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[bookmark: _Hlk112402278][bookmark: _Hlk112408500][bookmark: _Toc112681289][bookmark: _Hlk112408586][bookmark: _Hlk112408794]This sample program of learning has been developed by the NSW Department of Education. NSW Education Standards Authority (NESA) defines programming as the process of ‘selecting and sequencing learning experiences which enable students to engage with syllabus outcomes and develop subject-specific skills and knowledge’ (NESA 2022).
This program has been developed to assist teachers in NSW Department of Education schools to create learning that is contextualised to their classroom. The program has suggested timeframes that may need to be adjusted by the teacher to align with the school calendar and meet the needs of their students. The program may provide links to webpages that are not part of the department’s website. These links are provided as a source of information or activities that may be suitable in delivering the course content. These sites are managed by organisations, companies or individuals outside our control, and the department is not responsible for the information or any subsequent links on these webpages.
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Chemistry is integral to our everyday lives, often without us realising it. From the food we eat and the cleaning products we use to the energy that powers our homes, chemical reactions are constantly at work. This program explores the fundamental principles of chemistry, with a particular focus on the law of conservation of mass, chemical reactions and nuclear reactions. By linking these concepts to familiar contexts, such as household chemistry and industrial applications, students will gain a deeper understanding of the role and impact of chemistry in the real world.
By delving into chemical reactions, students will learn to predict products, write balanced equations, and understand the significance of reactants and products in various contexts. Additionally, studying nuclear reactions will provide insights into the natural processes that shape our universe and the technological advancements that arise from harnessing nuclear energy. Students will be encouraged to appreciate the practical applications of chemistry in everyday life. For example, examining how pH levels affect the effectiveness of cleaning agents or understanding how the chemical processes involved in cooking can illuminate the relevance of chemistry in our daily routines. This program aims to foster curiosity and engagement, empowering students to connect theoretical knowledge with practical experiences in their lives.
Prior learning
Students should come into this program understanding:
how to distinguish between atoms, mixtures and compounds and explain their properties using particle theory – Science 7–10 (2023) Stage 4 Solutions and mixtures
how to identify some common elements in everyday objects – Science 7–10 (2023) Stage 4 Periodic table and atomic structure
that an atom is the smallest unit of an element that retains the properties of that element – Science 7–10 (2023) Stage 4 Periodic table and atomic structure
that protons, neutrons and electrons are subatomic particles that constitute an atom – Science 7–10 (2023) Stage 4 Periodic table and atomic structure
how to identify the unique symbol of a range of elements – Science 7–10 (2023) Stage 4 Periodic table and atomic structure
how to use the periodic table to identify the elements in some common compounds – Science 7–10 (2023) Stage 4 Periodic table and atomic structure
how to identify the indicators of physical and chemical changes – Science 7–10 (2023) Stage 4 Change
how to describe the initial and final changes that are observed in a chemical reaction, including writing a word equation to represent a chemical reaction – Science 7–10 (2023) Stage 4 Change
how to investigate and observe energy changes in different chemical reactions – Science 7–10 (2023) Stage 4 Change
how to write simple word equations – Science 7–10 (2023) Stage 4 Change
how to use simple formulas and naming for organic compounds – Science 7–10 (2023) Stage 5 Materials.
Future learning
Learning from this program that students will use in further study includes:
the use of models to represent abstract ideas
identifying and mitigating risks when handling chemicals and equipment
applying skills in planning and conducting investigations
applying understanding of chemical reactions in everyday applications
writing nuclear equations and applying their understanding of how nuclear reactions occur to create stable isotopes with a release of energy – Physics 11–12 Syllabus (2025) and Chemistry 11–12 Syllabus (2025)
writing balanced chemical equations – Chemistry 11–12 Syllabus (2025)
an understanding of IUPAC nomenclature – Chemistry 11–12 Syllabus (2025)
applying the fundamental concepts of the law of conservation of mass to stoichiometric calculations – Chemistry 11–12 Syllabus (2025)
Transfer of learning
Students will be able to use their learning developed in this focus area to:
formulate testable scientific questions
select equipment that aligns with the purpose of the experiment and supports the necessary data collection
identify and manage risks by selecting appropriate chemicals and equipment
link observations and data as evidence to draw conclusions and support arguments.
Table 1 – reactions program key information
	Feature
	Details

	Outcomes
	A student:
describes a range of reaction types SC5-RXN-01
explains the factors that affect the rate of chemical reactions SC5-RXN-02
selects and uses scientific tools and instruments for accurate observations SC5-WS-01
develops questions and hypotheses for scientific investigation SC5-WS-02
designs safe, ethical, valid and reliable investigations SC5-WS-03
follows a planned procedure to undertake safe, ethical, valid and reliable investigations SC5-WS-04
selects and uses a range of tools to process and represent data SC5-WS-05*
analyses data from investigations to identify trends, patterns and relationships, and draws conclusions SC5-WS-06*
Science 7–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2023.
* Additional outcomes have been included in this program of learning.

