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Please note, these questions may have parts related to other topics within 
the GCSE Chemistry course. However, all questions are related at least in 
part to Inorganic Chemistry 
 
Topics included: 

• Group 1: The Alkali Metals 
• Group 7: The Halogens 
• Reactions of Metals 
• The reactivity series 
• Redox reactions 
• Acids, Bases and Salts 
• Testing for ions and gases 

 
Questions taken from 2019 and 2020 January, June and November Papers 
(C and CR) 
 

• 16 questions 
• 137 marks 
• Recommended time: 150 minutes (just over 1 minute per mark) 

  



1. The reactions of metals with water and with dilute sulfuric acid can be used to 
determine the order of reactivity of the metals. 
The table shows the reactions of four metals, W, X, Y and Z, with water and with 
dilute sulfuric acid. 

 

 
 

(a) What is the order of reactivity of these metals?         (1) 
 

 
 
 

(b) (i)  State which metal, W, X, Y or Z, could be copper.       (1) 
 
..............................................................................................................................  

 
(ii)  State which metal, W, X, Y or Z, could be magnesium.      (1) 

 
..............................................................................................................................  

 
 

(c) A displacement reaction can also be used to decide the order of reactivity of two 
metals. 
State two observations made when an excess of magnesium powder is added to 
an aqueous solution of copper(II) sulfate.          (2) 

 
1 ................................................................................................................................  
 
...................................................................................................................................  
 
2 .................................................................................................................................  
 
...................................................................................................................................  
  

(Total for question = 5 marks) 
  
 
 
  



2. Sodium chloride is a soluble salt. 
(a) Name the acid and the alkali that can be used to make sodium chloride.  (2) 

 
Acid ............................................................................................................................  
 
Alkali ..........................................................................................................................  
 
 

(b) A teacher drops a bottle containing sodium chloride. The bottle breaks when it 
hits the floor. The teacher sweeps up the mixture of sodium chloride and glass. 
Describe how the teacher can obtain a pure, dry sample of sodium chloride from  
the mixture.                  (4) 

 
................................................................................................................................... 
 
...................................................................................................................................  
 
...................................................................................................................................  
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 

(Total for question = 6 marks) 
  



3. This question is about some elements in Group 1 of the Periodic Table. 
(a) The table gives some statements about the reaction of potassium with water. 

Place ticks ( ) in three boxes to show which three statements are correct. (3) 
 

 
 
 

(b) After the reaction of potassium with water is complete, a few drops of universal 
indicator are added to the solution formed. The universal indicator turns purple. 
(i)  Suggest a value for the pH of the solution.         (1) 

 
..............................................................................................................................  

 
(ii)  Give the formula of the ion responsible for this pH value.     (1) 

 
..............................................................................................................................  

 
 

(c) Sodium burns in oxygen to produce sodium oxide. 
Complete the equation for this reaction.          (1) 

 
................... Na  +  ...................O2  →  ...................Na2O 

  
(Total for question = 6 marks) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 



4. A salt can be made by reacting an acid with an insoluble base. 
A student has a sample of copper(II) oxide. 
The student uses this method. 

 
Stage 1   pour 50 cm3 of dilute sulfuric acid into a beaker 
Stage 2   warm the acid using a Bunsen burner 
Stage 3   add a small amount of copper(II) oxide to the warm acid and stir the  
        mixture 
Stage 4   add further amounts of copper(II) oxide until copper(II) oxide is in  
        excess 
Stage 5    filter the mixture 
Stage 6   obtain crystals from the filtrate 

 
(a) State why the acid is warmed in stage 2.          (1) 

 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(b) State how the student would know that the copper(II) oxide is in excess in stage 
4.                     (1) 

 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(c) State why the mixture is filtered in stage 5.          (1) 
 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(d) State the colour of the filtrate obtained in stage 5.        (1) 
 
...................................................................................................................................  
 
 
 
 
 
 
 
 



(e) Describe how the student could obtain a pure, dry sample of hydrated copper(II) 
sulfate crystals from the filtrate in stage 6.          (5) 

 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
...................................................................................................................................  
 
................................................................................................................................... 
 
