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Unit 1

Unit 1 — Area of Study 1

How do the chemical structures of materials explain their properties and
reactions?

In this area of study students focus on elements as the building blocks of useful materials. They investigate the
structures, properties and reactions of carbon compounds, metals and ionic compounds, and use chromatography
to separate the components of mixtures. They use metal recycling as a context to explore the transition in
manufacturing processes from a linear economy to a circular economy.

The selection of learning contexts should allow students to develop practical techniques to investigate the properties
and reactions of various materials. Students develop their skills in the use of scientific equipment and apparatus.
Students may conduct flame tests to identify elements in the periodic table. They may model covalent, metallic and
ionic structures using simple ball-and-stick models and may use computer simulations of the three-dimensional
representations of molecules and lattices to better understand structures. They use solubility tables to
experimentally identify unknown ions in solution. They respond to challenges such as developing their own reactivity
series by reacting samples of metals with acids, oxygen and water.

Outcome 1

On completion of this unit the student should be able to explain how elements form carbon compounds, metallic
lattices and ionic compounds, experimentally investigate and model the properties of different materials, and use
chromatography to separate the components of mixtures.

Key knowledge:
Elements and the periodic table

- The definitions of elements, isotopes and ions, including appropriate notation: atomic number; mass number; and
number of protons, neutrons and electrons

- The periodic table as an organisational tool to identify patterns and trends in, and relationships between, the
structures (including shell and subshell electronic configurations and atomic radii) and properties (including
electronegativity, first ionisation energy, metallic and non-metallic character and reactivity) of elements

- Critical elements (for example, helium, phosphorus, rare-earth elements and post-transition metals and metalloids)
and the importance of recycling processes for element recovery

Covalent substances

- The use of Lewis (electron dot) structures, structural formulas and molecular formulas to model the following
molecules: hydrogen, oxygen, chlorine, nitrogen, hydrogen chloride, carbon dioxide, water, ammonia, methane,
ethane and ethene

- Shapes of molecules (linear, bent, pyramidal, and tetrahedral, excluding bond angles) as determined by the
repulsion of electron pairs according to valence shell electron pair repulsion (VSEPR) theory

- Polar and non-polar character with reference to the shape of the molecule

- The relative strengths of intramolecular bonding (covalent bonding) and intermolecular forces (dispersion forces,
dipole-dipole attraction and hydrogen bonding)
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- Physical properties of molecular substances (including melting points and boiling points and non-conduction of
electricity) with reference to their structure and bonding

- The structure and bonding of diamond and graphite that explain their properties (including heat conductivity and
electrical conductivity and hardness) and their suitability for diverse applications

Reactions of metals

- The common properties of metals (lustre, malleability, ductility, melting point, heat conductivity and electrical
conductivity) with reference to the nature of metallic bonding and the existence of metallic crystals

- Experimental determination of a reactivity series of metals based on their relative ability to undergo oxidation with
water, acids and oxygen

- Metal recycling as an example of a circular economy where metal is mined, refined, made into a product, used,
disposed of via recycling and then reprocessed as the same original product or repurposed as a new product

Reactions of ionic compounds

- The common properties of ionic compounds (brittleness, hardness, melting point, difference in electrical
conductivity in solid and molten liquid states), with reference to the nature of ionic bonding and crystal structure

- Deduction of the formula and name of an ionic compound from its component ions, including polyatomic ions
(NH4+, OH ,NO3 ,HCO3 ,C032 ,S042 and P043)

- The formation of ionic compounds through the transfer of electrons from metals to non-metals, and the writing of
ionic compound formulas, including those containing polyatomic ions and transition metal ions

- The use of solubility tables to predict and identify precipitation reactions between ions in solution, represented by
balanced full and ionic equations including the state symbols: (s), (1), (ag) and (g)

Separation and identification of the components of mixtures

- Polar and non-polar character with reference to the solubility of polar solutes dissolving in polar solvents, and non-
polar solutes dissolving in non-polar solvents

- Experimental application of chromatography as a technique to determine the composition and purity of different
types of substances, including calculation of Rf values
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Unit 1 — Area of Study 2

How are materials quantified and classified?

