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Stage and learning area: Stage 4 Science
Description: this resource complements the Periodic table and atomic structure program of learning. It aims to serve as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. The activities should be adapted to suit the needs of students.
Duration: while timing will vary based on the mode of delivery, the differentiation strategies employed and class or school context, this series of activities should take approximately 21 hours.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.
This resource book elaborates on many of the activities in the Periodic table and atomic structure sample program of learning. Some activities also reference the Periodic table and atomic structure slide deck (identified as PRT PPT throughout this document).
[bookmark: _Toc232760943]Glossary
Tier 3 words are those that are relevant for subject-specific content. More information is provided in the ‘Vocabulary in context’ document found on the Stage 4 reading – Vocabulary in context page. A glossary containing Tier 3 vocabulary related to the essential questions ‘How can we describe and classify matter?’ and ‘How can we demonstrate the similarities and differences between atoms?’ has been provided below. The Guide for planning and implementing explicit vocabulary instruction can be used by teachers across all curriculum areas.
Table 1 – glossary of key terms for Periodic table and atomic structure TRB2
	Term
	Definition

	Atomic number
	The number of protons in the nucleus of an atom; used to order the chemical elements in the Periodic table (NESA 2023).

	Compound
	A substance containing 2 or more atoms of different elements bonded together in a fixed ratio (NESA 2023).

	Element
	One of a class of substances which consists entirely of atoms of the same atomic number, and which cannot be further divided by chemical methods (NESA 2023).

	Metalloid
	An element that has properties intermediate between those of metals and nonmetals, such as arsenic, silicon or bismuth (NESA 2023).

	Periodic table
	A table in which all the known chemical elements are arranged in rows and columns so that elements with similar chemical properties lie in the same column (NESA 2023).

	Properties
	Attributes of an object or material normally used to describe attributes common to a group (NESA 2023).

	Subatomic
	Denoting a particle which is smaller than an atom (NESA 2023).




[bookmark: _Toc221614231][bookmark: _Toc232760944]2.1 The structure of the atom
Table 2 – learning intentions and success criteria for ‘2.1 The structure of the atom’
	We are learning:
	I can:

	· to describe the structure of atoms
	· define the term ‘atom’
· identify subatomic particles
· describe the location and properties of protons, neutrons and electrons

	· to process secondary sources of information.
	· locate relevant information in a written text
· summarise information in a table and by annotating a diagram.


[bookmark: _Toc221614232][bookmark: _Toc232760945]Atomic structure
In this section of learning, when discussing the structure of an atom, Bohr’s model will be used as a simple model. Other models, including Schrodinger’s model, will be introduced later in the learning.
Checkpoint 1: activate prior knowledge from previous learning activities, including from the Solutions and mixtures focus area. Show students PRT PPT ‘2.1 Checkpoint 1’ and provide them with some time to engage. Students match keywords to definitions using choral responses, then lead a discussion to review what they recall and correct any misconceptions.
Provide students with a copy of the Student resource – atomic structure and support students to engage with the written text. Supports could include helping students to:
highlight key information
skim and scan for specific information
look for keywords in the question to support the location of the answers in the text.
Students respond to the comprehension questions by extracting relevant information from the text to:
define the term ‘atom’
annotate a diagram to show the location of protons, neutrons and electrons in an atom
summarise the location, relative charge, and mass of protons, neutrons and electrons.
Work through the answers using the following slides:
PRT PPT ‘2.1 The atom’ to define an atom as the smallest unit of an element that retains the properties of that element and identify that it is the number of protons in the atom that determines what element it is. Consider showing students the periodic table and highlighting that 92 elements are naturally occurring, while the remainder are man-made. 
PRT PPT ‘2.1 Atomic structure’ to outline the basic structure of the atom with protons and neutrons in a positively-charged nucleus orbited by negatively-charged electrons in discrete energy levels and guide students to annotate the diagram in Student resource – atomic structure.
PRT PPT ‘2.1 Subatomic particles’ to show the answers to the summary table. Details about the subatomic particles should include a comparison of the locations, relative charges and relative masses of protons, neutrons and electrons.
Checkpoint 2: display 3 statements about atoms and atomic structure using PRT PPT ‘2.1 Checkpoint 2’ and have students respond with ‘true’ or ‘false’ using mini whiteboards or hand gestures (for example, thumbs up or thumbs down).
· All subatomic particles are charged. (False. Neutrons are neutral.)
· It is the number of neutrons that determines the identity of an atom. (True. The number of protons determines what type of atom or element it is.)
· There are only 92 naturally occurring elements in the universe. (True. All elements with more than 92 protons are not naturally occurring.)
Sample response: Student resource – atomic structure
Note: stimulus material has been removed from the sample response.
1. Define the term ‘atom’.
	An atom is the smallest building block of an element that retains its chemical properties.


Annotate the following diagram of an atom.
Figure 1 – structure of the atom (sample response)
[image: A labelled diagram of the structure of an atom with labels for: electrons, neutrons, protons and the nucleus.
]
Complete Table 1 to summarise the properties of the subatomic particles found in an atom.
Table 1 – properties of subatomic particles (sample response)
	Subatomic particle
	Location
	Relative charge
	Relative mass

	proton
	nucleus
	+1
	1

	neutron
	nucleus
	0
	1

	electron
	electron shells or energy levels
	−1
	1/1840 (relative to proton mass)
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Read the text ‘Inside the atom’ and then answer the questions about atomic structure.
Inside the atom
Everything around us is made of matter. Matter includes solids, liquids and gases. An atom is the smallest unit of an element that still keeps the properties of that element. For example, a piece of gold can be broken into smaller and smaller pieces, but each tiny piece is still gold as long as it contains gold atoms.
Atoms are extremely small. Millions of atoms could fit across the width of a human hair. Even though atoms are tiny, scientists have discovered that they are made up of even smaller particles called ‘subatomic particles’. There are 3 main subatomic particles: protons, neutrons and electrons.
The centre of the atom is called the ‘nucleus’. The nucleus contains protons and neutrons packed closely together. Protons have a positive charge, while neutrons have no charge and are neutral. Protons and neutrons also have most of the atom’s mass. They are much heavier than electrons.
Electrons are found moving around the outside of the nucleus in regions called ‘electron shells’ or ‘energy levels’. Electrons have a negative charge. They are extremely small and have very little mass compared to protons and neutrons.
Scientists describe the masses of subatomic particles in terms of relative mass. Protons and neutrons both have a relative mass of about 1. Electrons are much smaller and have a relative mass of about 1/1840.
The charges of the particles are also described in terms of relative charge. Protons are positively charged (+1), neutrons have no charge (neutral) and electrons are negatively charged (−1).
In a neutral atom, the number of protons equals the number of electrons. This means the positive and negative charges balance, so the atom has no overall charge.
Different elements have different numbers of protons. For example, every carbon atom has 6 protons, while every oxygen atom has 8 protons. The number of protons is what makes each element unique.


1. Define the term ‘atom’.
	


Annotate the following diagram of an atom.
Figure 1 – structure of the atom
[image: An unlabelled diagram of the structure of an atom, showing blank labels for students to identify electrons, neutrons, protons and the nucleus.
]
Complete Table 1 to summarise the properties of the subatomic particles found in an atom.
Table 1 – properties of subatomic particles
	Subatomic particle
	Location
	Relative charge
	Relative mass

	proton
	
	
	

	neutron
	
	
	

	electron
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Table 3 – learning intentions and success criteria for ‘2.2 Changing models of the atom’
	We are learning:
	I can:

	· to explain how new technologies led to changes in our understanding of the atom
	· identify technologies scientists used to investigate the atom
· describe the observations or evidence gathered using these technologies
· describe the different models of the atom
· identify the limitations of each model
· explain how new technologies have led to our understanding of the atom

	· to process secondary sources of information.
	· use a PhET (Physics Education Technology) model to make observations about of Rutherford’s gold foil experiment to understand how it changed the model of the atom
· extract information from texts and diagrams on atoms.


[bookmark: _Toc221614234][bookmark: _Toc147840979][bookmark: _Toc160623936]Teacher background information
The development of atomic theory is an important example of how scientific knowledge changes over time. Students should understand that scientific models are not ‘facts’ that suddenly appear fully formed. Instead, models are developed, tested, challenged and refined as new evidence and technologies become available.
Atomic theory provides an excellent context for showing:
· how scientific ideas change
· how evidence drives scientific understanding
· how technological advances allow scientists to make new observations
· that models are simplified representations used to explain observations.
[bookmark: _Toc232760948]From Democritus to Dalton to Thompson
Teacher background information
Historically, the concept of atoms as the building blocks of nature originated with the ancient Greeks. The following table compares the ideas that Democritus (a Greek philosopher) developed about atoms with those of John Dalton. While Democritus’ ideas were philosophical speculations, Dalton undertook investigations to arrive at his postulates.
Table 4 – the history of the atom, Democritus and Dalton
	Democritus’ ideas of atoms (about 400 BCE)
	Dalton’s postulates (1808)

	There is an infinite number of atoms.
Ultimately, matter cannot be divided anymore. At that point, many different types of atoms are found – bodies with varying sizes and shapes.
These atoms are in constant motion and can collide with one another. As they do so, they build larger, more complex structures, thereby creating the universe.
	Matter: elements consist of indivisible particles called ‘atoms’. Atoms make up all mattera.
Elements: all atoms of the same element are identical in size, mass and propertiesb.
Chemical reactions: different chemical compounds form because atoms bind together in specific whole-number ratios.
Formation of compounds: chemical reactions are rearrangements of atoms, but they do not change the atoms themselves. Atoms cannot be created or destroyed.


Later discoveries have led to the revision of Dalton’s postulates as follows:
a Atoms are not indivisible but are composed of subatomic particles.
b Elements can have isotopes with different masses. Also, allotropes of elements are forms of the same element with atoms arranged differently, giving rise to distinct properties.
1. Introduce students to the history of the atom by playing the video What Are The Different Atomic Models? Dalton, Rutherford, Bohr and Heisenberg Models explained (from 0:00–5:28). Stop the video at 5:28, as models after Bohr will not be covered in this lesson sequence.
Provide students with a copy of the Student resource – early history of the atom. Unpack the philosophical thoughts that occurred before science started investigating the atom using PRT PPT ‘2.2 The history of the atom’. Outline how Democritus coined the term atomos. Students complete the ‘Democritus’ section of the Student resource – early history of the atom.
Describe Dalton’s model of the atom using PRT PPT ‘2.2 Dalton’s model of the atom’. Have students complete the ‘Dalton summary’ section in the Student resource – early history of the atom.
Using PRT PPT ‘2.2 Discovery of cathode rays’ (2 slides) describe what a cathode ray is and how the discovery of cathode rays led to the conclusion that they were negatively-charged subatomic particles, which led to a revision of Dalton’s model.
a ‘cathode ray’ is a stream of high-speed electrons emitted from the negative electrode or cathode of a vacuum or discharge tube
cathode rays travel in a straight line
when a negatively-charged and positively-charged plate is placed on either side of the cathode ray, the cathode ray bends towards the positive plate. This led Thomson to conclude that cathode rays were made of negatively-charged particles.
If the equipment is available, demonstrate a cathode ray experiment that led to the discovery of the electron. The Crookes tube experiments demonstrate that a ‘cathode ray’ is a particle that travels in a straight line and can fluoresce material within the glass tube. You can also highlight to students the behaviour of cathode rays when placed within a changing magnetic or electric field.
Tell students that ultimately, experiments using Crookes tubes and cathode ray tubes (new technology at the time) provided evidence that cathode rays are negatively-charged particles, changing the atomic model to include smaller components and positive and negative subatomic particles.
Show slide PRT PPT ‘2.2 The plum pudding model’ to highlight how knowledge of electrons and a positively-charged sphere led to the model of the atom being changed. Students complete the ‘Thomson summary’ section in the Student resource – early history of the atom and consider the impact that technology had on the changing understanding of the model.
[bookmark: _Ref227838394][bookmark: _Toc221614235]Sample responses – Student resource – early history of the atom
Use the following table to create a summary of the history of the atom and its changes over time.
Table 1 – summary of the history of the atom and its changes over time (sample answer)
	Scientist
	Diagram of the model
	Understanding and evidence

	Democritus
	[image: A circle depicting Democritus' description of water and a 7-point star depicting his description of iron.]
	Atomos are tiny and indivisible. The shapes of the atoms explain their behaviour. No evidence. His ideas were based on reasoning, not experiments. He never actually saw or drew what atomos looked like.

