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4
Aim

To provide learning experiences through which students will:

• 
acquire knowledge and understanding about fundamental concepts related to matter and its interactions, the historical development of those concepts and their application to personal, social, economic, technological and environmental situations 

• 
progress from the consideration of specific data and knowledge to the understanding of models and concepts and to the use of generalised terms related to chemistry in their explanations, from the collection and organisation of information to problem-solving and from the use of simple communication skills to those which are more sophisticated

• 
develop positive attitudes towards the study of matter and its interactions, the environment and opinions held by others, recognising the importance of evidence and the use of critical evaluation of differing scientific opinions related to various aspects of chemistry.

5
Objectives

Students will develop knowledge and understanding of:

1.
the history of chemistry

2.
the nature and practice of chemistry

3.
applications and uses of chemistry

4.
the implications of chemistry for society and the environment

5.
current issues, research and developments in chemistry

6.
atomic structure, the periodic table and bonding

7.
energy

8.
chemical reactions, including acid/base reactions and chemical equilibrium

9.
carbon chemistry

10.
stoichiometry.

Students will develop further skills in:

11.
planning investigations

12.
conducting investigations 

13.
communicating information and understanding

14.
developing scientific thinking and problem-solving techniques

15.
working individually and in teams.

Students will develop positive values about and attitudes towards:

16.
themselves, others, learning as a lifelong process, chemistry and the environment.

6
Course Structure

The Chemistry Stage 6 Syllabus has a Preliminary course and a HSC course. The Preliminary and HSC courses are organised into a number of modules. The Preliminary modules consist of core content that would be covered in 120 indicative hours. 

The HSC course consists of core and options organised into a number of modules. The core content covers 90 indicative hours with options covering 30 indicative hours. Students are required to complete one of the options.

Practical experiences are an essential component of both the Preliminary and HSC courses. Students will complete 80 indicative hours of practical/field work during the Preliminary and HSC courses with no less than 35 indicative hours of practical experiences in the HSC course. Practical experiences must include at least one open-ended investigation integrating the skills and knowledge and understanding outcomes in both the Preliminary and HSC courses.

Practical experiences should emphasise hands-on activities including:

• 
undertaking laboratory experiments, including the use of appropriate computer-based and digital technology

• 
fieldwork

• 
research using the library

• 
research using Internet and digital technologies

• 
the use of computer simulations for modelling or manipulating data

• 
using and reorganising secondary data

• 
the extraction and reorganisation of information in the form of flow charts, tables, graphs, diagrams, prose and keys

• 
the use of animation, video and film resources to capture/obtain information not available in other forms. 

6.1
Preliminary Course 

120 indicative hours

The Preliminary course incorporates the study of :

•
The Chemical Earth (30 indicative hours)

•
Metals (30 indicative hours)

•
Water (30 indicative hours)

•
Energy (30 indicative hours)

Prescribed Focus Areas

The Prescribed Focus Areas are different curriculum emphases or purposes designed to increase students’ understanding of chemistry as an ever-developing body of knowledge, the provisional nature of scientific explanations in chemistry, the complex relationship between evidence and ideas in chemistry and the impact of chemistry on society. 

The following Prescribed Focus Areas are developed in this syllabus:

History of chemistry

Knowledge of the historical background of chemistry is important for an adequate understanding of the development of ideas to explain matter and its interactions and the applications of these ideas in current technologies. Students should develop knowledge of:

• 
the developmental nature of our understanding about matter and its interactions

• 
the part that an understanding of matter and its interactions plays in shaping society 

• 
how our understanding of matter and its interactions is influenced by society. 

Nature and practice of chemistry

A study of chemistry should enable students to participate in scientific activities and develop knowledge of the practice of chemistry. Students should also develop knowledge of the provisional nature of explanations about natural phenomena and the complex relationships between: 

• 
existing views and the evidence supporting these

• 
the process and methods of exploring, generating, testing and relating ideas 

• 
the stimulation provided by technological advances and the constraints imposed on understanding in chemistry by limitations of current technology which necessitate the development of the required technology and technological advances.

Applications and uses of chemistry

Setting the study of chemistry into broader contexts allows students to deal with real problems and applications. The study of chemistry should increase students' knowledge of:

• 
the relevance, usefulness and applicability of discoveries and ideas related to chemistry 

• 
how increases in our understanding in chemistry have led to the development of useful technologies and systems

• 
the contributions chemistry has made to society with particular emphasis on Australian achievements.

Implications for society and the environment

Chemistry has an impact on our society and the environment and students need to develop knowledge of the importance of positive values and practices in relation to society and the environment. The study of chemistry should enable students to develop:

• 
understanding of the impact and the role of chemistry in society and the environment

• 
skills in decision-making about issues concerning chemistry, society and the environment

• 
an awareness of the social and environmental responsibility of the chemist.

Current issues, research and developments in chemistry

Issues and developments related to chemistry are more readily known and more information is available to students than ever before about current issues, research and developments in chemistry. The syllabus should develop students’ knowledge of: 

• 
areas currently being researched in chemistry 

• 
career opportunities in chemistry and related fields 

• 
interpretation and critique of media coverage of events that require an understanding of some aspect of chemistry. 

