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[bookmark: _Toc230021333]Overview
Stage and learning area: Stage 5 Science
Description: this resource complements the Reactions 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 students' needs.
Duration: while timing will vary by mode of delivery, differentiation strategies employed and class or school context, this series of activities should take approximately 9 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 Reactions sample program of learning. Some activities also reference the Reactions slide deck (identified as RXN PPT throughout this document).
[bookmark: _Toc230021334]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 5 reading – Vocabulary in context page. A glossary containing Tier 3 vocabulary related to the essential question ‘How do nuclear reactions affect our lives and the world around us?’ 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 Reactions TRB3
	Term
	Definition

	Alpha (decay)
	Radioactive disintegration in which positively charged particles composed of 2 protons and 2 neutrons (and therefore equivalent to the nucleus of a helium atom) are emitted (NESA 2025).

	Beta (decay)
	A radioactive transformation in which high-energy, high-speed electrons are emitted (NESA 2025).

	Fission
	A process where the nucleus of an atom splits into two or more smaller nuclei, releasing a large amount of energy in the form of heat and radiation (NESA 2025).

	Fusion (nuclear)
	A process in which 2 or more atomic nuclei combine to form a single, heavier nucleus, releasing a large amount of energy in the process (NESA 2025).

	Half-life
	[bookmark: _Hlk221192151]The time taken for half of the atoms in a radioactive isotope sample to undergo radioactive decay.

	Isotope
	Variants of a chemical element that have the same number of protons but different numbers of neutrons in their nuclei (NESA 2025).

	Radiation
	The energy or particles that are released during radioactive decay (NESA 2025).

	Radioactive
	A substance that emits radiation as its nucleus decays (NESA 2025).

	Radioisotopes
	Isotopes of elements that have an unstable nucleus and undergo spontaneous radioactive decay.




[bookmark: _Toc230021335]3.1 Nuclear decay reactions
Table 2 – learning intention and success criteria for ‘3.1 Nuclear decay reactions’
	We are learning:
	I can:

	to describe nuclear reactions.
	identify the conditions that produce alpha and beta decay
write equations to represent alpha and beta decay reactions
predict the products of alpha and beta decay.


[bookmark: _Hlk210051060]Background information
Nuclear decay reactions appear to violate the law of conservation of mass. Radioactive isotopes undergo nuclear reactions where mass does not appear to be conserved. This concept is abstract and may be difficult for students. Teachers should explain to students that nuclear decay reactions differ from chemical reactions in the following ways:
· chemical reactions involve bond formation and bond breaking, while nuclear decay reactions do not involve bond formation or bond breaking
· chemical reactions involve electrons, while nuclear decay reactions involve nucleons (protons and neutrons)
· chemical reactions involve the formation of new substances through atomic rearrangements (no new elements are formed). In contrast, new elements are formed during nuclear decay (this is called nuclear transmutation – the conversion of one chemical element or isotope into another, occurring when the number of protons or neutrons within an atom's nucleus changes. This process may occur naturally through radioactive decay or stellar nucleosynthesis or artificially via nuclear reactions).
In nuclear decay reactions, mass is converted to energy. The mass change is so small that we usually do not notice it, but it is converted into energy. In fission or fusion, a tiny amount of ‘missing’ mass is converted into a massive amount of energy. As with mass changes in chemical reactions, nuclear decay reactions must not be considered in isolation from their environment (system). Often, this involves invoking Einstein’s law of mass–energy equivalence: E = mc2. Therefore, the law of conservation of mass is sometimes modified to the law of conservation of mass–energy when referring to nuclear decay reactions.
[bookmark: _Toc230021336]Isotopes
Review atomic structure and notation using RXN PPT ‘3.1 Atomic structure’ to ensure students can determine the number of protons and neutrons from mass number and atomic number. Students first learn about atomic structure and determining number of protons, neutrons and electrons in an element in the Stage 4 Periodic table and atomic structure focus area – found in Lesson sequence ‘2.3 Modelling atomic structure’.
Checkpoint: students determine the number of neutrons (12), protons (11) and electrons (11) in Na-23 from the mass number and atomic number using RXN PPT ‘3.1 Checkpoint’.
[bookmark: _Hlk210050021]Use RXN PPT ‘3.1 Isotopes’ to define ‘isotopes’ as variants of an element, all of which have the same number of protons but differ in the number of neutrons in their nuclei (NESA 2025). Using carbon-12 (C-12) and carbon-14 (C-14) as examples of isotopes, unpack how the additional neutrons in carbon-14 add to the mass of the element.
Define ‘radioisotopes’ as isotopes that have an unstable nucleus and undergo spontaneous decay using RXN PPT ‘3.1 Isotopes’. Carbon-14 is provided as an example of a radioisotope.
Display RXN PPT ‘3.1 Atomic mass’ to unpack that the atomic mass shown on the periodic table is the mean mass of the atoms in a naturally occurring sample, which is why the mass is often not a whole number. Use the example of carbon and chlorine to demonstrate the isotopic proportions in each element.
Provide students with the Student resource – isotopes and access to the periodic table from the Data Book: Science 7–10. Support students to determine the number of protons, neutrons and electrons in neutral isotopes.
Note: neutral isotopes are those in their standard, electrically neutral state, where the number of electrons orbiting the nucleus equals the number of protons in the nucleus.

Sample response: Student resource – isotopes
Note: additional stimulus information has been removed from the sample response.
1. Annotate (add labels to identify what each symbol represents) in the following notation for carbon-12.
[image: Annotated notation of carbon-12, indicating a mass number of 12 and an atomic number of 6.]
Identify the number of protons, neutrons and electrons in a neutral atom of each of the following isotopes.
Table 3 – composition of isotopes
	Isotope
	Protons
	Neutrons
	Electrons

	carbon-12
	6
	6
	6

	carbon-14
	6
	8
	6

	nitrogen-14
	7
	7
	7

	uranium-235
	92
	143
	92

	uranium-238
	92
	146
	92


[bookmark: _Hlk210055128]

[bookmark: _Student_resource_–][bookmark: _Ref216080500][bookmark: _Toc230021337]Student resource – isotopes
1. Annotate (add labels to identify what each symbol represents) the following notation for carbon-12.
[image: Symbol of carbon-12, showing a mass number of 12 and an atomic number of 6.]
Identify the number of protons, neutrons and electrons in a neutral atom of each of the following isotopes.
Neutral isotopes are those in their standard, electrically neutral state, where the number of electrons orbiting the nucleus equals the number of protons in the nucleus.
· Use your periodic table to determine the number of protons and electrons.
· Determine the number of neutrons by subtracting the number of protons from the mass number (in the isotope name).
Table 1 – composition of isotopes
	Isotope
	Protons
	Neutrons
	Electrons

	carbon-12
	
	
	

	carbon-14
	
	
	

	nitrogen-14
	
	
	

	uranium-235
	
	
	

	uranium-238
	
	
	