	Dalton
	[image: Diagram of Dalton's model of an atom.]
	All matter is made of atoms, and atoms are tiny spheres (no subatomic particles). Dalton observed through experimentation that elements can combine to form new compounds in simple ratios.

	Thomson
	[image: Diagram of Thomson's plum pudding model of the atom. 

The diagram consists of a positively-charged sphere with negatively-charged particles scattered throughout. ]
	With the discovery of cathode rays and evidence from experimentation about the behaviour of the rays, it was concluded that the cathode ray was made of negatively-charged particles.
This led Thomson to conclude that there must be smaller particles within atoms, which led to the plum pudding model – a positively-charged sphere with negative particles scattered throughout.


Describe the impact that technology had on the development of the atomic model.
	With the discovery of cathode rays, scientists realised that atoms were made up of smaller particles. This changed the model of the atom from a solid sphere to a positively-charged sphere containing negatively-charged particles throughout, like plum pudding. Therefore, the discovery of cathode rays proved that atoms have smaller, indivisible parts and changed our understanding of the atomic model.


[bookmark: _Ref227846561]
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Use the following table to create a summary of the history of the atom and its changes over time. 
Table 1 – summary of the history of the atom and its changes over time
	Scientist
	Diagram of the model
	Understanding and evidence

	Democritus
	
	

	Dalton
	
	

	Thomson
	
	


Describe the impact that technology had on the development of the atomic model.
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1. Tell students about Ernest Rutherford's experiment:
Ernest Rutherford fired positively-charged alpha particles at a very thin sheet of gold foil
he expected the particles to pass straight through with only small deflections because the positive charge was spread throughout the atom
the results showed
most alpha particles passed straight through the foil
some particles were deflected slightly
some particles bounced back towards the source.
Demonstrate using the  to show the results that Rutherford was expecting.‬‬‬‬‬
Select the Plum Pudding Atom version of the simulation.
Recall that Thompson came up with the ‘plum pudding’ model for the atom. In this model, atoms were thought to be spheres of positive charge with negatively-charged electrons spread throughout them.
Tell students that the orange material represents the positive charge in the gold foil and electrons are evenly spread throughout the foil.
The alpha particles are moving in a straight line through the gold foil – they are not being deflected. This was what Rutherford was expecting the results to show based on Thomson’s plum pudding model of the atom.
Tell students that Rutherford’s experiment showed different results, which students will investigate using the PhET simulation.
Instruct the student to complete questions 1 and 2 in the Student resource – from Thomson to Rutherford to Bohr.
Use ‘PRT PPT 2.2 Rutherford simulation’ to show students how the 
the legend so they can identify the nucleus of the atoms, the electron shells or energy levels represented by the dotted circles and the alpha particles
Note: electron shells were not known about at the time of Rutherford’s experiment. They are shown in the simulation.
how to select tracers that add a tail to the alpha particles so their path can be seen easily
that the dotted circles represent the electron shells of the atoms
how to turn on the alpha particle source by selecting the blue button.
Students investigate the gold foil experiment using the PhET simulation‬‬‬‬‬  by following the instructions in the ‘Rutherford’s gold foil experiment’ section of the Student resource – from Thomson to Rutherford to Bohr. Students respond to guiding questions‬ 3 to 8 as they work through the simulation.
Discuss students’ responses and highlight that the experiment indicated that there must be a concentrated positive charge (the nucleus) and the rest of the atom must be mostly empty space. Consolidate the learning using PRT PPT ‘2.2 The Rutherford planetary model’.
Rutherford’s discovery of alpha particle scattering led to the nuclear model of the atom. However, it was still not clear how electrons are arranged around atomic nuclei. In this section, we will explore how Niels Bohr extended the Rutherford model by combining it with quantum theory to create a new model of atomic structure.
Students engage with the stimulus in the ‘Bohr’s model of the atom’ section of the Student resource – from Thomson to Rutherford to Bohr and complete question 9.
Display PRT 2.2 ‘The Bohr model’ to unpack the change to the model of the atom. Students can then copy the Bohr model diagram of the atom to complete question 10.
Display PRT 2.2 ‘Discovery of the neutron’ to outline how, when the neutron was discovered, the model was again revised to show that the nucleus consisted of protons and neutrons, which are surrounded by electrons in energy levels or shells.
Differentiation: cloze passages are provided as a universal support for students to summarise information.
Sample response: Student resource – from Thomson to Rutherford to Bohr
Note: stimulus material has been removed from the sample response.
Thomson’s model of the atom
1. Circle the image below that best represents Thomson’s model of the atom.
	[image: Diagram of Dalton's model of an atom. It is a sphere with no additional detail.]
	[image: Diagram showing Rutherford's planetary model of an atom, depicting electrons orbiting the nucleus of the atom.]
	[image: A diagram of Thomson's plum pudding model of the atom. It is circled to indicate that this is the correct response.

The diagram consists of a positively charged sphere with negatively charged particles scattered throughout. ]

	A small indivisible particle.
	A positively-charged nucleus surrounded by negative electrons.
	A positively-charged sphere with negative particles scattered throughout.


What did Rutherford expect the gold foil experiment to show based on Thomson’s model of the atom?
	Rutherford expected the alpha particles to travel in a straight line with minimal changes in direction.


Describe the path of the alpha particles in the plum pudding atom PhET simulation.
	The alpha particles travelled in a straight line.
Note: the simulation does not show the very small deflections that Rutherford predicted.


Rutherford’s gold foil experiment
Describe the path of the alpha particles.
	Most of the alpha particles pass straight through the foil. Some were slightly deflected to the left or right. A very small number bounced back towards the source.


Select the red and grey nucleus in the left-hand corner of the simulation. What do you notice about the gold nucleus and the alpha particles?
	According to the key, the nucleus of an atom and alpha particles are both composed of protons and neutrons.


What charge do protons and neutrons have? What does this mean for the charge of the nucleus of an atom?
	Protons are positively charged and neutrons are neutral (have no charge). This means the nucleus of an atom and the alpha particle are both positively charged, which explains why alpha particles are deflected when they get near a nucleus, as charges repel. 


Rutherford explained the unexpected results by suggesting that:
· atoms are mostly empty space
· most of the atom’s mass and positive charge are concentrated in a tiny central nucleus
· electrons move around the nucleus.
This new evidence led to a major change in the atomic model.
Circle the image below that best represents Rutherford’s model of the atom.
	[image: Diagram of Dalton's model of an atom. It is a sphere with no additional detail.]
	[image: A diagram showing Rutherford's planetary model of an atom depicting electrons orbiting the nucleus of the atom.

It is circled to indicate that this is the correct response.]
	[image: Diagram of Thomson's plum pudding model of the atom. 

The diagram consists of a positively-charged sphere with negatively charged particles scattered throughout. ]

	A small indivisible particle.
	A positively-charged nucleus surrounded by negative electrons.
	A positively-charged sphere with negative particles scattered throughout.


Complete the cloze passage to summarise the findings of the gold foil experiment.
Word bank: increased, repulsive, positively, greater, stronger, positively
	When positively-charged alpha particles passed near the positively-charged nucleus, they experienced a repulsive electrostatic force that deflected them. When the number of protons in the nucleus was increased, the positive charge became greater, resulting in a stronger repulsive force on the alpha particles. As a result, the deflections increased. The deflections are not the result of the alpha particles bouncing off the nuclei, as neutrons did not affect their deflections. Instead, the deflections are due to the repulsion of like charges.


Outline the difference between Thompson’s plum pudding model of the atom and Rutherford’s model of the atom.
	Thomson’s plum pudding model described the atom as a ball of positive charge with tiny negative electrons spread throughout it, like raisins in a pudding. In this model, there was no nucleus, and the positive charge was evenly distributed throughout the atom.
Ernest Rutherford’s model was different because it showed that the atom is mostly empty space. Rutherford proposed that nearly all the mass and positive charge are concentrated in a tiny central nucleus, with electrons moving around the outside of the nucleus.


[bookmark: _Ref215236788]Bohr’s Model of the atom
Use the word bank to complete the cloze passage about Bohr’s model of the atom.
Word bank: fixed, spectroscope, energy, unique
	Bohr used a spectroscope to observe light from atoms. He noticed that atoms produced unique coloured lines. He suggested that electrons exist in fixed energy levels, or electron shells, around the nucleus. When electrons move between these levels, they release energy in the form of light.


Draw a diagram of Bohr’s model of the atom.
	[image: Image of Bohr's model of the atom depicting fixed energy levels where electrons are positioned.]




[bookmark: _Student_resource_–][bookmark: _Ref230185509][bookmark: _Toc232760951]Student resource – from Thomson to Rutherford to Bohr
How technology changed the atomic model
In the early 1900s, scientists believed atoms were solid spheres of positive charge with tiny negative electrons spread throughout them. This idea was called the ‘plum pudding model’ and was proposed by JJ Thomson.
At the time, new technology allowed scientists to investigate matter in ways that had never been possible before. One important invention was equipment capable of producing and detecting tiny radioactive particles called ‘alpha particles’. Using this technology, Ernest Rutherford and his team designed an experiment to test what atoms were really like.
Rutherford’s team fired alpha particles at an extremely thin sheet of gold foil. A special fluorescent screen surrounding the foil glowed whenever an alpha particle hit it, allowing the scientists to track where the particles travelled.
If the plum pudding model of the atom was correct, then the alpha particles should have travelled through the gold foil with only very small changes in direction. This did not happen in the experiment and led to changes in the atomic model.
Rutherford’s discovery was only possible because of improvements in scientific technology, including:
· radioactive sources that produce alpha particles
· the ability to make extremely thin foil from gold
· fluorescent screens that could detect alpha particles
· vacuum equipment that allowed particles to travel without interference from atoms in the air.


Thomson’s model of the atom
1. Circle the image below that best represents Thomson’s model of the atom.
	[image: Diagram of Dalton's model of an atom. It is a sphere with no additional detail.]
	[image: Diagram showing Rutherford's planetary model of an atom depicting electrons orbiting the nucleus of the atom.]
	[image: Diagram of Thomson's plum pudding model of the atom. 

The diagram consists of a positively charged sphere with negatively charged particles scattered throughout. ]

	A small indivisible particle.
	A positively-charged nucleus surrounded by negative electrons.
	A positively-charged sphere with negative particles scattered throughout.


6. What did Rutherford expect the gold foil experiment to show based on Thomson’s model of the atom?
	


Describe the path of the alpha particles in the plum pudding atom PhET simulation.
	


