

[bookmark: _Hlk148085229]Science Stage 5 (Year 9) – sample program of learning
Materials
[bookmark: _Hlk161146602]Creation date: 20 March 2025.


Contents
Rationale	3
Overview	4
Navigating the resources	8
Lesson sequence	9
1 Will today’s landfill become tomorrow’s mines?	9
1.1 Resources around us	9
1.2 Exploring Australia’s resources	11
1.4 Aboriginal and Torres Strait Islander Peoples use of minerals and resources	16
1.5 Evaluate the environmental impact of extracting and using a resource	18
2 Why do atoms bond?	21
2.1 Valency – use it, lose it or share it	21
2.2 From elements to compounds – the noble gas connection	23
2.3 Ionic bonding	25
2.4 Covalent bonding	26
2.5 Metallic bonding	27
2.6 Bonds and beyond – exploring the properties of bonds	28
3 What makes hydrocarbons so useful and potentially so harmful?	31
3.1 Is it organic or inorganic?	31
3.2 Hydrocarbons are everywhere	32
3.3 Give them a name	35
3.4 All things combustion	36
3.5 How have we used hydrocarbons?	39
3.6 Polymer raw ingredients	40
3.7 Properties of polymers	42
3.8 So many polymers	44
3.9 Is it biodegradable?	46
3.10 Microplastics	49
3.11 Sustainable alternatives	51
Overall program evaluation	54
Evidence base	55


[bookmark: _Toc201909317]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.


[bookmark: _Toc201909318]Overview
This unit explores the idea that all matter in the Universe is composed of very small particles by examining the diverse realm of materials and chemical bonding, emphasising their significance in everyday life and their environmental impact. Students will investigate the finite nature of minerals and resources extracted in Australia, understand how Aboriginal and Torres Strait Islander Peoples historically used resources, evaluate the environmental impacts of resource extraction and analyse the products derived from Australian minerals.
Students will delve into the fundamental principles of chemical bonding, where electrons govern everything from the strength of materials to the behaviour of substances in everyday applications. By understanding valency and noble gas configurations and unravelling the mysteries of ionic, covalent and metallic bonds, students will engage in first-hand investigations to discover how these bonds influence the physical and chemical properties of substances.
In this focus area, students will venture further into the realm of organic compounds, where hydrocarbons extracted from crude oil demonstrate their versatile uses and chemical behaviours. They explore the world of polymers by examining their raw materials, properties, and environmental impact, while investigating the biodegradability of modern packaging materials and the extensive effects of microplastic bioaccumulation.
Finally, students will evaluate alternative materials and their environmental impacts, empowering them to make informed choices in a world progressively shaped by materials science and sustainable practices.
Prior learning
Students should come into this unit with an understanding of:
the properties of a range of minerals and rocks (Stage 4 Science Change)
indicators of physical and chemical change (Stage 4 Science Change)
the distinction between elements, mixtures and compounds (Stage 4 Science Solutions and mixtures)
separation of mixtures based on physical properties (Stage 4 Science Solutions and mixtures)
the particle theory of matter (Stage 4 Science Solutions and mixtures)
the structure of the atom, including details on location, charge and mass of subatomic particles (Stage 4 Science Periodic table and atomic structure)
the properties, relationships and reactivity of elements based on their position within the periodic table (Stage 4 Science Periodic table and atomic structure).
Future learning
Students will use learning from this unit to:
inform their understanding of the impact of resource use on the environment and the need for recycling (Environmental sustainability)
construct chemical formulas for ionic and covalent compounds (Stage 5 Science Reactions)
understand how biodegradability and bioaccumulation are applied to resource use and recycling (Stage 5 Science Environmental sustainability).
Transfer of learning
Students will be able to use their learning developed in this focus area to:
develop an informed approach to assess the risks and benefits of resource use
recognise that abstract concepts can be represented and explained using models
use a range of representation formats to communicate ideas (for example – models, chemical formulas, written scientific report)
use scientific terminology to produce an evidence-based scientific argument
understand the use of hydrocarbons in our society.
Table 1 – overview of the Materials program of learning
	Feature
	Details

	Outcomes
	A student:
assesses the uses of materials based on their physical and chemical properties SC5-MAT-01
designs safe, ethical, valid and reliable investigations SC5-WS-03
selects suitable problem-solving strategies and evaluates proposed solutions to identified problems SC5-WS-07
communicates scientific arguments with evidence, using scientific language and terminology in a range of communication forms SC5-WS-08
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.

	Assessment
	Two sample assessment tasks have been provided for assessing the learning for the Materials focus area:
Assessing the biodegradability of rubbish bin liners
Polymers
Teachers should select and implement one of the assessment options.

	Duration
	10 weeks

	Special materials and equipment
	Molecular model kits
Fractionating column (optional) for modelling fractional distillation
For assessment task, option 1, ‘Assessing the biodegradability of rubbish bin liners’, different types of bin liners including biodegradable and compostable liners are required.


Risk management: teachers are advised to undertake a risk assessment before conducting any investigation or experiment in their classrooms. For more information see Risk Assessment – a pre-requisite for risk control.