................................................................................................................................... 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



(f) The overall equation for the formation of hydrated copper(II) sulfate crystals from 
copper(II) oxide is 

 
 

(i)  In an experiment, a student completely reacts 9.54 g copper(II) oxide. 
Show that the maximum possible mass of CuSO4.5H2O crystals that can be 
obtained is about 30 g. 
[Mr of CuO = 79.5          Mr of CuSO4.5H2O = 249.5] 
Give your answer to an appropriate number of significant figures.    (3) 

 
 
 
 
 
 
 
 
 
 

mass = ........................................................... g 
 

(ii)  In this experiment, the actual yield of CuSO4.5H2O crystals is 23.92 g. 
Calculate the percentage yield of CuSO4.5H2O         (2) 

 
 
 
 
 
 
 
 
 
 

percentage yield = ........................................................... % 
  

(Total for question = 14 marks) 
  
 
 
 
 
 
 
 
 
 
 



5. This question is about metals in Group 1 of the Periodic Table. 
When these metals are added to water, they form hydrogen gas and an alkaline 
solution. 

 
(a) A teacher adds a small piece of lithium to a trough of water to form a solution. 

She dips a piece of platinum wire into the solution. She then places the wire into  
a hot Bunsen flame and the flame changes colour. 
(i)  State the new colour of the flame.           (1) 

 
..............................................................................................................................  

 
(ii)  Give the formula of the ion responsible for the new colour.    (1) 

 
..............................................................................................................................  

 
(iii)  The teacher adds a few drops of litmus indicator to the solution. 
Explain the colour of the litmus indicator after it is added to the solution. (2) 

 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 

(b) The teacher adds a small piece of sodium to a second trough of water. 
The sodium floats and moves around the surface of the water as it reacts. 
(i)  Give two other observations that are made as sodium reacts with water. (2) 

 
1 ................................................................................................................................  
 
...................................................................................................................................  
 
2 .................................................................................................................................  
 
................................................................................................................................... 
 

(ii)  Complete the chemical equation for the reaction of sodium with water. (1) 
 

 
 

 
 
 
 



(c) The teacher adds a small piece of potassium to a third trough of water. 
(i)  Give one observation that is diaerent when using potassium instead of 
sodium.                   (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  Give a possible pH value for the solution that forms when potassium reacts 
with water.                  (1) 

 
..............................................................................................................................  

 
 

(d) Explain why the reaction of rubidium with water is more vigorous than the 
reaction of potassium with water.            (2) 

 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
  

(Total for question = 11 marks) 
  
 
 
  



6. The gas burned in a Bunsen burner is methane. 
The equation for the complete combustion of methane is 

 
 

(a) Calculate the mass of oxygen required to react with 32 g of methane. 
[Mr of methane = 16]                (2) 

 
 
 
 

mass of oxygen = ............................... g 
 
 

(b) The diagram shows methane burning in air. It also shows how the two gases 
formed are collected and tested. 

 

 
 

(i)  Explain why water collects in the U-tube.         (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  Describe how anhydrous copper(II) sulfate is used to test for water.  (2) 

 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 
 



(iii)  Explain the change in appearance of the limewater.      (3) 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
..............................................................................................................................  

  
(Total for question = 9 marks) 

  
 
 
 

7. Hydrated ammonium iron(III) sulfate is a violet solid that has the formula  
(NH4)2SO4.Fe2(SO4)3.xH2O 
The table shows some tests done on three separate samples of the solid. 

 

 
 

(a) Complete the table to show the observation made in each test.    (3) 
 
 
 
 
 
 
 
 



(b) A student needs to find the value of x in the formula (NH4)2SO4.Fe2(SO4)3.xH2O 
He uses this apparatus. 

 

 
 

The hydrated solid decomposes when heated gently. 
The equation for the reaction is 

 
 

The table shows the student's results. 
 