In this area of study students focus on the measurement of quantities in chemistry and the structures and properties
of organic compounds, including polymers.

The selection of learning contexts should allow students to develop practical techniques to quantify amounts of
substances and to investigate the chemistry of organic compounds. Students develop their skills in the use of
scientific equipment and apparatus. They perform calculations based on the generation of primary data, such as
determining the empirical formula of an ionic compound or hydrated salt and consider how the quality of data
generated in experiments can be improved. They may construct models to visualise the similarities and differences
between families of organic compounds. Students may use common substances in their experiments such as
making glue from milk. They may investigate the environmental impact of the production of polymers: for example,
the recycling of biodegradable polymers derived from natural resources such as biopolyethene (Bio-PE). Students
respond to challenges such as investigating how changing formulations for polymers affects their structure and
properties: for example, by creating slime.

Outcome 2

On completion of this unit the student should be able to calculate mole quantities, use systematic nomenclature to
name organic compounds, explain how polymers can be designed for a purpose, and evaluate the consequences for
human health and the environment of the production of organic materials and polymers.

Key knowledge:
Quantifying atoms and compounds
- The relative isotopic masses of isotopes of elements and their values on the scale in which the relative isotopic

mass of the carbon-12 isotope is assigned a value of 12 exactly

- Determination of the relative atomic mass of an element using mass spectrometry (details of instrument not
required)
- Avogadro’s constant as the number 6.02 x 1023 indicating the number of atoms or molecules in a mole of any

substance; determination of the amount, in moles, of atoms (or molecules) in a pure sample of known mass

- Determination of the molar mass of compounds, the percentage composition by mass of covalent compounds, and
the empirical and molecular formula of a compound from its percentage composition by mass

Families of organic compounds

- The grouping of hydrocarbon compounds into families (alkanes, haloalkanes, alkenes, alcohols, carboxylic acids)
based upon similarities in their physical and chemical properties, including general formulas and general uses based
on their properties

- Representations of organic compounds (structural formulas, semi-structural formulas) and naming according to the
International Union of Pure and Applied Chemistry (IUPAC) systematic nomenclature (limited to non-cyclic
compounds up to C8, and structural isomers up to C5)

- Plant-based biomass as an alternative renewable source of organic chemicals (for example, solvents,
pharmaceuticals, adhesives, dyes and paints) traditionally derived from fossil fuels
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Polymers and society

- The differences between addition and condensation reactions as processes for producing natural and
manufactured polymers from monomers

- The formation of addition polymers by the polymerisation of alkene monomers

- The distinction between linear (thermoplastic) and cross-linked (thermosetting) addition polymers with reference to
structure and properties

- The features of linear addition polymers designed for a particular purpose, including the selection of a suitable
monomer (structure and properties), chain length and degree of branching

- The categorisation of different plastics as fossil fuel based (HDPE, PVC, LDPE, PP, PS) and as bioplastics (PLA, Bio-
PE, Bio-PP); plastic recycling (mechanical, chemical, organic), compostability, circularity and renewability of raw
ingredients

- Innovations in polymer manufacture using condensation reactions, and the breakdown of polymers using hydrolysis
reactions, contributing to the transition from a linear economy towards a circular economy
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Unit 1 — Area of Study 3
How can chemical principles be applied to create a more sustainable future?

Knowledge of the structure and properties of matter has developed over time through scientific and technological
research, leading to the production of a range of useful chemicals, materials and products for society. Chemists
today, through sustainable practices, seek to improve the efficiency with which natural resources are used to meet
human needs for chemical products and services. Chemists also learn from Aboriginal and Torres Strait Islander
peoples about the ways that they sustainably modify and process raw materials using techniques developed over
millennia. Sustainability requires innovation in designing and discovering new chemicals, production processes and
product management systems that will provide increased yield or performance at a lower cost while meeting the
goals of protecting and enhancing human health and the environment.