[bookmark: _Toc201909319]Navigating the resources
This document provides teachers with information on navigating the teacher resource books and the supporting PowerPoint presentation for the Materials focus area. All content in these resources is aligned with the topics in the sample program. For example, the topic ‘1.1 Resources’ around us in the Materials program of learning is aligned with ‘1.1 Resources’ activities in Teacher resource book 1 and supporting PowerPoint documents.
Should the activities in the program contain additional information, such as practical investigation instructions, student worksheets and more, you will find it in the corresponding teacher resource book (TRB1, TRB2 and TRB3). The supporting PowerPoint (MAT PPT) document contains student-facing information, including learning intentions, 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 – Materials 

	TRB2
	Teacher resource book 2 – Materials

	TRB3
	Teacher resource booklet 3 – Materials

	MAT PPT
	Slide deck – Materials


[bookmark: _Toc201909320]Lesson sequence
[bookmark: _Toc201909321]1 Will today’s landfill become tomorrow’s mines?
[bookmark: _Hlk180403620]The estimated time for Part 1 is 7 hours.
Table 3 – content and teaching and learning activities for essential question 1
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Resources
Identify the finite nature of the minerals and resources extracted in Australia
	[bookmark: _Toc201909322]1.1 Resources around us
Resources are … (TRB1 and MAT PPT)
Define resources as ‘the materials, tools, or other assets that are available for use or that can be drawn upon to achieve a particular purpose’. Facilitate a discussion about resources and guide students in creating a lotus diagram or another representation of Australia’s resources.
Agree to disagree (TRB1 and MAT PPT)
Display the terms ‘finite’ (non-renewable) and ‘renewable’ resources. Students create a T-chart to summarise the definitions, characteristics and examples of finite and renewable resources.
Present a series of positioning statements to encourage a discussion about finite and renewable resources, using these statements as a stimulus.
Note: this activity can be used to facilitate discussions and help develop definitions. The focus should be on understanding different perspectives and the reasoning behind them, rather than emphasising right or wrong answers.
Glossary (TRB1)
Students use dictionaries to create a glossary of terms that will be used throughout this focus area. This glossary can be added to throughout the unit.
Differentiation: Frayer diagrams can be used to further support vocabulary development for words that are new or may have multiple meanings.
Checkpoint: identify an item made from a finite resource and one made from plastic that you use on a regular basis. Describe the potential environmental impact of these items.
	

	Resources
Identify the finite nature of the minerals and resources extracted in Australia
Problem solving
Use cause-and-effect relationships and models to explain ideas and make predictions
Communicating
Recognise that scientific texts develop arguments by encouraging the reader to adopt a specific perspective and positioning them to accept the authority of a text
	[bookmark: _Toc201909323]1.2 Exploring Australia’s resources
Prior knowledge checkpoint: ask each student a question to gauge prior learning as they come into the classroom. Grade the questions to suit each student. Sample questions are provided in TRB1.
Can you trust that information? (TRB1 and MAT PPT)
Display an emotive quote. Use the quote to facilitate a discussion about its accuracy and the importance, as responsible scientists and citizens, of critically assessing the authority of a text. Encourage students to analyse the quote, consider its context and evaluate the credibility of the source to foster critical thinking skills.
Introduce students to the concept of a text’s authority, which refers to its trustworthiness, authenticity or validity.
Watch a video such as Walk on water (Liquid Mountaineering) (3:13). Engage students with guiding questions about the believability of the claims made, the influence of the speaker's authority, and the effectiveness of the persuasive strategies used in the video. Explore how the speaker establishes credibility and discuss the importance of critically evaluating the authority of a text before accepting its claims.
Understanding the authority of a text (TRB1)
Facilitate a discussion to define the terms: ‘argument’, ‘valid’, ‘perspective’ and ‘authority’. Create a word wall or vocabulary board as a visual aid to remind you of the terms.
Discuss the key features that make scientific texts authoritative, including expert authors, peer-reviewed, evidence-based, have citations and references and are objective and unbiased. Discuss tools that the author may use to position the reader to accept the authority of the text. For example, the choice of language, modality and tone.
Watch a video such as Finite Resources | THRIVE Framework | THRIVE (2:23). Assist students in assessing the authority of the text by examining factors such as consistent messaging, evidence base, currency, bias, data, author qualifications, presentation style and publisher reputation.
Checkpoint (MAT PPT 1.2 Checkpoint 1): use a multiple-choice question to check that students have understood the concept of the authority of a text.
Our finite resources (secondary-source investigation) (TRB1)
Watch What is Mining – More Science on the Learning Videos Channel (4:17) to provide students with a brief overview of open-cut and underground mining.
Students engage in a class discussion about the finite nature of resources and their implications. Start by defining finite resources as natural resources with limited quantities that cannot be replenished within a human timescale. Provide examples such as coal, iron ore, gold, oil and natural gas. Discuss the use and demand for these resources in everyday life and the effects of resource depletion on industries and economies. Address the environmental impacts of extraction, the economic implications of depletion and the importance of sustainability and conservation. Encourage students to consider future consequences if resources are not managed wisely and explore the role of technology and innovation in resource management. Promote individual responsibility in resource use and sustainability efforts.
During the discussion, students will create a fishbone diagram to summarise their understanding of finite resources.
Checkpoint (MAT PPT 1.2 Checkpoint 2): use a multiple-choice question to check students' understanding of finite resources.
Mining the data (TRB1)
Explore Australia’s mines using the Australian Mines Atlas.
Students examine the Australian mineral facts webpage to understand key information about Australia's mineral resources.
Checkpoint: check that students can locate the author of a website by asking, ‘Who is responsible for the content of the Australian mineral facts website?’
The students will develop their research skills and critical thinking by skimming and scanning the webpage to assess the authority of the content, identifying important minerals and their locations, and exploring the implications of mineral distribution on the energy sector. They will also compare oil and gas reserves by completing a worksheet.
Australia’s mineral reserves (TRB1 and MAT PPT)
Explain the difference between Reserve Life, Resource Life 1 and Resource Life 2 to the students (MAT PPT ‘1.2 Resource reserves’).
Students use Table 1 ‘Australia's Ore Reserves and Mineral Resources’ of selected commodities at operating mines in 2022, from the Australia's Estimated Ore Reserves resource to discuss the finite nature of resources. They will also discuss the implications of the reserve lives of minerals compared to their resource lives.
Model how students can use cause and effect relationships to explain ideas and make predictions by answering the question, ‘How might the demand for electric vehicles affect the supply of lithium available in Australia, and what could this mean for the future?’
Checkpoint: Why is it important to understand the finite nature of our resources? Use the 5 Whys questioning technique to encourage deeper responses.
	

