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This program of learning refers to other resources designed to support the delivery of the Solutions and mixtures focus area. This includes Teacher resource book 1 (TRB1), Teacher resource book 2 (TRB2), Teacher resource book 3 (TRB3) and the Solutions and mixtures slide deck (SOL PPT).


[bookmark: _Toc227596957]Rationale
[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 in creating learning experiences contextualised to their classrooms. 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 not part of the department’s website. These links are provided as a source of information or activities that may be suitable for delivering the course content. These sites are managed by organisations, companies or individuals outside of our control, and the department is not responsible for the information or subsequent links on these webpages.
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This unit explores the nature of solutions and mixtures through the lens of particle theory, real-world applications and environmental awareness. Students will examine how substances combine and separate, building their understanding of physical properties and how these physical properties underpin techniques used in water purification and pharmaceuticals.
Students will investigate the components and behaviours of mixtures, distinguishing between homogeneous and heterogeneous mixtures. They will explore how the properties of substances influence the choice of separation techniques such as filtration, distillation, evaporation, decanting and chromatography. Through inquiry and experimentation, students will evaluate the effectiveness of different separation techniques and design investigations to solve practical problems involving mixtures.
Prior learning
The following content is foundational for learning about the concepts in the Solutions and mixtures focus area:
Recognise that matter is anything that has mass, takes up space and consists of very small particles – Stage 2 Science and Technology K–6 (2024)
Observe examples of matter that exist as a solid, which has a defined shape and volume; a liquid, which has a definite volume but not a definite shape; and a gas, which has neither a definite shape nor a definite volume – Stage 2 Science and Technology K–6 (2024)
Observe and describe water changing from solid to liquid to gas and back again, using Tier 2 and Tier 3 vocabulary – Stage 2 Science and Technology K–6 (2024)
Describe how adding and removing heat energy affects the movement and arrangement of particles when matter is changing state – Stage 2 Science and Technology K–6 (2024)
Recognise that in a fair test, an independent variable is changed, a dependent variable is measured, and controlled variables remain the same – Stage 3 Science and Technology K–6 (2024)
Pose questions to determine whether substances dissolve in water by identifying variables and conducting and evaluating fair tests – Stage 3 Science and Technology K–6 (2024)
Future learning
After completing the Solutions and mixtures focus area, students will be able to apply their learning to the following content:
Model simple chemical reactions to show that atoms are rearranged and mass is conserved during a reaction – Science 7–10 (2023) Stage 5 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 – Science 7–10 (2023) Stage 5 Reactions
Construct chemical formulas of some common ionic compounds and covalent molecules – Science 7–10 (2023) Stage 5 Materials
Investigate the effects of climate change on the water cycle and ecosystems – Science 7–10 (2023) Stage 5 Environmental sustainability
Discuss the link between human activity and one specific environmental pollution concern – Science 7–10 (2023) Stage 5 Environmental sustainability
Transfer of learning
Students will be able to use their learning developed in this focus area to:
use the knowledge of solubility to identify dilute, concentrated and saturated solutions
apply the concept of solubility to real-life situations, including cooking, medicine and cleaning
understand how separation techniques are used for water purification and the separation of metals from ores
establish connections to industrial and environmental contexts, including desalination, pollution and water quality testing
evaluate purification methods in real-world contexts, including humanitarian, environmental and cultural settings.
Table 1 – Solutions and mixtures program key information
	Feature
	Details

	Outcomes
	A student:
explains how the properties of substances enable separation in range of techniques SC4-SOL-01
plans safe and valid investigations SC4-WS-03
follows a planned procedure to undertake safe and valid investigations SC4-WS-04
uses a variety of ways to process and represent data SC4-WS-05*
uses data to identify trends, patterns and relationships, and draw conclusions SC4-WS-06*
identifies problem-solving strategies and proposes solutions SC4-WS-07
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 partially addressed in this program of learning.