In this area of study students undertake an investigation involving the selection and evaluation of a recent discovery,
innovation, advance, case study, issue or challenge linked to the knowledge and skills developed in Unit 1 Area of
Study 1 and/or Area of Study 2, including consideration of sustainability concepts (green chemistry principles,
sustainable development and the transition towards a circular economy). Examples of investigation topics and
possible research questions are provided below.

Students may select a research question related to the investigation topics included below or, in conjunction with
their teacher, develop their own research question related to Unit 1 Area of Study 1 and/or Area of Study 2. Possible
starting points when developing a research question may include visiting a chemical laboratory, local chemical
manufacturer or industrial plant; announcements of recent materials science research findings; an interview with an
expert involved in materials science or sustainability; an expert’s published point of view; a public concern about an
issue related to the production of a chemical or material; ‘green field’ research leading to new technologies; changes
in government funding or policy or new government initiatives, such as incentives promoting the transition from a
linear economy to a circular economy; case studies related to how Aboriginal and Torres Strait Islander peoples
process natural materials for particular purposes; a TED talk; a YouTube presentation; or an article from a scientific
publication.

Students apply critical and creative thinking and science inquiry skills to prepare a communication to explain the
relevant chemical concepts associated with their investigation, critically examine the information and data available
to answer the research question, and identify the sociocultural, economic, political, legal and ethical implications of
the selected investigation in terms of sustainability.

Outcome 3

On completion of this unit the student should be able to investigate and explain how chemical knowledge is used to
create a more sustainable future in relation to the production or use of a selected material.

Key knowledge:

Scientific evidence
- The distinction between primary and secondary data

- The nature of evidence and information: distinction between opinion, anecdote and evidence; and scientific and
non-scientific ideas

- The quality of evidence, including validity and authority of data and sources of possible errors or bias
- Methods of organising, analysing and evaluating secondary data

- The use of a logbook to authenticate collated data
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Sustainability

- Sustainability concepts and principles: green chemistry principles, sustainable development, and the transition
from a linear economy towards a circular economy

- Identification of sustainability concepts and principles relevant to the selected research question

Scientific communication
- Chemical concepts specific to the investigation: definitions of key terms; and use of appropriate chemical
terminology, conventions and representations

- Characteristics of effective science communication: accuracy of chemical information; clarity of explanation of
chemical concepts, ideas and models; contextual clarity with reference to importance and implications of findings;
conciseness and coherence; and appropriateness for purpose and audience

- The use of data representations, models and theories in organising and explaining observed phenomena and
chemical concepts, and their limitations

- The influence of social, economic, legal and/or political factors relevant to the selected research question

- Conventions for referencing and acknowledging sources of information
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Unit 2

Unit 2 — Area of Study 1
How do chemicals interact with water?

In this area of study students focus on understanding the properties of water and investigating acid-base and redox
reactions. They explore water’s properties, including its density, specific heat capacity and latent heat of
vaporisation. They write equations for acid-base and redox reactions and apply concepts including pH as a measure
of acidity. They explore applications of acid-base reactions and redox reactions in society.

The selection of learning contexts should allow students to develop practical techniques to investigate the properties
of water and acid-base and redox reactions. Students develop their skills in the use of scientific equipment and
apparatus. They may demonstrate their understanding of concentration using coloured solutions such as ammonium
molybdate. Students explore pH: for example, by making their own indicators from natural materials, developing their
own pH scale and comparing the accuracy of their indicators with commercial indicators. They may investigate redox
reactions by comparing corrosion rates of iron in tap water and sea water or building simple cells to power a diode.
They respond to challenges such as investigating the action of soda water on seashells and linking their findings to
socio-scientific issues such as ocean acidification.