	Resources
Investigate the products produced from Australian minerals and resources
Planning investigations
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
Assess the types of data that needs to be collected in a range of investigation types
	1.3 Exploring products from Australian minerals and resources
Checkpoint: students recall information from the previous lesson by listing 3 finite resources that are mined in Australia.
Extracting copper (practical investigation) (TRB1)
Conduct an investigation to extract copper from a copper ore (malachite) by crushing the ore and reacting it with sulfuric acid before using electrolysis to separate the copper from the resulting copper sulfate solution.
Co-construct a comprehensive risk assessment to identify all of the hazards and risks and the mitigation strategies that will be used to reduce the risk in the investigation.
Discuss the ethical implications of mining copper and the environmental impacts caused by the processes used to extract the copper metal from its ore. Discuss how recycling copper is beneficial to ensuring the continued availability of copper.
Note: the sample Assessment task – option 1 – Materials assesses the outcome ‘Planning investigations’. This activity addresses some of the skills addressed in the task.
Products of Australia’s mines (secondary-source investigation) (TRB1)
Using an online simulation, students explore the variety of minerals and resources used in products in a smart home.
Students complete a worksheet as they explore the smart home simulation and then conduct research to link the minerals and resources to their sources in Australia.
	

	Resources
Explain how Aboriginal and Torres Strait Islander Peoples used minerals and resources for a wide range of purposes
Communication
Present scientific arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose
	[bookmark: _Toc201909324]1.4 Aboriginal and Torres Strait Islander Peoples use of minerals and resources
Prior knowledge checkpoint: identify 2 mineral resources that are used in your home and what they are used in.
What am I used for? (secondary-source investigation) (TRB1 and MAT PPT)
Note: it is recommended that you engage with your local community to plan and resource this content. Study resources that are pertinent to the Country where you live and teach. It may be possible to ask a member of your local community to tell stories from the local lore that emphasise the importance of resources and how they were used and cared for.
Discuss the significance of the land and its resources. Relate this to the importance of Caring for Country and the ways that we can all contribute to maintaining a sustainable lifestyle.
Note: the use of many Aboriginal and Torres Strait Islander Peoples’ resources may serve a dual purpose: they can hold both ceremonial significance and resource value and therefore should be treated with sensitivity.
Although the resources for this activity come from a range of sources, the materials and resources that are explored were used by the People of the Bundjalung Nation.
Explain that Aboriginal and Torres Strait Islander Peoples used resources for a range of purposes, including medicinal, practical, ceremonial, consumption, predicting seasons, hunting times and more.
The students complete a set of stations to explore how Aboriginal and Torres Strait Islander Peoples used a range of minerals and resources.
Checkpoint: list 2 materials used by Aboriginal and Torres Strait Islander Peoples and one use for each material.
Resource showcase alternate activity (TRB1 and MAT PPT)
Students select a resource, conduct further research and create a short social media post showcasing their chosen resource. The post may take the form of text, a short voice recording or video.
	

	Resources
Evaluate the environmental impact of extracting and using a named resource and document findings in a written scientific report
Problem-solving
Develop evaluation criteria relevant to identified problems
Communication
Present scientific arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose 
Create written texts to communicate scientific investigations, explain scientific theories and principles, structure a scientific argument, and evaluate findings in light of scientific knowledge
	[bookmark: _Toc201909325]1.5 Evaluate the environmental impact of extracting and using a resource
[bookmark: _Toc179272973]Environmental impact (secondary-source investigation) (TRB1 and MAT PPT)
Show students a video such as Are we running out of resources? (17:25). Focus on the first 2 minutes and 30 seconds, which highlights the environmental impact of mining.
Checkpoint (TRB1): What are the environmental impacts related to the extraction and use of copper?
Part A – create an evaluation criteria: guide students through the process of developing a set of evaluation criteria to evaluate the environmental impact of extracting and using a resource.
Part B – evaluate the impact: students work in small groups to evaluate the environmental impact of a named mineral or resource using material that is provided to them.
Part C – report your findings: the students use their evaluation to create a written report to the local council providing a summary of the environmental impact of mining and their recommendations.
Checkpoint: check students’ understanding of how to use the evaluation criteria with a familiar context such as ‘everyone at school leaving their rubbish on the ground near their seats at lunch time’.
Note: the skill of communicating effectively to a given audience is assessed in Assessment task – option 1 – Materials. If this task is used, then the skills in this activity should be taught before the task is due for submission.
Differentiation: a scaffold may be provided to support students in developing their writing.
	