	Assessment
	Solutions and mixtures – assessment task

	Duration
	10 weeks

	Special materials and equipment
	Simulated polluted water samples
Water filters or filtration materials (charcoal, sand, gravel, cloth and so on)


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 teachers with information on how to navigate the teacher resource books and the supporting PowerPoint for Solutions and mixtures. All content in these resources is aligned with the topics in the sample program. For example, the topic ‘1.1 The states of matter’ in the Solutions and mixtures program is aligned with ‘1.1 The states of matter’ in Teacher resource book 1 (TRB1) and the supporting PowerPoint (SOL PPT) documents. 
Should the activities in the program contain additional information, such as practical investigation instructions, student worksheets and more, you will find them in the corresponding teacher resource book (TRB1, TRB2 and TRB3). The supporting PowerPoint slide deck (SOL PPT) document 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 – Solutions and mixtures

	TRB2
	Teacher resource book 2 – Solutions and mixtures

	TRB3
	Teacher resource book 3 – Solutions and mixtures

	SOL PPT
	Slide deck – Solutions and mixtures
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[bookmark: _Toc227596961]1 How do the states of matter shape water’s journey and behaviour on Earth?
Table 3 – content and teaching and learning activities for essential question 1
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Properties of matter
Identify the 3 main states of matter and how they are represented in the movement of water on earth
Conduct an investigation to measure and graph the temperature of water to identify the changes of state as heated over time
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
	[bookmark: _Toc227596962]1.1 The states of matter
The states of matter (TRB1 and SOL PPT)
Note: this activity involves a demonstration, and equipment must be prepared before the lesson.
Define the term ‘matter’ using a Frayer diagram.
Checkpoint 1 (SOL PPT): show students 2 solid objects that clearly differ in mass and volume (for example, a brick and a basketball). Ask students which object is the heaviest to test their understanding of mass. Ask them which object takes up more space to ensure they grasp that larger objects have greater volume.
Introduce the states of matter by conducting a demonstration to show students that solids, liquids and gases have mass and occupy space.
Unpack the properties of the states of matter using the Canva presentation ‘1.1 States of matter’. Students construct a table to summarise the properties of solids, liquids and gases. Using the information in Types of matter: solids, liquids and gases, students apply their understanding of matter by classifying 10 samples as solids, liquids and gases in their workbooks.
Show How does the water cycle move water around the earth? (2:18). Students extract information from the video to match the key terms to their descriptions and then annotate a diagram of the water cycle.
Heating water – practical investigation (TRB1)
Students document how they will manage the risks associated with the investigation before they begin conducting it.
Checkpoint 2 (SOL PPT): students demonstrate their understanding of the correct procedure for lighting a Bunsen burner through a series of true or false questions. When a statement is false, students reword it to make it true.
Students follow a procedure to observe how the temperature of water changes over time as it is heated, identifying the state transitions from solid to liquid to gas. Students record the data in a table and then draw a line graph of their results.
Checkpoint 3 (SOL PPT): check for prior knowledge and understanding of line graph structure by asking students to identify the key components missing from a sample graph.
Lead a discussion to unpack the heating curve constructed from the investigation data, teaching students about the plateaus indicating the points at which the states changed from solid to liquid and from liquid to gas.
Differentiation: students can use Microsoft Excel or a similar program to graph their results data.
Checkpoint 4 (SOL PPT): What are the correct terms for the changes of state during the heating of water, and at what temperatures do they typically occur?
	

	Properties of matter
Represent changes in the state of matter in terms of particle arrangement and movement
Compare the properties of matter in different states, including the relative strength of attractive forces between solid, liquid and gas particles, to explain differences in the behaviours of the 3 states of matter
	[bookmark: _Toc227596963]1.2 Changes in the states of matter
Particle theory of matter (TRB1 and SOL PPT)
Watch Heating Matter and Changes in State (2:40) to connect the heating water practical investigation from the previous lesson to the particle theory of matter.
Unpack the key principles of the particle theory of matter and how they relate to properties of solids, liquids and gases:
All substances are made of particles.
Particles are in constant motion.
Spaces exist between particles.
Particles have attractive forces between them.
Adding or removing heat changes the particle movement and spacing.
Relate the behaviour of solids, liquids and gases to the above properties.
Students draw a representation of the particles in a solid, a liquid and a gas and write a description of the particle arrangement and behaviour.
Differentiation: to provide additional practice to students in understanding the behaviour of particles, students can complete the interactive activity Types of matter: Solids, liquids and gases. This resource steps students through identifying the arrangement and behaviour of particles in different states.
Checkpoint 1 (SOL PPT): students demonstrate their understanding by selecting the response that describes particle motion in gases.
Differentiation: challenge students to apply their understanding of the particle model to explain real-world scenarios involving states of matter. For example, ‘Why can you compress air in a bicycle pump but not water in a syringe?’
Changes in state (TRB1 and SOL PPT)
Outline the terminology used to describe different changes in state, explaining what occurs during each state change in terms of heat energy and particle movement.
Students draw and annotate a flow chart to represent the changes in state between solids, liquids and gases (melting, boiling, evaporation, sublimation, solidification or freezing, condensation and deposition).
Checkpoint 2 (SOL PPT): students complete a matching activity to demonstrate their understanding of changes of state and the energy changes involved in each process.
Checkpoint 3 (SOL PPT): students answer a multiple-choice question to show their understanding of how heat energy affects particle movement during changes of state.
	

