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14: Handwarmers
● Basic/intermediate level   ● 30-60 minutes

Requirements
weighing balance calcium chloride, CaCl2, 8 mesh
150 cm3 beaker
250 cm3 measuring cylinder eye protection
0°C-100°C thermometer
stirring rod
spatula
2 sealable freezer bags - large and small

Method
See pupils’ sheet.

Chemical background
When the bag is broken, the water dissolves the solid CaCl2 .

CaCl2(s)            Ca2+(aq)  +  2Cl-(aq)

The energy transferred is 747J per gram of dissolved CaCl2. 
The solubility of CaCl2 ranges from 64.5 g/100 cm3 at room temperature to 159 g /100 cm3 at 100°C.

YOU CAN MAKE THIS ACTIVITY INTO AN INVESTIGATION. The task is:
‘You are working for a company who want to develop a heat pack. Each pack is to contain 100 cm3 of
water. Your job is to determine how much calcium chloride must be present in a heat pack to achieve a
maximum temperature of 40°C-50°C.’

15: One-Pot Copper Reactions
● Basic/intermediate level 
- only suitable for age 13-14 and upwards   
● 30 minutes to prepare; 30 minutes to carry out

Requirements
100cm3 of each solution will be enough for at least five one pot reactions.

Solutions of:
copper nitrate, Cu(NO3)2 (0.1 mol dm-3) sodium hydroxide, NaOH (1.0 mol dm-3) 
ammonia solution, NH3 (aq) (3.0 mol dm-3) hydrochloric acid, HCl (1.0 mol dm-3) 
sodium sulphide, Na2S (1.0 mol dm-3) sodium carbonate, Na2CO3 (0.2 mol dm-3)
potassium iodide, KI (1.0 mol dm-3) sodium thiosulphate, Na2S2O3 (0.5 mol dm-3)
sulphuric acid, H2SO4 (0.1 mol dm-3) hydrogen peroxide, H2O2 (3%) 
de-ionised water

50 cm3 or 100 cm3 beaker
disposable pipettes

Method
See pupils’ sheet.
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Safety advice
Note that this experiment requires 1.0 mol dm-3 sodium hydroxide and most education employers would
only consider it suitable for age 13-14 upwards. Supervise the use of disposable pipettes as two of the
solutions are corrosive.    

Chemical background
1. Cu2+(aq) – light blue colour

2. When the sodium carbonate is added the following reactions occur:
The carbonate reacts with water: CO3

2-(aq) + H2O(l) HCO3
-(aq) + OH-(aq)

Copper ions form insoluble Cu(OH)2 by precipitation: Cu2+(aq) + 2OH-(aq) Cu(OH)2(s)

3. When the hydrochloric acid is added the reactions are:
CO3

2-(aq) + 2H+(aq) CO2(g) +H2O(l)
Cu(OH)2(s) + 2H+(aq) Cu2+(aq)  + 2H2O(l)
Vigorous bubbling as CO2 is produced. Copper hydroxide goes back into solution.

4. When sodium hydroxide is added solid copper hydroxide reforms:
Cu2+(aq) + 2OH-(aq) Cu(OH)2(s)

5. When sulphuric acid is added copper hydroxide dissolves: 
Cu(OH)2(s) + 2H+(aq) Cu2+(aq) + 2H2O(l)

6. When potassium iodide is added the iodide ion reduces Cu2+ to Cu+, while iodine is produced:
2Cu2+(aq) + 2I-(aq) 2Cu+(aq) + I2(aq)
Cu+ forms CuI by precipitation:
Cu+(aq) + I-(aq) CuI(s)
The overall effect is a precipitate of CuI (white) against a brown solution of iodine.

7. When sodium thiosulphate is added brown coloration of iodine is removed by the thiosulphate ion as 
the iodine is reduced back to iodide ions. White CuI precipitate remains.
I2(s) + 2S2O3

2-(aq) 2I-(aq) + S4O6
2-(aq)

8. When ammonia is added copper iodide dissolves in excess ammonia as the Cu+ ion forms a complex 
with ammonia.
CuI(s) + 2NH3(aq) Cu(NH3)2

+(aq) + I-(aq)

9. H2O2 oxidises the copper(I) ion into copper(II), then ammonia forms a further complex with Cu2+.
2Cu(NH3)2

+(aq) + H2O2(aq) + 4NH3(aq) 2Cu(NH3)4
2+(aq) + 2OH-(aq)

10. Finally when sodium sulphide is added a precipate of copper(II) sulphide is formed: 
Cu(NH3)4

2+(aq) + S2-(aq) CuS(s) + 4NH3(aq)

16: Secret Writing
● Basic/intermediate level  
● 30-60 minutes to prepare; 30 minutes to carry out

Requirements
weighing balance de-ionised water
spray bottles (plastic spray bottles 5 g potassium hexacyanoferrate(II), K4[Fe(CN)6].3H2O

from a garden centre are ideal) 5 g copper sulphate, CuSO4.5H2O
pin board for attaching paper to be sprayed, pins 5 g ammonium thiocyanate, NH4SCN
small paint brushes 5 g iron(III) nitrate, Fe(NO3)3
large sheets of chromatography paper 100 cm3 ammonia solution, NH3 (aq), (0.2 mol dm-3)
hairdryer (optional) phenolphthalein solid

ethanol
eye protection
disposable gloves (optional)
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Method
Advance preparation of solutions for pupils:

1. Dissolve 0.1 g phenolphthalein in 60 cm3 ethanol (highly flammable) and make up to 100 cm3 with
de-ionised water (this is your bench solution). 

2. Dissolve all the other solids in 100 cm3 de-ionised water.

3. Put solutions of iron nitrate and ammonia into separate, labelled, spray bottles.

4. Adjust the nozzle on each spray bottle to give a fine mist and spray several times to ensure that the
spray contains solution.

The pupils follow the procedure on the pupils’ sheet.

Safety advice
Make sure that pupils avoid spraying their hands (or they can wear disposable gloves) and wash their
hands afterwards.
If a hairdryer is used (see pupils’ sheet) ensure that it has been through your education employer’s
electrical test procedure.

Chemical background
‘ink’ spray solution colour produced
potassium hexacyanoferrate iron nitrate dark blue (Prussian blue)
ammonium thiocyanate iron nitrate red-brown (iron-thiocyanate complex)
copper sulphate ammonia vivid blue copper ammine complex
phenolphthalein ammonia pink (pH indicator)

17: The Apothecary’s Cocktail Three Layer Liquid

● Basic/intermediate level   
● Setting up the intermediate stage takes less than 30 minutes
● Final stage needs to be left for several hours

Requirements
1 dm3 measuring cylinder potassium carbonate, K2CO3
500 cm3 conical flask and bung copper sulphate, CuSO4
500 cm3 measuring cylinder ethanol
filter paper paraffin oil
filter funnel dimethylbenzene (xylene) - dyed with Sudan III

eye protection 

Method
See pupils’ sheet.

Chemical background
Multiple layers are produced due to the different densities and limited miscibility of the liquids.

The differing solubilities of suitable dyes or coloured salts in the various solvents make the formation of
layers separated by phase boundaries very clear.

An investigation of alternative dyes that produce a similar three-layer effect is a possible extension of this
experiment.
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