[bookmark: _Toc230021338]Radioactive decay
1. Tell the story about the discovery of radiation.
Story: Henri Becquerel discovered radiation almost by accident in 1896. He was studying phosphorescence – how some materials glow after being exposed to sunlight. Becquerel thought that certain minerals, such as uranium salts, might absorb sunlight and then emit invisible rays, similar to X-rays, which had just been discovered.
To test this, he placed a sample of uranium salt on top of a photographic plate wrapped in black paper, expecting that sunlight would ‘charge’ the mineral and cause it to emit rays strong enough to fog the plate. But then came a few cloudy days in Paris and he could not expose his samples to the sun. He put the wrapped plate and uranium salt away in a drawer.
When he later developed the plate, he was shocked to find a clear, strong image left behind. The uranium had emitted energy on its own, without sunlight. This showed that uranium was emitting a new kind of invisible radiation from within the atom.
This accident was the first step towards the discovery of radioactivity, which Marie and Pierre Curie later explored in greater depth.
[bookmark: _Hlk211194989]Display RXN PPT ‘3.1 Introducing stable and unstable nuclei’ and play the video Stable and Unstable Nuclei | Radioactivity | Physics | FuseSchool (4:53) to introduce students to radioactive decay. Display RXN PPT ‘3.1 Types of radioactive decay’ to summarise the information shared in the video. This summary is also provided in Table 4.
Note: in this learning sequence, only alpha and beta minus decays are covered. Throughout the sequence, beta minus decay is referred to as ‘beta decay’ because it is the most common type of beta decay. Students do not need to learn about beta plus decay in detail.
[bookmark: _Ref229152468]Table 4 – summary of the types of radioactive decay
	Type of decay
	Mass number after decay
	Atomic number after decay (number of protons)
	Emitted particle
	Comments

	Alpha (α)
	The mass number reduces by 4.
	The atomic number reduces by 2.
	Alpha particle.
	An alpha particle is made of 2 neutrons and 2 protons.
Since the atomic number changes, a new element will be formed.

	Beta minus (β−)
	No change to the mass number.
	The atomic number increases by one.
	Beta particle (an electron).
	A neutron changes into a proton and loses an electron.
Since the atomic number changes, a new element will be formed.

	Beta plus (β+)
	No change to the mass number.
	The atomic number decreases by one.
	Positron.
	A proton changes into a neutron and loses a positron.
Since the atomic number changes, a new element will be formed.


Explain what is shown on RXN PPT ‘3.1 Unstable nuclei’ (2 slides), noting the information in the key and the axis. Describe the conditions under which nuclei become unstable and explain what happens, using the information on the slides. Tell students that if the neutron-to-proton ratio is too high, beta decay occurs (using carbon-14 as an example), and that in massive nuclei, such as uranium-238 (U-238), alpha decay often occurs.
Alpha decay occurs in isotopes with very heavy nuclei, typically atomic numbers 83 or higher. These nuclei become more stable by shedding some mass and charge. In alpha decay, the unstable nucleus releases an alpha particle, which consists of 2 protons and 2 neutrons (a helium nucleus), resulting in a decrease of 2 in the atomic number and 4 in the mass number.
Beta decay occurs in nuclei that have too many neutrons compared to protons. To achieve greater stability, a neutron transforms into a proton within the nucleus. This change emits a beta particle, an electron, which raises the atomic number by one but does not alter the mass number.
For interest: if you think your students are interested, you can tell them about positron decay and its use in PET (positron emission tomography) scans using RXN PPT ‘3.1 Positron decay and PET scans’
[bookmark: _Hlk210055749]Use slides RXN PPT ‘3.1 Beta decay’ (2 slides) to explain why C-14 undergoes beta decay and model how to predict the products of beta decay reactions. Explain to students how the element is changed due to the gaining of a proton and a change to the atomic number, but the mass number remains the same. Students use the periodic table to predict the resulting element.
Students write equations representing beta decay in the Student resource – radioactive decay.
Use slides RXN PPT ‘3.1 Alpha decay’ (2 slides) to explain why U-238 undergoes alpha decay and model how to predict the products of alpha decay reactions.
Students write equations representing alpha decay in Student resource – radioactive decay.
Explain that many of the products of decay reactions are themselves unstable and continue to decay. Use RXN PPT ‘3.1 Decay series’ (slide 1 of 3) to illustrate this by stepping though each decay that occurs to uranium-238 until it becomes the stable lead-206 (Pb-206).
Display RXN PPT ‘3.1 Decay series’ (slide 2 of 3) and support students to interpret the decay series graph to complete the decay equations. Display the sample answers in RXN PPT ‘3.1 Decay series’ (slide 3 of 3).
Sample response: Student resource – radioactive decay
Note: additional stimulus information has been removed from the sample response.
1. The following isotopes all undergo beta decay. Complete the equations to show this.
	  
  
  
  
  


The following isotopes all undergo alpha decay. Complete the equations to show this.
	  
  
  
  
  


Fill in the missing particles.
	





[bookmark: _Student_resource_–_1][bookmark: _Ref214281116][bookmark: _Toc230021339]Student resource – radioactive decay
‘Alpha decay’ occurs in isotopes with very heavy nuclei, typically atomic numbers 83 or higher. In alpha decay, the unstable nucleus releases an alpha particle, which consists of 2 protons and 2 neutrons (a helium nucleus), resulting in a decrease of 2 in the atomic number and 4 in the mass number. Alpha decay can be represented by:


‘Beta decay’ occurs in nuclei that have too many neutrons compared to protons. To achieve greater stability, a neutron transforms into a proton within the nucleus. This change emits a beta particle, an electron, which raises the atomic number by one but does not alter the mass number. Beta decay can be represented by:


Writing nuclear decay equations
1. Write the symbol for the unstable nuclei on the left (this has been done for you). Write the beta or alpha particle on the right-hand side.
2. Balance the mass numbers and atomic numbers on each side of the arrow. 
3. Use the periodic table to identify which element has the atomic number identified in the daughter nuclei.
1. The following isotopes all undergo beta decay. Complete the equations to show this.
	 → 

	 → 

	 → 

	 → 

	 → 


The following isotopes all undergo alpha decay. Complete the equations to show this.
	  

	  

	  

	  

	 


Fill in the missing particle.
	

	




[bookmark: _Toc230021340]3.2 Half-life
Table 5 – learning intentions and success criteria for ‘3.2 Half-life’
	We are learning:
	I can:

	to describe nuclear reactions
	define the half-life of radioisotopes
interpret half-life decay curves
model radioactive decay of an isotope

	to follow a procedure to undertake an investigation
	systematically collect data using the half-life model

	to process data and information.
	represent half-life data in a graph
extract information from nuclear decay curves to determine half-lives and quantities of an isotope remaining at specified times.


[bookmark: _Toc230021341]Analysing half-life data
1. Define the ‘half-life of a radioactive isotope’ as the time taken for half of the atoms in a sample to undergo radioactive decay.
Provide students with a copy of the Student resource – analysing half-life data. Read through the stimulus information on how radioactive isotopes are used in medical and industrial processes.
[bookmark: _Hlk210049260]Display the decay curves in RXN PPT ‘3.2 Analysing half-life data’. The first curve is from the Data Book: Science 7–10 and applies to all radioisotopes. Compare the 2 curves and determine the half-life of C-14. Make predictions based on the data.
Students analyse and process the half-life data in the Student resource – analysing half-life data.
Note: half-life is a probability based on a large sample size. Radiometric dating is only valid for 5 half-lives because the sample size becomes too small to produce reliable results. This concept will be fleshed out later.
Sample response: Student resource – analysing half-life data
Note: additional stimulus information has been removed from the sample response.
1. What is the half-life of carbon-14?
	5,700 years.


How long would it take for 70% of carbon-14 to decay?
	It would take 10,000 years.


What is the half-life of iodine-131?
	The half-life of iodine-131 is 8 days.


How long would it take for 80% of iodine-131 to decay?
	It would take 18 days.


The amount of a sample of a radioisotope was monitored over 10 years. Plot this data on the graph to determine the half-life of this isotope.
	Time (years)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Amount of isotope remaining (%)
	100
	75
	56
	42
	32
	24
	18
	13
	10
	8
	6


Figure 1 – sample response for half-life graph

The half-life of the radioisotope is: 2.25 years.