 
 

(i)  Calculate the mass of (NH4)2SO4.Fe2(SO4)3 produced by heating.   (1) 
 
 
 

mass of (NH4)2SO4.Fe2(SO4)3 = .............................. g 
 

(ii)  Calculate the mass of water produced.          (1) 
 
 
 

mass of water = ...............................g 
 

(iii)  Calculate the value of x. 
[Mr of (NH4)2SO4.Fe2(SO4)3 = 532 and Mr of H2O = 18] 
Give your answer to the nearest whole number.        (4) 

 
 
 
 
 
 
 
 
 

value of x = ...........................................................  
(Total for question = 9 marks) 



8. Iron reacts with dilute sulfuric acid to form a salt called iron(II) sulfate. 
The formula of iron(II) sulfate is FeSO4 

 
(a) (i)  How many diaerent elements are there in iron(II) sulfate?     (1) 

   A    2 
   B    3 
   C    4 
   D    6 

 
(ii)  Use information from the Periodic Table to calculate the relative formula 
mass of iron(II) sulfate.               (2) 

 
 
 
 

relative formula mass = ..............................  
 

(b) Some iron filings are added to dilute sulfuric acid. The mixture is warmed and 
hydrogen gas is given oa. 
(i)  State why the mixture is warmed.            (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  State the observation that shows a gas is being given oa.     (1) 

 
..............................................................................................................................  

 
(iii)  Give the test for hydrogen gas.            (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(c) When the reaction stops, some iron filings remain. 

(i)  State why the reaction stops.             (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 

(ii)  Give a chemical equation for the reaction between iron and sulfuric acid. (1) 
 
..............................................................................................................................  

(Total for question = 8 marks) 



9. A student uses this apparatus to investigate the temperature changes that occur  
when metals are added to copper(II) sulfate solution. 

 

 
 

This is the student's method. 
• add a sample of aluminium to a beaker containing 25 cm3 of copper(II) 

sulfate solution 
• stir the mixture and record the highest temperature reached  

 
The student repeats the experiment four times, using the same amount of a  
diaerent metal each time. 

 
 

(a) The table shows the thermometer readings for each metal. 
 

 
 

Complete the table by recording the highest temperature reached for each 
metal, giving all temperatures to the nearest 0.5 °C.       (2) 

 
 

(b) The initial temperature of the copper(II) sulfate solution in each experiment is 
25.0 °C. 
(i)  Suggest why magnesium produces the largest temperature rise.   (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
 



(ii)  Explain why there is no temperature change with silver.     (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 

(c) In the experiment with magnesium, using 25 cm3 of solution means that the 
copper(II) sulfate is in excess. 
In another experiment, the student uses the same amount of magnesium but  
adds it to 50 cm3 of copper(II) sulfate solution. 
Explain how the change in volume aaects the temperature rise.    (2) 

 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
................................................................................................................................... 
 
 

(d) In another experiment, the student adds a metal to 45 cm3 of copper(II) sulfate 
solution and obtains a temperature rise of 15.0 °C. 
The mass of 1.0 cm3 of the solution is 1.0 g. 
The specific heat capacity, c, of the solution is 4.2 J/g/°C. 
Calculate the heat energy, Q, in kilojoules (kJ), released in this reaction.  (4) 

 
 
 
 
 
 
 
 
 
 

Q ...................................... kJ 
  

(Total for question = 11 marks) 
  
 
 



10. A student does these two tests on a solution made from a white solid. 
 

• flame test 
• add acidified silver nitrate solution  

 
The table shows his results. 

 

 
 

(a) Give the formula of the ion that produces the red flame.      (1) 
 
...................................................................................................................................  
 
 

(b) Name the cream precipitate.              (1) 
 
...................................................................................................................................  
 
 

(c) Identify the white solid.               (1) 
 
...................................................................................................................................  
 
 

(d) The student uses a clean metal wire in the flame test. 
(i)  State why the wire should be clean when used in the flame test.   (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  The table lists properties of some metals. 
Add ticks ( ) to the table to show the two properties needed in a metal wire used 
in a flame test.                 (2) 

 

 
  

(Total for question = 6 marks) 
  
 



11. A student makes some magnesium nitrate crystals from magnesium oxide and 
dilute nitric acid. 
The equation for the reaction is 

MgO(s)  +  2HNO3(aq)  →  Mg(NO3)2(aq)  +  H2O(l) 
 

(a) (i)  Give the formula of each ion in magnesium nitrate.       (2) 
 

..................................... and ..................................... 
 

(ii)  A student has a beaker containing dilute nitric acid. 
Describe a method that she could use to prepare a pure, dry sample of 
magnesium nitrate crystals from magnesium oxide.       (6) 

 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
..............................................................................................................................  