Domain

Knowledge and understanding

Chemistry presents a particular way of thinking about the world. It encourages students to use inference, deductive reasoning and creativity. It presumes that the interactions within and between matter in the universe occur in consistent patterns that can be understood through careful, systematic study.

The course extends the study developed in the Stages 4–5 Science course, particularly in relation to knowledge and understanding of: particle theory of matter; atomic theory; law of conservation of energy; properties of solids, liquids and gases; change of state; elements, compounds and mixtures; chemical reactions; and resource use. 

The course builds upon the fundamental knowledge of structures and systems in matter as well as interrelationships between the living and non-living world developed in the Stages 4–5 Science course. 

Skills

The Chemistry Stage 6 course involves the further development of the skills that students have developed in the Stages 4–5 Science course through a range of practical experiences in both the Preliminary and HSC courses. The skills developed in Stages 4–5 are fundamental to Stage 6 where a more sophisticated level will be developed.

Practical experiences are an essential component of both the Preliminary and HSC courses. Students will complete 80 indicative hours of practical/field work during the Preliminary and HSC courses with no less than 35 indicative hours of practical experiences in the HSC course. Practical experiences have been designed to utilise and further develop students’ expertise in each of the following skill areas:

•
planning investigations


This involves increasing students’ skills in: planning and organising activities; effectively using time and resources; selecting appropriate techniques, materials, specimens and equipment to complete activities; establishing priorities between tasks; and identifying ways of reducing risks when using laboratory and field equipment.

•
conducting investigations


This involves increasing students’ skills in locating and gathering information for a planned investigation. It includes increasing students’ skills in performing first-hand investigations, gathering first-hand data and accessing and collecting information relevant to Chemistry from secondary sources using a variety of technologies.

•
communicating information and understanding


This involves increasing students’ skills in processing and presenting information. It includes increasing students’ skills in speaking, writing and using nonverbal communication such as diagrams, graphs and symbols to convey chemical information and understanding. Throughout the course students become increasingly efficient and competent in the use of both technical terminology and the form and style required for written and oral communication in Chemistry.

•
developing scientific thinking and problem-solving techniques


This involves further increasing students’ skills in clarifying issues and problems relevant to Chemistry, framing a possible problem-solving process, developing creative solutions, anticipating issues that may arise and devising appropriate strategies to deal with those issues and working through the issues in a logical and coherent way.

•
working individually and in teams


This involves further increasing students’ skills in identifying a collective goal, defining and allocating roles and assuming an increasing variety of roles in working as an effective member of a team within the agreed timeframe to achieve the goal. Throughout the course students are provided with further opportunities to improve their ability to communicate and relate effectively to each other in a team.

Values and attitudes

By reflecting about past, present and future involvement of chemistry with society, students are encouraged to develop positive values and informed critical attitudes. These include a responsible regard for both the living and non-living components of the environment, ethical behaviour, a desire for critical evaluation of the consequences of the applications of science and recognising their responsibility to conserve, protect and maintain the quality of all environments for future generations.

Students are encouraged to develop attitudes on which scientific investigations depend, such as curiosity, honesty, flexibility, persistence, critical thinking, willingness to suspend judgement, tolerance of uncertainty and an acceptance of the provisional status of scientific knowledge. Students need to balance these with commitment, tenacity, a willingness to take risks and make informed judgements and, at times, inflexibility. As well as knowing something of and/or about chemistry, students need to value and appreciate chemistry if they are to become scientifically literate persons. 

7  Objectives and Outcomes

7.1 Table of Objectives and Outcomes

	
	Objectives
	Preliminary Course Outcomes
	HSC Course Outcomes

	Prescribed Focus Area
	Students will develop knowledge and understanding of:
	A student:
	A student:

	
	1.
the history of chemistry 
	P1.
outlines the historical development of major principles, concepts and ideas in chemistry


	H1.
evaluates how major advances in scientific understanding and technology have changed the direction or nature of scientific thinking

	
	2.
the nature and practice of chemistry
	P2.
applies the processes that are used to test and validate models, theories and laws of science with particular emphasis on first-hand investigations in chemistry 
	H2.
analyses the ways in which models, theories and laws in chemistry have been tested and validated



	
	3.
applications and uses 
of chemistry
	P3.
assesses the impact of particular technological advances on understanding in chemistry
	H3.
assesses the impact of particular advances in chemistry on the development of technologies 

	
	4.
implications for society and the environment
	P4.
describes applications of chemistry which affect society or the environment
	H4.
assesses the impacts of applications of chemistry on society and the environment

	
	5.
current issues, research and developments
	P5.
describes the scientific principles employed in particular areas of research in chemistry
	H5.
describes possible future directions of chemical research

	Domain: Knowledge
	6.
atomic structure and periodic table
	P6
explains trends and relationships between elements in terms of atomic structure and bonding
	H6.
explains reactions between elements and compounds in terms of atomic structures and periodicity 

	
	7.
energy
	P7.
describes chemical changes in terms of energy inputs and outputs
	H7.
describes the chemical basis of energy transformations in chemical reactions

	
	8.
chemical reactions
	P8.
describes factors that influence the type and rate of chemical reactions
	H8.
assesses the range of factors which influence the type and rate of chemical reactions

	
	9.
carbon chemistry
	P9.
relates the uses of carbon to the unique nature of carbon chemistry 
	H9.
describes and predicts reactions involving carbon compounds