	Assessment
	Reactions – assessment task

	Duration
	10 weeks

	Special materials and equipment
	pH meters
Stop watches
Thermometer or temperature sensor


Risk management: teachers are advised to undertake a risk assessment before conducting any investigation or experiment in their classrooms. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.
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This document provides information for teachers to navigate the teacher resource books and the supporting PowerPoint for Reactions. All content in these resources is aligned with the topics in the program. For example, the topic '1.1 Law of conservation of mass’ in the Reactions program is aligned with '1.1 Law of conservation of mass’ activities in Teacher resource book 1 and the supporting PowerPoint documents. 
Additional information for activities in the program, such as practical investigation instructions, student worksheets and more, will be found in the corresponding teacher resource books (TRB1, TRB2 and TRB3). The supporting PowerPoint slide deck (RXN PPT) contains student-facing information, such as learning intentions and success criteria and checks for understanding for each topic in the program.
Table 2 – resource coding for cross-referencing between the program and supplementary resources
	Coding in this resource
	Document that it is referring to

	TRB1
	Teacher resource book 1 – Reactions

	TRB2
	Teacher resource book 2 – Reactions

	TRB3
	Teacher resource book 3 – Reactions

	RXN PPT
	Slide deck – Reactions
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[bookmark: _Toc230021787]1 How do substances combine to make new substances?
Atoms from different elements can combine to create a variety of compounds. A chemical reaction involves rearranging these atoms to form new substances, while the total amount of matter remains unchanged. This section explains various types of chemical reactions, the law of conservation of mass, and how to construct and interpret chemical formulas and equations to represent these reactions.
Table 3 – content and teaching and learning activities for essential question 1
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Law of conservation of mass
Explain the meaning of the law of conservation of mass
Conduct a practical investigation to demonstrate the law of conservation of mass in a chemical reaction
Investigate and explain how mass is conserved in closed systems
Observing
Make a series of observations with precision
Questioning and predicting
Predict outcomes based on observations and scientific knowledge
	1.1 Law of conservation of mass
Conservation of mass (TRB1 and RXN PPT)
Checkpoint: activate prior knowledge by asking students to classify reactions as physical or chemical change using RXN PPT ‘1.1 Checkpoint’.
Define the ‘law of conservation of mass’ as mass in a closed system remains constant. It cannot be created or destroyed, only rearranged. This means that the total mass of the reactants before the reaction must equal the total mass of the products after the reaction. However, the number of molecules, volume or temperature may change during the reaction, but the total mass remains constant. Reiterate to students that in chemical reactions:
atoms are rearranged but cannot be created or destroyed
all atoms present in the reactants of a chemical reaction will also be found in its products
the mass of the reactants must equal the mass of the products.
Demonstrate the mass changes when steel wool is burned. Use the PEOE (Predict-Explain-Observe-Explain) strategy for this activity. Ask students to:
predict what will happen
explain their prediction before the demonstration
record their observations afterwards and modify their explanation if necessary. 
Students learn that the iron reacts with oxygen in the air to form iron oxide, which explains why the mass increased.
Investigating mass changes (TRB1 and RXN PPT)
Students conduct the following investigations to accurately and precisely measure mass changes during chemical reactions:
burning a craft stick
vinegar and sodium hydrogen carbonate in an open system
vinegar and sodium hydrogen carbonate in a closed system.
Use the evidence from these investigations to distinguish between open and closed systems and explain how it supports the law of conservation of mass.
	

	Chemical reactions
Use IUPAC naming conventions to construct the chemical formula for common ionic and covalent compounds
	1.2 Nomenclature
Naming compounds (TRB1 and RXN PPT)
Checkpoint 1: activate prior knowledge using RXN PPT ‘1.2 Checkpoint 1’ (3 slides) to ensure students can:
· classify a selection of elements as metals and non-metals
· use the periodic table to determine the number of electrons in a neutral sodium atom and a sodium ion
· classify compounds as ionic or covalent.
Revise the terms ‘ionic compounds’ and ‘covalent compounds’ which were first covered in the Stage 5 Materials focus area. Outline the rules for naming ionic compounds.
Note: this content has been introduced in the Stage 5 Materials focus area. 
Use the gradual release of responsibility strategy to teach students how to name ionic compounds.
Checkpoint 2: use RXN PPT ‘1.2 Checkpoint 2’ to check that students can name these compounds correctly.
Outline the features of polyatomic ions and provide a table of commonly used ions. Students name compounds containing common polyatomic ions.
Checkpoint 3: use RXN PPT ‘1.2 Checkpoint 3’ to check that students can name compounds with polyatomic ions correctly.
Differentiation: choose whether to introduce the ions in RXN PPT ‘1.2 More polyatomic ions’.
Outline the rules for naming covalent compounds when given the formula. Students name simple covalent compounds from their formula.
Checkpoint 4: RXN PPT ‘1.2 Checkpoint 4’ contains the formulas of a mix of compounds.
Naming compounds dominoes
To further consolidate their learning and check for understanding, students play ‘Naming compounds dominoes’, where they are required to match the formula on one end of a domino with the name on the other end of another domino.
	