  
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 



(b) Magnesium nitrate crystals contain water of crystallisation with the formula 
Mg(NO3)2.6H2O 
(i)  Show by calculation that the relative formula mass of Mg(NO3)2.6H2O is 256. 

                       (1) 
 
 
 
 
 
 
 
 
 
 
(ii)  Show that the maximum mass of Mg(NO3)2.6H2O that could be made from 
0.050 mol of nitric acid is about 6 g.            (3) 
 
 
 
 
 
 
 
 
 
 
(iii)  The actual mass of crystals that the student obtains is 4.8 g. 
Calculate the percentage yield of Mg(NO3)2.6H2O in this experiment.   (2) 

 
 
 
 
 
 
 
 
 
 

percentage yield = …........................................................ % 
  

(Total for question = 14 marks) 

 

 

  

 



12. This question is about lithium carbonate. 
(a) The formula of lithium carbonate is Li2CO3 

Calculate the relative formula mass (Mr ) of lithium carbonate.    (1) 
 
 
 
 
 
 

Mr = ...........................................................  
 

(b) (i)  Give a test to show that lithium carbonate contains lithium ions.   (2) 
 
Test ............................................................................................................................  
 
...................................................................................................................................  
 
Result .........................................................................................................................  
 
................................................................................................................................... 
 

(ii)  Describe a test to show that lithium carbonate contains carbonate ions. (3) 
 
Test ............................................................................................................................  
 
...................................................................................................................................  
 
................................................................................................................................... 
 
................................................................................................................................... 
 
Result .........................................................................................................................  
 
................................................................................................................................... 
 
 

(c) Lithium carbonate decomposes when heated to produce lithium oxide and 
carbon dioxide. 
Complete the chemical equation for this reaction.        (1) 

 
Li2CO3 → ............................................... + ............................................... 

  
(Total for question = 7 marks) 

  
 
 
  



13.  
(a) A piece of magnesium ribbon is ignited and placed in a gas jar of oxygen. 

The equation for the reaction is 
2Mg + O2 → 2MgO 

 
(i)  Give two observations that would be made in this reaction.    (2) 

 
1 ................................................................................................................................  
 
...................................................................................................................................  
 
2 ................................................................................................................................  
 
................................................................................................................................... 
 

(ii)  State why this is an oxidation reaction.          (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 

(b) A second piece of magnesium ribbon is ignited and placed in a gas jar of carbon 
dioxide. 
A very exothermic reaction occurs, forming magnesium oxide and carbon. 
(i)  State what is meant by the term exothermic.        (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  Give the chemical equation for this reaction.        (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
(iii)  A fire starts in a warehouse where magnesium is stored. 
Suggest why it would not be suitable to use a carbon dioxide fire extinguisher to 
put out this fire.                 (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  



(c) (c)  A student uses this apparatus to find the mass of magnesium oxide that 
forms when a known mass of magnesium is heated. 

 

 
 

This is his method. 
 
• find the mass of the crucible and lid 
• place some magnesium ribbon in the crucible 
• find the mass of the crucible, lid and magnesium 
• heat the crucible with the lid on for a few minutes 
• find the mass of the crucible, lid and magnesium oxide  

 
Using this method, the mass of magnesium oxide formed is less than expected. 
Explain two changes that the student should make to his method to obtain a 
mass of magnesium oxide closer to the expected mass.      (4) 

 
1 .................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
2 ................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
  

(Total for question = 10 marks) 
  
 
 
 
 
  



14. The diagram shows two samples of iron, A and B. 
 

 
 

Sample B is coated with a thin layer of zinc. 
 

(a) Name the process used to coat iron with zinc.         (1) 
 
...................................................................................................................................  
 
 

(b) The two samples of iron are left outside for several weeks. 
A brown solid containing hydrated iron(III) oxide forms on sample A. 
(i)  Give the common name for the brown solid.         (1) 

 
..............................................................................................................................  

 
(ii)  Give the names of the two substances that react with the iron to form the 
brown solid.                  (2) 

 
1 ................................................................................................................................  
 
2 .................................................................................................................................  
 

(c) Iron can be formed by reacting aluminium powder with iron(III) oxide. 
The diagram shows how this reaction can be demonstrated. 