[bookmark: _Student_resource_–_2][bookmark: _Ref215818924][bookmark: _Toc230021342]Student resource – analysing half-life data
Radioactive half-life is the time required for half of the radioactive nuclei in a sample to decay into another element.
Radioactive isotopes are used in many medical and industrial processes. Istopes:
· can be used to date fossils and rocks, for example, carbon-14 is used to determine the ages of rocks and fossils
· can also be used in medical applications to determine the safe dose and duration for diagnosis and treatment
· are important for nuclear power and waste management to estimate how long materials remain hazardous.
Knowledge of the properties of radioisotopes and their decay characteristics is critical for their use in industrial and medical applications.
The following activity explores the decay curves of carbon-14 and iodine-131. Study the information provided and answer the following questions.
Figure 1 – decay curve for carbon-14
[bookmark: _Hlk210238923][image: Decay curve for carbon-14.]
1. What is the half-life of carbon-14?
	[bookmark: _Hlk209193186]


[bookmark: _Hlk211194868]How long would it take for 70% of carbon-14 to decay?
	


Figure 2 – decay curve for iodine-131
[image: Decay curve for iodine-131.]
[bookmark: _Hlk205216085][bookmark: _Hlk209110555][bookmark: _Hlk210239005]What is the half-life of iodine-131?
	


How long would it take for 80% of iodine-131 to decay?
	


The amount of a sample of a radioisotope was monitored over 10 years. Plot this data on the graph to determine the half-life of this isotope.
	Time (years)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Amount of isotope remaining (%)
	100
	75
	56
	42
	32
	24
	18
	13
	10
	8
	6

	Title:
	


[image: Blank graph paper.]
The half-life of the radioisotope is:
	




[bookmark: _Toc230021343]Modelling half-life
Using token-based models to represent half-life gives students a concrete, hands-on way to visualise radioactive decay, which is otherwise an invisible, abstract process. By physically removing half of the tokens at each step, students can observe the decay pattern, calculate the remaining quantities over time and understand the exponential nature of radioactive decay.
This modelling is particularly useful for linking classroom learning to real-world applications. Using tokens to model radioactive decay bridges the gap between abstract mathematical models and physical reality.
Some scientific concepts addressed in this modelling activity include:
· the stochastic (random) nature of radioactive decay: you cannot predict exactly when a particular atom in a sample will decay, similar to how you cannot determine when a specific coin will land on tails.
· half-life: this activity offers a hands-on illustration of the concept of half-life. In the model, ‘half-life’ refers to the number of tosses or shakes (time intervals) needed for the population of marked tokens to decrease by half.
· exponential decay versus linear decay: students might mistakenly think that if half of a substance disappears in 10 minutes, the remaining half will also disappear in the next 10 minutes. However, radioactive decay follows an exponential pattern. The decay rate depends on how many radioactive atoms are left. As the count of 'radioactive' (marked) tokens drops, the number of 'decays' per round also lessens. This results in an exponential decay curve instead of a linear one.
1. Tell students that they are going to model radioactive decay using tokens.
Each token represents a radioactive atom.
The unmarked side represents a decayed atom.
Each shake of the cup represents one unit of time.
Provide each group with 100 tokens and a suitable cup or beaker. The tokens can be anything from coins to counters with a mark on one side, as long as there is a 50% chance of either side showing.
Note: the equipment used for the modelling can be modified. You will need to modify the instructions in the student resource to match the materials and number of materials used. The instructions in the student resource are for 100 tokens marked with an ‘X’ on one side.
Students will follow the procedure and record the results in Student resource – modelling half-life.
Sample response: Student resource – modelling half-life
Note: the stimulus material in the student resource has been removed from the sample response.
Table 6 – sample for half-life model data
	Shakes
	Number of ‘X’ tokens remaining

	
	Trial 1
	Trial 2
	Trial 3
	Mean

	0
	100
	100
	100
	100

	1
	52
	48
	55
	52

	2
	25
	26
	31
	27

	3
	13
	14
	17
	15

	4
	7
	8
	9
	8

	5
	4
	3
	5
	4

	6
	2
	1
	2
	2


Figure 2 – sample graph of half-life model data
[image: Half-life model graph.]
1. What does each shake represent?
	One half-life.


When using radioisotopes for radiometric dating, the method is limited to a period of 5 half-lives. For example, carbon-12 has a half-life of around 5,700 years, so it is only valid for dating samples up to 28,500 years (5 × 5,700 years). Based on the results of your model, explain why.
	Radiometric dating is limited to about 5 half-lives because after this time, only a very small amount of the original isotope remains (around 3%). The ratio of parent to daughter isotopes becomes unreliable, reducing the accuracy of the age determination. 
In the results of the model, after 5 shakes, there was a mean of 4 of the original isotope remaining. When you look at the trials (or different samples) the percentage of decay between shake 4 and 5 varied significantly – 57%, 36% and 55 % respectively.
Half-life is based on probability and requires a large sample to be accurate.


Identify one limitation of this model.
	The sample size is a limitation of this model. In real radioactive materials, there are billions of nuclei. Using a small number of tokens may mean the model does not represent the true decay pattern.


Note: one gram of pure uranium would contain over 2 × 1021 atoms of uranium.


[bookmark: _Student_resource_–_3][bookmark: _Ref216096818][bookmark: _Toc230021344]Student resource – modelling half-life
Introduction
Modelling half-life helps you understand how radioactive substances decay over time. Using tokens to model half-life allows you to visually demonstrate how radioactive nuclei decay over time. Each token represents a nucleus. The marked tokens represent radioactive nuclei and the others represent stable nuclei. 
The random removal of the unmarked tokens at each step of the activity simulates decay. This visualisation reveals the decay pattern and enables predictions of remaining radioactive material over time. Additionally, modelling shows that decay occurs gradually and predictably, providing insight into otherwise invisible processes, which is crucial for making informed decisions in the health, medicine, archaeology and energy sectors.
Activity
1. You have been provided with 100 tokens that have an ‘X’ on one side.
Place the tokens in the cup, shake and pour the tokens out on the bench.
Count and record the number that have the ‘X’ facing up after the first shake and record this in Table 1. Return these to the cup and set the others aside.
Repeat steps 2 and 3 until there are 3 or fewer tokens remaining.
Repeat steps 1 to 4, 2 more times, then complete the table by calculating the mean.
Plot the mean versus the number of shakes on the grid and answer the following questions.
Table 1 – half-life model data
	Shakes
	Number of ‘X’ tokens remaining

	
	Trial 1
	Trial 2
	Trial 3
	Mean

	0
	100
	100
	100
	100

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	


	Title:
	


[image: Blank graph paper.]

1. What does each shake represent?
	


When using radioisotopes for radiometric dating, the method is limited to a period of 5 half-lives. For example, carbon-12 has a half-life of around 5,700 years, so it is only valid for dating samples up to 28,500 years (5 × 5,700). Based on the results of your model, explain why.
	[bookmark: _Hlk209195669]


Identify one limitation of this model.
	




[bookmark: _Toc230021345]3.3 Uses of radioisotopes
Table 7 – learning intentions and success criteria for ‘3.3 Uses of radioisotopes’
	We are learning:
	I can:

	to describe nuclear reactions
	describe applications of radioisotopes in medicine, industry and environmental monitoring
describe the properties of alpha, beta and gamma radiation and relate these to their use
evaluate the use of radioisotopes on society

	to conduct a reliable secondary source investigation.
	identify inconsistencies in articles on the same content
conduct research to clarify information
acknowledge sources of secondary information.