	Chemical reactions
Use IUPAC naming conventions to construct the chemical formula for common ionic and covalent compounds
Processing data and information
Select and extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
	1.3 Writing chemical formulas
Molecular and ionic formula (TRB1 and RXN PPT)
Review the concept of ‘valency’. Students first learn about valency in the Stage 5 Materials focus area. Distinguish molecular formula for covalent compounds and ionic formula for ionic compounds.
Covalent compounds (TRB1 and RXN PPT)
Describe how to write the formula for simple covalent compounds given their names according to the IUPAC naming conventions.
Students construct the formulas for simple covalent compounds.
Checkpoint 1: check that students can write the formulas for simple covalent compounds from their name using  RXN PPT ‘1.3 Checkpoint 1’.
Ionic compounds (TRB1 and RXN PPT)
Review the content on noble gases and valency from the Stage 5 Materials focus area.
Explain why and how ionic compounds form.
Outline strategies for writing the chemical formula for ionic compounds.
Checkpoint 2: check if students can use their periodic table to determine the number of electrons that atoms need to gain or lose to achieve the noble gas electron configuration using RXN PPT ‘1.3 Checkpoint 2’.
Students extract information from the periodic table to determine the valency of elements and write the formulas of ionic compounds.
Differentiation: ideally, if students understand why and how atoms bond, they should be able to derive the formulas for ionic compounds. If students need more support, provide them with the strategies using RXN PPT ‘1.3 Strategies for writing ionic formula’ (3 slides).
Checkpoint 3: check if students can determine the formula for magnesium fluoride (MgF2) and potassium oxide (K2O) using RXN PPT ‘1.3 Checkpoint 3’.
Compounds with polyatomic ions (TRB1 and RXN PPT)
Describe how to write formulas for compounds containing polyatomic ions using the examples introduced in RXN PPT ‘1.2 Nomenclature’.
Students write the formula for compounds containing polyatomic ions.
Differentiation: choose whether to include the ions in RXN PPT ‘1.2 More polyatomic ions’.
[bookmark: _Hlk208919883]Elements with variable valency (TRB1 and RXN PPT)
Explain that some metals have variable valencies and describe how to provide an unambiguous name using roman numerals to indicate valency.
Students determine the valency of iron, lead and copper from the compounds’ formulas.
Students name and write formulas for compounds containing iron, lead and copper.
Checkpoint 4: RXN PPT ‘1.3 Checkpoint 4’ contains a mix of covalent and ionic compounds. It challenges students to name compounds when they are not grouped into categories.
	

	Chemical reactions
Model simple chemical reactions to show that atoms are rearranged and mass is conserved during a reaction
Represent chemical reactions, by predicting products and writing word and balanced chemical equations with states, as they are encountered
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	1.4 In the balance
Balancing equations (TRB1 and RXN PPT)
Note: this section is focused on balancing chemical equations. Predicting products and the inclusion of states will be addressed in 1.5 Chemical reactions.
Checkpoint: activate prior knowledge and check that students can interpret the number of atoms represented in a chemical formula using RXN PPT ‘1.4 Checkpoint 1’ (4 slides).
Relate the need to balance equations to the law of conservation of mass and model how to balance using synthesis and decomposition of water.
Use ball-and-stick models to represent and balance simple chemical reactions by rearranging the atoms.
Checkpoint: before moving on, check that students can balance the equation for the decomposition of water using RXN PPT ‘1.4 Checkpoint 2’.
Balance equations by adding coefficients to unbalanced equations.
Checkpoint: check that students can balance an equation for a chemical reaction, given the formulas of the reactants and products, using the RXN PPT ‘1.4 Checkpoint 3’. 
	

