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Clever crystals and solubility

Suitable for: 11–14 years

Curriculum and learning links:
States of matter, separating mixtures

Learning objectives:
• State that dissolving and crystallisation can be accompanied by energy changes and 

describe these as exothermic or endothermic. 
• Analyse data on how temperature can affect solubility.

Activities:

Opening activity

• Ask students if they have ever used a rechargeable handwarmer such as those which 
contain a colourless liquid which turns into a white solid when a metal disc is clicked. 
Demonstrate one and pass some around for students to feel. 

• Demonstrate that the handwarmer can be ‘recharged’ by heating it in boiling water. 
• Challenge students to explain what is happening in this situation. You might also like to link 

this activity to the energy changes in reversible processes.

Development activities

Stalagmites

• Watch Clip  11
• Set up your own supersaturated solution so that you can repeat the stalagmite activity shown 

in the film. To do this, you should place 125g sodium ethanoate-3-water (sodium acetate-
3-water) into a very clean beaker and add 12.5cm3 distilled water. Heat gently and stir until 
dissolved. 

• Ask the students if they know why so much solid can dissolve in so little liquid. Discuss the 
way that this is made possible by the water molecules that were trapped in the crystals being 
freed to act as a solvent.

• While the solution is still hot, pour it carefully into another very clean beaker. Place 
a cover slip or some cling film over the beaker and leave it to cool in the fridge until required 
for the demonstration.

Solubility Investigation

• Give students the Investigating Solubility worksheet and ask them to carry out an 
investigation into how temperature affects solubility. 

• They can then use the Investigating Solubility – Data Analysis worksheet to carry out data 
analysis – either on the data they have collected, or on that provided on the worksheet.

20

© BBC



Clever crystals and solubility

Health and safety
• Normal laboratory guidelines apply for all activities (including eye protection).

• It is the responsibility of the teacher to ensure that an adequate risk 

assessment has been completed.

Technician’s notes
• Sodium ethanoate can be reused by heating it up to redissolve it in its 

water of crystallisation. However, it must be kept completely clean and 
uncontaminated. If it recrystallises prematurely, try adding a small 
amount of additional water.

• You could investigate the fact that not all compounds are more soluble in higher 
temperature solvents. For example, gases are usually less soluble at higher 
temperatures, which is why fizzy drinks go flat more quickly on a hot day.

• You could ask students to grow their own crystals from different salts by tying a seed 
crystal to a length of cotton thread or very fine fishing line and suspending it in a 
saturated solution. Good crystals can be obtained from aluminium potassium sulfate 
(alum), magnesium sulfate, and iron(II) sulfate.

• You could ask students to investigate whether their data are similar to those obtained 
by other scientists by carrying out some online research.

Want to Explore Further?
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• Ask students to discuss the data they have collected. What would happen if you were to 
saturate a solution of sodium chloride at 70oC and then cool it to 25oC? 

• How far could they extrapolate the graph? Could it go beyond 100oC? 
• Demonstrate the sodium ethanoate stalagmite. 

Reflect and Review

You will need
• Clip  11  (2’25”)
• Clip  12  (4’19”)
• Investigating Solubility 

worksheet
• Investigating Solubility – 

Data Analysis worksheet
• Rechargeable handwarmers
• Thermometers
• Glass stirring rods
• Top pan balances
• Metal bucket

• 125g sodium ethanoate-3-
water (sodium acetate-3-
water)

• Sodium sulfate (sodium 
chloride could be used if 
this is not available) 

• Sealed 500cm3 bottles of 
mineral water 

• Ice
• At least 750g salt
• Graph paper
• Beakers

• Spatulas
• Distilled water
• Fridge
• Cover slips 

Or:
Cling film

• Bunsen burners
• Tripod stands
• Heatproof mats
• Gauzes
• Measuring cylinders
• Tap Water

Development activities continued...

Supercooling
• Ask students to think about the behaviour of crystals further by discussing how and why 

water freezes.
• Watch Clip  12
• Either demonstrate the activity from the film for the class, or ask students to repeat it in groups. 

Full details of this activity can be found alongside the Supercooling film at: 
bbc.co.uk/bang/handson
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Depending on what temperature your teacher
has allocated to you, set up an ice bath or
arrange the equipment as shown in the
photograph. Make sure that you don’t leave
your stirring rod in your beaker because it
may make it unstable.

My temperature is __________ oC.

The empty beaker has a mass

of _______________ g.

What to do

1. 

2. 

3. 

4. 

5. Zero the balance with the beaker still on it and
then measure exactly 50.0g of sodium sulfate
into the beaker.

Use a measuring cylinder to measure 50cm3

water and pour it into your beaker.

Make the water the temperature allocated to
you by your teacher, either by warming it
using a Bunsen burner, or by cooling it in an
ice bath. Try to maintain this temperature
throughout the experiment.

Record the mass of an empty, dry beaker by
placing it on the top pan balance.

Investigating Solubility
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Safety information

Wear eye protection throughout this experiment.

• Two beakers
• Thermometer 
• Stirring rod
• Spatula
• Bunsen burner
• Sodium sulfate

• Measuring cylinder
• Ice bath
• Top pan balance
• Tap water

You will need
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6. 

7. 

8. 

9. 

10. 

11.

12.

Remove the beaker, zero the balance again
and measure the mass of the beaker with the
sodium sulfate in. It should be 50.0g more
than it was when it was empty. Record this
mass.

Add one spatula of sodium sulfate to your
water and gently stir using a stirring rod.
When it has dissolved, add another spatula
and stir. Remember to keep the spatula dry.

Make sure you keep your water at the
temperature given to you by your teacher all
the time. Keep adding spatulas of sodium
sulfate and stirring until you reach the point
where no more dissolves and the crystals
remain on the bottom of the beaker.

Record the mass of the beaker that contains
the dry, unused sodium sulfate.

Now subtract from this value the mass of the 
empty beaker to find the mass of the
remaining sodium sulfate.

Now subtract the mass of the remaining
sodium sulfate from 50.0g to find the mass
that you dissolved into the water.

Your teacher will help you to analyse your
data on a graph.

The mass of my beaker with 50.0g

of sodium sulfate in is ___________g. 

The mass of my beaker with the

remaining sodium sulfate in is _____ g.

The mass of the unused sodium

sulfate is __________ g.

The mass of sodium sulfate that

dissolved in water at ________ oC 

is __________ g.
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Different solutes were investigated to see how their solubility was affected by the
temperature of the solvent, which was water. Here are the data obtained.

Investigating Solubility - Data Analysis

On graph paper, plot these data, with
‘Temperature (oC)’ as the independent
variable on the x axis and ‘Mass of solute
dissolved in 50cm3 water (g)’ on the y axis.

Draw smooth lines of best fit through your
data, ignoring any anomalous results. Your
lines of best fit do not need to be straight
and they do not need to start at the origin.

Answer these questions:

Can you think of
any ways to
improve this
investigation?

1.

2.

4.

What might
have caused
them?

Are there any 
unusual results?

Temperature
(oC) NaCl Na2SO4 Ba(NO3)2

20 5 4

21 10 5

19 21 6

23 24 7
22 23 9
23 23 10

23 22 12

24 22 14

24

10

20

30

40
50
60

70

80

90 21 16

Mass of solute dissolved in 50cm3 water (g)

Use the empty column of the table below to record the results of your class.

3.

Our results: 
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