Outcome 1

On completion of this unit the student should be able to explain the properties of water in terms of structure and
bonding, and experimentally investigate and analyse applications of acid-base and redox reactions in society.

Key knowledge:

Water as a unique chemical

- The existence of water in all three states at Earth’s surface, including the distribution and proportion of available
drinking water

- Explanation of the anomalous properties of H20 (ice and water), with reference to hydrogen bonding:
- trends in the boiling points of Group 16 hydrides

- the density of solid ice compared with liquid water at low temperatures

- specific heat capacity of water including units and symbols

- The relatively high latent heat of vaporisation of water and its impact on the regulation of the temperature of the
oceans and aquatic life

Acid-base (proton transfer) reactions
- The Brgnsted-Lowry theory of acids and bases, including polyprotic acids and amphiprotic species, and the writing
of balanced ionic and full equations, with states, for their reactions in water

- The distinction between strong and weak acids and strong and weak bases, and between concentrated and dilute
acids and bases, including common examples

- Neutralisation reactions to produce salts:
- reactions of acids with metal carbonates and hydroxides, including balanced full and ionic equations, with states
- types of antacids and their use in the neutralisation of stomach acid

- Use of the logarithmic pH scale to rank solutions from most acidic to most basic; calculation of pH for strong acid
and strong base solutions of known concentration using the ionic product of water (Kw at a given temperature)
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- Accuracy and precision in measurement as illustrated by the comparison of natural indicators, commercial
indicators, and pH meters to determine the relative strengths of acidic and basic solutions

- Applications of acid-base reactions in society: for example, natural acidity of rain due to dissolved CO2 and the
distinction between the natural acidity of rain and acid rain, or the action of CO2 forming a weak acid in oceans and
the consequences for shell growth in marine invertebrates

Redox (electron transfer) reactions

- Oxidising and reducing agents, and redox reactions, including writing of balanced half and overall redox equations
(including in acidic conditions), with states

- The reactivity series of metals and metal displacement reactions, including balanced redox equations, with states

- Applications of redox reactions in society: for example, corrosion or the use of simple primary cells in the
production of electrical energy from chemical energy
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Unit 2 — Area of Study 2
How are chemicals measured and analysed?

In this area of study students focus on the analysis and quantification of chemical reactions involving acids, bases,
salts and gases. They measure the solubility of substances in water, explore the relationship between solubility and
temperature using solubility curves, and learn to predict when a solute will dissolve or crystallise out of solution. They
quantify amounts in chemistry using volumetric analysis, application of the ideal gas equation, stoichiometry and
calibration curves.

The selection of learning contexts should allow students to develop practical techniques to investigate substances
that may be dissolved in water or found in soils, particularly salts, acids and bases, as well as gases. Students
develop their skills in the use of scientific equipment and apparatus. They use precipitation reactions to purify water:
for example, by using iron or aluminium compounds to precipitate and remove phosphorus from wastewater. They
perform acid-base titrations, such as comparing the ethanoic acid concentrations of vinegar, mayonnaise and
tomato sauce. They construct calibration curves to analyse unknown concentrations of substances, such as the
number of nitrates or phosphates in water or soil samples. Students respond to challenges such as determining the
set of standards required in setting up a calibration curve in colorimetry.

Outcome 2

On completion of this unit the student should be able to calculate solution concentrations and predict solubilities,
use volumetric analysis and instrumental techniques to analyse for acids, bases and salts, and apply stoichiometry
to calculate chemical quantities.