	Chemical reactions
Represent chemical reactions, by predicting products and writing word and balanced chemical equations with states, as they are encountered
Determine the features of reactions by conducting synthesis, decomposition, displacement and neutralisation reactions
Conducting investigations
Implement safe work practices and manage risks
Assemble, construct and manipulate identified equipment to perform the investigation
	1.5 Chemical reactions
In this lesson sequence, students will conduct a series of practical investigations to illustrate the features of various reaction types. They will be expected to write word and balanced chemical equations (including states) for each type of chemical reaction.
Note: neutralisation reactions will be covered in section ‘1.7 pH changes in a neutralisation reaction’.
Synthesis reactions (TRB1 and RXN PPT)
Checkpoint: activate prior knowledge by asking students to identify 2 indicators of a chemical reaction using RXN PPT 1.5 Checkpoint 1’.
Describe how, in chemical reactions, new substances are formed and identify the indicators of chemical reactions.
Describe the features of simple synthesis reactions, such as reactions of metals with oxygen and the synthesis of water.
Students implement safe work practices to conduct a practical investigation to demonstrate these features by burning magnesium.
Decomposition reactions (TRB1 and RXN PPT)
Describe the features of simple decomposition reactions, such as the decomposition of water and metal carbonates. For example, copper carbonate.
Demonstrate the decomposition of water by electrolysis.
Students implement safe work practices to conduct a practical investigation demonstrating the decomposition of copper carbonate and to examine evidence suggesting that one reactant was converted into 2 products.
Construct balanced equations for a variety of decomposition reactions and identify the energy input for each.
Displacement reactions (TRB1 and RXN PPT)
Describe the features of metal displacement reactions.
Demonstrate a metal displacement reaction by adding steel wool to a solution of copper sulfate.
Checkpoint: ask students to write the word equation for the metal displacement reaction shown in the demonstration using RXN PPT ‘1.5 Checkpoint 2’.
Describe how to use the activity series of metals to predict the products of metal displacement reactions.
Checkpoint: ask students which combination of reactants would produce a reaction and complete the word equation using RXN PPT ‘1.5 Checkpoint 3’. 
Acid metal reactions (TRB1 and RXN PPT)
Tell students that when metals react with acids, the metals displace hydrogen from solution, making these reactions displacement reactions.
Students implement safe work practices to conduct a practical investigation in which they react magnesium with hydrochloric acid and test the products.
Describe how to predict the products of a reaction between a metal and an acid. Write the relevant word and balanced chemical equations for the reactions of acids and metals.
Students write the word and balanced equations for acid-metal reactions.
	

	Chemical reactions
Identify pH as the measure of acidity and compare the pH of a range of common substances to the pH of pure water
Conducting investigations
Implement safe work practices and manage risks
Systematically and accurately collect and record data, information, evidence and findings
	1.6 The pH scale
pH of common substances (TRB1 and RXN PPT)
Define the terms ‘acid’ and ‘base’ in terms of hydrogen ions and hydroxide ions. 
Define the term ‘pH’.
Explain why pH is measured on a logarithmic scale and not a linear scale. 
Describe that the pH scale ranges from zero to 14. Highlight how the colours on the universal indicator colour chart correspond to this scale.
Identify the different ways to measure pH and explain the differences between using a pH meter and an indicator.
Explore the pH of chemical substances from everyday applications by running the PhET simulation pH scale and classifying substances as acidic, basic or neutral.
Checkpoint: instruct students to refer to the stimulus in RXN PPT ‘1.6 Checkpoint’ to compare the pH values of different substances with the pH of pure water to determine whether they are acidic or basic, and to answer the question using mini whiteboards or in their workbooks.
Testing household chemicals with a natural indicator (TRB1)
Introduce the concept of natural indicators by giving household examples, such as beetroot, red cabbage, and flowers like roses and petunias.
Explain why red cabbage can be used as an indicator by referring to its colour changes in acidic and basic solutions.
Guide students in investigating and testing a red cabbage indicator to classify household chemicals. Students compare the colour changes in the red cabbage indicator to the universal indicator colour changes and use the estimated pH from the universal indicator colour chart to classify substances as acidic, basic or neutral.
Students conduct a risk assessment, carry out the investigation and complete the results table to record their observations.
Discuss the follow-up questions on the investigation with students, comparing the red cabbage indicator with the universal indicator to classify household substances.
	