Rutherford’s gold foil experiment
Open the PhET simulation :
a. Select Rutherford Atom.
b. Turn on the Traces.
c. Set the protons and neutrons so that the material is gold. That is, protons = 79 and neutrons = 118.
d. Select the blue Alpha Particles button to fire alpha particles at the gold foil.
Describe the path of the alpha particles.
	


Select the red and grey nucleus in the left-hand corner of the simulation. What do you notice about the gold nucleus and the alpha particles?
	


What charge do protons and neutrons have? What does this mean for the charge of the nucleus of an atom?
	


Rutherford explained the unexpected results by suggesting that:
· atoms are mostly empty space
· most of the atom’s mass and positive charge are concentrated in a tiny central nucleus
· electrons move around the nucleus.
This new evidence led to a major change in the atomic model.
Circle the image below that best represents Rutherford’s model of the atom.
	[image: Diagram of Dalton's model of an atom. It is a sphere with no additional detail.]
	[image: Diagram showing Rutherford's planetary model of an atom depicting electrons orbiting the nucleus of the atom.]
	[image: Diagram of Thomson's plum pudding model of the atom. 

The diagram consists of a positively charged sphere with negatively charged particles scattered throughout. ]

	A small indivisible particle.
	A positively-charged nucleus surrounded by negative electrons.
	A positively-charged sphere with negative particles scattered throughout.


Complete the cloze passage to summarise the findings of the gold foil experiment.
Word bank: increased, repulsive, positively, greater, stronger, positively
	When _____________-charged alpha particles passed near the _____________-charged nucleus, they experienced a _____________ electrostatic force that deflected them. When the number of protons in the nucleus was increased, the positive charge became _____________, resulting in a _____________ repulsive force on the alpha particles. As a result, the deflections _____________. The deflections are not the result of the alpha particles bouncing off the nuclei, as neutrons did not affect their deflections. Instead, the deflections are due to the repulsion of like charges.


Outline the difference between Thompson’s plum pudding model of the atom and Rutherford’s model of the atom.
	


Bohr’s model of the atom
Scientists used a device called a ‘spectroscope’, which separated light into different colours. They discovered that each element produced a unique pattern of coloured lines when heated. This suggested that electrons inside atoms were behaving in a specific way.
In 1913, Niels Bohr used this evidence to improve Rutherford’s model. Bohr proposed that electrons do not move randomly around the nucleus. Instead, they exist in fixed energy levels, or shells, around the nucleus. Electrons can move between these energy levels by gaining or losing energy. When electrons move back to a lower energy level, they release energy as light.
Bohr’s model improved on Rutherford’s model because it explained why atoms do not simply fall into the positively-charged nucleus, and why they produce specific patterns of coloured light. This showed how new technology and observations could lead scientists to develop more detailed scientific models.


Use the word bank to complete the cloze passage about Bohr’s model of the atom.
Word bank: fixed, spectroscope, energy, unique 
	Bohr used a __________ to observe light from atoms. He noticed that atoms produced __________ coloured lines. He suggested electrons exist in __________ energy levels, or electron shells, around the nucleus. When electrons move between these levels, they release __________ in the form of light.


Draw a diagram of Bohr’s model of the atom.
	


[bookmark: _Toc221614237]
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Table 5 – learning intentions and success criteria for ‘2.3 Modelling atomic structure’
	We are learning:
	I can:

	how the properties of elements relate to the structure of atoms
	use the periodic table to find information about an element
identify patterns in the electron configuration of the first 18 elements

	to process and represent data.
	determine the number of protons and electrons in an element from the periodic table
calculate the number of neutrons in an element from the periodic table
model the atomic structure of the first 18 elements.


[bookmark: _Toc232760953]Unpacking the periodic table
1. Provide students with a copy of the periodic table sourced from Data Book: Science 7–10 or they can use the one they coloured in lesson sequence ‘1.1 Classifying matter’.
Explain why scientists use the periodic table by telling students about the following key ideas:
to organise elements in a structured way based on their atomic structure and properties
to identify and predict patterns and trends in the properties of elements
to compare elements and make informed predictions about the behaviour and properties of unfamiliar or newly discovered elements.
Outline the information found within one cell of the periodic table by unpacking the key found at the top of the periodic table (see Figure 1 and PRT PPT ‘2.3 Periodic table key’). Table 6 provides notes for unpacking each part of the key.
[bookmark: _Ref231902355]Table 6 – explanation of features found within a cell on the periodic table
	Feature
	Explanation

	Atomic number
	The atomic number indicates how many protons are in the nucleus of an atom of that element.

	Symbol
	The symbol is the 1-letter or 2-letter shorthand for an element’s name.
It is universal, so all scientists use the same symbols.

	Standard atomic weight
	The standard atomic weight is the average mass of the atoms of an element, taking into account that not all atoms of the element have exactly the same mass.
It is roughly equal to the total number of protons + neutrons in the nucleus.
Note: while the concept of isotopes can help to explain the idea of standard atomic weight and why it is often a decimal value, this idea is not introduced until Stage 5 (see Reactions focus area).
At this stage, students should understand that the standard atomic weight represents the average mass of atoms of an element, without going into the details of isotopes.

	Name
	This is the full name of the element.


[bookmark: _Ref231902282]Figure 1 – periodic table key
[image: Periodic table key showing atomic number, symbol, name and standard atomic weight.]
This image has been adapted from Data Book: Science 7–10 from Science 7–10 Syllabus (2023) by NESA.
Unpack the periodic table by telling students about the following features. Students are to annotate their copy of the periodic table accordingly:
elements are arranged in order of increasing atomic number (from 1 to 118)
the horizontal rows are called ‘periods’ and these are numbered, top to bottom, from 1 through 7 (see PRT PPT ‘2.3 Periodic table periods’)
the vertical columns are called ‘groups’ and these are numbered, left to right, from 1 through 18 (see PRT PPT ‘2.3 Periodic table groups’).
Model how to locate elements using group and period numbers before students attempt it independently, ensuring they understand the coordinate-like logic of the table layout.
[bookmark: _Toc232760954]Determining atomic structure and drawing atomic models
Checkpoint 1: display PRT PPT ‘2.3 Checkpoint 1’ to activate prior knowledge about subatomic particles. Students use mini whiteboards to identify the correct labels on an atomic model.
1. Tell students that the number of protons and electrons in a neutral atom can be determined using an element’s atomic number. A neutral atom does not have a charge because the negative electrons and the positive protons are balanced.
Explain electron configuration using PRT PPT ‘2.3 Electron configuration’ (3 slides) to highlight the following:
electron configuration describes the way electrons are arranged in shells around the nucleus of an atom
the atomic number shows the total number of electrons in an atom, which are arranged into shells, starting with the one closest to the nucleus
for the first 18 elements, electrons fill shells following the 2, 8, 8 pattern, where the first shell holds up to 2 electrons, the second shell up to 8 electrons and the third shell up to 8 electrons
electron configurations are written to show how many electrons are in each shell, for example, boron = 2,3 and phosphorus = 2,8,5.
Provide students with the Student resource – modelling atomic structure. Demonstrate to students how to use the Periodic table to determine the number of protons, neutrons and electrons using the following formulas:



Note: the standard atomic weight can be rounded to the nearest whole number, so students get a whole number for the number of neutrons. The standard atomic weight is a decimal because it represents the average mass of all naturally occurring atoms of that element. Since atoms of the same element can have different numbers of neutrons (isotopes), their masses vary, so the average is often not a whole number.
Students complete Table 1 in the Student resource – modelling atomic structure to summarise the information from the periodic table.
Differentiation: to simplify the electron configuration part of the activity, students can use the ‘Ground state electron configurations of elements with atomic numbers 1 to 18’ table in Data Book: Science 7–10 (page 7) to write the electron configurations for the first 18 elements.
[bookmark: _Ref209449769]Note: keep electron configurations limited to the first 18 elements (up to argon). Beyond this point, the simple 2,8,8 pattern no longer applies consistently, and shell filling becomes more complex. Restricting to the first 18 elements ensures students work with a clear, stage-appropriate model without introducing advanced exceptions.
Checkpoint: display PRT PPT ‘2.3 Checkpoint 2’. Students demonstrate their understanding before starting the activity by using a mini whiteboard to display their response to each of the following questions:
· How many electrons are found in the second shell of oxygen? (Six electrons are found in the second shell of an oxygen atom.)
· How many electrons are found in the first shell of chlorine? (Two electrons are found in the first shell of a chlorine atom.)
· How many electrons are found in the second shell of magnesium? (Eight electrons are found in the second shell of a magnesium atom.)
Display PRT PPT ‘2.3 Modelling the structure of an atom’ to demonstrate for students how to construct the 2D models of the atom. 
Use gradual release of responsibility to support students in drawing the 2D model of the remaining atoms in the Student resource – modelling atomic structure.
Note: when students draw electrons in shells, the precise placement of each dot around the shell is not significant. What matters is that the correct number of electrons is shown in the correct shell. Drawing the electrons in pairs makes it easier for students to count how many electrons they have drawn and to identify patterns once the models are complete.
Once students have completed their models, they should read question 3 and study their models to identify the trends as you move down the periods and across the groups. Use the sample response to provide students with feedback on their responses.
Sample response: Student resource – modelling atomic structure
Note: stimulus material has been removed from the sample response.
1. Use the information above to complete Table 1.
Table 1 – atomic number and electron configuration of the first 18 elements of the periodic table (sample response)
	Element
	Atomic number
	Protons
	Neutrons
	Electrons
	Electron configuration

	hydrogen
	1
	1
	0
	1
	1

	helium
	2
	2
	2
	2
	2

	lithium
	3
	3
	4
	3
	2,1

	beryllium
	4
	4
	5
	4
	2,2

	boron
	5
	5
	6
	5
	2,3

	carbon
	6
	6
	6
	6
	2,4

	nitrogen
	7
	7
	7
	7
	2,5

	oxygen
	8
	8
	6
	8
	2,6

	fluorine
	9
	9
	10
	9
	2,7

	neon
	10
	10
	10
	10
	2,8

	sodium
	11
	11
	12
	11
	2,8,1

	magnesium
	12
	12
	12
	12
	2,8,2

	aluminium
	13
	13
	14
	13
	2,8,3

	silicon
	14
	14
	14
	14
	2,8,4

	phosphorus
	15
	15
	16
	15
	2,8,5

	sulfur
	16
	16
	16
	16
	2,8,6

	chlorine
	17
	17
	18
	17
	2,8,7

	argon
	18
	18
	22
	18
	2,8,8


[bookmark: _Ref209431786]Use the information in Table 1 to complete the 2D models on the next page:
1. Write the number of protons and neutrons in the nucleus.
Draw the electrons for each atom by placing one dot for each electron. Remember to fill the inside shell first and then move to the second shell and then the third shell.
Figure 1 –2D atomic models for the first 18 elements of the periodic table (sample response)
[image: A sample response for the 2D atomic modelling activity. The sample contains models of the first 18 elements on the periodic table.]
Complete questions 3a to 3b after drawing the 2D models.
1. What trend do you notice as you go across the groups of the periodic table?
	Answers may include:
Each group has the same number of electrons in the outer shell (except group 8, because helium only has 2 electrons in its outer shell). Group 18 elements have full outer shells.
The number of electrons in the outer shell increases by one for each group.
The number of protons increases by one as you move across the groups.
Note: all these trends should be pointed out to students if they were not able to recognise them on their own.


What trend do you notice as you move down the periods of the periodic table?
	The number of electron shells increases with each period. Period 1 has one electron shell and period 3 has 3 electron shells.