	Properties of water
Investigate the other physical properties of water, such as density, buoyancy and surface tension
Planning investigations
Identify the independent, dependent and controlled variable(s)
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
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Introducing buoyancy (TRB1 and SOL PPT)
Introduce the concept of ‘buoyancy’ as the upward force exerted by a fluid (a liquid of a gas) on an object immersed in it, opposing the force of gravity. Describe ‘fluid’ as any substance that does not have a fixed shape and its particles can move freely past each other. Fluids are liquids or gases. For example, boats float on water (a fluid), and a hot air balloon floats through the air (also a fluid).
Using a rubber duck as an example, describe the forces acting on it and why it floats. Represent the forces in a force diagram (revision from the Forces focus area).
Checkpoint 1 (SOL PPT): students respond to a multiple-choice question to demonstrate their understanding of the buoyant force and why objects float.
Plasticine boats – practical investigation (TRB1)
Students investigate how the shape (volume) of an object affects its ability to float by using a fixed mass of plasticine to create different boat designs. Students learn that a boat’s volume affects the amount of water it displaces, which allows it to float. They test whether their plasticine boats float or sink, reshape them and repeat the experiment while keeping the mass constant. Students measure the independent variable by measuring the internal volume of the boat and verify that their controlled variable (mass of plasticine) is kept constant with each trial.
Checkpoint 2 (SOL PPT): students answer a multiple-choice question to apply their understanding of how shape and volume affect an object’s ability to float by altering how much water is displaced.
	

	Properties of water
Determine the volume and mass of regular-shaped and irregular-shaped objects to calculate their density using the formula 
Planning investigations
Outline steps to manage safety risks before, during and after an investigation
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
Analysing data and information
Assess the reliability of gathered data and information by comparing it to observations and information from other sources, including published scientific writing
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Calculating density (TRB1 and SOL PPT)
Introduce density as a measure of how tightly packed the particles in a substance are, highlighting links to particle theory. Define ‘volume’ as the amount of space that an object or substance occupies, outlining examples of common units used to measure volume.
Explain that density is calculated by dividing the mass of the substance by its volume according to the formula and that it’s measured as grams per centimetre cubed, or g cm-3.
Demonstrate how to rearrange the equation to solve for mass and volume using algebraic methods. Demonstrate how to solve problems with worked examples.
Differentiation: if students are unable to rearrange the equation using algebra, they can be shown the triangle method for rearranging simple equations. See SOL PPT ‘1.4 Calculating density with an equation triangle’ (2 slides).
Checkpoint 1 (SOL PPT): students demonstrate their understanding by solving a multiple-choice problem to calculate the density of a metal cube using mass and volume data.
Students apply the density equation to calculate the density, mass or volume of an object or substance in a range of scenarios.
Comparing the density of substances practical investigation (TRB1)
Discuss the risks associated with handling lead metal (particularly if a lead density cube is used in the investigation), and outline how the risk can be managed by thoroughly washing hands after handling.
Students determine the density of various metal cubes by measuring their dimensions and mass. They use a ruler to record the height, width and depth of each cube to calculate its volume and use a digital balance to measure its mass. By applying the density equation, students compare their calculated densities to accepted values from the data book.
Differentiation: challenge students by having them calculate the percentage error for each cube using the formula below and compare their experimental values to the accepted values in the data book.

Density of irregular-shaped objects practical investigation (TRB1 and SOL PPT)
Introduce the concept of ‘water displacement’ and how it can be used to determine the volume of an object.
Watch How taking a bath led to Archimedes' principle - Mark Salata (3:00) and discuss Archimedes’ principle and how this can be used to measure the density of irregular-shaped objects.
Students identify the risks associated with the given hazards and ways to manage or mitigate them in the investigation.
Students measure the volume, mass and density of irregular-shaped objects using the water displacement method.
Differentiation (SOL PPT ‘1.4 Unpacking density calculations’): provide support by breaking down the required calculations using a fill-in-the-blank format with a worked example. This approach helps students who struggle with multistep mathematical processes, allowing them to focus on interpreting results rather than getting overwhelmed by the calculations.
	