Note: Australia's Nuclear Science and Technology Organisation (ANSTO) provides a range of resources and data sets that could be used in conjunction or as a replacement for the PPT RXN ‘3.3 Uses of radioisotopes’ (4 slides). Suitable resources include:
· groundwater science – students explore how tritium can be analysed to understand how recently groundwater has been refreshed from rainwater.
· radionuclides in medicine – students explore the half-life of 3 different medical radionuclides to understand which are used for diagnostics and which are used for therapeutics.
[bookmark: _Toc230021346]Properties of radioisotopes
1. Provide students with a copy of the Student resource – uses of radioisotopes.
Display RXN PPT ‘3.3 Properties of radiation’ (slide 1 of 2) which shows a diagram of the penetrating power of different types of radiation. Tell students:
the choice of radioisotopes for use in medicine or industry depends on the type of radiation they emit and their half-lives
alpha particles have a charge of +2, a large mass and very low penetration ability (they can be stopped by paper)
beta particles have a charge of −1, a low mass and medium penetration ability (an aluminium sheet can stop them)
gamma rays have no charge, no mass and a high penetration ability and can be stopped by lead and concrete.
Display RXN PPT ‘3.3 Properties of radiation’ (slide 2 of 2) to summarise the properties of each type of radiation. Students should copy the summary into the student resource. Unpack ionising potential as the extent to which a type of radiation can ionise atoms:
When radiation passes through matter, it can collide with atoms.
If the radiation has enough energy, it removes electrons from neighbouring atoms, turning neutral atoms into charged ions (this is called ‘ionising radiation’).
The more frequently this happens, the higher the ionising potential.
Note: later in this lesson sequence, students will be required to relate these properties to the use of radioisotopes.
Display examples of uses of radioisotopes with RXN PPT ‘3.3 Uses of radioisotopes’ (4 slides). Emphasise the properties and uses of technicium-99m (Tc-99m), iodine-131 (I - 131) and iodine-123 (I-123) as these will help answer the subsequent question. A summary of the discussion points is provided in Table 8.
[bookmark: _Ref229380816]Table 8 – uses of radioisotopes discussion points
	Use
	Discussion points

	Diagnostic medicine
	Diagnostic medicine uses medical techniques and technologies to identify, detect or monitor diseases and conditions in the body.
· Radioisotopes are widely used for diagnostic imaging, including X-rays, MRI (magnetic resonance imaging) and CT (computed tomography) scans.
· Iodine-123 is a useful radioisotope that emits gamma radiation, detectable by gamma cameras. Iodine naturally accumulates in the thyroid gland, providing targeted, detailed scans.
· Technetium-99m is the most widely used radioisotope in medicine because it is a pure gamma emitter with a half-life of 6 hours.
· Tc-99m releases gamma radiation, which can penetrate the body’s tissues for imaging. It does not release alpha or beta radiation, which are more ionising and potentially more damaging to healthy tissues. It has a relatively short half-life, releasing sufficient radiation for the scan before quickly decaying.

	Therapeutic medicine
	Therapeutic medicine uses treatments to manage, cure, or reduce the effects of diseases and medical conditions.
Radiotherapy destroys cancer cells by targeting them with radiation. External beam radiotherapy directs a beam of radiation at the target area.
‘Brachytherapy’ is a type of cancer treatment that involves administering a radioisotope (usually a gamma or beta emitter) directly to the target area. For example, iodine-131 is used to treat thyroid cancer. It is taken orally, absorbed by the thyroid and then decays, emitting beta radiation that destroys cancerous cells.

	Industrial radiography
	‘Industrial radiography’ is a technique used to inspect and test materials or structures using radiation. 
· Industrial radiography uses radiation to look inside materials, helping find problems and making sure products and structures are safe and high-quality. 
It works in a very similar way to diagnostic imaging. The radioisotope emits gamma rays that pass through industrial machinery.
It helps find hidden flaws or defects inside objects without destroying or damaging the equipment.

	Environmental monitoring
	· Environmental monitoring uses scientific methods to measure and track changes in the environment.
· Radioactive tracers can be used to track pollution and groundwater movement.
· Tritium is a radioactive isotope of hydrogen often used to study water movement and track groundwater. It behaves like regular water but can be detected by its radioactivity. Scientists can track its path through the environment or detect its accumulation to indicate a leak or pollution problem.
· Americium-241 (Am-241) is the most common radioisotope used in smoke detectors to monitor your home environment for smoke. It works because americium-241 emits alpha particles inside the detector, allowing a small electrical current to flow. When smoke enters the detector, it disrupts the ionised air and reduces the current. This drop in current triggers the alarm. 


Students complete question 2 on Tc-99m in the Student resource – uses of radioisotopes.
Sample response: Student resource – properties of radioisotopes
Note: additional stimulus information has been removed from the sample response.
1. Complete the following table summarising the properties of alpha, beta and gamma radiation.
Table 9 – properties of radiation
	Type
	Nature
	Notation
	Charge (relative)
	Penetrating power
(most to least)
	Ionising potential
(most to least)

	Alpha (α)
	Helium nucleus
	
	+2
	Least
	Most

	Beta (β)
	Electron
	
	−1
	Intermediate
	Intermediate

	Gamma (γ)
	Electromagnetic (EM) radiation
	γ
	0
	Most
	Least


Technetium-99m is the most widely used radioisotope in medicine. This is because it is a pure gamma emitter with a half-life of 6 hours. Explain why these properties make it so useful.
	Technetium-99m is extremely useful in medical imaging because it emits only gamma rays, which are highly penetrating and can be detected from outside the body, producing clear diagnostic images. Unlike alpha or beta radiation, gamma radiation is far less ionising and therefore poses less risk of tissue damage to the patient. Its 6-hour half-life is ideal – long enough for a small administered dose to provide sufficient radiation for imaging procedures, yet short enough to decay quickly, minimising the patient’s overall radiation exposure.


[bookmark: _Ref215822941]

[bookmark: _Toc230021347]Student resource – properties of radioisotopes
Properties and uses of radiation
1. [bookmark: _Hlk211195286]Complete the following table summarising the properties of alpha, beta and gamma radiation.
Table 1 – properties of radiation
	[bookmark: _Hlk216190769]Type
	Nature
	Notation
	Charge (relative)
	Penetrating power
(most to least)
	Ionising potential
(most to least)

	Alpha (α)
	
	
	
	
	

	Beta (β)
	
	
	
	
	

	Gamma (γ)
	
	
	
	
	


Technetium-99m is the most widely used radioisotope in medicine. This is because it is a pure gamma emitter with a half-life of 6 hours. Explain why these properties make it so useful.
	