[bookmark: _Toc112681291]

[bookmark: _Toc201909326]2 Why do atoms bond?
The estimated time for Part 2 is 7 hours.
Table 4 – content and teaching and learning activities for essential question 2
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Bonding
Use valency to describe the number of electrons an atom needs to gain, lose or share to achieve a stable electron configuration
	[bookmark: _Toc201909327]2.1 Valency – use it, lose it or share it
The periodic table and valency (TRB2 and MAT PPT)
Tell students that we are now moving from finite resources and minerals to investigate what is happening on the inside. What is bonding, and how does it relate to minerals and their ores?
Prior knowledge checkpoint: students draw a diagram on mini whiteboards to demonstrate their understanding of the structure of an atom. A sample response is provided in the MAT PPT ‘2.1 Model of the atom’.
Revise the structure of an atom and how to draw the electron configuration for an element.
Students draw the electron configurations of the first 18 elements in a shortened periodic table.
Introduce valency as ‘the number of chemical bonds that an atom can make with a univalent atom such as hydrogen’ (NESA 2023). Show students how to determine valency using information from the periodic table. Students annotate the valency for each group.
Students practice identifying the number of shells and the number of electrons in the outer shell for a range of elements.
Continue developing the glossary of terms with the students that was begun at the beginning of the unit of work.
Checkpoint: students complete a multiple-choice question: Which statement correctly describes the electron configuration of magnesium? (MAT PPT 2.1 Checkpoint)
Differentiation: a challenge question has been included to provide students with an opportunity to extend their understanding.
The atoms of some elements can have more than one valency. For example, iron can have a valency of 2 or 3. Explain what it means for an element to have more than one valency, using iron as an example. A sample answer is provided in TRB2.
	

	Bonding
Explain noble gas configuration and identify that it occurs during chemical bonding
Describe types of chemical bonds, including ionic, covalent and metallic bonds
	[bookmark: _Toc201909328]2.2 From elements to compounds – the noble gas connection
Prior knowledge checkpoint (MAT PPT): ask the students to draw the electron shell configuration of aluminium (atomic number 13) on mini whiteboards and identify its valency.
[bookmark: _Toc185335601]Achieving a noble gas configuration (TRB2 and MAT PPT) 
Explain the noble gas configuration to students using examples to illustrate how elements can achieve this configuration. Use electron configuration diagrams to show how metals tend to lose electrons to drop back to the previous electron shell, and how non-metals tend to gain electrons to have the same valence electron configuration as the noble gas in the same period.
Explore, using examples, how different atoms can:
lose or gain electrons to fill their outer shell
share electrons to achieve a noble gas configuration
delocalise valence electrons to form a sea of electrons.
Lead students to the understanding that the behaviour of the electrons determines the types of bonds formed with other elements. 
Ionic bonds form between metal and non-metal ions (lose and gain electrons).
Covalent bonds form between non-metal atoms (sharing of electrons).
Metallic bonds form between positive metal ions and the sea of delocalised electrons.
Students classify a range of compounds as ionic or covalent based on the combinations of atoms in the chemical formula.
Differentiation: support student understanding using models.
Checkpoint (MAT PPT 2.2 Checkpoint): students match the type of bonding to the relevant information on the slide. Students could demonstrate their understanding using mini whiteboards, allowing all students to showcase their understanding of the various types of chemical bonds.
	

	Bonding
Describe types of chemical bonds, including ionic, covalent and metallic bonds
Use models to describe the formation of cations and anions
Construct chemical formulas of some common ionic compounds and covalent molecules.
Problem-solving
Use cause-and-effect relationships and models to explain ideas and make predictions
	[bookmark: _Toc201909329]2.3 Ionic bonding
Checkpoint: check students' prior understanding of ionic bonding using true or false questions. The questions and answers are provided in the MAT PPT 2.3 Checkpoint.
Modelling cations and anions (TRB2)
Students use the PhET simulation Build an atom to create models of cations and anions and describe how they are formed.
Note: ions are formed in metallic bonding as well as ionic bonding.
Forming ionic compounds (TRB2 and MAT PPT)
Students use a jigsaw activity to construct 10–12 different ionic compounds. For each compound, students will determine the ratio of cations to anions to determine its chemical formula and name.
Differentiation: for an additional challenge, the ion names could be removed from the jigsaw pieces, and the students develop the model using their understanding of valency to determine the charge of each metal and non-metal ion.
Note: although naming conventions are not mandatory in this focus area, naming compounds as they are created can serve as a useful introduction to these conventions.
	