	Properties of water
Investigate the other physical properties of water, such as density, buoyancy and surface tension
Conduct a practical investigation and select appropriate equipment to measure the density of water and other substances, and record the results in a table to compare the calculated density with SI data
Conducting investigations
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
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Density of water – practical investigation (TRB1)
Students determine the density of water by measuring the mass and volume of a sample. They use a measuring cylinder to accurately measure the volume of water and a digital balance to measure its mass. By applying the density formula, students calculate the density of water and compare their results to the accepted value of 1.0 g cm-3.
Differentiation: challenge students to calculate the percentage error between their measured density and the accepted value of 1.0 g cm-3 using the formula below. This task supports deeper understanding and provides a useful basis for explaining their results.

Checkpoint (SOL PPT): students answer a multiple-choice question to demonstrate their understanding of safe practices when using laboratory equipment.
Density of liquids and gases (TRB1)
Students revisit the concept of ‘density’ and consider the effects of different gases through observation. Students compare liquids and how they behave by constructing density towers and apply their knowledge to determine where objects and liquids will settle.
Buoyancy and density revisited (TRB1)
Revisit the descriptions of ‘buoyancy’ and ‘density’ provided in 1.3 Buoyancy and 1.4 Density. Relate an object’s buoyancy to its density. Students apply their understanding to consolidate their learning through a data task. This includes analysing and interpreting graphs and tables of results and performing density calculations.
	

	Properties of water
Investigate the other physical properties of water, such as density, buoyancy and surface tension
Planning investigations
Identify the purpose of an investigation
Identify the independent, dependent and controlled variable(s)
Identify the type of data that needs to be collected in a range of investigations
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Follow the planned procedure, including the measurement and control of variables
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Introducing surface tension (TRB1 and SOL PPT)
Remind students about the forces of attraction and the terms ‘attract’ and ‘repel’.
Introduce the concept of ‘surface tension’ and outline how it explains the behaviour of liquids. Outline how adhesive and cohesive forces interact.
Recall the Bubbleology practical investigation conducted in Observing the Universe, and relate the conclusions that, despite the shape of the tool used to create the bubble, individual bubbles are always round. Outline how this is explained using the concept of surface tension.
Remind students how to identify the independent, dependent and controlled variables in an investigation.
Checkpoint 1 (SOL PPT): students identify the variables for a given investigation about the effect of the shape of wire frames on bubble shape.
Effect of surface tension – practical investigation (TRB1)
Discuss with students how to determine the purpose or aim of an investigation.
Discuss with students the different types of data that need to be collected in an investigation and remind them of the difference between qualitative and quantitative observations.
Checkpoint 2 (SOL PPT): students complete a classification activity to distinguish between qualitative and quantitative observations.
Students explore how surface tension affects the shape, size and movement of liquid droplets on different surfaces. Students examine how water behaves on various surfaces, such as a glass slide, a waxed slide, copper and plastic. They then relate the shape, height and spread of the water droplets on different surfaces to the adhesive and cohesive forces involved.
Reducing surface tension – practical investigation (TRB1)
Provide a context for the investigation by describing how some insects use surface tension to walk on water.
Outline how adding a substance, such as soap, to water can change its surface tension.
Support students in constructing an aim to identify the purpose of the investigation.
Students observe a paperclip floating on the water's surface before and after adding dishwashing liquid, allowing them to directly see how surface tension changes when a different substance is introduced.
Differentiation: provide support by offering students sentence starters and frames to help structure and guide their recorded observations.
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2 How can solutions be explained using particle theory?
Table 4 – content and teaching and learning activities for essential question 2
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Solutions
Investigate what substances dissolve in water and discuss findings using key terms, including soluble, insoluble, solubility, solute, solvent and solution
Describe how solutions can be modelled using particle theory
Conducting investigations
Assemble and use appropriate equipment and resources to perform an investigation
	[bookmark: _Toc227596969]2.1 Solubility
What dissolves in water? (TRB2 and SOL PPT)
Checkpoint 1 (SOL PPT): students answer a diagnostic question on how to prepare a sugar solution, then engage in a teacher-led discussion of their responses.
Students read a passage that unpacks terms related to solutions (‘solution’, ‘solute’, ‘solvent’, ‘soluble’, ‘insoluble’ and ‘solubility’). They identify the solute, solvent and solution in various scenarios.
Students conduct an investigation to determine if certain substances are soluble or insoluble. Students respond to questions to outline the evidence that a substance is insoluble.
Modelling solubility (TRB2 and SOL PPT)
Outline how solutions can be modelled using particle theory by representing how the particles of the solute and solvent interact at a microscopic level.
Students watch the following video on solubility, pausing at certain points for teacher-led discussions: Sugar In Water (5:20).
Students use 2 different colours of plasticine to model the steps involved in the dissolution of sugar (solute) in water (solvent). Students outline how their model represents the process of dissolution.
Relate the physical model of the drawn particle models used to solids, liquids and gases, and how the same type of model can be used to represent a solution (mixture).
	