[bookmark: _Student_resource_–_1][bookmark: _Ref230277311][bookmark: _Toc232760955][bookmark: _Ref212460607]Student resource – modelling atomic structure
The periodic table provides information about the structure of elements The following information will help you determine the number of protons, electrons and neutrons in each element:
· number of protons = atomic number
· number of electrons = number of protons
· number of neutrons = standard atomic weight − number of protons.
1. Use the information above to complete Table 1.
Table 1 – atomic number and electron configuration of the first 18 elements of the periodic table
	Element
	Atomic number
	Protons
	Neutrons
	Electrons
	Electron configuration

	hydrogen
	
	
	
	
	

	helium
	
	
	
	
	

	lithium
	
	
	
	
	

	beryllium
	
	
	
	
	

	boron
	
	
	
	
	

	carbon
	
	
	
	
	

	nitrogen
	
	
	
	
	

	oxygen
	
	
	
	
	

	fluorine
	
	
	
	
	

	neon
	
	
	
	
	

	sodium
	
	
	
	
	

	magnesium
	
	
	
	
	

	aluminium
	
	
	
	
	

	silicon
	
	
	
	
	

	phosphorus
	
	
	
	
	

	sulfur
	
	
	
	
	

	chlorine
	
	
	
	
	

	argon
	
	
	
	
	


Use the information in Table 1 to complete the 2D models on the next page:
1. Write the number of protons and neutrons in the nucleus.
1. Draw the electrons for each atom by placing one dot for each electron. Remember to fill the inside shell first and then move to the second shell and then the third shell.
Complete questions 3a to 3b after drawing the 2D models. 
1. What trend do you notice as you go across the groups of the periodic table?
	


What trend do you notice as you move down the periods of the periodic table?
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Figure 1 – 2D atomic models for the first 18 elements of the periodic table
[image: Student resource for the modelling atomic structure activity with spaces for students to draw electrons in the appropriate shells and record the number of protons.]

[bookmark: _Toc232760956]2.4 Tests to identify elements
Table 7 – learning intentions and success criteria for ‘2.4 Tests to identify elements’
	We are learning:
	I can:

	about the properties of elements
	identify the type of metal element in a metal chloride solution using a flame test
identify non-metal elements using gas tests

	to process and represent information and data.
	extract information from a video and summarise it in a table
construct a suitable table to record observations in an investigation.


[bookmark: _Toc232760957]Identifying metal elements
1. Prior to the lesson, prepare the equipment for the investigation. Solutions of 0.5 mol L−1 of barium chloride, calcium chloride, copper (II) chloride, sodium chloride and strontium chloride are required for this practical investigation. The solutions can be used in multiple ways, including those outlined in Table 8 to identify the metal ion. Equipment requirements per group of students include:
	1 × metal chloride solutions (in chosen form, see Table 8)
1 × Bunsen burner
Paper towel for wiping up 
	1 × beaker of deionised water (if using the wire loop method)
Safety glasses for each student


[bookmark: _Ref231912644]Table 8 – methods of conducting flame tests to identify metal ions
	Transfer method
	How to use the method

	Spray bottles
	Place the metal chloride solutions in small spray bottles. The spray bottle should release a fine mist. Students spray the metal chloride into the blue Bunsen burner flame and observe the flame colour.

	Popsicle sticks
	Popsicle sticks can be labelled and soaked in the metal chloride solutions. Students place the soaked end of the popsicle stick in the blue Bunsen burner flame and observe the flame colour.

	Wire loops
	Students are provided with a small amount of each metal chloride solution in a beaker. Students use a wire loop (such as an inoculating loop) to place a small sample of the solution into the flame and observe the flame colour.


1. Display PRT PPT ‘2.4 The science of fireworks’ and play the video The Science of Firework Color (2:06). Students should construct a 2-column table to record the element and the colour that it produces when placed in the flame. An example table is provided in Table 9.
[bookmark: _Ref231912852]Table 9 – metal ions and the colour they produce when heated in a flame
	Metal ion
	Flame colour

	barium
	apple green

	calcium
	brick red

	copper
	blue-green

	sodium
	yellow

	strontium
	red


Link the colour of the flame colour to the previous lesson where students learned that Bohr revised the model of the atom by telling students:
flame tests provide a visual example of the same idea that helped Bohr improve the atomic model
when metal atoms are heated, they release energy as coloured light – Bohr used evidence from the specific colours (wavelengths) of light emitted by atoms to propose that electrons exist in fixed energy levels around the nucleus
different colours are produced because electrons release different amounts of energy when they move between energy levels.
Tell students the method that they will use to identify the metals in the solutions (see Table 8). Discuss the safety precautions they need to take to protect themselves and others. 
Guide students to construct a suitable table to record their observations.
Provide students with the equipment required to conduct the investigation and move around the room to support them in conducting the investigation safely.
Students should compare their collected data with the data extracted from the video.
Provide students with an unknown sample to identify against their collected data. To do this, move around the room and provide students with the sample without showing them the label. 
Collect all the leftover metal chloride solutions so they can be stored and or disposed of correctly. Instruct students to wipe their benches with a wet paper towel and pack away equipment. 
Note: collect all the remaining metal chloride solutions, as some of them have special disposal requirements. For example, less than 10 mL/day of copper chloride can be poured down the drain. 
If stored and labelled appropriately, the prepared solutions will last for some time and can be used in the following year.
Display PRT PPT ‘2.4 Controlled variable’ to discuss how we know that it was the metal in each compound causing the colour change. In each case, the other element in the compound was kept constant (chlorine).
[bookmark: _Toc232760958]Identifying non-metal elements
1. Prior to the lesson, prepare the required equipment for the investigation (see Table 10). Additional equipment could be supplied so that all students can have a go at each test.
[bookmark: _Ref231913230]Table 10 – equipment requirements for each group of students
	Equipment for hydrogen pop-test
	Equipment for the oxygen test

	1 × 50 mL of 1 mol L−1 hydrochloric acid dropper bottle
2 × thin test tubes
2 × wide test tubes (that will fit over the mouth of the thin test tubes)
2 × 2 cm pieces of magnesium
1 × Box of matches
1 × safety glasses for each student
	1 × Bunsen burner 
1 × wooden splint
1 × spatula
2 × thin test tubes
Manganese dioxide powder
1 × 50 mL dropper of 6% hydrogen peroxide
1 × safety glasses for each student


Tell students that:
during chemical reactions, different gases can be produced
there are some simple tests that can be used to test the gas to identify it.
Provide students with a copy of the Student resource – identifying non-metal elements using gas tests. Unpack the tests for identifying the gases and demonstrate them. Try not to give away which chemical reaction is being completed in each case, as students should identify the gas present in each reaction.
Discuss the safety aspects of this investigation, including but not limited to:
wearing safety glasses
holding the test tube upright but turned away from themselves and others during the tests
using the safety flame of the Bunsen burner (the blue flame is not required in this investigation)
the chemical used in the investigation.
After ensuring that students understand how to conduct the chemical reactions and gas tests, students can work in groups to determine which non-metal elements are produced in each of the chemical reactions:


Note: manganese dioxide acts as a catalyst in the decomposition of hydrogen peroxide rather than a reactant in the chemical reaction. Students do not need to learn about word equations or reaction types at this stage of their learning.
Conclude the activity by checking that each group was able to identify the correct gas produced for each chemical reaction.
Sample response: Student resource – identifying non-metal elements using gas tests
Note: stimulus material has been removed from the sample response.
Table 1 – gas identification for the decomposition of hydrogen peroxide (sample response)
	Gas test
	Positive or negative
	Observation

	hydrogen
	Negative 
	No sound was produced.

	oxygen
	Positive
	The splint burst into flame.


Table 2 –gas identification for the reaction between hydrochloric acid and magnesium (sample response)
	Gas test
	Positive or negative
	Observation

	hydrogen
	Positive
	A loud pop sound was produced.

	oxygen
	Negative
	The splint did not glow brighter or burst into flames.




[bookmark: _Student_resource_–_2][bookmark: _Ref230239701][bookmark: _Toc232760959]Student resource – identifying non-metal elements using gas tests
You will conduct an investigation to identify the type of gas produced in 2 chemical reactions.
Identifying hydrogen gas (H2)
1. Collect the gas from the chemical reaction using an inverted test tube over the top of the reaction test tube.
2. Remove the gas test tube and keep it inverted until ready to test.
3. Hold the inverted test tube with the opening pointed away from yourself and others. Light a match and bring it to the mouth of the test tube and observe what happens.
A ‘pop’ sound is produced if the gas is hydrogen.
Identifying oxygen gas (O2)
1. Collect the gas from the chemical reaction.
2. Hold the test tube with the opening pointed away from yourself and others and keep the top covered with your thumb until ready to test.
3. Light a splint in the Bunsen burner until it is just glowing.
4. Carefully insert the glowing splint into the test tube and observe what happens.
If the glowing splint relights or burns more brightly, oxygen is present.
Chemical reaction 1 – decomposition of hydrogen peroxide
1. Use a dropper bottle of hydrogen peroxide to place approximately 2 cm of hydrogen peroxide in a test tube.
1. Add approximately one-eighth (a very small amount) of a spatula of manganese dioxide to the test tube and place a thumb over the top of the test tube to trap the gas.
1. Conduct the gas test for hydrogen. Record the result.
1. Repeat steps 1 and 2 and then conduct the gas test for oxygen. Record the result.
Table 1 – gas identification for the decomposition of hydrogen peroxide
	Gas test
	Positive or negative
	Observation

	hydrogen
	
	

	oxygen
	
	


Chemical reaction 2 – hydrochloric acid and magnesium
	1. Use a dropper bottle to place 2 cm of hydrochloric acid in a thin test tube.
1. Add a strip of magnesium and place an inverted test tube over the top of the test tube to collect the gas.
1. Conduct the gas test for hydrogen. Record the result.
1. Repeat steps 1 and 2 and then conduct the gas test for oxygen. Record the result.
	
	Figure 1 – gas collection
[image: A diagram showing how to collect the gas for the hydrogen pop test. 

A large test tube is inverted over a smaller test tube containing the reactants hydrochloric acid and magnesium metal.]


Table 2 – gas identification for the reaction between hydrochloric acid and magnesium
	Gas test
	Positive or negative
	Observation

	hydrogen
	
	

	oxygen
	
	




[bookmark: _Toc232760960]2.5 Identifying elements
Table 11 – learning intentions and success criteria for ‘2.5 Identifying elements’
	We are learning:
	I can:

	about elements and compounds
	name elements based on their chemical symbols
locate specific elements on the periodic table using provided information such as group and period and atomic number

	to process and represent data.
	identify an element using the periodic table
identify elements found in common compounds using the periodic table. 