	Chemical reactions
Use pH indicators or meters to measure the pH change of neutralisation reactions
Observing
Select and use equipment correctly, including digital technologies, to make observations to increase the accuracy of measurements appropriate to the task
Make a series of observations with precision
Conducting investigations
Assemble, construct and manipulate identified equipment to perform the investigation
Follow the planned procedure and identify and respond to errors if they occur
Systematically and accurately collect and record data, information, evidence and findings
	[bookmark: _Ref221105547]1.7 pH changes in a neutralisation reaction
Neutralisation reactions (TRB1 and RXN PPT)
Define a ‘neutralisation reaction’ and describe the general equation and products of a neutralisation reaction.
Students predict the products of a neutralisation reaction based on the type of acid and base used. Recall that, similar to the reaction between an acid and a metal, a salt is also produced during a neutralisation reaction.
Checkpoint: display slide RXN PPT ‘1.7 Checkpoint’. Students predict the salts produced in the neutralisation reactions and write their relevant chemical formulas in their workbooks or on mini whiteboards.
Investigating pH changes in a neutralisation reaction (TRB1 and RXN PPT)
Explain the use of neutralisation reactions in everyday applications.
Demonstrate to students how to set up the equipment and calibrate the pH meter. Outline the sources of systematic and random errors by giving examples. Show students how to dilute the sodium hydroxide solution to varying concentrations. 
Students investigate the change in pH of hydrochloric acid when varying concentrations of sodium hydroxide are added. 
Differentiation: to support students with learning needs and avoid the complexity around the concept of dilution, you can refer to a 0.5 Mol L-1 solution as dilute and a 0.2 Mol L-1 solution as very dilute.
Students analyse the investigation data, complete questions related to the investigation and compare the precision of digital tools with that of visual methods, such as acid-base indicators.
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[bookmark: _Toc230021788]2 How can you manipulate the rate of reaction?
The rate of a chemical reaction describes how quickly reactants are converted into products. It can be affected by factors such as temperature, concentration, surface area, and the presence of a catalyst. Understanding reaction rates helps explain why some reactions occur very quickly while others take longer. Varying the rate of reaction is important in areas such as research, industry, agriculture and medicine. In this section, students explore how to measure and compare reaction rates and investigate how these factors affect the chemical reactions.
Table 4 – content and teaching and learning activities for essential question 2
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Rate of chemical reactions
Investigate and explain how concentration, surface area, temperature and catalysts affect the rate of reactions
	2.1 Rate of reaction
Checkpoint 1: refer to RXN PPT ‘2.1 Checkpoint 1’ to check for prior understanding of chemical reactions before introducing the rate of reactions.
What is the rate of reaction? (TRB2 and RXN PPT)
Introduce the term ‘rate of reaction’ by using a scenario from everyday life, such as observing that bread dough rises quicker in a warm environment compared to a cold one.
Define the term ‘rate of reaction’. Describe the features of a rate of reaction and the corresponding examples and non-examples. Students complete the Frayer diagram to summarise information about ‘rate of reaction’.
Differentiation: to support students, provide them with a modified version of the Frayer diagram with a word bank. Refer to RXN PPT ‘2.1 Frayer diagram – rate of reaction’.
What is happening at the particle level? (TRB2 and RXN PPT)
Use Johnstone’s triangle framework to explain that chemical reactions can be represented at 3 levels: microscopic, sub-microscopic and symbolic.
Watch the video Collision Theory & Reactions Part 1 | Reactions | Chemistry | FuseSchool (2:28) to introduce ‘collision theory’.
Outline collision theory and the requirements for the formation of a product(s) from reactant(s).
Factors affecting the rate of reaction (TRB2 and RXN PPT)
Watch the video Factors that affect Rate of Reaction (3:06) to introduce the factors that affect the rate of reaction. Skip the part of the video on inhibitors (from 2:12 to 2:40) as this is beyond the scope of the Science Stage 5 Syllabus.
Identify the factors that affect the rate of reaction.
Explain how each factor (temperature, concentration, surface area and catalyst) affects the rate of reaction by relating them to the particle movement and kinetic energy. Students complete the table on factors affecting the rate of reaction in the student resource in TRB2. 
Note: a simplified version of collision theory is included in the RXN PPT to allow students to visualise what happens at the particle level that affects the reaction rate. It is not explicitly stated in the syllabus, but its inclusion allows students to explore the concept of reaction rates in greater depth.
Checkpoint 2: students complete a scenario-based question about reaction rate. Refer to the slide RXN PPT ‘2.1 Checkpoint 2’.
	

	Rate of chemical reactions
Investigate and explain how concentration, surface area, temperature and catalysts affect the rate of reactions
Planning investigations
Assess the types of data that need to be collected in a range of investigation types
Select and explain investigation methods, including fieldwork and laboratory experimentation, to collect reliable data
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
Conducting investigations
Implement safe work practices and manage risks
Assemble, construct and manipulate identified equipment to perform the investigation
Follow the planned procedure and identify and respond to errors if they occur
Systematically and accurately collect and record data, information, evidence and findings
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Describe patterns and trends, including inconsistencies in data and information
Assess the validity and reliability of first-hand data
	2.2 Investigating the rate of reaction
Note: the current lesson plan helps students develop key skills in preparing risk assessments, collecting and recording data, graphing data, and evaluating the reliability of their investigations. This section focuses on the skills students will use in future lessons. 
How can we measure the reaction rate? (TRB2 and RXN PPT)
Recall that metals and acids react to form a salt and hydrogen gas. Unpack the reaction between magnesium and hydrochloric acid and explore the qualitative and quantitative data that can be collected to determine its rate.
Introduce the methods for measuring reaction rates. Students identify the type of data to be collected in the investigation. 
Planning and conducting an investigation to measure the reaction rate (TRB2 and RXN PPT)
Read through the investigation procedure with students. Outline the scaffold for developing a risk assessment for a practical investigation.
Discuss the risk assessment with students by referring to the equipment used, the information in the risk assessment document, or the hazard, precautionary, and disposal statements in the Safety Data Sheets (SDS) for relevant chemicals. Students construct a risk assessment for the investigation.
Note: science supply companies provide SDS for every chemical they sell. In addition, schools can access them through Chemwatch or request the SDS through their Work Health and Safety (WHS) Advisor.
Model the equipment set-up and explain the investigation procedure to students. 
Differentiation: to support students, use the integrated instruction equipment set-up in the RXN PPT ‘2.2 Equipment set-up – integrated instruction’. This reduces cognitive load by enabling students to refer to a condensed version that integrates the set-up and procedure into a single diagram.
Model how to read the scale on an inverted measuring cylinder to measure the volume of hydrogen gas produced in the reaction.
Checkpoint: show slide RXN PPT ‘2.2 Checkpoint’. Students read the scale on an inverted measuring cylinder to measure the volume of gas produced in the chemical reaction.
Recall the features of a quality table.
Students complete the investigation in small groups, collect data on the volume of gas produced over time and plot an appropriate graph to show the trend.
Discuss the checklist for a quality graph with students, enabling them to review their graphs.
Differentiation: to support students, 3 different scaffolds for plotting a graph are provided in the RXN PPT ‘2.2 Graph scaffold’ (3 slides).
Analysing reaction rate data (TRB2 and RXN PPT)
Discuss the validity and reliability of the investigation using question prompts. Students assess the validity and reliability of their investigation by referring to the quality criteria for validity and reliability, and use the claim–evidence–reasoning scaffold to structure their responses.
Students analyse the graph qualitatively by examining the shape of the curve at different time intervals to describe the reaction rate. Students determine the mean reaction rate at completion and also at 2 intervals to compare the change in reaction rate over time.
Differentiation: to extend students, use the RXN PPT ‘2.2 Analysing graph – instantaneous rate of reaction’ slides to guide them in drawing tangents at various points on the volume of gas versus time plot and calculating the gradient to determine the rate of reaction at specific points.
	

