which both oxidation and reduction occur simultaneously. 
Reduction: A reaction involving the loss of oxygen. Reduction is the gain of electrons.
Reduction with carbon: Metals less reactive than carbon can be extracted from their oxides by reduction with carbon. 
Strong acid: A strong acid is completely ionised in aqueous solution. Examples of strong acids are hydrochloric, nitric and sulfuric acids. 
The reactivity series: Metals are arranged in order of their reactivity in a reactivity series. This can be used to predict products from reactions. 
*Titration: A technique used where a solution of known concentration is used to determine the concentration of an unknown solution. 
Universal indicator: A mixture of dyes that changes colour gradually over a range of pH and is used in testing for acids and alkalis. 
Weak acid: A weak acid is only partially ionised in aqueous solution. Examples of weak acids are ethanoic, citric and carbonic acids.
Activation energy: The minimum amount of energy for particles to collide with in order for a successful reaction to occur. 
*Alkaline batteries: Alkaline batteries are non-rechargeable. In non-rechargeable cells and batteries the chemical reactions stop when one of the reactants has been used up. 
*Battery: Batteries consist of two or more cells connected together in series to provide a greater voltage. 
*Chemical cells: Cells contain chemicals which react to produce electricity Endothermic reaction: An endothermic reaction is one that takes in energy from the surroundings so the temperature of the surroundings decreases. In an endothermic reaction, the energy needed to break existing bonds is greater than the energy released from forming new bonds. 
Exothermic reaction: An exothermic reaction is one that transfers energy to the surroundings so the temperature of the surroundings increases. In an exothermic reaction, the energy released from forming new bonds is greater than the energy needed to break existing bonds. 
*Fuel cells: Fuel cells are supplied by an external source of fuel (eg hydrogen) and oxygen or air. The fuel is oxidised electrochemically within the fuel cell to produce a potential difference Overall energy change of the reaction: The difference between the sum of the energy needed to break bonds in the reactants and the sum of the energy released when bonds in the products are formed. 
Reaction profile: Reaction profiles can be used to show the relative energies of reactants and products, the activation energy and the overall energy change of a reaction. 
*Rechargeable cells: Rechargeable cells and batteries can be recharged because the chemical reactions are reversed when an external electrical current is supplied.


Topic 6 - The Rate and Extent of Chemical Changes 
Activation energy: The minimum amount of energy that particles must collide with to react. 
Catalyst: Catalysts increase the rate of reaction by providing a different pathway for the reaction that has a lower activation energy. They are not used up during the reaction. 
Collision theory: According to this theory, chemical reactions can occur only when reacting particles collide with each other and with sufficient energy. 
Effect of changing concentration on equilibrium: If the concentration of a reactant is increased, more products will be formed until equilibrium is reached again. If the concentration of a product is decreased, more reactants will react until equilibrium is reached again. 
Effect of changing pressure on equilibrium: An increase in pressure causes the equilibrium position to shift towards the side with the smaller number of molecules. A decrease in pressure causes the equilibrium position to shift towards the side with the larger number of molecules. 
Effect of changing temperature on equilibrium: If the temperature of an equilibrium system is increased then the relative amount of products at equilibrium increases for an endothermic reaction and decreases for an exothermic reaction.
Effect of concentration on reaction rate: Increasing the concentration of reactants in solution means the reacting particles will be closer together. This means they will collide more often so there will be a higher rate of successful collisions and a faster rate of reaction. 
Effect of pressure on reaction rate: Increasing the pressure of gaseous reactants means the reacting particles will be closer together. This means they will collide more often so there will be a higher rate of successful collisions and a faster rate of reaction. 
Effect of surface area on reaction rate: Increasing the surface area of the reactants means there are more exposed reacting particles. This means there are more frequent successful collisions so the rate of reaction increases. 
Effect of temperature on reaction rate: Increasing the temperature means the particles will have more kinetic energy and so will move faster. If the molecules are moving faster they will collide more often and, since they’ve gained kinetic energy, a larger proportion of the particles will have at least the activation energy. For both these reasons the rate of reaction increases. 
Equilibrium: When a reversible reaction occurs in apparatus which prevents the escape of reactants and products, equilibrium is reached when the forward and reverse reactions occur at exactly the same rate. 
Le Chatelier’s Principle: If a reaction at equilibrium is subjected to a change in concentration, temperature or pressure, the position of equilibrium will move to counteract the change. 
Rate of reaction: The measure of the amount of product formed or reactant used over time. The units of rate of reaction may be given as g/s, cm3 / s or mol/s. 
Reversible reaction: Reactions in which the products from the reaction can react together to form the original reactants. The direction of reversible reactions can be changed by changing the conditions.



	Plan for Assessment 

	Informal assessment is ongoing through homework, classwork, practical work, contributions to class discussion/group work.

Formal assessment. Students complete an examination in class out of 50 marks. Each score will be reported out of 100 as a ‘Science Point Score’. Similar to UMS, each assessment will be standardised with a mark relating to a science point score- the scale of which will depend on the difficulty of the examination. This will ensure standard scoring across the 3 disciplines. The Science Point Score will be determined from the performance of the cohort – similar to the methodology used for the GCSE examinations. 

All assessments carried out in Year 9 are split into Foundation Tier and Higher Tier.
It is recommended students in Set 1–2 (for a 4 class band) or Set 1-3 (for a 5/6 class band) will take the Higher Tier assessments. 
It is recommended students in Set 3–4 (for a 4-class band) or Set 4-6 (for a 5/6 class band) will take the Foundation Tier assessments. 
The final decision of tier entry for individual students is at the discretion of the teacher.
Students do not have to sit the same tier in the different Science subjects.
Higher tier assessments can attain Science Point Scores from 0 – 100 points.
Foundation tier assessments can attain Science Point Scores from 0 – 69 points.
The Science Point Score will allow for students to compare results across the three subjects.

The content of the examination is as follows:

	Section of Assessment
	Content

	Section A


	GCSE style questions based on previous topics. Some how science works questions embedded.

	Section B


	GCSE style questions based on current topics learnt. Some how science works questions embedded.



This examination will be set by the HoD and will not be known to the class teacher in advance. 
Teachers are to record centrally 1 single mark out of 50 for the final assessed examination. Teachers may choose to record the marks in their planner. Feedback on the examination should be minimal and students spend time after the examinations self-reflecting, indicating three areas of strength in their assessment performance and three areas to develop in line with the Year 9 frameworks.






