Melting ice and boiling water: Johnstone’s triangle

Acids and Bases: 
												


[image: ][image: ]Johnstone’s triangle   11–14 years
Available from rsc.li/4laqj4k

2
© 2025 Royal Society of Chemistry
Learning objectives
Describe what happens to a substance when it is heated or cooled in terms of state changes.
Use melting and boiling point information to work out the state of a substance at a given temperature.
Introduction
Substances can exist in different states and can change between states at specific temperature points.
Johnstone’s triangle
In chemistry we make sense of the things that we can see by representing what we can’t see using formulas, equations, diagrams and models.
Johnstone’s triangle is a way of thinking about these different concepts as different corners of a triangle:


[image: A large equilateral triangle divided into four smaller equilateral triangles. The central triangle is white, while the three triangles which make up the points of the larger triangle are green. The topmost green triangle contains the label 'Macroscopic'. The bottom left green triangle contains the label 'Sub-microscopic'. The bottom right green triangle contains the label 'Symbolic'.]

Macroscopic – what we can see. Think about the properties we can observe, measure and record.
Sub-microscopic – smaller than we can see. Think about the particle or atomic level.
Symbolic – representations. Think about how we represent chemical ideas, including symbols and diagrams.
Being able to connect and move between these three different levels is important for scientific understanding.

[image: ][image: A photograph showing a glass of ice cubes.][image: A photograph showing a clear kettle containing rigorously boiling water.]Image adapted from © Shutterstock
Symbolic – representations
The diagram shows the particle diagrams for the three states of matter with arrows to show the different changes of state.


[image: There are three squares all containing green circles which are the same size and shape. The image on the far left has green circles arranged in a regular structure of five columns and five rows with all the circles touching. The second image shows the green circles filling the bottom 2/3rds of the square. They are not in a regular arrangement but most are touching and moving over each other. The third image shows six green circles which are all separate from one another. There are four arrows with labels to be filled in. The four arrows point from the first box to the second box, the second box to the third box, the third box to the second box and the second box to the first box. ]


Add a label to each arrow to name the change of state.
melting	boiling	freezing	condensing







Sub-microscopic – smaller than we can see
Water has a melting point of 0°C and a boiling point of 100°C. 
Work out the state at the temperatures given below and complete the particle diagram for each. Write the state beneath your diagram.
-34°C 			109°C	 		54°C






______________	______________	______________
[bookmark: _Hlk174087636]Macroscopic – what we can see 
Name the changes of state that are happening:
1. To the ice cube	__________________________
2. In the kettle		__________________________
Describe how the kettle turns water from the liquid to gas state.
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