	Solutions
Describe how solutions can be modelled using particle theory
Compare the properties of dilute, concentrated, saturated and supersaturated solutions
Problem solving
Use identified strategies to suggest possible solutions to a familiar problem
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Comparing the concentration of solutions (TRB2 and SOL PPT)
Use the particle model to describe the properties of dilute, concentrated, saturated and supersaturated solutions.
Students draw particle diagrams to represent dilute and concentrated solutions.
Students conduct an investigation using cordial or coloured water to observe the solution’s colour weaken as it is diluted. Students determine the concentration of an unknown solution by comparing it to the dilution series they created. Students provide their reasoning for the concentration determination.
Checkpoint: display SOL PPT ‘2.2 Checkpoint 1’, which contains definitions for ‘solute’, ‘solvent’, ‘solution’, ‘dilute’ and ‘concentrated’. Students use mini whiteboards to communicate the correct definition that matches each word. Alternatively, the class can use a choral response to call out the term for each definition.
Unsaturated, saturated and supersaturated (TRB2 and SOL PPT)
Lead a class discussion on the definition of ‘soluble’ and the continuum of dissolution, defining ‘unsaturated’, ‘saturated’ and ‘supersaturated’ solutions.
Checkpoint: display SOL PPT ‘2.2 Checkpoint 2’, which contains an image of 3 solutions. Students identify the solutions as unsaturated, saturated and supersaturated.
Students use PhET Interactive Simulations - Concentration to compare dilute, concentrated, saturated and supersaturated solutions. Students use the simulation to answer questions about the different types of solutions. The class discusses their findings.
Students complete a summary table comparing the properties of unsaturated, saturated and supersaturated solutions.
Differentiation: provide a word bank for students to fill in the various properties of the different strength solutions. A word bank is provided in TRB2.
	

	Planning investigations
Outline the method and equipment needed to undertake an investigation
Identify the type of data that needs to be collected in a range of investigations
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Checkpoint: show students a poorly written procedure using SOL PPL ‘2.3 Checkpoint 1 (1 of 2)’. Use cold-calling to select students to identify errors, and then students can use mini whiteboards to correct each step. The slide is animated to show each error (nine callout boxes appear separately upon a click). SOL PPT ‘2.3 Checkpoint 1 (2 of 2)’ can be used to model a procedure that includes an appropriate level of detail.
Instructor’s relay (TRB2)
Students work in pairs, sitting back to back. One student is the ‘instructor’ with a picture, and the other is the ‘doer’ with a whiteboard and marker (or paper and pen). The instructor gives step-by-step verbal instructions to guide the doer in drawing the picture without naming or showing it. After completing the drawing, pairs compare it to the original and discuss how their instructions could be improved.
Conclude with a class discussion on the characteristics of effective procedural instructions.
Fairy bread (TRB2)
As an alternative or additional activity to the instructor’s relay, students further deepen their understanding of the essential features of a procedure by writing a procedure for making fairy bread. The teacher follows the procedure and works with the class to refine it so that the instructions are specific and clearly defined.
Introduce students to using quality criteria when planning investigations.
Using quality criteria to refine a method (TRB2 and SOL PPT)
Provide students with a simple investigation method to test how water temperature affects the time it takes for sugar to dissolve in a cup of tea. Students use the provided quality criteria to assess the equipment list, variables and procedure. Students annotate the method, including any missing information, to improve it.
	