[bookmark: _Toc230021348]Uses of radioisotopes
1. Provide students with the 2 articles in the Student resource – uses of radioisotopes on the use of radioisotopes in medicine, which has contradictory information. Support students to skim and scan the resource. Explain to students that:
skimming is reading quickly through a text to get the gist or main idea. Students can skim read by looking at headings and subheadings, pictures, diagrams, captions, any italicised or bold words, and the first and last paragraphs of the text.
scanning is reading to locate particular elements or specific details in a text, such as key concepts, names, dates or certain information in answer to a question. Students can scan by looking through the text to locate key words to find the specific information quickly.
More information to support student comprehension of texts can be found in Year 9 Locating explicit and implicit information on the Universal Resources Hub.
Students should re-read the texts and highlight the discrepancies in the 2 articles and then complete Table 1 in the student resource to summarise them.
Check the discrepancies that students have identified and then instruct them to conduct computer research to determine the correct information and complete Table 2.
Students can the use the information and additional research identify the positives and negatives of radioisotope use in medicine to evaluate their impact by answering the remaining questions on radioisotopes in medicine.
Students conduct research on an isotope used in an industry and another used in environmental monitoring to complete the scaffolds in Student resource – uses of radioisotopes.
Show the slide with the model response on iridium-192 (Ir-192) in RXN PPT ‘3.3 Radioisotopes in industry’ (2 slides) before they conduct their research.
Remind students how to record their sources of information by referring to the example in the Student resource – uses of radioisotopes.
Note: alternatively, you could ask students to use NSWEduchat and start with this prompt:
Outline how a named radioisotope is used in industry (or environmental monitoring), describe how its properties relate to its use and describe how it benefits society. Ask students to record the thread and, if needed, restrict the number of prompts.
Differentiation: extension opportunity. 
Scenario: there is an upcoming election with an independent candidate in the Sutherland Shire promising to shut down the nuclear reactor at Lucas Heights. Their recent statement in the local paper says:
‘My top priority is the safety of our community and future generations. The Lucas Heights nuclear reactor is an outdated, dangerous facility that has no place in modern Australia. We have seen what happens when governments ignore the risks – Chernobyl was once considered “safe” too, until it became a disaster that scarred the world forever. I refuse to let that happen here.
If elected, I will shut down Lucas Heights once and for all, and ensure the responsible disposal of its nuclear waste, instead of letting it pile up as a toxic burden on our children. It is time to stop gambling with nuclear danger and invest in clean, safe, renewable energy for Australia’s future.’
Ask students to respond by writing a letter to the editor addressing the statement.
Sample response: Student resource – uses of radioisotopes
Note: the stimulus material has been removed from the sample response.
1. Identify 4 discrepancies in the 2 articles.
Table 10 – sample response for discrepancies from medical radioisotopes articles
	Discrepancy
	A says
	B says

	Tc-99m is a pure gamma emitter
	It is a good property
	It is a bad property

	Uses of iodine-131 and iodine-123 
	Iodine-131 for imaging and Iodine-123 for treatment
	Iodine-131 for treatment, Iodine-123 for imaging

	Impact of radiotherapy
	Healthy cells unaffected
	Healthy cells get damaged

	The reactor 
	Likened to Chernobyl
	Small research reactor

	Waste
	Dangerous nuclear waste
	No waste

	How radioisotopes are produced
	In accelerators and reactors
	All were made in the nuclear reactor


Conduct your own research to check the facts and identify which statements are incorrect or misleading.
Table 11 – sample response for the facts
	Discrepancy
	Fact

	Tc-99m is a pure gamma emitter
	Tc-99m has several useful properties. One in particular is that it emits only gamma rays during its decay. It does not emit alpha or beta radiation. 

	Uses of iodine-131 and iodine-123 
	Iodine-123 is used for imaging, while iodine-131 is used for treatment.

	Impact of radiotherapy
	Healthy cells can be affected.

	The reactor 
	The Lucas Heights reactor is small and is not used for power generation. It is used for producing medical radioisotopes.

	Waste
	The reactor does produce nuclear waste; however, it is carefully managed by ANSTO.

	How radioisotopes are produced
	Radioisotopes are produced in particle accelerators and nuclear reactors. 


Distinguish between diagnostic and therapeutic uses of radioisotopes in medicine.
	Diagnostic radioisotopes are used to detect disease, while therapeutic radioisotopes are used to treat disease.


Describe the positive impacts of using radioisotopes in medicine.
	Early detection allows for better health outcomes.
Non-invasive procedures reduce the need for costly and inconvenient surgery.
It can treat some types of cancer to save lives.


Identify some negative impacts of the use of radioisotopes in medicine.
	Some nuclear waste is produced during production.
Radiotherapy can damage healthy tissue.


In a discussion, we provide arguments ‘for’ and ‘against’. Use the points you have identified to discuss the benefits of using radioisotopes in medicine.
	The use of radioisotopes in medicine offers significant benefits, particularly in diagnosis and treatment. One major advantage is that radioisotopes enable early detection of diseases, such as cancer, through imaging techniques like PET scans. Early detection often leads to better health outcomes, as treatment can begin before the disease progresses. Additionally, many diagnostic procedures using radioisotopes are non-invasive, reducing the need for surgery and making them safer, less costly and more convenient for patients. Radioisotopes are also used in radiotherapy to treat certain cancers, where targeted radiation can destroy cancer cells and potentially save lives.
However, there are also disadvantages associated with their use. The production of radioisotopes can generate nuclear waste, which requires careful management due to its potential environmental impact. Furthermore, while radiotherapy is effective, it can also damage surrounding healthy tissue, leading to side effects for patients.


Do you think the use of radioisotopes for medicine has had a positive or negative impact on society? (This is your judgement.)
	Overall, radioisotopes have had a positive impact on society. Although there are risks and limitations, these are typically managed through strict safety measures and regulations. Their advantages include earlier diagnosis, improved treatments, milder disease and higher survival rates. When the benefits are weighed against the risks, their overall impact on public health and quality of life is highly positive.


Radioisotopes in industry and environmental monitoring
1. Identify one radioisotope used in industry and one for environmental monitoring, and access at least 2 reliable sources of information to complete the following scaffolds. Acknowledge your sources using APA referencing style, as outlined below.
Industry
	Isotope:
	iridium-192.

	Use:
	industrial radiography to inspect welds, castings and metal parts in construction, manufacturing and pipeline industries.

	Decay reaction:
	     +  + γ

	Why is this type of radiation useful for this application?
	Gamma radiation can penetrate metal parts and expose photographic film, producing an image showing where damage or leaks may be.

	Half-life:
	74 days.

	Why is this half-life useful for this application?
	The half-life is short enough to release sufficient radiation for testing but not so short that it needs to be constantly replaced.

	Benefit to society:
	Iridium-192 can detect defects in equipment such as plane engines or critical infrastructure, improving safety.
Non-destructive testing with Ir-192 enables cost-effective maintenance of equipment, pipelines and more.

	Source:
	National Institutes of Health (2021) Radioactive Sources and Alternative Technologies in Industrial Applications, https://www.ncbi.nlm.nih.gov/books/NBK573879/, accessed 12 December 25.


Environmental monitoring
	Isotope:
	tritium (hydrogen-3)

	Use
	tritium is used to trace groundwater movement, track pollution and determine the age of water (for example, how long it has been underground).

	Decay reaction:
	                  + 

	Why is this type of radiation useful for this application?
	The low-energy beta particles are not very penetrating, making it safe to use in small doses while still being detectable with sensitive instruments.

	Other relevant properties:
	It is chemically identical to hydrogen, so it easily becomes part of water molecules.

	Benefit to society:
	Tritium helps manage drinking water resources by identifying aquifer recharge rates.
It helps track sources of water pollution, leading to safer, cleaner environments.

	Source:
	National Institutes of Health (2021) Radioactive Sources and Alternative Technologies in Industrial Applications, https://www.ncbi.nlm.nih.gov/books/NBK573879/, accessed 12 December 25.




[bookmark: _Student_resource_–_4][bookmark: _Ref226723945][bookmark: _Toc230021349]Student resource – uses of radioisotopes
Radioisotopes in medicine
Read the following 2 articles on the uses of radioisotopes in medicine. Both articles have correct and incorrect information. As you read through the second article, highlight any statements that seem inconsistent or contradictory. It is recommended to use a different colour for each discrepancy because later you will be required to do a ‘fact check’ to determine which statement is correct. 
Article A
Radioisotopes are unstable atoms that release radiation and doctors have discovered many ways to use them in medicine. They are often used to scan the body to assess organ function and to treat certain diseases.
In hospitals, iodine-131 is sometimes used to image the thyroid gland and is considered completely safe, with no notable risks to patients. Technetium-99m is commonly used to produce scans of bones, the heart and other organs, providing clear results quickly through non-invasive procedures and reducing the need for surgery. The fact that it does not emit harmful alpha and beta radiation makes it ideal for use in humans, and its short half-life means only a small dose is required.
For therapy, iodine-123 is sometimes given to patients with thyroid cancer or an overactive thyroid to help destroy diseased tissue. Some treatments also use cobalt-60 (Co-60), which emits radiation to target cancer cells while leaving healthy tissue unaffected.
These radioisotopes are all produced in a nuclear reactor in southern Sydney. The reactor also produces toxic radioactive waste that must be disposed of carefully.