	Bonding
Describe types of chemical bonds, including ionic, covalent and metallic bonds
Construct chemical formulas of some common ionic compounds and covalent molecules
Recognise that some elements exist as diatomic molecules
	[bookmark: _Toc201909330]2.4 Covalent bonding
Modelling covalent bonds (TRB2)
Students use molecular models to relate valency to the number of bonds that an atom can make and construct models of covalent compounds. Students start with simple covalent compounds formed by a non-metal and hydrogen atoms. Students use molecular models to construct diagrams of the electron configurations of covalent compounds and determine their corresponding chemical formulas.
Diatomic molecules (TRB2)
Explore the covalent bonds in elements that exist as diatomic molecules. Use the Socratic method of questioning to guide students' understanding of diatomic molecules.
Students construct models of H2, Cl2, O2, and N2 and recognise the number of electrons shared between the atoms, as well as the fact that some diatomic molecules require double or triple bonds to achieve the noble gas configuration.
Checkpoint (MAT PPT 2.4 Checkpoint): students identify which compounds contain covalent bonds.
	

	Bonding
Describe types of chemical bonds, including ionic, covalent and metallic bonds
	[bookmark: _Toc201909331]2.5 Metallic bonding
Prior knowledge checkpoint (MAT PPT 2.5 Checkpoint): students complete a multiple-choice question to demonstrate their understanding of what an ion is.
Metallic bond reading passage
Students read a passage about metallic bonding, which covers:
what is metallic bonding?
how does metallic bonding work?
metallic bonding gives metals their characteristic properties.
Students respond to questions to demonstrate their understanding of metallic bonding and the electrostatic attraction that creates the strong bonds.
	

	Bonding
Conduct an investigation to observe and compare the physical and chemical properties of ionic, covalent and metallic substances, and explain how these relate to their uses
Planning investigations
Describe the purpose of an investigation
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
	[bookmark: _Toc201909332]2.6 Bonds and beyond – exploring the properties of bonds
Investigating the properties of materials
Discuss the various types of investigations that scientists conduct. Students will likely be most familiar with experimental investigations (which involve independent, dependent and controlled variables) and field study investigations. In this context, tests are being carried out to gather information on the properties of different substances, enabling comparisons to be made.
Checkpoint (MAT PPT): use a multiple-choice question to assess students understanding of the difference between an aim and a purpose.
Outline the properties of substances that can be tested or measured. Students select an appropriate method for each property to collect data on a range of compounds.
Students conduct a risk assessment to identify potential hazards and formulate strategies to mitigate the associated risks.
Students conduct various tests to safely gather data on the properties of some covalent, ionic, and metallic substances. They analyse the results to summarise the characteristics of these substances.
Uses of materials
Relate the properties of metallic, ionic and covalent substances to their uses.
Students read a stimulus text on the uses of metal alloys and answer questions regarding the properties and applications of these materials. They justify why a specific metal alloy is most suitable for a particular use.
Note: physical and chemical properties of substances are assessed in Assessment task – option 2 – Materials.
	


[bookmark: _Toc146805877][bookmark: _Toc147481174]

[bookmark: _Toc201909333]3 What makes hydrocarbons so useful and potentially so harmful?
The estimated time for essential question 3 is 17 hours.
Table 5 – ‘What makes hydrocarbons so useful and potentially so harmful’ lesson sequence.
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Chemistry of organic compounds
Distinguish between organic and inorganic compounds
	[bookmark: _Toc180058680][bookmark: _Toc201909334]3.1 Is it organic or inorganic?
Prior knowledge checkpoint (TRB3): What do you recall about compounds from past lessons? List 2 facts and an example of a compound. 
Students use the Think-Pair-Share method to discuss in pairs for 2 minutes, then share their 2 best facts with the class. Write key points on the board.
Introduction to organic and inorganic compounds (TRB3 and MAT PPT)
Describe the characteristics of organic and inorganic compounds. Tell students that organic compounds always contain carbon and are typically found in living organisms. In contrast, inorganic compounds do not necessarily contain carbon and can be located in both living and non-living entities.
Unpack molecular model structures of a range of organic and inorganic molecules to consolidate students' understanding that organic compounds contain C–H covalent bonds.
Students classify various compounds as organic or inorganic and explain their reasoning. They research the applications of these compounds and then respond to questions regarding their classification.
Students construct models of the organic compounds.
Checkpoint: What clues will you look for to determine if a compound is organic? (Presence of carbon, mostly found in living things and containing C-H covalent bonds)
Differentiation (TRB3): for further exploration, investigate additional compounds and their classification as either organic or inorganic.
	

	Chemistry of organic compounds
Describe how hydrocarbons can be separated from crude oil and identify the uses of these products
Problem-solving
Use cause-and-effect relationships and models to explain ideas and make predictions
	[bookmark: _Toc180058681][bookmark: _Toc201909335]3.2 Hydrocarbons are everywhere
What are hydrocarbons? (TRB3 and MAT PPT)
With teacher support or as a small-group research task, students complete Frayer diagrams for crude oil, mixtures and hydrocarbons.
Fractional distillation (TRB3 and MAT PPT)
Briefly recap distillation as a method for separating liquid mixtures, such as crude oil, by exploiting differences in boiling points. Connect this to students' previous knowledge on separation techniques in the Stage 4 focus area, Solutions and mixtures. 
Watch the short video on Fractional distillation (4:05).
Break down the process of fractional distillation into essential steps. Include a diagram to illustrate how the various fractions in crude oil are separated based on the size of the hydrocarbon and its boiling point.
Optional: model fractional distillation in the laboratory using ethanol and water to demonstrate how substances with different boiling points can be separated.
Ask students to predict where specific hydrocarbons might condense (form a liquid) based on their boiling points in the fractionating column and explain their reasoning using cause-and-effect relationships.
Checkpoint (TRB3): Why do larger hydrocarbons condense lower in the column?
Using the crude oil fractions (TRB3)
Highlight the uses of significant fractions: Petrol is a fuel for cars; diesel is a fuel for trucks and buses; kerosene is a type of jet fuel; bitumen is used for road surfacing.
In small groups, assign each group one fraction. Students research and create a short presentation on the uses and properties of a specific fraction, presenting it to their peers as the audience.
Groups briefly present their findings.
Differentiation: fractions can be assigned to groups of students according to their differentiation needs. Simpler fractions include refinery gas, petrol and diesel oil. More complex fractions encompass naphtha, lubricating oil, fuel oil and bitumen/residue.
Advanced students could explore catalytic cracking to produce smaller, more useful hydrocarbons from longer-chain hydrocarbons.
Checkpoint (TRB3): What physical property do we use to separate crude oil into its useful fractions? Why do they need to be separated?
	

