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Activity 1: Heating ammonium chloride 
 
Introduction 
In some chemical reactions, the products can react to form the original reactants. These are called 
reversible reactions. 
 
For example, ammonium chloride is a white solid that breaks down into ammonia and hydrogen 
chloride gases when heated. 

These gases react to form ammonium chloride 

What to record 
Record any observations. 

What to do 

 
1. Set up the apparatus as shown. 
2. Heat the ammonium chloride. 
3. Allow to cool. 

 
Safety 
Wear eye protection. 

 
Questions 
1. What is the white solid that is formed on cooling? 
2. What do the following words mean (a) decomposition, (b) reversible, (c) product, 
(d) reaction? 
3. Write a word equation for the reaction you have observed. 
 

ammonium 
chloride 



 

Activity 5: The equilibrium of the cobalt chloride–water system 
 
In this experiment you will be looking at the reversible reaction shown in the equation below. The 
hexaquacobalt(II) complex is pink while the tetrachlorocobalt(II) complex is blue. The different colours 
of the reactants and products allow you to observe the effect on the position of equilibrium of the 
addition of water and chloride ions and the removal of water. 

 
 
Apparatus (per group) 
Safety goggles must be worn 

• One plastic well-plate (24 wells) – eg Sigma ref: M9655. 
 
Chemicals (per group) 

• Solutions contained in plastic pipettes, see overleaf 
• Cobalt chloride (aqueous solution) 0.1 mol dm–3

• Cobalt chloride (ethanol solution) 0.1 mol dm
 (Toxic) See CLEAPSS Hazcard 25 

–3 

• Concentrated hydrochloric acid (Corrosive) See CLEAPSS Hazcard 47A 
(Highly Flammable) See CLEAPSS Hazcard 40A 

• Concentrated sulphuric acid (Corrosive) See CLEAPSS Hazcard 98A 
• Potassium chloride 0.1 mol dm
• Deionised water 

–3 

• Potassium chloride powder. See CLEAPSS Recipe book sheet 34 
 
Instructions 
 
Follow the instructions carefully recording the colours of the solutions at each stage. Appropriate care 
should be taken when using concentrated acids. 
 
1. Put 50 drops of ethanolic cobalt chloride solution into each of the wells A1–A6 and B1 (see diagram 
below). Place 20 drops of aqueous cobalt chloride into wells B2–B4. 
2. Add eight drops of water to wells A2–A5 and carefully swirl the well-plate for 1 min. 
3. Add eight drops of potassium chloride solution to wells A6 and B1. Swirl the well-plate gently for 1 
min. 
4. Add 10 drops of concentrated hydrochloric acid to well A3 and enough solid potassium chloride to 
wells A4 and A5 to cover the bottoms of the wells. Swirl carefully for 1 min. 
5. Add 20 drops, five drops at a time with gentle swirling, of concentrated sulphuric acid to wells A5–B1. 
6. Add 20 drops of concentrated hydrochloric acid to wells B3 and B4, swirling gently. 
7. Finally, add 30 drops of water to well B4. 
 
 
 
 



 

Questions 
 
1. Can you give explanations for all your observations – writing equations where appropriate? 
 

 
 



 

Activity 6: The equilibrium of the cobalt chloride–water system; 
temperature 

 
 



 

Activity 7: Consolidation 
 

Worksheet 
Read each of the statements below.  

Tick one of the boxes to show that you think the statement is true, false or that you are unsure 
whether it is true or not. 

When a reactant is added to a system in equilibrium, the forward reaction will occur to use up all the 
added material and so restore the equilibrium. 

When a reactant is added to a system in equilibrium, more product is produced but the value of the 
equilibrium constant, K, remains unaltered. 

A system reaches equilibrium when the concentration of the reactants is equal to the concentration 
of the products. 

A high value of the equilibrium constant, K, means that the forward reaction is very fast. 

When the reactants of an equilibrium system are mixed together the rate of the forward reaction 
increases until equilibrium is established. 

A catalyst increases the rate of reaction of both the forward and reverse reactions. 

In an equilibrium system in which the forward reaction is endothermic, the reverse reaction is 
exothermic. 

If a system in equilibrium where the forward reaction is endothermic is heated, the rate of the 
forward reaction increases but the rate of the reverse reaction decreases. 

Statement The statement is 
true 

The statement is 
false I am unsure 

1    

2    

3    

4    

5    

6    

7    

8    

 

For each statement that you think is false, explain why you think it is wrong. 

Write down any changes in your thinking as a result your discussions. 



 

Activity 8: Diagnostic test 
 

 

 
Total Mark = 20 

 



 

Glossary 
 
Catalyst A substance that increases the rate of a reaction. 
Dynamic equilibrium An equilibrium where the rate of the forward 

reaction equals the rate of the reverse reaction. 
Endothermic Endothermic reactions absorb heat from the 

environment. 
Equilibrium At equilibrium the concentration of reactants and 

products is constant. 
Exothermic Exothermic reactions release energy to the 

environment. 
Irreversible reaction (non-reversible) Reactions that cannot be reversed by simple 

means. 
Le Chatelier’s principle The position of equilibrium shifts to oppose any 

change imposed upon it. 
Reversible reaction Changes that can go forwards or backwards. 
Thermal decomposition A substance that is split by heat that is 

irreversible. 
Thermal dissociation A reaction that can be reversed by altering the 

temperature. 
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