Article B
Radioisotopes are atoms that emit radiation as they decay, which makes them useful in medicine. Doctors use them both to image the body and to treat illnesses such as cancer.
One of the most common isotopes for imaging is technetium-99m, which produces high-quality scans of bones, blood flow and organs through non-invasive procedures, reducing the need for surgery. The downside of technetium is that it emits only gamma radiation and does not produce the highly ionising alpha radiation. Another isotope, iodine-123, is used to study thyroid function because it allows doctors to see activity with relatively low radiation exposure. Although generally safe, repeated exposure can carry risks, so doses must be carefully controlled.
Radioisotopes also play a role in therapy. Iodine-131 is given to patients with thyroid cancer or an overactive thyroid to destroy diseased cells. Cobalt-60 (Co-60) is used in radiotherapy machines to deliver gamma rays to target cancer cells, though nearby healthy cells may sometimes be affected.
Medical isotopes are produced in particle accelerators and nuclear reactors. The Australian Nuclear Science and Technology Organisation (ANSTO) reactor in southern Sydney is one of the world's major producers of Tc-99m and, as a small research reactor, generates no nuclear waste.
1. Identify 4 discrepancies in the 2 articles.
Table 1 – discrepancies from medical radioisotopes articles
	Discrepancy
	A says
	B says

	
	
	

	
	
	

	
	
	

	
	
	


Conduct your own research to check the facts and identify which statements are incorrect or misleading.
Table 2 – the facts
	Discrepancy
	Fact

	
	

	
	

	
	

	
	


Distinguish between diagnostic and therapeutic uses of radioisotopes in medicine.
	


Describe the positive impacts of using radioisotopes in medicine.
	


Identify some negative impacts of the use of radioisotopes in medicine.
	


In a discussion, we provide arguments ‘for’ and ‘against’. Use the points you have identified to discuss the benefits of using radioisotopes in medicine.
	


Do you think the use of radioisotopes for medicine has had a positive or negative impact on society? (This is your judgement.)
	


[bookmark: _Hlk210141190]Radioisotopes in industry and environmental monitoring
1. [bookmark: _Hlk211195575]Identify one radioisotope used in industry and one for environmental monitoring, and access at least 2 reliable sources of information to complete the following scaffolds. Acknowledge your sources using APA referencing style, as outlined below.
APA referencing for a webpage or website
Author (date created or last updated) Title of document, webpage URL, date accessed.
For example:
National Institutes of Health (2021) Radioactive Sources and Alternative Technologies in Industrial Applications, https://www.ncbi.nlm.nih.gov/books/NBK573879/, accessed 12 December 2025.
Industry
	Isotope:
	

	Use:
	

	Decay reaction:
	

	Why is this type of radiation useful for this application?
	

	Half-life:
	

	Why is this half-life useful for this application?
	

	Other relevant properties:
	

	Benefit to society:
	

	Source:
	


Environmental monitoring
	Isotope:
	

	Use:
	

	Decay reaction:
	

	Why is this type of radiation useful for this application?
	

	Half-life:
	

	Why is this half-life useful for this application?
	

	Other relevant properties:
	

	Benefit to society:
	

	Source:
	




[bookmark: _Toc230021350]3.4 Fission in context
[bookmark: _Hlk211194213]Table 12 – learning intention and success criteria for ‘3.4 Fission in context’
	We are learning:
	I can:

	to describe nuclear reactions.
	define fission
write equations to represent fission reactions
distinguish between controlled and uncontrolled fission reactions
identify energy as an important product of nuclear reactions
explain how fission reactions are used to generate electricity
compare coal power electricity generation to nuclear power electricity generation
Outline the impact of the use of uranium for fuel generation on the environment during mining, enrichment, reactor operation and waste production.


Note: Sequences 3.4 and 3.5 explore the concepts of ‘nuclear fission’ and ‘fusion’. These are not typically considered to be nuclear decay reactions. Nuclear fission* and fusion, unlike nuclear decay reactions, are non-spontaneous and occur under specific conditions (for example, collisions with high-energy neutrons or in the presence of strong gravitational fields).
*In rare cases, spontaneous nuclear fission occurs. A very heavy nucleus can occasionally split on its own without being hit by a neutron.
[bookmark: _Toc230021351]Nuclear fission
Checkpoint: activate prior knowledge to write the equation for U-238 undergoing alpha decay using RXN PPT ‘3.4 Checkpoint’.

1. Distinguish between spontaneous decay reactions and non-spontaneous nuclear reactions. Tell students that:
decay reactions are spontaneous, but their half-lives vary greatly. Refer to uranium-235 (U-235), which has a half-life of 700 million years, compared to francium-223 (Fr-223), which has a half-life of 22 minutes.
spontaneous decay reactions occur naturally without any external input of energy. They involve unstable nuclei becoming more stable.
non-spontaneous nuclear reactions require external energy or input to occur. They usually involve collisions with particles such as neutrons or protons. They can be initiated and controlled in a nuclear reactor or a nuclear accelerator.
Note: this lesson goes beyond just describing fission as it also addresses the Stage 5 ‘Reactions in context’ content point about fission being the reaction that produces an important product, energy.
[bookmark: _Hlk210146022]Define ‘fission’ as a process where the nucleus of an atom splits into 2 or more smaller nuclei, releasing a large amount of energy in the form of heat and radiation. An example of this can be illustrated with RXN PPT ‘3.4 Nuclear fission’. Students complete the missing components of the nuclear fission equation for U-235 on mini whiteboards by extracting the information from the diagram.
[bookmark: _Hlk210146134]Model how to balance fission reactions using the first example on RXN PPT ‘3.4 Balancing fission reactions’, then students can balance the fission reactions in Student resource – nuclear fission. Identify that in fission reactions, mass is converted to energy according to E = mc2. The mass of the products is less than the mass of the reactants. Illustrate this with RXN PPT ‘3.4 E = mc2’.
At this point, discuss with students the following differences between chemical reactions and nuclear decay reactions:
· Mass is not conserved in nuclear decay (fission) reactions – the masses of the reactants and products are not equal.
· Unlike in chemical reactions, new elements are produced in nuclear decay reactions.
Differentiation: calculate the energy released in the fission of U-235 using the RXN PPT ‘3.4 E = mc2 calculation’.
[bookmark: _Hlk210326342]Outline the processes involved in a chain reaction using RXN PPT ‘3.4 Chain reaction’ and distinguish between controlled and uncontrolled nuclear reactions.
Students conduct a PhET simulation on Nuclear fission and follow the instructions in the student resource. Most students will be able to follow the instructions in the Student resource – nuclear fission. Slides in RXN PPT ‘3.4 Simulating fission reactions’ (6 slides) can be used to support students further if required. 
After completing the PhET activity, review the following ideas about nuclear fission demonstrated:
Uranium consists of 2 isotopes: U-235 and U-238.
U-235 is non-fissile and does not undergo nuclear fission; instead, it absorbs the incoming neutron to become U-239. On the other hand, U-235 is fissile and undergoes nuclear fission when struck by neutrons.
A single fission reaction produced 3 high-energy neutrons. Each of those neutrons can induce the fission of a neighbouring U-235 nucleus. This perpetuation of nuclear fission is called a chain reaction. A nuclear chain reaction is a self-sustaining process where one nuclear fission event releases neutrons that cause at least one or more subsequent fission reactions in surrounding fissionable material (for example, uranium-235).
Nuclear fission releases energy and a nuclear chain reaction generates large amounts of energy. This rapid energy release is often used in nuclear power to generate heat or in weapons to produce explosions.
For a U-235 fission chain reaction to occur, the uranium sample must contain a significant amount of the U-235 isotope, compared to U-238. This gives rise to the concept of ‘critical mass’ – the minimum mass of U-235 required for a sustained reaction. It illustrates the need to enrich uranium to increase the U-235:U-238 ratio, from 0.7% in natural uranium to 3% to 5% in conventional nuclear power reactor fuel. This is one of the PhET model’s limitations, as it cannot demonstrate nuclear fission at these isotopic ratios (this simulation requires far higher U-235 enrichment than in reality).
Review how electricity is produced in coal-powered generators using RXN PPT ‘3.4 Electricity production’. Watch Using Coal to Generate Electricity (from 0:00–0:25), which is embedded in RXN PPT ‘3.4 Coal powered generator video’.
[bookmark: _Hlk216347035]Outline how electricity is produced in a nuclear reactor using RXN PPT ‘3.4 Nuclear reactor’. What is Nuclear Energy? (1:57)?, which is embedded in the RXN PPT ‘3.4 Nuclear energy video’.
Note: the point here is to show that the only real difference in these 2 modes of electricity generation lies in the source of heat.
8. Then, students compare how electricity is produced from coal power generators and nuclear power plants in the Student resource – nuclear fission.
9. Watch The Nuclear Fuel Cycle (3:00) to illustrate the processes involved in using nuclear energy from mining to waste disposal. This video is embedded in RXN PPT ‘3.4 Nuclear fuel cycle video’.
10. Present RXN PPT ‘3.4 Environmental impacts of nuclear reactions’ (5 slides) and use the discussion points in the slide notes and in Table 13.
[bookmark: _Ref229390143]Table 13 – the environmental impacts of nuclear energy production processes
	Nuclear energy production process
	Discussion points