	Solutions
Conduct and document a practical investigation to measure solubility of different solutes in water, and present data using tables and relevant graphs
Planning investigations
Identify the purpose of an investigation
Identify the independent, dependent and controlled variable(s)
Identify the type of data that needs to be collected in a range of investigations
Outline the method and equipment needed to undertake an investigation
Conducting investigations
Assemble and use appropriate equipment and resources to perform an investigation
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Include sources, titles, labels and scales when displaying data in a graph
Select the type of graph best suited to represent various single datasets and justify this choice
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Measuring the solubility of substances (TRB2 and SOL PPT)
Define ‘solubility’ as the amount of substance that can dissolve in a given amount of solvent. Identify common units for representing solubility, including g/L or g/100 mL.
Students plan and conduct a practical investigation to measure the solubility of sodium chloride (table salt), sucrose (sugar), magnesium sulfate (Epsom salts) and sodium hydrogen carbonate (bicarb soda).
Lead a discussion about the type of data that needs to be collected to calculate the solubility of the substances in g/100 mL.
Tell students that a method includes an equipment list, the variables, a detailed procedure and a risk assessment. Co-construct a procedure for conducting the investigation.
Differentiation: extend students by adjusting the volume of water used in the investigation, and teach students how to calculate the concentration using the equation:

Unpack how to represent the collected data in the provided tables and discuss why tables are used for collecting raw data and presenting summary data.
Unpack how to construct a column graph using the video Constructing vertical column graphs (4:11). Guide students as they construct a hand-drawn column graph of the investigation data. Provide feedback to students so that they can improve their column graph technique and apply it in future activities.
Students respond to questions related to the investigation and provide solubility data. Students assess the reliability of their data against reference data for solubility at various temperatures.
Provide students with a graph showing the solubility of sodium chloride and magnesium sulfate at different temperatures. Students interpret the graph and compare their experiment results to the secondary source data. Students solve problems relating to solubility using the graphed data.
	

	Solutions
Qualitatively investigate the effect of temperature on solubility
Planning investigations
Identify the purpose of an investigation
Identify the independent, dependent and controlled variable(s)
Identify the type of data that needs to be collected in a range of investigations
Outline the method and equipment needed to undertake an investigation
Outline steps to manage safety risks before, during and after an investigation
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Follow the planned procedure, including the measurement and control of variables
Record observations and measurements accurately, using correct units for physical quantities
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Include sources, titles, labels and scales when displaying data in a graph
Select the type of graph best suited to represent various single datasets and justify this choice
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
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Planning for testing the effect of temperature on solubility
Prompt students with probing questions to identify the aim of the investigation, the independent variable, the dependent variable and the controlled variables.
Guide students in collectively identifying the equipment required for the investigation. Students use quality criteria to refine their equipment list.
Co-construct a procedure to investigate how temperature can affect solubility qualitatively. Students use quality criteria to refine the procedure and ensure it contains all required information.
Co-construct a risk assessment for the investigation to identify hazards, risks and ways to manage the risks.
Differentiation: two scaffolds are provided for planning the investigation. ‘Student resource – the effect of temperature on solubility (Scaffold 1)’ is better suited to students who have a stronger grasp of the processes required to write a method. ‘Student resource – the effect of temperature on solubility (Scaffold 2)’ contains additional details, such as a cloze passage, to help students construct a plan for the investigation.
Solubility and temperature – practical investigation (TRB2)
Students conduct a practical to investigate the effect of temperature on the solubility of sugar at different temperatures using their planned procedure.
Students construct a table to record the results of the investigation. Students use quality criteria to self-assess their table and make improvements.
Students work in groups to conduct the investigation and collect the data.
Students construct a column graph to represent the qualitative data collected in the investigation.
Students interpret the graph to draw a conclusion to answer the aim of the investigation.
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Table 5 – content and teaching and learning activities for essential question 3
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Separating mixtures
Distinguish between atoms, mixtures and compounds and explain their properties using particle theory
Classify matter as pure substances, including elements and compounds, and impure substances, including mixtures based on their particle composition
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Types of matter (TRB2 and SOL PPT)
Checkpoint: check students' understanding of matter by asking, ‘What is matter?’ The definition is provided in SOL PPT ‘3.1 Checkpoint 1’.
Use a Frayer diagram to unpack the term ‘matter’. Introduce the classification of matter using a dichotomous key and particle diagrams.
Students complete a cloze passage to summarise the key terms: ‘atom’, ‘element’, ‘compounds’, ‘pure substances’, ‘mixtures’, ‘homogeneous’ and ‘heterogeneous’.
Unpack the properties of elements, compounds and mixtures and support students in summarising these properties in a table.
Classifying matter (TRB2 and SOL PPT)
Students use stimulus material, including a dichotomous key, to make observations of particle diagrams, distinguish between pure substances and mixtures, and provide reasoning.
Outline that ‘air’ is a mixture of elements and compounds. Provide students with particle diagrams representing the particles in the air. Students classify the particles as either elements or compounds.
Provide students with a range of homogeneous and heterogeneous mixtures. Students observe the mixtures, classify them as homogeneous or heterogeneous and justify their choice. Students draw particle diagrams to represent a homogeneous and a heterogeneous mixture.
Modelling substances (TRB3 and SOL PPT)
Checkpoint: display SOL PPT ‘3.1 Checkpoint 2’ to check students’ understanding of the key terms: ‘atom’, ‘mixture’, ‘pure substance’, ‘homogeneous’ and ‘heterogeneous’. Use a choral response or mini whiteboards to collect responses from all students (Refer to response systems for more information on checking for understanding).
Provide students with materials they can use to build particle models representing pure substances, a homogeneous mixture and a heterogeneous mixture. Students work in small groups to develop a model to represent the different substances. Students evaluate their models using evaluation criteria.
Checkpoint 3 (SOL PPT): students are assessed on their understanding of elements, compounds and mixtures by matching particle diagrams to descriptions of their contents.
	