	Chemistry of organic compounds
Use International Union of Pure and Applied Chemistry (IUPAC) nomenclature to name simple organic compounds
Identify and reproduce the structure of simple alkanes C1–C8
	[bookmark: _Toc201909336]3.3 Give them a name
Naming organic compounds (TRB3 and MAT PPT)
State the role of the International Union of Pure and Applied Chemistry (IUPAC). Define ‘chemical nomenclature’ as a set of rules to generate systematic names for chemical compounds. State the basic rules for naming simple organic compounds.
Students construct models of the first 8 alkanes (C1 to C8) using molecular model kits and identify their names using the IUPAC naming conventions. Students draw the structural formula to represent each of the named alkanes.
Provide students with simple structural formulas of a range of organic compounds with various functional groups. Students use the IUPAC naming conventions to identify the names of the compounds.
Differentiation: the number of alkenes, alkynes, alcohols and carboxylic acids to be named could be reduced. The complexity could be reduced by walking the student through the process of counting carbon atoms and identifying the functional group to name the compounds.
	

	Chemistry of organic compounds
Describe the differences between complete and incomplete combustion reactions of hydrocarbons, and use examples from everyday applications to compare the products of the chemical reaction and amount of energy released
Planning investigations
Describe the purpose of an investigation
Explain the use of variables and experimental controls in a valid scientific investigation
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
Problem-solving
Use cause-and-effect relationships and models to explain ideas and make predictions
	[bookmark: _Toc201909337]3.4 All things combustion
Checkpoint: show students an image of a molecular model of pentane and ask them to identify its name (MAT PPT 3.4 Checkpoint).
Complete and incomplete combustion (TRB3)
Facilitate a class discussion to develop a definition for combustion.
Demonstrate complete and incomplete combustion using a candle and a burning splint or examining the blue and yellow flames of a Bunsen burner. Compare and contrast the conditions, products and properties associated with complete and incomplete combustion.
Discuss examples of complete and incomplete combustion. During the discussion students will complete a worksheet comparing the properties of combustion.
Checkpoint: What is a key characteristic of complete combustion? (MAT PPT 3.4 Checkpoint 1)
a) It produces soot and carbon monoxide.
b) It occurs in the presence of a limited supply of oxygen.
c) It produces carbon dioxide and water as the main products.
d) It has a yellow flame.
Comparing incomplete and complete combustion (practical investigation) (TRB3)
Students predict which type of Bunsen burner flame has more energy. Students complete the ‘predict’ section of a Predict-Observe-Explain (P-O-E) activity. They will then design and conduct an investigation to determine which type of combustion (blue or yellow Bunsen burner flame) provides the most energy. Finally, they will use their results to do a calculation using the equation  to calculate the amount of energy transferred for each type of combustion. Students complete the P-O-E activity to summarise their findings.
When designing the investigation students will describe the purpose of the investigation and explain the use of variables to ensure the validity of the investigation. Students create a method to control the variable and ensure the collection of valid and reliable data. Students should conduct a risk assessment prior to conducting the investigation.
Note: it is not necessary for students to complete all components of a scientific report (such as graphing results and writing a discussion. Focus on the investigation design content identified for this activity).
Differentiation: a scaffold may be used to support students in designing their investigation.
Checkpoint: students complete an exit ticket on combustion in an unfamiliar situation. (MAT PPT 3.4 Checkpoint 2).
A car engine burns petrol (a hydrocarbon) to release energy, which is used to move the car. An air filter cleans the air that goes to the motor. To burn properly, the engine requires a sufficient supply of oxygen, which is obtained from the air. An air filter helps clean the air before it enters the engine. 
1. What would happen if the air filter became dirty or clogged?
2. What type of combustion is likely to occur?
3. Will more or less energy be released? Explain why.
	