	Mining
	Uranium has to be mined from the ground, which involves land clearing and significant excavation. It results in habitat destruction and biodiversity loss. 
The contamination of soil and water results from mining tailings. Tailings are the waste product left over after processing the uranium ore.

	Enrichment
	Uranium largely consists of 2 isotopes, U-235 and U-238, which are naturally occurring. Enrichment means increasing the proportion of uranium-235 in the source to enable a chain reaction. 
The enrichment process uses hazardous substances such as hydrofluoric acid and uranium hexafluoride that can pollute air and water if not managed properly.
The process is energy-intensive and contributes to greenhouse gas emissions.

	Reactor operation
	The fission reactions that drive nuclear power plants do not emit greenhouse gases, making them cleaner to operate than coal-fired plants or gas-fired plants.
Small routine releases of radioactive gases and heated cooling water can affect local ecosystems, though this is usually within safety limits.
Heated water discharged into rivers or oceans can cause thermal pollution, affecting fish and other aquatic life.

	Accidents
	If a nuclear accident happens, it can have severe consequences. However, such incidents are rare.
Impacts include long-term soil and water contamination, the need for large exclusion zones that prevent people from living in that area and damage to ecosystems.
Nuclear accidents have occurred in Chernobyl in 1986 and Fukushima in 2011.

	Waste
	Spent fuel is a byproduct of nuclear reactions. The products of the fission reactions in reactors are themselves radioactive and can remain hazardous for hundreds of years. The fission products include cesium-137 (Cs-137), which has a half-life of 30 years.
There is a risk of land and groundwater contamination if waste is not properly contained. Transporting the waste to disposal or storage facilities also carries environmental risks.


Sample response: Student resource – nuclear fission
Note: additional stimulus information has been removed from the sample response.
1. Balance the following fission reactions.
	




Simulating controlled and uncontrolled chain reactions
1. Open the PhET simulation Nuclear Fission.
Select the Chain Reaction tab. This simulates uncontrolled reactions.
Fire a neutron at the U-235 nucleus by selecting the red button and describe what happens.
	The U-235 splits into 2 large fragments and 3 small fragments (neutrons).


Use the controls to replace the U-235 with the U-238. Do this by moving the U-235 slider to zero and the U-238 slider to one, then fire the neutron and describe what happens.
	The U-235 absorbs the neutron to form U-239.


Based on the previous 2 steps, which isotope is more fissile (capable of undergoing fission)?
	U-235.


Chain reactions
1. Reset and increase the number of U-235 nuclei to 15. Fire a neutron and observe. Reset and repeat 3 times, aiming at different nuclei. Record your observations and make a note of how many of each U-235 nuclei remained.
	Trial 1 = 8 U-235 nuclei remaining
Trial 2 = 14 U-235 nuclei remaining
Trial 3 = 9 U-235 nuclei remaining
Observations: the initial fission reaction released neutrons, which promoted further reactions, but not all nuclei reacted.


Increase the number of nuclei to 100 and repeat the process 3 times. 
	Trial 1 = 0 U-235 nuclei remaining
Trial 2 = 0 U-235 nuclei remaining
Trial 3 = 0 U-235 nuclei remaining


Change the setting to have 50 U-235 and 50 U-238. Fire a neutron and observe. Repeat 3 times. How does the addition of U-238 change the result?
	It absorbs neutrons, preventing a sustained chain reaction.


Adjust the settings to 90 U-238 and 10 U-235 and repeat.
	Very few reactions occur.


How does the percentage of U-235 influence the reaction?
	The higher the percentage, the more reactions take place and the more likely a sustained chain reaction will occur.


Naturally occurring uranium contains less than 1% U-235. For use in nuclear reactors, the concentration of U-235 needs to be increased. This process is called ‘enrichment’. Based on your observations from the simulation outline, why is natural uranium unsuitable and therefore needs to be enriched?
	The percentage of fissile U-235 in naturally occurring uranium is too small for self-sustaining fission reactions. Therefore, it needs to be enriched to higher concentrations.


Select the Nuclear Reactor tab in the simulation. This simulates controlled chain reactions. The blue rods are the control rods.
Select the red Fire Neutrons button and describe your observations.
	Only a few nuclei reacted. Most were left unreacted. Very little energy was produced.


Select the green Control Rod Adjuster and move it down to remove the control rods from the reactor vessel. Select the Fire Neutrons button again and record observations.
	The reaction was much faster, nearly all the nuclei reacted and much more energy was produced.


Select Reset Nuclei and repeat the process several times with the control rods at different levels. How do the control rods affect the reaction?
	The further the controls are inserted, the slower the reaction and the more nuclei remain unreacted.


Distinguish between ‘controlled nuclear reactions’ and ‘uncontrolled nuclear reactions’.
	‘Uncontrolled reactions’ lack control rods and escalate exponentially, while ‘controlled reactions’ in a reactor use control rods to absorb excess neutrons and regulate the rate of nuclear reactions.


Electricity production
1. Use the information presented to you in the PPT slides and the videos to compare how electricity is produced in coal-fired power plants to the way electricity is produced in nuclear power plants.
	Both methods use heat to generate pressurised steam that drives the turbine in the generator. The only real difference is the heat source. In coal-powered stations, energy is generated by burning coal, while in nuclear power stations, it is generated by nuclear fission.


[bookmark: _Ref215823508][bookmark: _Hlk210817315]

[bookmark: _Student_resource_–_5][bookmark: _Toc230021352]Student resource – nuclear fission
1. Balance the following fission reactions.
	