	Separating mixtures
Explain how the physical properties of substances are used to separate mixtures
Conduct a series of practical investigations to explore common techniques to separate mixtures
Investigate techniques used by Aboriginal and/or Torres Strait Islander Peoples to separate mixtures
Conducting investigations
Assemble and use appropriate equipment and resources to perform an investigation
Problem-solving
Identify problems and devise possible strategies or solutions
Use given evaluation criteria to select optimal solutions to problems
	[bookmark: _Toc227596976]3.2 Separating mixtures
Physical properties and separation (TRB3 and SOL PPT)
Define ‘physical properties of matter’ as the characteristics you can observe or measure without changing what the substance is.
Watch Elements of Chemistry: Separating Mixtures (6:25), which outlines how the components of a mixture can be separated from one another by taking advantage of differences in the physical properties of the substances in the mixture.
Outline the physical properties that can be used to separate substances, including melting point, boiling point, density, solubility, particle size, mass, magnetic and miscibility.
Checkpoint: display SOL PPT ‘3.2 Checkpoint 1’. Students complete the missing words in the sentence, ‘A mixture can be separated because the particles of each substance have different __ __ such as boiling point, __ and __.’
Play the video The Dark Emu Story | The Oldest Bakers (1:25) and lead a discussion about the physical properties that are used in the winnowing separation technique, which Aboriginal people used. Students outline the steps Aboriginal people used to separate native seeds from their husks.
Students engage with a text on separating mixtures and highlight the separation techniques in one colour and the physical properties used to separate using each technique in another colour.
The Brewarrina fish traps – separation techniques (TRB3 and SOL PPT)
Display Brewarrina fish traps and the Murray Cod, and read through the text with the class.
Display the AIATSIS Map of Indigenous Australia, then zoom in on Brewarrina to provide students with additional context about the Aboriginal language groups that live near the valuable water source where the Brewarrina fish traps are located.
Ask students to identify the 2 separation techniques identified in the text (filtering and hand picking). Lead a discussion to unpack how the Brewarrina fish traps are an example of filtering, and how the selective harvesting of fish is an example of the hand picking separation technique. Discuss how the hand picking allows for sustainable harvesting by selectively releasing small fish and breeding fish.
Separation techniques practical investigation (TRB3 and SOL PPT)
Conduct a series of demonstrations and short, practical experiences for students to support their understanding of the different separation techniques. Separation techniques include centrifugation, decantation, filtration, evaporation and boiling, magnetic separation, winnowing and sieving. Draw on students’ problem-solving skills to identify the separation techniques required and the physical property that is used in each instance of separation.
Provide students with an unknown mixture, such as gravel, sand, iron filings and small pieces of cork. Challenge students to devise appropriate separation techniques and a sequence of separations to recover the components of the mixture. Students conduct the separation in accordance with their identified procedure. Students then evaluate their strategy of separating the components against established criteria.
	