 

 
 

When the magnesium fuse is lit, a very exothermic reaction occurs. 
(i)  State the meaning of the term exothermic.         (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

 
 
 
 
 



(ii)  The equation for the reaction between aluminium and iron(III) oxide is 
2Al + Fe2O3 → 2Fe + Al2O3 

Explain what this reaction shows about the relative reactivities of aluminium and 
iron.                    (2) 

 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(iii)  Explain why the reaction between aluminium and iron(III) oxide is a redox 
reaction.                   (3) 

 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

  
(Total for question = 10 marks) 

  
 
 
  



15. This question is about gases in the atmosphere. 
(a) The box gives the names of some gases in the atmosphere. 

 

 
 

Choose gases from the box to answer these questions. 
Each gas may be used once, more than once or not at all. 
(i)  Identify a noble gas.                (1) 
 
..............................................................................................................................  

 
(ii)  Identify a gas that makes up about 78% of the atmosphere.     (1) 
 
..............................................................................................................................  

 
(iii)  Identify a greenhouse gas.              (1) 
 
..............................................................................................................................  

 
(iv)  Identify a gas produced by the thermal decomposition of calcium carbonate. (1) 
 
.............................................................................................................................. 

 
 

(b) Sulfur reacts with oxygen to produce sulfur dioxide gas. 
(i)  Write a chemical equation for this reaction.         (1) 

 
..............................................................................................................................  
 

(ii)  State an environmental problem caused when sulfur dioxide gas dissolves in 
water in the atmosphere.               (1) 

 
..............................................................................................................................  
 
..............................................................................................................................  

  
(Total for question = 6 marks) 

  
 
 
 
 
 
 
 
 
 



16. A teacher uses the reaction between phosphorus and oxygen to calculate the 
percentage of oxygen in air. 
She uses this apparatus and excess phosphorus. 

 

 
 

The volume of gas in the tube decreases as the phosphorus reacts with oxygen. 
The teacher measures the volume of gas in the tube at one-minute intervals. 
The table shows the teacher's results. 

 

 
 

(a) State how the results show that all the oxygen has reacted.     (1) 
 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(b) Give one change to this experiment that would make the results more accurate. 
(1) 

 
...................................................................................................................................  
 
................................................................................................................................... 
 
 
  



(c) Use the results to calculate the percentage of oxygen in air. 
Give your answer to one decimal place.           (3) 

 
 
 
 
 
 
 
 
 
 

percentage = ........................................................... % 
  

(Total for question = 5 marks) 
 

END OF QUESTIONS 

 

 
 



Mark Scheme 
 
Q1. 
  

 
  
 

(Q06 4CH1/1C, June 2019)  
 



Q2. 
  

 

 

  

 
(Q03 4SS0/1C, June 2019)  

 



Q3. 
  

 

  

 
(Q02 4CH1/1CR, June 2019)  

 



Q4. 
  

 

 



 

 



 

 

  

 
(Q14 4CH1/1C, June 2019)  

 



Q5. 
  

 

 



 

  

 
(Q05 4SS0/1C, June 2019)  

 



Q6. 
  

 

 

  

 
(Q11 4CH1/1C, June 2019)  

 



Q7. 
  

 

 

  

 
(Q15 4CH1/1C, June 2019)  

 



Q8. 
  

 

 

  

 
(Q02 4SS0/1C, June 2019)  

 



Q9. 
  

 

 



 

  

 
(Q06 4SS0/1C, June 2019)  

Q10. 
 

 
  

(Q03 4CH1/1C, June 2019)  



Q11. 
  

 

 



 

 
 

(Q07 4CH1/1CR, June 2019)  
 

  



Q12. 
  

 

  
 

(Q04 4SS0/1C, Nov 2020)  
 
  



Q13. 
  

 

 

  
 

(Q08 4CH1/1CR, Nov 2020)  
 
  



Q14. 
  

 

  
 

(Q03 4CH1/1C, Jan 2020)  
 
  



Q15. 
  

 

  
 

(Q01 4CH1/1C, Jan 2020)  
 
  



Q16. 
  

 

  
 

(Q05 4CH1/1CR, Jan 2020)  
 

 