	Chemistry of organic compounds
Research the uses of hydrocarbon compounds and how this has changed over time
	[bookmark: _Toc201909338]3.5 How have we used hydrocarbons?
Prior knowledge checkpoint: the students complete a Venn diagram on mini whiteboards to compare complete and incomplete combustion.
Exploring the use of hydrocarbons – class discussion (TRB3)
Facilitate a class discussion on the historical use of hydrocarbons. Discuss and make a list identifying hydrocarbons and their uses. Focus on how the use of hydrocarbons has evolved, particularly in the applications of plastics and fuel.
Checkpoint: describe 1 modern and 1 historical use of hydrocarbons. This checkpoint can be conducted verbally with students working in pairs.
Exploring the use of hydrocarbons –collaborative research (TRB3 and MAT PPT)
Divide the class into small groups and assign each group a specific hydrocarbon. Each group will research its assigned hydrocarbon and create 2 slides in the shared slide deck. At the end of the lesson, each group will present its slides.
Differentiation: produce a list of websites and a template for students to use as they complete this task.
Checkpoint (MAT PPT): hydrocarbons have been used throughout history for a wide range of applications. Students match the hydrocarbons to their uses.
Think-Pair-Share (TRB3 and MAT PPT)
Conclude the class with a Think-Pair-Share activity addressing the question – ‘How has our use of hydrocarbons changed over time?’.
Differentiation: a graphic organiser may be used to support students organise their thoughts.
	

	Polymers
Identify the raw materials used to make polymers
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Introduction to polymers (TRB3 and MAT PPT)
Prior knowledge checkpoint: complete questions 1–4 for prior understanding of hydrocarbons and organic compounds (MAT PPT ‘3.6 Polymer raw ingredients’).
Introduce polymers by watching the video Introduction to plastics (2:36).
Define polymers as large molecules made up of smaller building blocks called monomers. Explain that the term ‘plastics’ is commonly used, but they are subsets of polymers.
Students use molecular model kits to construct ball and stick models of polyethylene consisting of 3−5 monomers.
Extension: students construct models of linear and branched polyethylene and predict its density (closely or loosely packed polymer chains) based on its structure.
Provide a brief overview of polymers and their importance, emphasising their role in everyday materials like plastics and synthetic fibres. Students complete a Frayer diagram on polymers in the student resource.
Differentiation: provide a modified Frayer’s diagram with word bank (MAT PPT ‘3.6 Frayer diagram – polymers’).
Outline the main raw materials used in the production of polymers.
Students complete a comprehension activity to interpret information about polymers and their raw material monomers. They classify polymers as either synthetic or natural (biopolymer) and then identify the monomer used to produce various products. 
	

	Polymers
Investigate and describe the properties of a range of polymers
Planning investigations
Describe the purpose of an investigation
Assess the types of data that needs to be collected in a range of investigation types
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
Problem-solving
Select suitable strategies and implement them to solve an identified problem
Develop evaluation criteria relevant to identified problems
Assess the solutions proposed based on the relevant evaluation criteria
Communicating
Present scientific arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose
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Prior knowledge checkpoint: pose true-or-false questions to check students understanding of polymers (MAT PPT 3.7 Prior knowledge checkpoint).
Investigating the properties of polymers (practical investigation) (TRB3 and MAT PPT)
Show students how to determine the polymer composition of various products using the Plastics Identification Code (also called recycle code).
Introduce the terms ‘strength’ (tensile properties), ‘flexibility’, ‘transparency’, ‘opacity’, ‘heat resistance’, ‘water resistance’ and ‘oil resistance’. 
Students plan an investigation to select suitable strategies to test the properties of different types of polymers. Students conduct a risk assessment to identify potential hazards, the risks they pose and ways to mitigate those risks. 
Students conduct the investigation to collect qualitative and/or quantitative data on each of the polymers. Students analyse the collected data and solve problems related to the use of polymers in various applications using evaluation criteria. Students draw evidence from their data to support their reasoning in responses to questions on the properties and uses of polymers.
Differentiation: use a guided worksheet with step-by-step instructions for conducting the investigation.
Checkpoint 2: a scenario-based question on choosing an ideal polymer for a specific use based on the properties. Refer to MAT PPT 3.8 Checkpoint.
Differentiation: refer to the Claim-Evidence-Reasoning scaffold in the MAT PPT to support students with structuring their responses.
	

	Polymers
Determine the quantity and types of polymers found in the environment by undertaking a physical survey of the local area
Planning investigations
Describe the purpose of an investigation
Assess the types of data that need to be collected in a range of investigation types
Identify risks, consider ethical issues and select suitable materials and technologies for a range of investigations
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Prior knowledge checkpoint: name a polymer and describe how its specific properties make it suitable for a particular application (TRB 3).
A physical survey of the local area (TRB3)
Engage students with prompts such as, ‘How much plastic do you think is littering our local environment? Where might we find it? What types of plastic products might be found?’ Explain that the aim is to investigate the presence of polymers in the local environment and to discuss the variables along with the methods for collecting both qualitative and quantitative data. Students plan a survey to collect and analyse data to draw conclusions about the perceptions of local communities regarding the use, disposal and management of plastic materials.
Analysing survey data (TRB3)
Students categorise and organise survey data, create summary tables, present data using visual representations and develop evidence-based conclusions about the amount and type of polymers found in local areas. 
Differentiation: students use the table and the graph paper provided in the student resource to organise and analyse data (TRB 3).
Extension: students use MS Excel to organise and analyse data (MAT PPT).
Note: refer to the MS Excel template for organising data. 
Checkpoint 2: How does the use of polymers in packaging contribute to overall waste patterns? Give examples to support your response.
	