	Rate of chemical reactions
Investigate and explain how concentration, surface area, temperature and catalysts affect the rate of reactions
Planning investigations
Describe the purpose of an investigation
Explain the use of variables and experimental controls in a valid scientific investigation
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
Observing
Select and use equipment correctly, including digital technologies, to make observations to increase the accuracy of measurements appropriate to the task
Make a series of observations with precision
Conducting investigations
Implement safe work practices and manage risks
Assemble, construct and manipulate identified equipment to perform the investigation
Follow the planned procedure and identify and respond to errors if they occur
Analysing data and information
Describe relationships between variables
	2.3 Reaction rate: surface area and catalysts
The effect of surface area on the rate of reaction (TRB2 and RXN PPT)
Recall the factors affecting the rate of reaction covered in the prior lessons. Provide background information on the reaction between calcium carbonate and hydrochloric acid and the effect of surface area on reaction rate.
Co-construct a risk assessment to manage the risks in the investigation.
Demonstrate how to set up the equipment to investigate the effect of surface area on the reaction rate.
Students manipulate the equipment to conduct an investigation comparing the mean reaction rates of calcium carbonate powder and pellets with hydrochloric acid. Students take readings of volume from a gas syringe to record the volume of gas produced in each reaction.
Collect class results and share them by displaying them on the board or entering class data in a Microsoft Excel spreadsheet. 
Students summarise their findings by analysing the class results using Johnstone’s triangle framework. They write a conclusion for the investigation that describes the relationship between the surface area of a solid reactant and the reaction rate.
The effect of a catalyst on the rate of reaction (TRB2 and RXN PPT)
Provide background information on the effect of a catalyst on the rate of a reaction.
Co-construct a risk assessment and demonstrate how to set up the equipment to investigate the effect of the catalyst on the reaction rate using hydrogen peroxide.
Students assemble the equipment and conduct the investigation, comparing the rate of hydrogen peroxide decomposition with and without a catalyst (yeast enzyme). Students collect qualitative data on the reaction rate by measuring the height of the foam bubbles produced over a set amount of time.
Students summarise their findings by analysing the rate of hydrogen peroxide decomposition using Johnstone’s triangle framework. Students construct a conclusion for the investigation that describes the relationship between the presence of a catalyst and the reaction rate.
	

	Rate of chemical reactions
Investigate and explain how concentration, surface area, temperature and catalysts affect the rate of reactions
Conduct a practical investigation to test a measurable hypothesis, with a cause-and-effect relationship, that predicts changes to the rate of a chemical reaction, and graph data that communicates the investigation findings in a scientific report
Questioning and predicting
Formulate questions or hypotheses that can be investigated scientifically
Predict outcomes based on observations and scientific knowledge
Planning investigations
Describe the purpose of an investigation
Explain the use of variables and experimental controls in a valid scientific investigation
Assess the type of data that need to be collected in a range of investigation types
Select and explain investigation methods, including fieldwork and laboratory experimentation to collect reliable data
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
Conducting investigations
Implement safe work practices and manage risks
Assemble, construct and manipulate identified equipment to perform the investigation
Follow the planned procedure and identify and respond to errors if they occur
Systematically and accurately collect and record data, information, evidence and findings
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Describe patterns and trends, including inconsistencies in data and information
Describe relationships between variables
Assess the validity and reliability of first-hand data
Use knowledge of scientific concepts to draw conclusions that are consistent with evidence
	2.4 Reaction rate: temperature and concentration
Planning and conducting an investigation (TRB2 and TRB3)
Note: to maximise available lesson time, it is suggested that the class be divided into 2 groups. One group will investigate the effect of temperature on the reaction rate. In contrast, the other group will investigate the effect of concentration. This approach allows both investigations to be conducted concurrently, with findings shared with the whole class.
In this activity, students will plan and conduct an investigation on how one factor (concentration or temperature) affects the reaction rate. It will be reported on in the next activity, ‘Scientific report’. Students will use magnesium metal and hydrochloric acid in their investigation.
Revise the term ‘hypothesis’ and unpack it by exploring its features, examples and non-examples using a Frayer diagram.
Checkpoint: show students a series of statements using RXN PPT ‘2.4 Checkpoint’. Students identify the statement that best resembles a hypothesis.
Students work in groups to identify the purpose of the investigation, construct a suitable hypothesis and identify the independent, dependent and controlled variables. Discuss the importance of controlled variables in maintaining the validity of an investigation.
Provide students with a written text on validity and reliability, and support student groups in identifying the steps they can take to ensure their investigation is reliable and valid.
Students conduct a risk assessment for the investigation. Students develop an equipment list and procedure for conducting the investigation. Students identify the data to be collected to test their hypothesis and the equation to calculate the reaction rate. Students construct a suitable table to document their repeated trials and to record the mean data.
In groups, the students conduct the investigation safely, collecting and recording data.
Scientific report
Outline the components of a scientific investigation report. A scientific report often includes an aim, introduction, hypothesis, method, results, discussion and a conclusion.
Students represent their collected data in an appropriate graph.
Unpack how to construct a discussion for a scientific report and support students to construct a discussion based on their collected data and observations. Use question prompts to guide students to assess the validity of their investigation.
Students construct a conclusion for their investigation using the claim–evidence–reasoning framework.
Student groups should share their findings so that all students gain an understanding of how concentration and temperature affect reaction rate.
	