[bookmark: _Toc232760961]Identifying elements in compounds
1. Use PRT PPT ‘2.5 Symbols’ to identify that each element in the periodic table has a unique symbol, which:
can be used to identify it
is a 1-letter or 2-letter abbreviation that represents the element
always has the first letter capitalised and the second letter (if present) in lowercase.
Outline that some symbols are based on historical or non-English names, highlighting the elements found in Table 12 and on PRT PPT ‘2.5 Symbol origins’.
[bookmark: _Ref231914931]Table 12 – element symbols based on historical or non-English names
	Element
	Symbol
	Origin of the chemical symbol

	sodium
	Na
	Derived from the Latin name natrium

	potassium
	K
	Derived from the Latin name kalium

	iron
	Fe
	Derived from the Latin name ferrum

	copper
	Cu
	Derived from the Latin name cuprum

	silver
	Ag
	Derived from the Latin name argentum

	tin
	Sn
	Derived from the Latin name stannum

	antimony
	Sb
	Derived from the Latin name stibium

	tungsten
	W
	Derived from the German name wolfram

	gold
	Au
	Derived from the Latin name aurum

	mercury
	Hg
	Derived from the Latin name hydragyrum

	lead
	Pb
	Derived from the Latin name plumbum


Explain that a compound’s formula can be used to determine which elements it contains, using PRT PPT ‘2.5 Determining the elements in a compound’ (2 slides) to highlight the following:
compounds are substances that contain 2 or more atoms of different elements bonded together in a fixed ratio
each element in a compound is represented by its chemical symbol and the numbers in the formula show how many atoms of each element are present
the number (subscript) always refers to the element that comes immediately before it in the formula. For example, water has the formula H2O, which shows that it contains 2 atoms of hydrogen and 1 atom of oxygen (the number 1 is not written in chemical formulae).
Note: the periodic table can be used to identify each element’s name and symbol, reinforcing understanding of how chemical formulas represent real substances. This helps students connect the symbolic language of chemistry to the real-world materials they encounter every day.
Checkpoint : display PRT PPT ‘2.5 Checkpoint’ to check students’ ability to determine the elements in a given compound H2SO4. (Answer: hydrogen, sulfur and oxygen.)
Provide each student with a copy of the Student resource – identifying elements in compounds activity and a periodic table.
Instruct students to complete the table by identifying the elements and the number of atoms in each compound.
Check students' work and provide feedback to ensure students have grasped the concept.
Sample response: Student resource – Identifying elements in compounds
Note: stimulus material has been removed from the sample response
Table 1 – elements present in common compounds (sample response)
	Compound
	Name
	Elements present
	Number of each atom

	CO2
	carbon dioxide
	carbon, oxygen
	1 × C, 2 × O

	CH4
	methane
	carbon, hydrogen
	1 × C, 4 × H

	NaCl
	sodium chloride
	sodium, chlorine
	1 × Na, 1 × Cl

	NH3
	ammonia
	nitrogen, hydrogen
	1 × N, 3 × H

	CaCO3
	calcium carbonate
	calcium, carbon, oxygen
	1 × Ca, 1 × C, 3 × O

	HCl
	hydrogen chloride
	hydrogen, chlorine
	1 × H, 1 × Cl

	C2H6
	ethane
	carbon, hydrogen
	2 × C, 6 × H

	Fe2O3
	iron(III) oxide
	iron, oxygen
	2 × Fe, 3 × O

	H2SO4
	sulfuric acid
	hydrogen, sulfur, oxygen
	2 × H, 1 × S, 4 × O

	C6H12O6
	glucose
	Carbon, hydrogen, oxygen
	6 × C, 12 × H, 6 × O




[bookmark: _Student_resource_–_3][bookmark: _Ref215124623][bookmark: _Toc232760962]Student resource – identifying elements in compounds activity
Many common substances are made from 2 or more elements bonded together. Each compound has a chemical formula that shows which elements it contains and how many atoms of each are present.
1. Use the periodic table to identify the elements in each compound.
1. Write the name of each element and how many atoms of each are shown in the formula.
1. Remember that the small number written after a symbol tells you how many atoms of that element are present.
Table 1 – elements present in common compounds
	Compound
	Name
	Elements present
	Number of each atom

	CO2
	carbon dioxide
	carbon, oxygen
	1 × C, 2 × O

	CH4
	methane
	
	

	NaCl
	sodium chloride
	
	

	NH3
	ammonia
	
	

	CaCO3
	calcium carbonate
	
	

	HCl
	hydrogen chloride
	
	

	C2H6
	ethane
	
	

	Fe2O3
	iron(III) oxide
	
	

	H2SO4
	sulfuric acid
	
	

	C6H12O6
	glucose
	
	


[bookmark: _Toc232760963]Element bingo
1. Use the 2.5 Element bingo workbook to generate and print a class set of bingo cards.
Note: instructions for using the 2.5 Element bingo workbook are on the first sheet.
Prepare a list of clues that can be read out and allow students to identify an element. Suggestions include:
The element with atomic number [insert atomic number].
The element with the symbol [insert symbol].
The element with a standard atomic weight of [insert standard atomic weight].
Differentiation: the element bingo prompts can be adjusted to help students navigate to the correct element, for example:
· A non-metal with the symbol [insert symbol]
· A lanthanoid with an atomic number of [insert atomic number]
· The element in group [insert group number] and period [insert period number].
Note: this activity can be repeated multiple times by varying the types of clues used to identify elements. For example, one round might focus on atomic numbers, while another might focus on element symbols, group or period positions or approximate standard atomic weights. Changing the clues helps reinforce different aspects of periodic table knowledge and keeps the game engaging for students.
Provide each student with a bingo card and a copy of the periodic table.
Explain the rules of the game, highlighting the following:
clues related to different elements will be read out (for example, ‘This element has atomic number 12’ or ‘This element’s symbol is Fe’)
their job is to find the matching element on their periodic table and then check whether it appears on their bingo card
encourage students to use their periodic table actively for each question before marking their card
students are to call out ‘Bingo!’ once they have completed a full row, column or diagonal.
Call out clues and keep track of the elements called in each round of the element bingo to make it easy to check the winning card(s).

[bookmark: _Toc232760964]2.6 Periodic table trends
Table 13 – learning intentions and success criteria for ‘2.6 Periodic table trends’
	We are learning:
	I can:

	about the properties of elements
	identify the trends and patterns in the periodic table, including atomic number, atomic radius and reactivity

	to process data from secondary sources.
	extract information from the periodic table of elements
annotate trends and patterns onto a periodic table. 


[bookmark: _Toc232760965]Patterns and trends – atomic number and radius
Note: students began learning about patterns in the periodic table when they completed the 2D atomic modelling activity in 2.3 Modelling atomic structure. In this activity, they learned that:
· each group in the periodic table has the same number of electrons in its outer shell (valence electrons)
· for the first 18 elements, the number of electrons in the outer shell increases by one as you move across the groups
· the number of protons increases by one as you move across the groups.
1. Tell students that a trend is a general pattern of change in the properties of elements as you move across a period or down a group in the periodic table. Students will annotate the trends on a copy of the periodic table.
Outline the trend that can be seen with atomic numbers using PRT PPT ‘2.6 Atomic number’ (1 of 2) by telling students about the following key ideas:
an atom of each element in a period has one more proton than its preceding neighbour
atomic numbers increase from top to bottom within a group of the periodic table.
Show PRT PPT ‘2.6 Atomic number’ (2 of 2) to remind students that an increase in atomic number indicates an increase in the number of protons in an atom. Students learned this when drawing the 2D atomic models of the first 18 elements.
28. Instruct students to annotate the atomic number trend on their periodic table.
Introduce the concept of atomic radius using the slide PRT PPT ‘2.6 Atomic radius’ (1 of 2) by telling students about the following key ideas:
atomic radius is a measure of the size of an atom
it is the distance from the centre of the nucleus to the outermost electron shell (see Figure 2).
[bookmark: _Ref231917401]Figure 2 – the atomic radius of an atom
[image: Diagram of an atom showing the nucleus and electron shells with an arrow to show atomic radius.]
Use PRT PPT ‘2.6 Atomic radius’ (2 of 2) to outline the key trends in atomic radius and guide students as they annotate these on their periodic table:
atomic radius decreases from left to right across a period in the periodic table
atomic radius increases from top to bottom within a group in the periodic table.
Explain the trends that can be seen with atomic radius using the diagrams produced in the previous Student resource – modelling atomic structure activity and PRT PPT ‘2.6 Explaining trends in atomic radius’ (3 slides), highlighting the following:
Electrons have a negative charge and protons have a positive charge, so they are attracted to one another. See PRT PPT ‘2.6 Explaining trends in atomic radius’ (1 of 3).
Atomic radius decreases from left to right across a period because the number of protons increases while electrons are added to the same energy level. This results in a stronger effective attraction from the nucleus, which pulls the electrons in closer. See PRT PPT ‘2.6 Explaining trends in atomic radius’ (2 of 3).
Atomic radius increases down a group because each new period adds an electron shell, making atoms larger. The extra electron shell places the outer electron shells further away from the nucleus and the inner electron shells act as a shield, reducing the pull of the nucleus on the outer electrons. See PRT PPT ‘2.6 Explaining trends in atomic radius’ (3 of 3).
Checkpoint: display PRT PPT ‘2.6 Checkpoint 1’ to check students' understanding of the trend for atomic radius using a multiple-choice question:
Which of the following statements is correct?
A. Atomic radius increases across a period.
B. Atomic radius decreases across a period.
C. Atomic radius stays the same across a period.
Table 14 – checkpoint 1 elaboration
	Response
	Elaboration

	A
	Incorrect. As you move across a period, atoms gain more protons, which pull the electrons closer to the nucleus, which means that the atomic radius gets smaller, not larger.

	B
	Correct response.

	C
	Incorrect. The atomic radius changes across a period as the number of protons increases, pulling the electrons in more tightly.


Instruct students to annotate the atomic radius trends on their periodic table.
Provide students with the Student resource – seeing the trends on the periodic table. Students engage with their annotated periodic table to respond to questions about the trends and patterns in atomic number and atomic radius.
Sample responses: Student resource – seeing the trends on the periodic table
Use your annotated periodic table to help answer these questions in the space provided.
Part A – atomic number
1. Order these elements from the lowest to the highest atomic number:
carbon (C), lithium (Li), neon (Ne), oxygen (O)
	Li, C, O, Ne


Which has the greater atomic number?
	1. Magnesium (Mg) or Sodium (Na)
	Magnesium (Mg)

	Chlorine (Cl) or Fluorine (F)
	Chlorine (Cl)


Moving across period 3 (Na to Ar), what happens to the atomic number?
	The atomic number increases from left to right.


True or false: an element with a higher atomic number always has more protons.
	True. The atomic number equals the number of protons.


 Part B – atomic radius
1. Which atom is larger?
	1. Lithium (Li) or Potassium (K)
	Potassium (it has more electron shells).

	Lithium (Li) or Fluorine (F)
	Lithium (the atomic radius decreases across a period).


Order these from the smallest to the largest atomic radius:
fluorine (F), nitrogen (N), lithium (Li)
	F, N, Li


Why does the atomic radius increase down a group?
	The atoms of each element of each period have one more shell of electrons than their preceding neighbour.


A student says oxygen atoms are bigger than carbon atoms because oxygen has more protons. Are they correct? Explain.
	Incorrect. More protons pull electrons closer, so oxygen is smaller.




[bookmark: _Student_resource_–_4][bookmark: _Ref230338343][bookmark: _Toc232760966]Student resource – seeing the trends in the periodic table
Use your annotated periodic table to help answer these questions in the space provided.
Part A – atomic number
1. Order these elements from the lowest to the highest atomic number:
carbon (C), lithium (Li), neon (Ne), oxygen (O)
	


Which has the greater atomic number?
	1. Magnesium (Mg) or Sodium (Na)
	

	Chlorine (Cl) or Fluorine (F)
	


Moving across period 3 (Na to Ar), what happens to the atomic number?
	


True or false: an element with a higher atomic number always has more protons.
	


Part B – atomic radius
1. Which atom is larger?
	1. Lithium (Li) or Potassium (K)
	

	[bookmark: _Hlk221519481]Lithium (Li) or Fluorine (F)
	


Order these from the smallest to the largest atomic radius:
fluorine (F), nitrogen (N), lithium (Li)
	


Why does the atomic radius increase down a group?
	


A student says oxygen atoms are bigger than carbon atoms because oxygen has more protons. Are they correct? Explain.
	