Key knowledge:

Measuring solubility and concentration

- Solution concentration as a measure of the quantity of solute dissolved in a given mass or volume of solution (mol L-
1, g L-1, %(m/v), %(v/v), ppm), including unit conversions

- The use of solubility tables and solubility graphs to predict experimental determination of ionic compound
solubility; the effect of temperature on the solubility of a given solid, liquid or gas in water

- The use of precipitation reactions to remove impurities from water

Analysis for acids and bases

- Volume-volume stoichiometry (solutions only) and application of volumetric analysis, including the use of
indicators, calculations related to the preparation of standard solutions, dilution of solutions, and use of acid-base
titrations (excluding back titrations) to determine the concentration of an acid or a base in a water sample

Measuring gases

- C0O2, CH4 and H20 as three of the major gases that contribute to the natural and enhanced greenhouse effects due
to their ability to absorb infrared radiation

- The definitions of gas pressure and standard laboratory conditions (SLC) at 25 °C and 100 kPa

- Calculations using the ideal gas equation (pV = nRT), limited to the units kPa, Pa, atm, mL, L ,°C, and K (including
unit conversions)

- The use of stoichiometry to solve calculations related to chemical reactions involving gases (including moles, mass
and volume of gases)

- Calculations of the molar volume or molar mass of a gas produced by a chemical reaction
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Analysis for salts

- Sources of salts found in water or soil (which may include minerals, heavy metals, organo-metallic substances) and
the use of electrical conductivity to assess the salinity and quality of water or soil samples

- Quantitative analysis of salts:
- molar ratio of water of hydration for an ionic compound
- the application of mass-mass stoichiometry to determine the mass present of an ionic compound

- the application of colorimetry and/or UV-visible spectroscopy, including the use of a calibration curve to determine
the concentration of ions or complexes in a water or soil sample
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Unit 2 — Area of Study 3

How do quantitative scientific investigations develop our understanding of
chemical reactions?

Many of the 17 goals in the United Nations’ 2030 Agenda for Sustainable Development relate to ensuring that people
have access to potable water, clean air and good quality soil to meet their basic needs. The quality of water, air and
soil must be monitored closely to ensure that human health and the environment are not compromised.

In this area of study students adapt or design and then conduct a scientific investigation related to chemical
equations and/or analysis, which must include the generation of primary data. They develop a research question
related to the production of gases, acid-base or redox reactions or the analysis of substances in water, and adapt or
design and then conduct a scientific investigation to generate appropriate quantitative data. Students organise and
interpret the data and reach a conclusion in response to their research question.

Research questions may relate to different scientific methodologies. Pattern seeking may be utilised in investigating
questions such as ‘Is there a relationship between salinity concentration and the rate of rusting of iron?’. Controlled
experiments may be designed to investigate questions such as ‘Why is isopropyl alcohol measured as %(v/v) while
chlorine bleach is measured in ppm, and what concentrations of isopropyl alcohol and chlorine bleach are required
to disinfect surfaces?’. Students may also investigate product, process or system development, such as formulating
a UV-stable natural indicator.

Outcome 3

On completion of this unit the student should be able to draw an evidence-based conclusion from primary data
generated from a student-adapted or student-designed scientific investigation related to the production of gases,
acid-base or redox reactions or the analysis of substances in water.

Key knowledge:

Investigation design

- Chemical science concepts specific to the selected scientific investigation and their significance, including the
definition of key terms

- Scientific methodology relevant to the selected scientific investigation, selected from the following: classification
and identification; controlled experiment; fieldwork; modelling; product, process or system development; or
simulation

- Techniques of primary qualitative and quantitative data generation relevant to the investigation

- Accuracy, precision, repeatability, reproducibility, resolution, and validity of measurements in relation to the
investigation

- Health, safety and ethical guidelines relevant to the selected scientific investigation

Scientific evidence

- The distinction between an aim, a hypothesis, a model, a theory and a law

- Observations and investigations that are consistent with, or challenge, current scientific models or theories
- The characteristics of primary data

- Ways of organising, analysing and evaluating generated primary data to identify patterns and relationships, and to
identify sources of error

- The use of a logbook to authenticate generated primary data
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- The limitations of investigation methodologies and methods, and of data generation and/or analysis

Science communication

- The conventions of scientific report writing, including scientific terminology and representations, standard
abbreviations and units of measurement

- Ways of presenting key findings and implications of the selected scientific investigation
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