	Separating mixtures
Conduct a series of practical investigations to explore common techniques to separate mixtures
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
	[bookmark: _Toc227596977]3.3 Separation techniques – evaporation, boiling and distillation
Recovering salt from a solution (TRB3 and SOL PPT)
Ask students to consider how the salt and water could be separated if we wanted to recover the salt. Students use a think-pair-share to discuss and select a suitable method of separation. Guide students to identify that evaporation or boiling can be used to remove the water, leaving the salt crystals.
Students separate a saltwater solution using boiling to remove the water and recover the dissolved solid.
Outline how the distillation separation technique could be used to recover water from the mixture.
Distillation (TRB3 and SOL PPT)
Checkpoint (TRB3 and SOL PPT): display SOL PPT ‘3.3 Checkpoint’ to activate students’ prior knowledge about distillation by asking them to identify a description that represents distillation. Use a choral response or mini whiteboards to collect responses from all students.
Describe the distillation equipment and how it works.
Conduct a demonstration to distil water from a copper sulfate solution. Students observe that a clear liquid is distilled and that the copper sulfate solution becomes more concentrated (as indicated by its deeper blue colour).
	

	Separating mixtures
Conduct a series of practical investigations to explore common techniques to separate mixtures
Planning investigations
Outline the method and equipment needed to undertake an investigation
Outline steps to manage safety risks before, during and after an investigation
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Record observations and measurements accurately, using correct units for physical quantities
	[bookmark: _Toc227596978]3.4 Separation challenge
Separation – guided investigation (TRB3 and SOL PPT)
Students are supported in planning an investigation to separate a mixture of copper sulfate, iron filings and sand.
Students list the properties of each substance, complete a Venn diagram and compare the physical properties of the mixture's components.
Show students how to construct a flowchart that represents the steps for separating a mixture. Students collaborate to construct a flowchart showing the sequence of separation techniques to separate 3 or more substances from a given mixture.
Students write a method for their separation using the completed flowchart as a guide. Guide students in identifying hazards and risks associated with the various separation techniques and in planning ways to mitigate them.
In groups, students conduct their separations and use digital scales to weigh and record the mass of each component. Provide true masses for students and discuss the possible reasons for any differences.
	

	Separating mixtures
Investigate an industrial separation technique
Conducting investigations
Use a wide range of reliable secondary sources and acknowledge their sources
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Industrial separations (TRB3 and SOL PPT)
Define an ‘industrial process’ as any large-scale, organised method used to transform raw materials into useful products using specialised equipment and controlled conditions. Play the video How do we separate the seemingly inseparable? - Iddo Magen (4:24) to outline some examples of industrial processes that use a range of different separation techniques.
Students use secondary-source research to write a short summary of the separation techniques used in sugar production, salt production from seawater, petroleum refining and cream production in the dairy industry.
Select one example of industrial separation and produce an infographic that describes the process of producing the product and the separation technique(s) involved. Students document the sources that they use to construct the infographic in a reference list.
Conduct a gallery walk in which students provide peer feedback using 2 stars (things they liked) and one wish (a suggestion for improvement) for each infographic.
	

	Separating mixtures in context
Model how a body of water can become polluted, and plan and conduct a practical investigation that attempts to remove the pollutants
Planning investigations
Identify the purpose of an investigation
Outline the method and equipment needed to undertake an investigation
Conducting investigations
Employ safe work practices and manage risks using work health and safety (WHS) practices
Assemble and use appropriate equipment and resources to perform an investigation
Problem-solving
Identify problems and devise possible strategies or solutions
Use identified strategies to suggest possible solutions to a familiar problem
Use given evaluation criteria to select optimal solutions to problems
Evaluate the suitability of different strategies for solving an identified problem using given criteria
	[bookmark: _Toc227596980]3.6 Modelling water pollution
Watershed model (TRB 3 and SOL PPT)
Define ‘polluted’ as ‘Contaminated or made impure by the presence of harmful substances’ (NESA 2025).
Play the video Make Your Own Watershed (7:17) to show students how a watershed model can be constructed, and how pollutants in the environment can be simulated to show how water can become polluted.
Students construct a watershed model to simulate how a body of water becomes polluted. A water sample is collected for purification in the next activity.
Water purification (TRB3)
Provide students with criteria to evaluate the cleanliness of a water sample. Students use the criteria to assess their polluted water sample and record their observations.
Students work in groups to plan and conduct an investigation to remove the pollutants from the water sample, drawing on their knowledge of separation techniques. Students assess the purity of their final water sample using the evaluation criteria and by comparing it to the control (original polluted water sample).
In their investigation design, students construct an appropriate equipment list, develop a procedure, conduct a risk assessment and justify their use of materials to remove pollutants.
After the investigation, the student responds to questions about the suitability of their procedure for solving the water pollution problem.
	




[bookmark: _Toc227596981]Overall program evaluation
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· 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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