[bookmark: _Toc232760967]Patterns and trends – reactivity
1. Prior to the lesson, prepare equipment and materials for the teacher demonstrations to support explanations.
Introduce the concept of ‘reactivity’ using the PRT PPT ‘2.6 Reactivity’ by telling students about the following key ideas:
reactivity is a measure of how easily an element takes part in a chemical reaction
some elements react very quickly and easily, while others hardly react at all
atoms react to achieve full outer shells of electrons, which they do by losing, gaining or sharing electrons.
Note: this is a good point to consider introducing the phrase ‘stable configuration’, as it links to why atoms lose, gain or share electrons, but it should only be used as a simple term here without going into greater depth.
metals usually react by losing electrons, while non-metals usually react by gaining or sharing electrons – metalloids often show a mixture of these behaviours.
Use PRT PPT ‘2.6 Trends in reactivity’ (3 slides) to outline the key trends in reactivity and guide students as they annotate these on their periodic table:
In general, reactivity decreases as you move from left to right across a period on the periodic table. See PRT PPT ‘2.6 Trends in reactivity’ (1 of 3).
Elements in groups 1 and 2 become more reactive as you move down the group. See PRT PPT ‘2.6 Trends in reactivity’ (2 of 3).
Elements in group 17 become less reactive as you move down the group. See PRT PPT ‘2.6 Trends in reactivity’ (3 of 3).
Note: as the trend of reactivity becomes less consistent across all groups, teaching should focus on groups 1, 2 and 17, where the patterns are the most obvious and accessible to students at this stage.
Conduct a demonstration to compare the reactivity of magnesium (group 2 metal) and aluminium (group 13 metal).
1. Place a sample of each metal in separate test tubes of water – no visible reaction will occur; however, the magnesium is reacting very slowly.
1. Place another sample of each metal into 2 mol L−1 hydrochloric acid in a large test tube. The magnesium metal will react very quickly, producing bubbles of hydrogen gas. The aluminium will also react, but it will be noticeably less vigorous.
1. Student groups could move closer to the demonstration bench to see the reactions more closely. Students may feel the test tubes to see that they have heated up (particularly the magnesium test tube).
1. Lead a discussion to link the observations back to the trends in the periodic table, that is, reactivity decreases as you move across the groups on the periodic table.
Note: a demonstration of a very small amount of sodium and or calcium reacting with water would also be suitable for showing the trends in reactivity across the groups. These reactions are very vigorous and require extensive risk assessment and implementation of all control measures.
These demonstrations should only be conducted by Science teachers with appropriate chemistry training. A video showing lithium, sodium and potassium reacting is a suitable replacement when the risks cannot be suitably managed, for example, Alkali Metals Reacting with Water (3:16).
Explain the trends in reactivity using PRT PPT ‘2.6 Explaining trends in reactivity’ (2 slides) to highlight the following:
Reactivity decreases as you move from left to right across a period because the elements change from metals to non-metals. See PRT PPT ‘2.6 Explaining trends in reactivity’ (1 of 2).
Metals engage in chemical reactions by losing electrons to other species. This is because metallic atoms do not hold on to their outer-shell electrons strongly. Moving from left to right across a period, atoms hold on to their electrons more strongly. The elements towards the right-hand end of a period are non-metals that react by gaining electrons. See PRT PPT ‘2.6 Explaining trends in reactivity’ (1 of 2).
Note: the statement that ‘reactivity decreases across a period’ is a simplification for Stage 4. In reality, metals on the left lose electrons less readily across a period, while non-metals on the right become more likely to gain electrons until reaching the noble gases. At this level, it is sufficient to emphasise the general left-to-right decrease without going into exceptions.
Going down groups 1 and 2, from top to bottom, atoms have more electron shells. The outermost electrons are further from the nucleus, so they are held less tightly and are easier to lose. Because these metals tend to lose electrons, they become more reactive as they go down the group. See PRT PPT ‘2.6 Explaining trends in reactivity’ (2 of 2)
Going down group 17, atoms also have more electron shells. This means the nucleus is further away from the outer shell, making it harder for the atom to attract and gain an extra electron. Because these non-metals tend to gain electrons, they become less reactive as they go down the group. See PRT PPT ‘2.6 Explaining trends in reactivity’ (2 of 2)
Checkpoint: display PRT PPT ‘2.6 Checkpoint 2’ to check students’ understanding of trends in reactivity in the periodic table using a series of true or false statements.
· ‘Reactivity’ measures how easily an element takes part in a chemical reaction. (True.)
· Elements in group 17 become more reactive as you move down the group. (False, the reactivity of group 17 decreases as you move down the group.)
· Metals usually react by losing electrons, while non-metals usually react by gaining or sharing electrons. (True.)
Students answer questions about reactivity using the Student resource – trends in reactivity.
Identify that some groups in the periodic table are given names that reflect the shared properties of the elements within them (see Table 15). Students annotate the names of the groups on their periodic table with each slide:
group 1 – alkali metals (see PRT PPT ‘2.6 Group 1 – alkali metals’)
group 2 – alkaline earth metals (see PRT PPT ‘2.6 Group 2 – alkaline earth metals’)
groups 3 to 12 – transition metals (see PRT PPT ‘2.6 Groups 3 to 12 – transition metals’)
group 17 – halogens (see PRT PPT ‘2.6 Group 17 – halogens’)
group 18 – noble gases (see PRT PPT ‘2.6 Group 18 – noble gases’)
[bookmark: _Ref231920809]Table 15 – special groups in the Periodic table
	Group
	Why scientists created the group
	Shared characteristics

	Group 1 – alkali metals
	These elements reacted in very similar ways and formed substances called ‘alkalis’ when they reacted with water.
	Soft metals, very reactive, have one outer-shell electron

	Group 2 – alkaline earth metals
	These elements also formed alkaline compounds and were commonly found in rocks and minerals in Earth’s crust.
	Reactive metals, harder than group 1, have 2 outer-shell electrons

	Group 3 to 12 – transition metals
	These metals share properties that differ from those of group 1 and 2 metals.
	Strong, dense, good conductors often form coloured compounds

	Group 17 – halogens
	The name means ‘salt-formers’ because they easily reacted with metals to make salts.
	Very reactive non-metals, 7 outer-shell electrons

	Group 18 – noble gases
	They were called ‘noble’ because they were thought to be unreactive and did not easily combine with other elements.
	Very unreactive gases, full outer electron shell


Sample response: Student resource – trends in reactivity
Use your annotated periodic table to answer the following questions.
1. Which metal is more reactive? Provide your reasoning.
	1. Sodium (Na) or Lithium (Li)
	Sodium, because group 1 metals are more reactive than group 2 metals. 

	Calcium (Ca) or Magnesium (Mg)
	Calcium, because it is lower on the periodic table (period 4) than magnesium (period 3).


Which non-metal is more reactive – fluorine (F) or iodine (I)? Provide your reasoning.
	Fluorine is more reactive because on the non-metal side of the periodic table, the reactivity decreases as you move down the periodic table.


Across period 3 (Na to Ar), what generally happens to reactivity?
	Reactivity generally decreases across the period.


Sample response: annotated periodic table
Figure 1 – sample annotated periodic table
[image: A periodic table which has been annotated by hand to show the trends in: atomic number, atomic radius, number of electron shells, number of electrons in the outer shell and reactivity.]
This image has been adapted from Data Book: Science 7–10 from Science 7–10 Syllabus (2023) by NESA.

[bookmark: _Student_resource_–_5][bookmark: _Toc232760968]Student resource – trends in reactivity
Use your annotated periodic table to answer the following questions.
1. Which metal is more reactive? Provide your reasoning.
	1. Sodium (Na) or Lithium (Li)
	

	Calcium (Ca) or Magnesium (Mg)
	


Which non-metal is more reactive – fluorine (F) or iodine (I)? Provide your reasoning. 
	


Across period 3 (Na to Ar), what generally happens to reactivity?
	




[bookmark: _Toc232760969]2.7 Interpreting the periodic table
Table 16 – learning intentions and success criteria for ‘2.7 Interpreting the periodic table’
	We are learning:
	I can:

	about the properties of elements
	identify the trends and patterns in the periodic table, including atomic number, atomic radius, boiling point and density

	to process and represent data
	use data to draw a line graph in Microsoft Excel
include the title, axis labels and the appropriate scale in line graphs

	to analyse data.
	use data to answer a question and support a conclusion
identify patterns and trends in a dataset.


[bookmark: _Toc232760970]Periodic table dataset
Note: it is recommended that this activity be done on computers to improve students' skills in using Microsoft Excel to create data graphs. The activity could be modified to have students hand-draw the graph.
Checkpoint: display PRT PPT ‘2.7 Checkpoint’ to activate students' prior knowledge of key terms used in the activity. Students match the term to the correct definition. Responses could be collected with mini whiteboards.
· standard atomic weight: the average mass of atoms in an element. It is equal to the number of protons and neutrons in an atom.
· atomic radius: the distance from the centre of an atom to the outer electron shell.
· density: a measure of how tightly packed the particles in a substance are.
· boiling point: the temperature at which the vapour pressure of the liquid equals the pressure surrounding the liquid and the liquid changes into a vapour.
1. Ensure each student has access to a laptop or a similar device. 
Provide students with access to the Microsoft Excel file 2.7 Periodic table data workbook required for this activity and a copy of the Student resource – Periodic table dataset activity.
Direct students to open the workbook and follow the instructions in the student resource. Demonstrate how to construct a suitable graph in Microsoft Excel for the standard atomic weight of the first 54 elements. Students will use the same method to create graphs for the other variables.
Guide students in analysing their results and promote further understanding by addressing and discussing the sample responses.
Differentiation: provide support by guiding students to use Microsoft Excel’s Max and Min functions to find the highest and lowest values in a property column (for example, boiling point). This helps them identify the range before describing a pattern. Conditional formatting can also be applied to create a colour gradient, visually showing how the data varies across the elements.


Sample response: Student resource – periodic table dataset activity
Note: stimulus material has been removed from the sample response.
Part 1 – standard atomic weight
Figure 1 – the standard atomic weight of the first 54 elements of the periodic table (sample response)

Question
1. What overall trend can you see as the atomic number increases?
	The standard atomic weight generally increases with the atomic number.
Note: it may be beneficial to highlight that, while the overall trend is upward, the graph is not perfectly smooth. This is due to the effect of isotopes; however, at this stage, students only need to recognise the overall trend, not the cause of the small variations.
There is a gap in the graph for technetium because it has no stable isotopes.


Part 2 – atomic radius
Figure 2 – graph showing the atomic radius of the first 54 elements of the periodic table (sample response)

Questions
1. Which atomic numbers form the 3 tallest peaks on your graph?
	The 3 tallest peaks correspond with atomic numbers 11 (sodium), 19 (potassium), 37 (rubidium).


Which group do these elements belong to?
	These elements are alkali metals, located in group 1.


How many elements occupy the space between 2 consecutive peaks?
	Students can respond with either:
There are 8 elements between sodium and potassium.
There are 18 elements between potassium and rubidium.


Why does the atomic radius peak at the start of each period on the periodic table? Complete the cloze passage to answer the question.
Word bank for questions d and e: increases, decreases, closer, left to right, stronger, bottom, outer, reducing
	As you move from left to right across a period, the atomic radius decreases. This happens because the number of protons increases. The electrons are still being added to the same electron shell, so the stronger positive charge of the nucleus creates a greater attraction for the electrons. This pulls the outer electrons closer to the nucleus, causing the atom to become smaller.