	
	10.
stoichiometry
	P10.
applies simple stoichiometric relationships
	H10.
analyses stoichiometric relationships


	
	Objectives
	Preliminary Course Outcomes
	HSC Course Outcomes

	
	Students will develop knowledge and understanding of:
	A student:
	A student:

	Domain: Skills
	11.
planning investigations 
	P11.
identifies and implements improvements to investigation plans
	H11.
justifies the appropriateness of a particular investigation plan 

	
	12.
conducting investigations


	P12.
discusses the validity and reliability of data gathered from first-hand investigations and secondary sources
	H12.
evaluates ways in which accuracy and reliability could be improved in investigations

	
	13.
communicating information and understanding


	P13.
identifies appropriate terminology and reporting styles to communicate information and understanding
	H13.
uses terminology and reporting styles appropriately and successfully to communicate information and understanding

	
	14.
developing scientific thinking and problem-solving
	P14.
draws valid conclusions from gathered data and information


	H14.
assesses the validity of conclusions from gathered data and information

	
	15. working individually     and in teams
	P15.
implements strategies to work effectively as an individual or as a member of a team
	H15.
explains why an investigation is best undertaken individually or by a team

	Domain: Values                     & Attitudes
	16.
themselves, others, learning as a lifelong process, chemistry and the environment


	P16.
demonstrates positive values about, and attitude towards, both the living and non-living components of the environment, ethical behaviour and a desire for a critical evaluation of the consequences of the applications of science
	H16.
justifies positive values about and attitude towards both the living and non-living components of the environment, ethical behaviour and a desire for critical evaluation of the consequences of the applications of science


8
Content: Chemistry Stage 6 Preliminary Course

8.1
Chemistry Skills

During the Preliminary course it is expected that students will further develop skills in planning and conducting investigations, communicating information and understanding, scientific thinking and problem-solving and working individually and in teams. Each module specifies content through which skill outcomes can be achieved. Teachers should develop activities based on that content to provide students with opportunities to develop the full range of skills.

	Preliminary Course Outcomes
	Content

	A student:
	Students:

	P11.
identifies and implements improvements to investigation plans


	11.1
identify data sources to:
a) 
analyse complex problems to determine appropriate ways in which each aspect may be researched

b) 
determine the type of data which needs to be collected and explain the qualitative or quantitative analysis that will be required for this data to be useful

c) 
identify the orders of magnitude that will be appropriate and the uncertainty that may be present in the measurement of data

d) 
identify and use correct units for data that will be collected

e) 
recommend the use of an appropriate technology or strategy for data collection or gathering information that will assist efficient future analysis

	
	11.2 
plan first-hand investigations to:
a) 
demonstrate the use of the terms ‘dependent’ and ‘independent’ to describe variables involved in the investigation

b) 
identify variables that need to be kept constant, develop strategies to ensure that these variables are kept constant, and demonstrate the use of a control

c) 
design investigations that allow valid and reliable data and information to be collected

d) 
design and trial procedures to undertake investigations and explain why a procedure, a sequence of procedures or repetition of procedures is appropriate 

e) 
predict possible issues that may arise during the course of an investigation and identify strategies to address these issues if necessary

	
	11.3 
choose equipment or resources by:
a)
identifying and/or setting up the most appropriate equipment or combination of equipment needed to undertake the investigation

b) 
carrying out a risk assessment of intended experimental procedures and identifying and addressing potential hazards

c) 
identifying technology that could be used during investigations and determining its suitability and effectiveness for its potential role in the procedure or investigations

d) 
recognising the difference between destructive and non-destructive testing of material and analysing potentially different results of these two procedures


	A student:
	Students:

	P12.
discusses the validity and reliability of data gathered from first-hand investigations and secondary sources
	12.1 
perform first-hand investigations by: 

a)
carrying out the planned procedure, recognising where and when modifications are needed and analysing the effect of these adjustments 

b)
efficiently undertaking the planned procedure to minimise hazards and wastage of resources

c)
disposing of any waste materials produced carefully and safely during the investigation

d)
identifying and using safe work practices during investigations

	
	12.2 
gather first-hand information by:
a)
using appropriate data collection techniques, employing appropriate technologies including data loggers and sensors

b)
measuring, observing and recording results in accessible and recognisable forms, carrying out repeat trials as appropriate

	
	12.3 
gather information from secondary sources by:
a)
accessing information from a range of resources including popular scientific journals, digital technologies and the Internet 

b)
practising efficient data collection techniques to identify useful information in secondary sources

c)
extracting information from numerical data in graphs and tables as well as from written and spoken material in all its forms

d)
summarising and collating information from a range of resources

e)
identifying practising male and female Australian scientists, the areas in which they are currently working and information about their research

	
	12.4 
process information to:
a) 
assess the accuracy of any measurements and calculations and the relative importance of the data and information gathered

b) 
identify and apply appropriate mathematical formulae and concepts

c)
best illustrate trends and patterns by selecting and using appropriate methods, including computer-assisted analysis

d)
evaluate the relevance of first-hand and secondary information and data in relation to the area of investigation 

e) 
assess the reliability of first-hand and secondary information and data by considering information from various sources

f)
assess the accuracy of scientific information presented in mass media by comparison with similar information presented in scientific journals