	Polymers
Conduct an investigation to determine the biodegradability of different packaging materials
Planning investigations
Select and explain investigation methods, including fieldwork and laboratory experimentation, to collect reliable data
Modify an investigation in response to new evidence
Problem-solving
Evaluate claims using scientific knowledge and findings from investigations
Communicating
Create written texts to communicate scientific investigations, explain scientific theories and principles, structure a scientific argument, and evaluate findings in light of scientific knowledge
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Note: Materials assessment task – option 1 covers this content point. If the Materials assessment task – option 2 is used, then students should still design and conduct the biodegradability of different packaging materials investigation, as it is a content point in the syllabus.
Prior knowledge checkpoint: Quick recall activity: What can you recall about the various types of packaging materials from earlier lessons? Think of 2 facts about these materials. (TRB 3).
Is a biodegradable plastic always good? (TRB3 and MAT PPT)
Introduce the concept of degradability of packaging material by recapping the survey findings covered in the previous content point and asking questions like:
What happens to these materials when they are thrown away? 
Do they degrade or persist in the environment?
Describe the life cycle of plastics sourced from crude oil and biomass.
Watch the video Is bioplastic the better plastic? (9:48). 
Define the terms: ‘biodegradable’ and ‘compostable’. Explain that not all bioplastics are biodegradable.
Checkpoint (MAT PPT): Which of the following statements about biodegradable plastics is true?
a) All bioplastics are biodegradable.
b) Biodegradable plastics will break down quickly in any environment.
c) Bioplastics and biodegradable plastics are the same thing.
d) Some biodegradable plastics require specific conditions, like industrial composting, to decompose.
What happens to plastic in the soil? (TRB3)
Students read the article What happens to plastic in the soil?. They analyse and interpret information from this article to understand the biodegradability of packaging materials and its implications on the environment (TRB3).
Differentiation: to support students learning English as an additional language or dialect (EAL/D), read the article together and explain the meanings of the key terms used in the study. Provide sentence starters for the answers.
Checkpoint (TRB3): How can you apply the findings from this study to the real-world decisions about managing plastic waste?
Investigating the biodegradability of different packaging materials
Note: further information and scaffolds for this investigation can be found in Materials assessment task – option 1.
Students design and conduct a controlled scientific investigation that tests the relative biodegradability of a range of rubbish bin liners.
Students write a scientific report to communicate the findings of the investigation.
Note: this investigation requires an extended timeframe to collect data. Teachers should determine if it can be completed in the timeframe allotted for this focus area or make a plan to continue data collection beyond the timeframe allocated for the Materials focus area.
	

	Polymers
Investigate case studies to explain the effect of bioaccumulation of microplastics in the environment
Communicating
Present scientific arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose
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Prior knowledge checkpoint (TRB3): Quick recall activity: name 2 human activities that contribute to plastic pollution.
Microplastics – a threat to the environment (TRB3 and MAT PPT)
Introduce microplastics by watching the video Investigating microplastics in Australia's tropical marine waters (1:57) or reading Microplastics: Small particles, Big Threat.
Define the term ‘microplastics’ and explain the sources of microplastics.
Watch the video Microplastics entering the food chain (3:52).
Define the term ‘bioaccumulation’ and explain the toxic effects of microplastics.
Microplastics case study (TRB3 and MAT PPT)
Define a case study as a detailed investigation of a specific phenomenon, event, organism, location or process examined within its real-world context. Describe the key features of a case study.
Students research a case study about the effects of microplastics and bioaccumulation on the health of organisms and the environment and design a poster to communicate their findings.
Differentiation: support students by providing a scaffold for the poster and some sentence starters.
	

	Materials in context
Assess the environmental impacts of materials that are used as alternatives to those derived from crude oil
Problem-solving
Evaluate different approaches used to solve problems
Communicating
Present scientific arguments using evidence, correct scientific language and terminology, as appropriate to audience and purpose
	[bookmark: _Toc201909344]3.11 Sustainable alternatives
Prior knowledge checkpoint: get students to reflect on how they are reducing plastic use by asking, ‘What are 3 things made from plastics that you have replaced with non-plastic materials?’
Assessing the impacts of single-use packaging materials
Create a list of packaging products made from crude oil-derived polymers and then identify an alternative material that could be used.
Students research alternative materials and evaluate them against given criteria, including raw materials, energy use in production, pollution caused during production, biodegradability, recyclability, and end-of-life disposal.
Students outline the advantages and disadvantages of bioplastics made from plant-based sources.
Students respond to the question ‘Assess the environmental impacts of plant-based bioplastics as alternatives to crude oil-based plastics’, drawing on the research they have conducted throughout the activity.
Designing an infographic (TRB3)
Students work in small groups to research the advantages and disadvantages of alternative materials compared to conventional plastics. They present their message to a target audience in an infographic to communicate why we need to use more sustainable practices when it comes to using plastics.
Checkpoint (MAT PPT): multiple choice questions on the advantages and disadvantages of alternative materials.
Differentiation: support students by providing a scaffold for the infographic and some sentence starters.
Extension: students include information on the circular economy and government policies that align with the use of alternative materials.
	




[bookmark: _Toc201909345]Overall program evaluation
[bookmark: _Capturing_student_voice][bookmark: _Toc148102528][bookmark: _Hlk148102399]Collating ongoing evaluations and reflecting on the strengths and areas for development within the program 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 to improve 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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