Sodium, potassium and rubidium are all group 1 elements (the 3 tallest peaks). Why does the atomic radius increase as you go down a group in the periodic table? Complete the cloze passage to answer the question.
	As you move from top to bottom within a group, the atomic radius increases. This is because each new element has more electron shells. The outer electrons are located further from the nucleus and the inner electrons provide shielding, reducing the pull of the nucleus. This causes the atom to become larger.


Part 3 – density
Figure 3 – graph showing the density of the first 54 elements of the periodic table (sample response)

Questions
1. Which atomic numbers form the lowest points on your graph?
	The lowest points on the graph correspond with the atomic numbers 1 (hydrogen), 2 (helium), 7 (nitrogen), 8 (oxygen), 9 (fluorine), 10 (neon), 17 (chlorine), 18 (argon), 36 (krypton) and 54 (xenon).


What do all these elements have in common?
	All these elements are gases at room temperature.


Part 4 – boiling point
Figure 4 – graph showing the boiling point of the first 54 elements of the periodic table (sample response)

Questions
1. Which 2 elements in your graph have the highest boiling points and what type of elements are they?
	Niobium and molybdenum. They are transition metals.


Which elements in your graph have very low boiling points, and what do they have in common?
	Hydrogen, helium, nitrogen, oxygen, fluorine, neon, argon, krypton and xenon have the lowest boiling points. They are all non-metals.


The boiling point data has been presented as a line graph. Justify why this type of graph is appropriate for displaying this data.
	A line graph is appropriate because the boiling point data shows how a value changes in an ordered sequence (across atomic numbers). A line graph makes it easy to see patterns, such as increases, decreases, or sudden changes in boiling point, and helps to identify relationships between neighbouring data points.
A column graph is less suitable because it is primarily used to compare separate categories, not to show how values change over a continuous range.
A scatter graph is not appropriate because it is used to show the relationship between 2 independent variables. In contrast, this data focuses on how a single value (the boiling point) varies across an ordered set.




[bookmark: _Student_resource_–_6][bookmark: _Ref230347668][bookmark: _Toc232760971]Student resource – periodic table dataset activity
The periodic table is full of patterns that show how elements change across periods and down groups. In this activity, you will use Microsoft Excel to graph data about different element properties. By looking at your graphs, you will find trends and see how the periodic table helps scientists make sense of the elements.
Part 1 – standard atomic weight
Instructions
Plot a line graph showing the standard atomic weight of the first 54 elements.
Add axis labels and a title to your graph.
Use your graph to answer the question.
Question
1. What overall trend can you see as the atomic number increases?
	


Part 2 – atomic radius
Instructions
Plot a line graph showing the atomic radius of the first 54 elements.
Add axis labels and a title to your graph.
Use your graph to answer the questions.
Questions
1. Which atomic numbers form the 3 tallest peaks on your graph?
	


Which group do these elements belong to?
	


How many elements occupy the space between 2 consecutive peaks?
	


Why does the atomic radius peak at the start of each period on the periodic table? Complete the cloze passage to answer the question.
Word bank for questions d and e: increases, decreases, closer, left to right, stronger, bottom, outer, reducing
	As you move from ______________ across a period, the atomic radius ___________. This happens because the number of protons increases. The electrons are still being added to the same electron shell, so the ___________ positive charge of the nucleus creates a greater attraction on the electrons. This pulls the outer electrons ________ to the nucleus, causing the atom to become smaller.


Sodium, potassium and rubidium are all group 1 elements (the 3 tallest peaks). Why does the atomic radius increase as you go down a group in the periodic table? Complete the cloze passage to answer the question.
	As you move from top to _________ down a group, the atomic radius __________. This is because each new element has more electron shells. The ______ electrons are located further from the nucleus and the inner electrons provide shielding, __________ the pull of the nucleus. This causes the atom to become larger.


Part 3 – density
Instructions
Plot a line graph showing the density of the first 54 elements.
Add axis labels and a title to your graph.
Use your graph to answer the questions.
Questions
1. Which atomic numbers form the lowest points on your graph?
	


What do all these elements have in common?
	


Part 4 – boiling point
Instructions
Plot a line graph showing the boiling point of the first 54 elements.
Add axis labels and a title to your graph.
Use your graph to answer the questions.
Questions
1. Which 2 elements in your graph have the highest boiling points and what type of elements are they?
	


Which elements in your graph have very low boiling points and what do they have in common?
	


The boiling point data has been presented as a line graph. Justify why this type of graph is appropriate for displaying this data.
	




[bookmark: _Toc232760972]2.8 Historical development of the periodic table
Table 17 – learning intentions and success criteria for ‘2.8 Historical development of the periodic table’
	We are learning:
	I can:

	to explain how discoveries have changed our understanding of element properties
	describe key discoveries that helped create the periodic table
outline how a scientist’s work showed an understanding of element properties

	to process and represent data
	identify similarities and differences between element properties
organise element cards into groups based on the different properties

	to analyse data.
	identify chemical and physical relationships in the periodic table.


[bookmark: _Toc232760973]History of the periodic table
Note: in this activity, you will unpack the work of a range of scientists to arrange elements based on their understanding of element properties. Additional notes are summarised in Table 18. After unpacking each scientist's work, sort the element cards. By grouping, ordering and reorganising elements, students will explore the contributions of Mendeleev, Döbereiner, Newlands and Moseley and see how each step demonstrates understanding of the chemical and physical properties of elements.
1. Tell students that, like the model of the element, the periodic table was changed by scientists when new evidence came to light. Many scientists contributed to the development of the periodic table that we use today.
Display PRT PPT ‘2.8 Johann Döbereiner’ (2 slides) to unpack Döbereiner's arrangement of elements into triads that shared similar chemical properties.
Provide students with a copy of the Student resource – history of the Periodic table card sort activity. Students will complete the Döbereiner sorting activity by:
1. cutting out the cards
arranging the element cards into groups of 3 based on similar properties
placing the groups of 3 into a sequence based on their atomic mass
calculating the mean mass of the first and third elements and comparing them to the mass of the second element 
answering the question in the student resource.
Differentiation: provide support by modelling one triad on the board (for example, Li–Na–K) before students begin. This helps them understand what ‘similar properties’ look like and how to check whether the middle element’s mass is close to the average of the other 2.
Display PRT PPT ‘2.8 John Newlands’ (2 slides) to unpack Newlands’ observation that element properties repeated in a pattern when arranged by atomic mass.
Students complete the Newlands sorting activity in the student resource by:
1. arranging all the elements in order of atomic mass
looking across the order to see if any elements with similar properties appear at similar intervals
answering the question in the student resource.
Differentiation: extend students by asking them to identify where Newlands’ pattern breaks down and discuss why. For example, ask, ‘When you reach iron and argon, does the pattern still work? What’s different about these elements?’ Students should recognise that, in both cases, the properties of these elements differ markedly from those of the surrounding elements, highlighting the limits of Newlands’s pattern.
Display PRT PPT ‘2.8 Dmitri Mendeleev’ (2 slides) to unpack how Mendeleev created the first widely accepted periodic table by arranging the periodic table in horizontal rows based on their atomic mass, grouping elements with similar chemical properties and leaving gaps for undiscovered elements.
Display PRT PPT ‘2.8 Henry Mosely’ (2 slides) to unpack how Moseley determined that it was the atomic number rather than atomic mass that was responsible for an element's chemical properties.
Students complete the Moseley sorting activity in the student resource by:
1. starting with the cards arranged by atomic mass
1. focusing on the cards for argon and potassium, students consider their order when arranged by mass and then by properties to notice that if they were sorted by properties, then argon would come before potassium
1. placing argon before potassium 
1. using the periodic table to write the atomic numbers on the ordered cards – students should see that the atomic numbers are now in order (with missing elements in between)
1. answering the questions in the student resource.
[bookmark: _Ref231926158][bookmark: _Ref230424779]Table 18 – scientists contributing to the development of the periodic table
	Scientist
	Contribution
	How their work demonstrated an understanding of element properties

	Johann Döbereiner
	Arranged elements into groups of 3, called ‘triads’, that shared similar chemical properties, for example, chlorine, bromine and iodine
Noticed that the atomic mass of the middle element in the triad was roughly the average of the other 2
	Döbereiner’s triads demonstrated that elements could be grouped by their similar reactions (chemical properties) and by patterns in atomic mass (physical properties).

	John Newlands
	Observed that element properties repeated in a pattern when arranged by atomic mass
Proposed the ‘law of octaves’, which stated that when elements are arranged by increasing atomic mass, every eighth element had similar properties
	Newlands recognised that elements repeat in patterns, linking atomic mass (physical property) to recurring chemical behaviour. Even though it did not work for all elements, it still showed a clear repeating pattern.

	Dmitri Mendeleev
	Created the first widely accepted periodic table by arranging the elements in horizontal rows based on their atomic mass
Grouped elements with similar chemical properties into the same vertical columns
Left gaps in his table for undiscovered elements and successfully predicted their properties, for example, germanium
	Mendeleev’s table was significant because he used chemical properties to guide placement, even when this meant breaking strict order by mass. His ability to predict the properties of unknown elements showed a deep understanding of how physical and chemical characteristics fit into patterns.

	Henry Moseley
	Determined that the chemical properties of an element are determined by its atomic number rather than its atomic mass
Corrected inconsistencies in Mendeleev’s table, for example, argon and potassium
	By using atomic number, Moseley refined the table so that trends in reactivity, bonding and physical characteristics lined up perfectly. This proved that the periodic table reflects atomic number, a basic physical property of atoms, rather than atomic mass.


Note: when discussing the historical development of the periodic table, use the wording ‘atomic mass’ rather than substituting ‘standard atomic weight’. Early scientists, such as Newlands and Mendeleev, worked with approximate atomic masses, as the concept of isotopes and the modern definition of standard atomic weight had not yet been developed. Using the historically accurate term helps avoid confusion for students while still linking to their Stage 4 understanding of the periodic table.
Sample response: Student resource – history of the periodic table card sort activity
Note: stimulus material has been removed from the sample response.
Part 1 – be Döbereiner
Figure 1 – element cards (sample response)
[image: A sample student response to the grouping activity.]
Question
When you grouped elements into triads, how did the atomic mass of the middle element compare to the other 2?
	The mass of Na is close to the average of Li and K, and the mass of Br is close to the average of Cl and I.


Part 2 – be Newlands
Figure 2 Newlands sorting activity in order of atomic mass (sample response)
[image: Sample response for the Newlands sorting activity in order of atomic mass.]
Question
When you arranged the cards by increasing mass, which elements showed repeating properties and where did the pattern break down?
	Students may identify repeating patterns with Li–Na–K or Cl–Br–I. 
Fe does not fit into a pattern, and Ar and Ca are also out of place in this sequence.


Part 3 – be Moseley
Figure 3 –Moseley sorting activity with atomic numbers beneath each element (sample response)
[image: Sample response for the Moseley sorting activity with atomic numbers beneath each element.]
Questions
When you compared argon and potassium, what problem appeared when ordering by mass and how was it solved by ordering differently?
	When focusing on mass, potassium should come before argon, but this does not align with their properties (argon is an unreactive gas, while potassium is a reactive metal).


Were the atomic numbers in order after swapping argon and potassium?
	Yes.


Conclusion
After completing all 3 parts, what overall conclusion can you make about the best way to organise the periodic table?
	The best way to organise the periodic table is by atomic number.
Arranging by atomic number accounts for both physical properties (such as increasing mass) and chemical properties (such as reactivity).
Note: reinforce that the modern periodic table is based on atomic number because it consistently matches observed patterns.