	P13.
identifies appropriate terminology and reporting styles to communicate information and understanding
	13.1 
present information by:
a)
selecting and using appropriate text types or combinations thereof, for oral and written presentations

b)
selecting and using appropriate media to present data and information

c)
selecting and using appropriate methods to acknowledge sources of information

d)
using symbols and formulae to express relationships and using appropriate units for physical quantities

e)
using a variety of pictorial representations to show relationships and presenting information clearly and succinctly

f)
selecting and drawing appropriate graphs to convey information and relationships clearly and accurately

g)
identifying situations where use of a curve of best fit is appropriate to present graphical information


	A student:
	Students:


	P14.
draws valid conclusions from gathered data and information


	14.1 
analyse information to:
a)
identify trends, patterns and relationships as well as contradictions in data and information

b)
justify inferences and conclusions 

c)
identify and explain how data supports or refutes an hypothesis, a prediction or a proposed solution to a problem 

d)
predict outcomes and generate plausible explanations related to the observations

e)
make and justify generalisations 

f)
use models, including mathematical ones, to explain phenomena and/or make predictions

g) 
use cause and effect relationships to explain phenomena

h) 
identify examples of the interconnectedness of ideas or scientific principles

	
	14.2 
solve problems by:
a)
identifying and explaining the nature of a problem

b)
describing and selecting from different strategies those which could be used to solve a problem

c)
using identified strategies to develop a range of possible solutions to a particular problem

d)
evaluating the appropriateness of different strategies for solving an identified problem

	
	14.3 
use available evidence to:

a) 
design and produce creative solutions to problems

b) 
propose ideas that demonstrate coherence and logical progression and include correct use of scientific principles and ideas

c)
apply critical thinking in the consideration of predictions, hypotheses and the results of investigations

d)
formulate cause and effect relationships


8.2
The Chemical Earth

Contextual Outline

The Earth includes a clearly identifiable biosphere, lithosphere, hydrosphere and atmosphere. All of these are mixtures of thousands of substances and the use of this pool of resources requires the separation of useful substances. The processes of separation will be determined by the physical and chemical properties of the substances.

In order to use the Earth’s resources effectively and efficiently, it is necessary to understand the properties of the elements and compounds found in mixtures that make up earth materials. Applying appropriate models, theories and laws of chemistry to the range of earth materials allows a useful classification of the materials and a better understanding of the properties of substances.

This module increases students’ understanding of the nature, practice, applications and uses of chemistry.

Assumed Knowledge

Domain: knowledge and understanding

Refer to the Science Stages 4–5 Syllabus for the following:

5.7.1a
describe features of and the location of protons, neutrons and electrons in the atom

5.7.2a
identify the atom as the smallest unit of an element and distinguish between atoms and molecules 

5.7.2b
describe some relationships between elements using the periodic table 

5.7.3a
identify that a new compound is formed by rearranging atoms rather than creating matter

5.7.3b
classify compounds into groups based on common chemical characteristics

5.7.3c
construct word equations from observations and written descriptions of a range of chemical reactions

5.7.3d
identify a range of common compounds using their common names and chemical formulae

5.7.3e
qualitatively describe reactants and products in decomposition reactions


	Students learn to:
	Students:
	

	1. 
The living and non-living components of the Earth contain mixtures
	· construct word and balanced formulae equations of chemical reactions as they are encountered

· identify the difference between elements, compounds and mixtures in terms of particle theory
	· gather and present information from first-hand or secondary sources to write equations to represent all chemical reactions encountered in the Preliminary course

· identify data sources, plan, choose equipment and perform a first-hand investigation to separate the components of a naturally occurring or appropriate mixture such as sand, salt and water

· gather first-hand information by carrying out a gravimetric analysis of  a mixture to estimate its percentage composition

· identify data sources, gather, process and analyse information from secondary sources to identify the industrial separation processes used on a mixture obtained from the biosphere, lithosphere, hydrosphere or atmosphere and use the evidence available to: 

· identify the properties of the mixture used in its separation

· identify the products of separation and their uses

· discuss issues associated with wastes from the processes used

	
	· identify that the biosphere, lithosphere, hydrosphere and atmosphere contain examples of mixtures of elements and compounds
	

	
	· 
	

	
	· 
	

	
	· identify and describe procedures that can be used to separate naturally occurring mixtures of: 

· solids of different sizes

· solids and liquids

· dissolved solids in liquids

· liquids

· gases
	

	
	· 
	

	
	· 
	

	
	· assess separation techniques for their suitability in separating examples of earth materials, identifying the differences in properties which enable these separations
	

	
	· describe situations in which gravimetric analysis supplies useful data for chemists and other scientists
	

	
	· apply systematic naming of inorganic compounds as they are introduced in the laboratory
	

	
	· identify IUPAC names for carbon compounds as they are encountered
	



	Students learn to:
	Students:
	

	2.  Although most elements are found in combinations on Earth, some elements are found uncombined
	· explain the relationship between the reactivity of an element and the likelihood of its existing as an uncombined element
	· plan and perform an investigation to examine some physical properties, including malleability, hardness and electrical conductivity, and some uses of a range of common elements to present information about the classification of elements as metals, non-metals or semi-metals

· analyse information from secondary sources to distinguish the physical properties of metals and non-metals

· process information from secondary sources and use a Periodic Table to present information about the classification of elements as:

