[bookmark: _Hlk133917238]Cloud in a bottle
These notes accompany the video demonstration Cloud in a bottle from Education in Chemistry which you can view at: rsc.li/452e42B
If, like me, you whiled away many an hour as a child watching clouds change shape, you might have felt a desire to reach out and touch them. A desire which driving through heavy fog for the first time quickly snuffs out. Luckily, there is a way to create a simple cloud in the classroom using household items, which demonstrates the conditions needed for condensation to occur, no fog lights required!
Curriculum links
Use this demonstration when teaching evaporation and condensation at 11–14 and equilibrium at 16–18.
Kit
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Available from rsc.li/452e42B
· 
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· Colourless, transparent plastic bottle with no labels 
· Water
· Wooden splints
· Heat-resistant mat

Health, safety and disposal
Read our standard health and safety guidance and carry out a risk assessment before running a live demonstration (rsc.li/4kPVQHn).
Take care when lighting the splint.
In front of the class
Having established that the class understands that clouds are collections of tiny droplets of water suspended in the air, show the bottle to the class and ask what we would need to add to the bottle to create one. Most will suggest adding some water.
Add enough water to saturate the air in the bottle (a few millilitres will suffice), replace and tighten the lid and shake the bottle thoroughly to disperse it and encourage evaporation. Ask the class how they could get as much liquid water back as quickly as possible. They are likely to suggest cooling the bottle. Explain that gases cool when they expand – this is why blowing on the back of your hand will feel cooler if you purse your lips. Get the class to try this. We’re assuming here that the gas expands adiabatically – but in most gas expansion phenomena that students experience, this is the case.
Explain that by repeatedly squeezing and releasing the bottle you can achieve the same effect. But, when you do so, no cloud will appear. This is where the final ingredient for clouds comes in – a source of nucleation in the form of tiny dust-like particles in the atmosphere.
Open the water bottle, light a splint and hold it tilted downwards to encourage the flame to spread over a few centimetres of wood. Give it a quick wave to extinguish it and plunge the now-smoking tip into the bottle for a few seconds before removing it and placing it on the heat-resistant mat. There may be a slight haze in the bottle.
Squeeze and release the bottle a little before replacing the lid to show that nothing visible comes out, then repeat the squeezing and relaxing process. This time, after a few cycles, the opacity of the bottle’s contents will have greatly increased – you’ve formed a cloud.
For synergy with the ‘Boiling without heating’ demonstration (rsc.li/3IGLIU1) and to challenge the misconception that boiling is evaporation with heating, emphasise that each time you squeeze your hands, you are heating the gas in the bottle – the droplets in the cloud are evaporating with the addition of heat. Finally remove the lid, squeeze gently and the class will see puffs of cloud coming out of the bottle.
Teaching goal for 11–14
This simple effect shows students not only that water can evaporate and condense at temperatures close to room temperature, but to explain the importance of nucleating dust they need to apply a submicroscopic model that considers the motion and attraction of particles.
Particles in a gas are constantly moving about and colliding. If the collision between two of these particles has sufficiently low kinetic energy, the attractive forces between them may hold them together and start the process of building a condensate. However, with only one particle to ‘hold on to’, it is likely that the next collision will cause this tiny nascent droplet to break apart again.
The rate of evaporation is likely to be far greater than the rate of condensation. We can increase the rate of condensation by either reducing the temperature – so colliding particles are more likely to stick, by increasing the number of gaseous water particles in our bottle – so more collisions will be between particles of water. We can also increase the rate of condensation by reducing the curvature of the surface of the nascent droplet.
In a cluster of two particles, there is only one nearest neighbour to form attractive forces with. As the cluster grows, the number of particles that can gather around a particle at the surface also grows and the curvature tends towards zero. In the two-dimensional model shown in figure 1, we can pack a maximum of four particles around a particle at a flat surface.
[image: A diagram showing water particles and the attractive forces between neighbouring particles.]The more attractive forces a particle experiences at the surface, the slower the rate of evaporation will be. So, if we allow a cluster of particles to build on a pre-existing scaffold, such as a speck of soot, then the cluster will start off with a far lower curvature and have the chance to grow.Figure 1: As the size of the cluster of condensing particles increases, the curvature at the surface decreases so particles can form more attractive inter-particle connections


Teaching goal for 16–18
Show older learners this effect and ask them to explain the partial pressure/vapour pressure effects when you squeeze the bottle and leave it to come to thermal equilibrium with its surroundings. Sketching the particles in both situations will help them draw out their thinking and develop their explanations of equilibrium effects.
Students with a static model of the phase equilibrium are likely to draw something like figure 2a and predict that the vapour pressure of the water increases. Thinking about the vapour with a dynamic model would result in a diagram closer to figure 2b. The concentration (vapour pressure) of gaseous water particles remains the same in the lower volume due to an increase in the rate of condensation as you disturb the equilibrium. Considering the particles already present in the air helps to explain why the pressure increases in the bottle without affecting the vapour pressure. Figure 2a: A static model of the water in the bottle shows the same number of vapour particles (3) before and after squeezing, with liquid water at the bottom
Figure 2b shows a more nuanced model considering the presence of air (orange) and water (blue) particles, with different numbers of water vapour particles
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