Simulating controlled and uncontrolled chain reactions
1. Open the PhET simulation Nuclear Fission.
Select the Chain Reaction tab. This simulates uncontrolled reactions.
Fire a neutron at the U-235 nucleus by selecting the red button and describe what happens
	


Use the controls to replace the U-235 with the U-238. Do this by moving the U-235 slider to zero and the U-238 slider to one, then fire the neutron and describe what happens.
	


Based on the previous 2 steps, which isotope is more fissile (capable of undergoing fission)?
	


Chain reactions
1. Reset and increase the number of U-235 nuclei to 15. Fire a neutron and observe. Reset and repeat 3 times, aiming at different nuclei. Record your observations and make a note of how many of each U-235 nuclei remained.
	


2. Increase the number of nuclei to 100 and repeat the process 3 times. 
	


3. Change the setting to have 50 U-235 and 50 U-238. Fire a neutron and observe. Repeat 3 times. How does the addition of U-238 change the result?
	


4. Adjust the settings to 90 U-238 and 10 U-235 and repeat.
	


5. How does the percentage of U-235 influence the reaction?
	[bookmark: _Hlk210146957]


6. Naturally occurring uranium contains less than 1% U-235. For use in nuclear reactors, the concentration of U-235 needs to be increased. This process is called ‘enrichment’. Based on your observations from the simulation outline, why is natural uranium unsuitable and therefore needs to be enriched?
	


Electrical power stations generate heat by burning coal, while nuclear power plants harness the heat released by nuclear fission.
Nuclear reactors use control rods to control the rate of reaction. They can do this because they are made of a material that absorbs neutrons. Preventing them from initiating further fission reactions.
Select the Nuclear Reactor tab in the simulation. This simulates controlled chain reactions. The blue rods are the control rods.
7. Select the red Fire Neutrons button and describe your observations.
	[bookmark: _Hlk209631209]


8. Select the green Control Rod Adjuster and move it down to remove the control rods from the reactor vessel. Select the Fire Neutrons button again and record observations.
	


9. Select Reset Nuclei and repeat the process several times with the control rods at different levels. How do the control rods affect the reaction?
	[bookmark: _Hlk210153579]


10. [bookmark: _Hlk211175827]Distinguish between ‘controlled nuclear reactions’ and ‘uncontrolled nuclear reactions’.
	


Electricity production
1. Use the information presented to you in the PPT slides and the videos to compare how electricity is produced in coal-fired power plants to the way electricity is produced in nuclear power plants.
	




[bookmark: _Toc230021353]3.5 The first elements
Table 14 – learning intention and success criteria for ‘3.5 The first elements’
	We are learning:
	I can:

	to describe nuclear reactions.
	compare nuclear fission and nuclear fusion using a Venn diagram
outline the role of nuclear fusion in the formation of the first elements.


[bookmark: _Toc230021354]Nuclear fusion and the first elements
This content is intended as a brief teacher exposition outlining how fusion reactions contributed to the formation of the first elements.
1. Introduce students to the Big Bang theory. Notes are included in RXN PPT ‘3.5 The Big Bang’ to lead a discussion. Watch the embedded video, The Big Bang Theory Explained (2:57), and prompt students to consider:
How did stars form?
Where did all the matter in the universe come from?
What evidence is there to support the Big Bang theory?
2. Define ‘fusion’ as the process in which 2 or more atomic nuclei combine to form a single, heavier nucleus, releasing a large amount of energy in the process using RXN PPT ‘3.5 Nuclear fusion’.
3. Use RXN PPT ‘3.5 Comparing fusion and fission’ (2 slides) to guide students to compare the processes of fusion and fission and complete a Venn diagram in Student resource – the first elements. Support students to complete the Venn diagram using the discussion questions in Table 15.
[bookmark: _Ref229393926]Table 15 – comparing nuclear fusion and nuclear fission discussion questions and answers
	Discussion question
	Answer

	What types of reactions are nuclear fusion and nuclear fission?
	Nuclear reaction.

	What is the major difference between nuclear fission and fusion? 
	Fission is the splitting of one heavy nucleus into 2 smaller nuclei, while fusion is the combination of 2 lighter nuclei to form one larger nucleus.

	What is released in both nuclear fusion reactions and nuclear fission reactions?
	Energy.

	Where do these reactions take place?
	Nuclear fusion occurs in nuclear reactors and accelerators. Nuclear fusion occurs in stars such as the Sun.


4. Display the article How elements are formed and engage with the text to unpack how the first elements formed after the Big Bang theory. Click through the ‘Universal element formation’ interactive to show students how heavier elements form in stars.
5. [bookmark: _Hlk216246929]Summarise how matter was formed after the Big Bang using the infographic and notes on RXN PPT ‘3.5 The origin of first elements’. Students complete the cloze passage, ‘The first elements’, in Student resource – the first elements.
6. [bookmark: _Hlk210737113]Display RXN PPT ‘3.5 Formation of helium’ to illustrate how protons and neutrons fuse to form the first elements.
Sample response: Student resource – the first elements
Note: additional stimulus information has been removed from the sample response.
1. Complete the Venn diagram to compare the processes of nuclear fission and fusion.
[image: A Venn diagram comparing fission and fusion.]
Use Figure 1 and your knowledge of nuclear fusion and the first elements to complete the cloze passage.
[bookmark: _Hlk210817384][bookmark: _Hlk210829464]About 13.8 billion years ago, the Big Bang occurred, marking the beginning of the universe. At first, the universe consisted of a concentrated point of energy called a ‘singularity’.
As the universe expanded, it began to cool. This cooling allowed energy to be converted into matter, forming fundamental particles such as quarks and electrons. Quarks combined to form protons and neutrons.
[bookmark: _Hlk210829333][bookmark: _Hlk210829451]After about 3 minutes, the universe was cool enough for protons and neutrons to fuse in a process known as nuclear fusion. This created the first light elements: mostly hydrogen, some helium and small amounts of lithium.
[bookmark: _Hlk210829373]For the next several hundred thousand years, the universe continued to expand and cool until the positively charged nuclei could capture electrons, forming the first atoms.
Later, gravity pulled together clouds of gas, forming the first heavier elements, which were eventually made through stellar fusion.


[bookmark: _Student_resource_–_6][bookmark: _Ref215824285][bookmark: _Toc230021355]Student resource – the first elements
1. [bookmark: _Hlk216247042]Complete the Venn diagram to compare the processes of nuclear fission and fusion.
[image: A blank Venn diagram to compare fission and fusion.]
[bookmark: _Hlk216247177]Use Figure 1 and your knowledge of nuclear fusion and the first elements to complete the cloze passage.
Figure 1 – the formation first elements starting from the Big Bang
[image: Sequence of images depicting the Big Bang, followed by the formations of fundamental particles, protons and neutrons, first nuclei and 
first atoms.]
About 13.8 billion years ago, the ____________ ___________ occurred, marking the beginning of the universe. At first, the universe consisted of a concentrated point of energy called a ‘singularity’.
As the universe expanded, it began to ________ This cooling allowed energy to be converted into __________, forming ___________ particles such as quarks and electrons. Quarks combined to form _________ and neutrons. 
After about 3 minutes, the universe was cool enough for _________ and ___________ to fuse in a process known as _____________ _____________ This created the first light elements: mostly ___________, some ___________ and small amounts of ____________.
For the next several hundred thousand years, the universe continued to expand and cool until the positively charged nuclei could capture ___________, forming the first _______.
Later, gravity pulled together clouds of gas, forming the first heavier elements, which were eventually made through _____________ _______________.
Word bank: electrons, fundamental, nuclear fusion, protons and neutrons, atoms, helium, stellar fusion, hydrogen, Big Bang, protons, matter, neutrons, lithium
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