· metals, non-metals and semi-metals

· solids, liquids and gases at 25˚C and normal atmospheric pressure

	
	· classify elements as metals, non-metals and semi-metals according to their physical properties
	· 

	
	· account for the uses of metals and non-metals in terms of their physical properties
	· 



	Students learn to:
	Students:
	

	3. 
Elements in Earth materials are present mostly as compounds because of interactions at the atomic level
	· identify that matter is made of particles that are continuously moving and interacting
	· analyse information by constructing or using models showing the structure of metals, ionic compounds and covalent compounds

· construct ionic equations showing metal and non-metal atoms forming ions

	
	· describe qualitatively the energy levels of electrons in atoms
	· 

	
	· describe atoms in terms of mass number and atomic number
	· 

	
	· describe the formation of ions in terms of atoms gaining or losing electrons
	· 

	
	· apply the Periodic Table to predict the ions formed by atoms of metals and non-metals
	

	
	· apply Lewis electron dot structures to: 

· the formation of ions

· the electron sharing in some simple molecules
	

	
	· 
	

	
	· describe the formation of ionic compounds in terms of the attraction of ions of opposite charge
	

	
	· describe molecules as particles which can move independently of each other
	

	
	· distinguish between molecules containing one atom (the noble gases) and molecules with more than one atom
	

	
	· describe the formation of covalent molecules in terms of sharing of electrons 
	

	
	· construct formulae for compounds formed from:

· ions

· atoms sharing electrons
	



	Students learn to:
	Students:
	

	4. 
Energy is required to extract elements from their naturally occurring sources
	· identify the differences between physical and chemical change in terms of rearrangement of particles 
	· plan and safely perform a first-hand investigation to show the decomposition of a carbonate by heat, using appropriate tests to identify carbon dioxide and the oxide as the products of the reaction

· gather information using first-hand or secondary sources to:

· observe the effect of light on silver salts and identify an application of the use of this reaction 

· observe the electrolysis of water, analyse the information provided as evidence that water is a compound and identify an application of the use of this reaction
· analyse and present information to model the boiling of water and the electrolysis of water tracing the movements of and changes in arrangements of molecules

	
	· summarise the differences between the boiling and electrolysis of water as an example of the difference between physical and chemical change
	· 

	
	· 
	· 

	
	· identify light, heat and electricity as the common forms of energy that may be released or absorbed during the decomposition or synthesis of substances and identify examples of these changes occurring in everyday life
	· 

	
	· explain that the amount of energy needed to separate atoms in a compound is an indication of the strength of the attraction, or bond, between them
	· 



	Students learn to:
	Students:
	

	5. 
The properties of  elements and compounds are determined by their bonding and structure


	· identify differences between physical and chemical properties of elements, compounds and mixtures
	· perform a first-hand investigation to compare the properties of some common elements in their elemental state with the properties of the compound(s) of these elements (eg magnesium and oxygen)

· choose resources and process information from secondary sources to construct and discuss the limitations of models of ionic lattices, covalent molecules and covalent and metallic lattices
· perform an investigation to examine the physical properties of a range of common substances in order to classify them as metallic, ionic or covalent molecular or covalent network substances and relate their characteristics to their uses



	
	· describe the physical properties used to classify compounds as ionic or covalent molecular or covalent network
	· 

	
	· distinguish between metallic, ionic and covalent bonds
	· 

	
	· describe metals as three‑dimensional lattices of ions in a sea of electrons
	· 

	
	· describe ionic compounds in terms of repeating three-dimensional lattices of ions
	· 

	
	· explain why the formula for an ionic compound is an empirical formula
	· 

	
	· identify common elements that exist as molecules or as covalent lattices
	

	
	· explain the relationship between the properties of conductivity and hardness and the structure of ionic, covalent molecular and covalent network structures
	


8.3
Metals 

Contextual Outline

The cultural development of humans has been closely connected with their discovery of materials and invention of tools to the point where major advances in cultural achievement have been described in terms of the materials they learned to use. This has included their use of metals and discoveries of increasingly sophisticated methods of extraction of metals from their ores.

Because metals make up the majority of elements, an examination of the physical and chemical properties of metals is also an appropriate context in which to consider the organisation of the common Periodic Table. The development of a Periodic Table represented a breakthrough in the systematic organisation and study of chemistry and enabled scientists to predict the discovery of further elements.

This module increases students’ understanding of the history, applications and use of chemistry and  current issues, research and developments in chemistry.

Assumed Knowledge

Domain: knowledge and understanding

Refer to the Science Stages 4–5 Syllabus for the following:

5.7.1b
distinguish between elements, using information about the numbers of protons, neutrons and electrons 

5.7.3c
construct word equations from observations and written descriptions of a range of chemical reactions

5.7.1d
describe an appropriate model that has been developed to describe atomic structure

5.7.2b
describe some relationships between elements using the Periodic Table

5.7.3e
qualitatively describe reactants and products in the following chemical reactions:


i) 
corrosion


ii) 
acids on metals and acids on carbonates


iii) 
neutralisation


	Students learn to:
	Students:
	

	1. 
Metals have been extracted and used for many thousands of years
	· outline and examine some uses of different metals through history, including contemporary uses, as uncombined metals or as alloys
	· gather, process, analyse and present information from secondary sources on the range of alloys produced and the reasons for the production and use of these alloys