[bookmark: _Student_resource_–_7][bookmark: _Ref230426749][bookmark: _Toc232760974]Student resource – history of the periodic table card sort activity
Introduction
Several scientists built the periodic table we use today step by step. In this activity, you will be the scientist and use element cards to see how the periodic table developed.
Figure 1 – element cards
[image: Element sort cards showing the atomic mass and properties of lithium, sodium, potassium, calcium, iron, chlorine, bromine, iodine, argon, oxygen]
Part 1 – be Döbereiner
Instructions
1. Cut out and spread out all 10 element cards so they are visible.
Group 3 elements together that show similar properties.
Repeat step 2 to make a second group of 3.
Check how the atomic mass of the middle element compares to the other 2.
Question
When you grouped elements into triads, how did the atomic mass of the middle element compare to the other 2?
	


Part 2 – be Newlands
Instructions
1. Arrange all the element cards in order of increasing atomic mass.
1. Look across the order to see if any elements with similar properties appear at regular intervals.
Question
When you arranged the cards by increasing mass, which elements showed repeating properties and where did the pattern break down?
	


Part 3 – be Moseley
Instructions
1. Start with the element cards sorted by atomic mass.
1. Focus on the cards for argon and potassium.
1. Compare their order if you arrange them by mass.
1. Compare their order if you arrange them by properties.
1. Shift argon before potassium.
1. Use the periodic table to write the atomic number on each of the element cards.
Questions
When you compared argon and potassium, what problem appeared when ordering by mass  and how was it solved by ordering differently?
	


Were the atomic numbers in order after swapping argon and potassium?
	


Conclusion
After completing all 3 parts, what overall conclusion can you make about the best way to organise the periodic table?
	




[bookmark: _Toc232760975]2.9 Making predictions
Table 19 – learning intentions and success criteria for ‘2.9 Making predictions’
	We are learning:
	I can:

	about the properties of elements
	explain how the periodic table can be used to make predictions
recognise that discoveries and observations by scientists led to improvements in the periodic table
predict the properties of an unknown element

	to process data and information
	identify key facts from element information cards
extract information from an annotated periodic table

	to analyse data.
	make predictions about the properties of unknown elements based on patterns and trends in the periodic table.


[bookmark: _Toc232760976]Predicting the properties of molybdenum
1. Reinforce the predictive power of the periodic table, highlighting the following:
the periodic table is not just a list of elements, but a tool for predicting their properties.
by knowing an element’s position, scientists can make informed predictions about its appearance, behaviour, and the types of compounds it will form.
Watch The genius of Mendeleev's periodic table – Lou Serico (4:24) on PRT PPT ‘2.7 Mendeleev’s periodic table’ to show students how scientists predicted the properties of undiscovered elements.
Outline Mendeleev’s prediction of germanium using PRT PPT ‘2.7 The prediction of germanium’ (3 slides) to highlight the following:
Mendeleev left gaps in his table where no known element fit
one gap was below silicon, which he called ‘eka-silicon’
he predicted it would
have an atomic mass of about 72
have a density of around 5.5 g/cm3
appear grey
be metallic
when germanium was discovered in 1886, its properties closely matched these predictions, proving the periodic table could be used to predict properties of undiscovered elements.
Note: while germanium is the most famous example, Mendeleev also successfully predicted the existence and properties of other elements, including gallium (eka-aluminium) and scandium (eka-boron). It is possible to explore these additional examples with students to further illustrate how the periodic table was used to predict the chemical and physical properties of elements.
Introduce the Student resource – predicting the properties of molybdenum by telling students that they will investigate an unfamiliar element, molybdenum, and attempt to predict its properties using only the periodic table.
Instruct students to locate molybdenum on their periodic table (group 6, period 5).
Differentiation: provide support by modelling one prediction as a class before students work independently (for example, predicting the appearance of molybdenum). Use the periodic table to show how patterns across a group help scientists make educated guesses. This step ensures all students understand the link between position and property before applying it themselves.
Checkpoint: display PRT PPT ‘2.9 Checkpoint’ to check that students can locate molybdenum on the periodic table. Ask students:
· Which group does molybdenum belong to? (Molybdenum belongs to group 6.)
· Which other elements are in the same group? (Group 6 also contains chromium, tungsten and seaborgium.)
Students are to work through the questions in the student resource. Information cards for chromium and tungsten can be found in PRT PPT ‘2.9 Chromium and tungsten’ to facilitate a discussion of their properties and support students.
Discuss the actual properties of molybdenum by displaying PRT PPT ‘2.9 Molybdenum’ and allow students time to reflect on the process.
56. Guide students in analysing their results and promote further understanding by addressing and providing sample responses.
Sample responses: Student resource – predicting the properties of molybdenum
Note: stimulus material has been removed from the sample response.
Questions
1. Use molybdenum’s position on the periodic table to determine what type of element it is.
	Molybdenum is a metal that is located within the transition metal block at the centre of the periodic table.


58. Use the information about chromium and tungsten to predict what properties molybdenum might have.
	Molybdenum is likely a hard, silvery metal with a high melting point.


Look at the other elements in the same period as molybdenum. How might molybdenum’s properties differ from theirs as you move across the period?
	As you move from left to right across the period, elements become less metallic and more non-metallic in character.
Note: students may also note that reactivity generally decreases as you move from left to right, as does conductivity.
Highlight that molybdenum is midway through the period, indicating it exhibits strong metallic properties. In contrast, elements farther to the right (such as non-metals) tend to have lower conductivity and greater reactivity with metals.


Based on what you have learned, describe what you think molybdenum might look like and suggest one possible use for it.
	Molybdenum is likely to be silvery, shiny and solid at room temperature. Since tungsten and chromium are used in alloys, it is likely that molybdenum is also used in metal alloys that require a high melting point.


Reflection
Which of your predictions matched the actual properties revealed by your teacher?
	Note: responses will vary depending on students’ predictions above. Use PRT PPT ‘2.9 Molybdenum’ to show students the actual properties. Responses should compare students’ predictions to the actual properties.


59. How does the periodic table help scientists make predictions about elements they are less familiar with?
	The periodic table organises elements based on atomic number and recurring properties, allowing scientists to infer chemical and physical characteristics from an element’s group and period position.
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The periodic table can be used to make predictions about elements, even those you may not have studied before. In this activity, you will use the position of molybdenum in the periodic table and information about nearby elements to predict its properties, appearance and possible uses.
Questions
1. Use molybdenum’s position on the periodic table to determine what type of element it is.
	


Information on chromium and tungsten, 2 elements that belong to the same group as molybdenum, is provided below. 
Figure 1 – physical properties and common uses of chromium and tungsten
[image: Information cards showing the physical properties and common uses of chromium and tungsten.

Text reads: Cr (chromium)

Physical properties
• Hard, shiny, silvery metal
• High melting point
• Resistant to corrosion

Common uses
• Used to produce alloys which resist rust
• Used to coat other metals for protection and to give them a shiny finish (chrome plating)
• Used in pigments and dyes for its bright colours

W (tungsten)

Physical properties
• Dense and heavy metal
• Very high melting point
• Hard and strong even at high temperatures

Common uses
• Used in light bulb filaments and electrical contacts due to its high melting point
• Found in cutting tools and drill bits
• Used in alloys to increase their hardness and durability.


]
61. Use the information about chromium and tungsten to predict what properties molybdenum might have.
	


62. Look at the other elements in the same period as molybdenum. How might molybdenum’s properties differ from theirs as you move across the period?
	


63. Based on what you have learned, describe what you think molybdenum might look like and suggest one possible use for it.
	


Reflection
64. Which of your predictions matched the actual properties revealed by your teacher?
	


65. How does the periodic table help scientists make predictions about elements they are less familiar with?
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1. Ensure students have access to their:
annotated periodic table from 2.6 Periodic table trends
coloured periodic table from 1.1 Classifying matter: identify metals, non-metals and metalloids
atomic models of the first 18 elements from 2.3 modelling atomic structure.
Note: students could be provided with the sample responses for the above activities if they have misplaced their own copies.
Provide students with a copy of the Student resource – predicting the properties of elements. Students use their annotated periodic tables to make predictions about elements based on their locations on the table and to answer the questions in the resource. 
Discuss the answers using the sample response to ensure students have understood how to use their annotated periodic tables and atomic models to answer the questions: 
1. Reaction of Bromine and Aluminium (1:05) found in PRT PPT ‘2.9 Element Y’ can be used to show students the properties of element Y in question 1.
Revisit the reactivity of group 1 metals after going through the answers for question 2. Alkali Metals – 20 Reactions of the alkali metals with water (6:16) in PRT PPT ‘2.9 Reactivity of group 1 metals’ demonstrates the reactivity of all the group 1 metals in a controlled manner (it includes elements that are not possible to demonstrate in a school laboratory).
Sample response: Student resource – predicting the properties of elements
Note: stimulus material has been removed from the sample response.
1. Scientists have discovered element Y. It sits in group 17 and period 4. Use your annotated periodic table to predict its properties and answer the multiple-choice questions and then provide your reasoning:
1. Element Y is likely to be a:
metal
non-metal
metalloid
noble gas
Element Y will probably
be very unreactive
react easily with metals
conduct electricity well
Explain your reasoning using patterns in the periodic table.
	Elements in group 17 are halogens. They are non-metals that readily react with metals. As you move down group 17, the elements become less reactive, so element Y (bromine on the periodic table) would likely be less reactive than chlorine and fluorine, but more reactive than iodine.


Scientists have discovered a new element called element X. Element X has not been fully studied, but scientists know it has an atomic number of 119 and it would sit directly below francium in group 1 of the periodic table.
Use your understanding of patterns and trends in the periodic table to predict its properties.
Table 1 – predictions and reasoning for element X
	Property
	Prediction
	Reasoning

	Metal, non-metal, or metalloid
	Metal
	Element X is in group 1. All group 1 elements are metals.

	Physical state
	Solid
	Other group 1 metals (for example, lithium, sodium, potassium) are solids at standard atmospheric pressure.

	Reactivity
	Very reactive
	Reactivity increases down group 1 because the outer electron is further from the positive nucleus and easier to lose.

	Electrical conductivity
	Good electrical conductor
	Metals are good conductors of electricity.

	Number of electrons in outer shell
	One
	All group 1 elements have one electron in their outer shell.
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Today, the periodic table contains over 100 elements, but when scientists first developed it, many elements had not yet been discovered.
In 1869, a scientist named Dmitri Mendeleev organised the known elements into rows and columns based on their properties. As he did this, he noticed that elements with similar properties repeated in patterns.
However, Mendeleev found something unusual. Some places in his table seemed empty. Instead of filling these spaces with the wrong element, he left gaps because he believed undiscovered elements should fit there.
1. Scientists have discovered element Y. It sits in group 17 and period 4. Use your annotated periodic table to predict its properties and answer the multiple-choice questions and then provide your reasoning:
1. Element Y is likely to be a:
metal
non-metal
metalloid
noble gas
Element Y will probably:
be very unreactive
react easily with metals
conduct electricity well
Explain your reasoning using patterns in the periodic table.
	


Scientists have discovered a new element called element X. Element X has not been fully studied, but scientists know it has an atomic number of 119 and it would sit directly below francium in group 1 of the periodic table.
Use your understanding of patterns and trends in the periodic table to predict its properties.
Table 1 – predictions and reasoning for element X
	Property
	Prediction
	Reasoning

	Metal, non-metal, or metalloid
	
	

	Physical state
	
	

	Reactivity
	
	

	Electrical conductivity
	
	

	Number of outer shell electrons
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Atomic structure of the first 18 elements of the periodic table
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