	The outcomes assessed are outlined in the ‘Reactions sample assessment task’.
	2.5 Assessment task
Students to complete the Science Stage 5 ‘Reactions sample assessment task’. Details about the task and how to facilitate it are provided in the ‘Reactions sample assessment task’.
	




[bookmark: _Toc230021789]3 How do nuclear reactions affect our lives and the world around us?
Some atoms have unstable nuclei that emit particles in a process called ‘radioactivity’. This releases radiation and a large amount of energy, far more than in chemical reactions. This section covers unstable nuclei, types of nuclear reactions and the energy changes involved in these reactions.
Table 5 – content and teaching and learning activities for essential question 3
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Nuclear reactions
Describe the conditions that cause a nucleus to be unstable
Represent alpha and beta reactions as nuclear reactions
	3.1 Nuclear decay reactions
Isotopes (TRB3 and RXN PPT)
Review atomic structure and notation.
Checkpoint 1: ask students how many protons, neutrons and electrons are in a neutral atom of sodium-23 using RXN PPT ‘3.1 Checkpoint’.
Define ‘isotopes’ as variants of a chemical element, all of which have the same number of protons but differ in the number of neutrons in their nuclei’ (NESA 2025).
Define ‘radioisotopes’ as isotopes that have an unstable nucleus and undergo spontaneous decay.
Students use the periodic table in the Data Book: Science 7–10 to determine the atomic number of carbon, nitrogen and uranium, and then determine the number of neutrons and electrons in the neutral atom of carbon-12, carbon-14, nitrogen-14, uranium-235 and uranium-238.
Differentiation: distinguish between atomic number and atomic mass (numerate students might like to calculate the ratio of chlorine atoms) using RXN PPT ‘3.1 – Atomic mass’.
Radioactive decay (TRB3 and RXN PPT)
Describe the conditions when nuclei become unstable and explain how they decay through the emission of alpha and beta radiation.
Students predict the products of alpha and beta decay from the reactant and decay type and write balanced nuclear equations to represent the reactions.
Tell students that decay reactions often occur in a series and show a decay series graph.
For interest: students interpret a decay series graph or create the graph from a sequence of reactions. An example sequence is provided on RXN PPT ‘3.1 Decay series’ (3 slides).
To extend students, explore positron decay and its use in PET (positron emission tomography) scans.
	

	Nuclear reactions
Identify that the half-life of a radioactive isotope is the time taken for half of the atoms in a sample to undergo radioactive decay
Conducting investigations
Systematically and accurately collect and record data, information, evidence and findings
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Select and extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
	3.2 Half-life
Analysing half-life data (TRB3 and RXN PPT)
Define ‘half-life’ as the time taken for half of the atoms in a sample to undergo radioactive decay. Outline medical and industrial examples that use of half-life, for example:
absolute dating of rocks
determining the safe dose and duration for medical treatment
nuclear waste management.
Show students a graphical representation of half-life from the Data Book: Science 7–10 and unpack how it shows radioactive decay over time. 
Students analyse and process data from graphs to determine half-life and make predictions. Students extract data from a table to produce a graphical representation of the radioactive decay of a radioisotope and determine its half-life.
Modelling half-life (TRB3 and RXN PPT)
Students follow a procedure to conduct a half-life simulation by systematically and accurately collecting data in a table. Students construct a graph to represent the number of marked tokens (radioactive isotope) remaining with each shake of the cup (time interval).
Students relate their model to radiometric dating to understand the reliability of using radioisotopes in radiometric dating.
	