· analyse information to relate the chronology of the Bronze Age, the Iron Age and the modern era and possible future developments 

	
	· describe the use of common alloys including steel, brass and solder and explain how these relate to their properties
	

	
	· explain why energy input is necessary to extract a metal from its ore
	

	
	· identify why there are more metals available for people to use now than there were 200 years ago
	

	
	
	

	2. 
Metals differ in their reactivity with other chemicals and this influences their uses


	· describe observable changes when metals react with dilute acid, water and oxygen
	· perform a first-hand investigation incorporating information from secondary sources to determine the metal activity series 

· construct word and balanced formulae equations for the reaction of metals with water, oxygen, dilute acid

· construct half-equations to represent the electron transfer reactions occurring when metals react with dilute hydrochloric and dilute sulfuric acids

	
	· describe and justify the criteria used to place metals into an order of activity based on their ease of reaction with oxygen, water and dilute acids
	

	
	· identify the reaction of metals with acids as requiring the transfer of electrons
	

	
	· outline examples of the selection of metals for different purposes based on their reactivity, with a particular emphasis on current developments in the use of metals
	

	
	· outline the relationship between the relative activities of metals and their positions on the Periodic Table
	

	
	· identify the importance 
of first ionisation energy in determining the relative reactivity of metals
	



	Students learn to:
	Students:
	

	3. 
As metals and other elements were discovered, scientists recognised that patterns in their physical and chemical properties could be used to organise the elements into a Periodic Table


	· identify an appropriate model that has been developed to describe atomic structure
	· process information from secondary sources to develop a Periodic Table by recognising patterns and trends in the properties of elements and use available evidence to predict the characteristics of unknown elements both in groups and across periods

· use computer-based technologies to produce a table and a graph of changes in one physical property across a period and down a group



	
	· outline the history of the development of the Periodic Table including its origins, the original data used to construct it and the predictions made after its construction
	· 

	
	· explain the relationship between the position of elements in the Periodic Table, and: 

· electrical conductivity 

· ionisation energy 

· atomic radius 

· melting point 

· boiling point 

· combining power (valency)

· electronegativity

· reactivity
	



	Students learn to:
	Students:
	

	4. 
For efficient resource use, industrial chemical reactions must use measured amounts of each reactant
	· define the mole as the number of atoms in exactly 12g of carbon-12 (Avogadro’s number)
	· process information from secondary sources to interpret balanced chemical equations in terms of mole ratios 

· perform a first-hand investigation to measure and identify the mass ratios of metal to non-metal(s) in a common compound and calculate its empirical formula

· solve problems and analyse information from secondary sources to perform calculations involving Avogadro’s number and the equation for calculating the  number of moles of a substance:  
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· process information from secondary sources to investigate the relationship between the volumes of gases involved in reactions involving a metal and relate this to an understanding of the mole

	
	· compare mass changes in samples of metals when they combine with oxygen 
	· 

	
	· describe the contribution of Gay‑Lussac to the understanding of gaseous reactions and apply this to an understanding of the mole concept
	· 

	
	· recount Avogadro’s law and describe its importance in developing the mole concept
	· 

	
	· distinguish between empirical formulae and molecular formulae
	



	Students learn to:
	Students:
	

	5. 
The relative abundance and ease of extraction of metals influences their value and breadth of use in the community


	· define the terms mineral and ore with reference to economic and non-economic deposits of natural resources
	· discuss the importance of predicting yield in the identification, mining and extraction of commercial ore deposits

· justify the increased recycling of metals in our society and across the world

· analyse information to compare the cost and energy expenditure involved in the extraction of aluminium from its ore and the recycling of aluminium



	
	· describe the relationship between the commercial prices of common metals, their actual abundances and relative costs of production
	

	
	· explain why ores are non-renewable resources
	

	
	· describe the separation processes, chemical reactions and energy considerations involved in the extraction of copper from one of its ores
	

	
	· recount the steps taken to recycle aluminium
	


8.4
Water

Contextual Outline

The first astronauts who viewed the Earth from space commented on the beauty of our water-rich blue planet. Earth's position in the solar system enables its retention of water in solid, liquid and gaseous forms on and around its surface. The particular properties of the water molecule assisted the evolution of life and continue to support life processes by maintaining a narrow temperature range on the Earth’s surface.

The concepts of bonding and intermolecular forces are used to increase understanding of the special nature of the water molecule. The chemistry of solutions is examined in greater detail.

This module increases students’ understanding of the nature and practice of chemistry and the implications of chemistry for society and the environment.

Assumed Knowledge

Domain: knowledge and understanding

Refer to the Science Stages 4–5 Syllabus for the following:

5.7.3e
qualitatively describe the reactants and products in precipitation reactions


	Students learn to:
	Students:
	

	1. 
Water is distributed on Earth as a solid, liquid and gas
	· define the terms solute, solvent and solution
	· perform an investigation involving calculations of the density of water as a liquid and a solid using:  
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· analyse information by using models to account for the differing densities of ice and liquid water

· plan and perform an investigation to identify and describe the effect of anti-freeze or salt on the boiling point of water



	
	· identify the importance of water as a solvent
	

	
	· compare the state, percentage and distribution of water in the biosphere, lithosphere, hydrosphere and atmosphere
	

	
	· outline the significance of the different states of water on Earth in terms of water as:

· a constituent of cells and its role as both a solvent and a raw material in metabolism

· a habitat in which temperature extremes are less than nearby terrestrial habitats

· an agent of weathering of rocks both as liquid and solid

· a natural resource for humans and other organisms
	

	
	
	

	2. 
The wide distribution and importance of water on Earth is a consequence of its molecular structure and hydrogen bonding
	· construct Lewis electron dot structures of water, ammonia and hydrogen sulfide to identify the distribution of electrons
	· process information from secondary sources to graph and compare the boiling and melting points of water with other similar sized molecules

· identify data and process information from secondary sources to model the structure of the water molecule and effects of forces between water molecules

· choose equipment and perform first-hand investigations to demonstrate the following properties of water:

· surface tension

· viscosity



	
	· compare the molecular structure of water, ammonia and hydrogen sulfide, the differences in their molecular shapes and in their melting and boiling points
	

	
	· describe hydrogen bonding between molecules
	

	
	· identify the water molecule as a polar molecule
	

	
	· describe the attractive forces between polar molecules as dipole-dipole forces
	

	
	· explain the following properties of water in terms of its intermolecular forces:

· surface tension

· viscosity

· boiling and melting points
	



	Students learn to:
	Students:
	

	3.
Water is an important solvent 


	· explain changes, if any, to particles and account for those changes when the following types of chemicals interact with water:

· a soluble ionic compound such as sodium chloride

· a soluble molecular compound such as sucrose

· a soluble or partially soluble molecular element or compound such as iodine, oxygen or hydrogen chloride

· a covalent network structure substance such as silicon dioxide

· a substance with large molecules, such as cellulose or polyethylene


	· perform a first-hand investigation to test the solubilities in water of a range of substances that include ionic, soluble molecular, insoluble molecular, covalent networks and large molecules

· process information from secondary sources to visualise the dissolution in water of various types of substances and solve problems by using models to show the changes that occur in particle arrangement as dissolution occurs



	
	· analyse the relationship between the solubility of substances in water and the polar nature of the water molecule
	



	Students learn to:
	Students:
	

	4.
The concentration of salts in water will vary according to their solubility, and precipitation can occur when the ions of an insoluble salt are in solution together


	· identify some combinations of solutions which will produce precipitates, using solubility data
	· construct ionic equations to represent the dissolution and precipitation of ionic compounds in water

· present information in balanced chemical equations and identify the appropriate phase descriptors  (s), (l), (g), and (aq)  for all chemical species

· perform a first-hand investigation, using micro-techniques, to compare the solubility of appropriate salts in solution through precipitation reactions 

· carry out simple calculations to describe the concentration of given solutions, given masses of solute and volumes of solution

· perform a first-hand investigation to make solutions to specified volume-to-volume and mass-to-volume specifications and dilute them to specified concentrations 
(cV = constant)

· calculate mass and concentration relationships in precipitation reactions as they are encountered

	
	· describe a model that traces the movement of ions when solution and precipitation occur
	· 

	
	· identify the dynamic nature of ion movement in a saturated dissolution
	· 

	
	· describe the molarity of a solution as the number of moles of solute per litre of solution using:
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	· 

	
	· explain why different measurements of concentration are important
	· 

	
	
	· 



	Students learn to:
	Students:
	

	5. 
Water has a higher heat capacity than many other liquids
	· explain what is meant by the specific heat capacity of a substance
	· choose resources and perform a first-hand investigation to measure the change in temperature when substances dissolve in water and calculate the molar heat of solution

· process and present information from secondary sources to assess the limitations of calorimetry experiments and design modifications to equipment used

	
	· compare the specific heat capacity of water with a range of other solvents
	· 

	
	· explain and use the equation
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	· explain how water’s ability to absorb heat is used to measure energy changes in chemical reactions
	

	
	· describe dissolutions which release heat as exothermic and give examples
	

	
	· describe dissolutions which absorb heat as endothermic and give examples
	

	
	· explain why water’s ability to absorb heat is important to aquatic organisms and to life on earth generally
	

	
	· explain what is meant by thermal pollution and discuss the implications for life if a body of water is affected by thermal pollution
	


8.5 
Energy 

Contextual Outline

Anthropologists and palaeontologists tell us that one of the important cultural achievements of early humans was the discovery of fire and the invention of ways to use fire. Burning is then one of the most common and oldest chemical reactions. People meet this in their everyday life in such varied ways as lighting a match, cooking with gas and using fires.

The arrival of the industrial revolution and the increased need for fuels to power machinery mean that humans have become increasingly dependent on fuels. Heat is a major product of the burning process. Most burning of fuels in our society is done to produce heat for powering machinery, cooking or providing warmth. The efficiency with which this is done is becoming of increasing concern to society because fossil fuels, which have been the mainstay fuels, are finite and non-renewable. 

People are becoming increasingly concerned about the damage done to the Earth’s environment by careless and inefficient use of fossil fuels. Strategies for the efficient use of fuels can be assessed in the light of the factors that drive chemical reactions, including combustion. As fossil fuels are carbon compounds, an understanding of the structure and properties of simple carbon compounds assists understanding of the issues associated with the use of these fuels.