	Nuclear reactions
Evaluate the societal benefits and considerations of using radioisotopes in medicine, industry and environmental monitoring
Conducting investigations
Extract information from a wide range of reliable secondary sources and acknowledge these sources using an accepted referencing style
	3.3 Uses of radioisotopes
Note: Australia's Nuclear Science and Technology Organisation (ANSTO) provides a range of resources and data sets that could be used in conjunction or as a replacement for the PPT RXN ‘3.3 Uses of radioisotopes’ (4 slides). Suitable resources include:
· groundwater science – students explore how tritium can be analysed to understand how recently ground water has been refreshed from rainwater
· radionuclides in medicine – students explore the half-life of 3 different medical radionuclides to understand which are used for diagnostics and which are used for therapeutics.
Properties and uses of radioisotopes (TRB3 and RXN PPT)
Outline the properties of ‘alpha’, ‘beta’ and ‘gamma’ radiation and explain their uses.
Unpack ionising potential as ‘how strongly a type of radiation can ionise atoms’:
when radiation passes through matter, it can collide with atoms
if the radiation has enough energy, it removes electrons, turning neutral atoms into charged ions
the more frequently this happens, the higher the ionising potential.
Outline how radioisotopes are used in diagnostic medicine, therapeutic medicine, industry and environmental monitoring.
Uses of radioisotopes
Students critically analyse 2 conflicting articles on the use of radioisotopes in medicine, assess their factual accuracy and evaluate the impact of their use on society. 
Students extract information from a range of reliable sources to investigate the use of one radioisotope in industry and another in environmental monitoring. Information collected includes the use, decay reaction, half-life, why the half-life is fit for purpose and benefits to society. Students acknowledge their sources using the APA (American Psychological Association) referencing style.
Differentiation: students write a letter of response to a political candidate who has stated that, if elected, they will close the Lucas Heights reactor (TRB3).
	

	Nuclear reactions
Describe nuclear fission and nuclear fusion
Outline the impacts on the environment of nuclear reactions, including the raw materials used, the various stages of production and nuclear waste
Reactions in context
Investigate a chemical or nuclear reaction used in industry to produce an important product
	3.4 Fission in context
Nuclear fission (TRB3 and RXN PPT)
Checkpoint: activate prior knowledge using RXN PPT ‘3.4 Checkpoint’ by asking students to write an equation representing U-238 undergoing alpha decay.
Distinguish between ‘spontaneous decay reactions’ and ‘non-spontaneous nuclear reactions’.
Define ‘fission’ as a process where the nucleus of an atom splits into 2 or more smaller nuclei, releasing a large amount of energy in the form of heat and radiation.
Differentiation: calculate the energy released in the fission of U-235. RXN PPT ‘3.4 E = mc2 calculation’.
Students complete balanced nuclear equations for fission reactions given all but one product.
Distinguish between controlled and uncontrolled nuclear reactions. Students investigate controlled and uncontrolled nuclear reactions using the PhET simulation Nuclear Fission.
Show Using Coal to Generate Electricity (from 0:00–0:25) and What is Nuclear Energy? (1:57) to outline how electricity is produced in nuclear and coal-fired power stations and ask students to compare the 2.
Watch the video The Nuclear Fuel Cycle (3:00), followed by the teacher's explanation of the environmental impacts of nuclear reactions used for energy production.
	

	Nuclear reactions
Outline how the first elements were formed after the Big Bang
Describe nuclear fission and nuclear fusion
	3.5 The first elements
Nuclear fusion and the first elements (TRB3 and RXN PPT)
Introduce students to the theory of the Big Bang as the accepted scientific explanation for the origins of the universe. Outline the Big Bang using a video such as The Big Bang Theory Explained (2:57).
Define ‘fusion’ as a process in which 2 or more atomic nuclei combine to form a single, heavier nucleus, releasing a large amount of energy in the process. Lead a discussion about the similarities and differences between nuclear fusion and nuclear fission.
Students complete a Venn diagram to compare nuclear fission and nuclear fusion.
Outline the process by which hydrogen nuclei (protons) fuse to produce helium. Identify that these are the reactions that occur in stars.
Briefly outline the main stages of the Big Bang that led up to the formation of the first elements. Display the article How elements are formed and engage with the text to unpack how the first elements formed after the Big Bang theory. Click through the ‘Universal element formation’ interactive to show students how heavier elements form in stars.
Students complete a cloze passage exercise on the formation of the first elements.
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[bookmark: _Capturing_student_voice][bookmark: _Toc148102528][bookmark: _Hlk148102399]Collating ongoing evaluations and reflecting on the program's strengths and areas for development creates opportunities to enhance student outcomes. The following prompts can be used to support your evaluation of the program:
· Did the program assist all students in improving their learning?
· How could the sequencing of the program be improved?
· What did the student evaluations of the program indicate? How can these be actioned to improve the program?
· The strategies and resources that were most effective for student learning were …
· Teaching strategies and resources that would benefit from review and refinement are …
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