This module increases students’ understanding of the applications and uses of chemistry and the implications of chemistry for society and the environment. 

Assumed Knowledge

Domain: knowledge and understanding

Refer to the Science Stages 4–5 Syllabus for the following:

5.7.3a
identify that a new compound is formed by rearranging atoms rather than by creating matter

5.7.3b
classify compounds into groups based on common chemical characteristics

5.7.3c
construct word equations from observations and written descriptions of a range of reactions

5.7.3d
identify a range of common compounds using their common names and chemical formulae

5.7.3e
qualitatively describe reactants and products in combustion and decomposition reactions

5.11.2a
relate pollution to contamination by unwanted substances.


	Students learn to:
	Students:
	

	1. 
Living organisms make compounds which are important sources of energy
	· outline the role of photosynthesis in transforming light energy to chemical energy and recall the raw materials for this process
	· process and present information from secondary sources on the range of compounds found in either coal, petroleum or natural gas and on the location of deposits of the selected fossil fuel in Australia

	
	· outline the role of the production of high energy carbohydrates from carbon dioxide as the important step in the stabilisation of the sun’s energy in a form that can be used by animals as well as plants 
	

	
	· identify the photosynthetic origins of the chemical energy in coal, petroleum and natural gas 
	

	
	
	

	2. 
There is a wide variety of carbon compounds


	· identify the position of carbon in the Periodic Table and describe its electron configuration 
	· perform a first-hand investigation, analyse information and use available evidence to model the differences in atomic arrangement of diamond, graphite and fullerenes 
· process and present information from secondary sources on the uses of diamond and graphite and relate their uses to their physical properties
· identify data, and choose resources from secondary sources such as molecular model kits, digital technologies or computer simulations to model the formation of single, double and triple bonds in simple carbon compounds

	
	· describe the structure of the diamond and graphite allotropes and account for their physical properties in terms of bonding
	· 

	
	· identify that carbon can form single, double or triple covalent bonds with other carbon atoms
	· 

	
	· explain the relationship between carbon’s combining power and ability to form a variety of bonds and the existence of a large number of carbon compounds
	



	Students learn to:
	Students:
	

	3. 
A variety of carbon compounds are extracted from organic sources


	· describe the use of fractional distillation to separate the components of petroleum and identify the uses of each fraction obtained
	· perform a first-hand investigation and gather first-hand information using the process of fractional distillation to separate the components of a mixture such as ethanol and water
· plan, identify and gather data from secondary sources to model the structure of alkanes and alkenes C1 to C8
· process and present information from secondary sources and use available evidence to identify safety issues associated with the storage of alkanes

	
	· identify and use the IUPAC nomenclature for describing straight-chained alkanes and alkenes from C1 to C8
	· 

	
	· compare and contrast the properties of alkanes and alkenes C1 to C8 and use the term ‘homologous series’ to describe a series with the same functional group
	· 

	
	· explain the relationship between the melting point, boiling point and volatility of the above hydrocarbons, and their non-polar nature and intermolecular forces (dispersion forces)
	

	
	· assess the safety issues associated with the storage of alkanes C1 to C8 in view of their weak intermolecular forces (dispersion forces)
	



	Students learn to:
	Students:
	

	4. 
Combustion provides another opportunity to examine the conditions under which chemical reactions occur
	· describe the indicators of chemical reactions
	· solve problems and perform a first-hand investigation to measure the change in mass when a mixture such as wood is burned in an open container
· identify the changes of state involved in combustion of a burning candle
· perform first-hand investigations to observe and describe examples of endothermic and exothermic chemical reactions

	
	· identify combustion as an exothermic chemical reaction 
	· 

	
	· outline the changes in molecules during chemical reactions in terms of bond-breaking and bond-making 
	· 

	
	· explain that energy is required to break bonds and energy is released when bonds are formed
	

	
	· describe the energy needed to begin a chemical reaction as activation energy
	

	
	· describe the energy profile diagram for both endothermic and exothermic reactions
	

	
	· explain the relationship between ignition temperature and activation energy
	

	
	· identify the sources of pollution which accompany the combustion of organic compounds and explain how these can be avoided
	

	
	· describe chemical reactions by using full balanced chemical equations to summarise examples of complete and incomplete combustion
	



	Students learn to:
	Students:
	

	5.
The rate of energy release is affected by factors such as types of reactants
	· describe combustion in terms of slow, spontaneous and explosive reactions and explain the conditions under which these occur
	· solve problems, identify data, perform first-hand investigations and gather first-hand data where appropriate, to observe the impact on reaction rates of:

· changing temperature

· changing concentration

· size of solid particles 

· adding catalysts

· process information from secondary sources to investigate the conditions under which explosions occur and relate these to the importance of collisions between reacting particles 
· analyse information and use the available evidence to relate the conditions under which explosions occur to the need for safety in work environments where fine particles mix with air
· analyse information from secondary sources to develop models to simulate the role of catalysts in changing the rate of chemical reactions

	
	· explain the importance of collisions between reacting particles as a criterion for determining reaction rates
	· 

	
	· explain the relationship between temperature and the kinetic energy of particles 
	· 

	
	· describe the role of catalysts in chemical reactions, using a named industrial catalyst as an example 
	· 

	
	· explain the role of catalysts in changing the activation energy and hence the rate of chemical reaction
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