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1. This question is about barium chloride. 
(a) Barium chloride can be made by reacting barium carbonate with dilute 

hydrochloric acid. 
The chemical equation for the reaction is 

 
 

Describe a method to produce dry crystals of hydrated barium chloride, starting 
with barium carbonate powder and dilute hydrochloric acid.     (6) 

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

(b) A colourless solution contains sodium carbonate and sodium sulfate. 
Describe a test using barium chloride to show that the colourless solution 
contains sulfate ions.                (2) 

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

(Total for question = 8 marks) 



2. Lead nitrate and potassium iodide react to form the insoluble solid lead iodide. 
Crystals of lead nitrate and potassium iodide are placed at opposite ends of a 
container of water. 
Solid lead iodide forms after several minutes. 
The diagram shows the container at the start and after several minutes. 

 

 
 

(a) Name the two processes that occur before the solid lead iodide forms.  (2) 
 
1 ................................................................................................................................  
 
2 ................................................................................................................................  
 
 

(b) Explain why solid lead iodide takes less time to form when the reaction is 
repeated using water at a higher temperature.         (2) 

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

(c) The formula for lead nitrate is Pb(NO3)2 
(i)  Give the number of diMerent elements in lead nitrate.      (1) 

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

 
(ii)  Give the charge on the lead ion in Pb(NO3)2         (1) 

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

 
 

(d) Complete the chemical equation for the reaction between lead nitrate and 
potassium iodide.                 (1) 

 
Pb(NO3)2(aq) + ............................... KI(aq) → PbI2(s) + ............................... KNO3(aq) 

 
(Total for question = 7 marks) 



3. A student does a chromatography experiment using ink 1, ink 2, and three known 
dyes A, B and C. The student uses water as the solvent. 
The diagram shows the student's chromatogram. 

 

 
 

(a) Deduce what conclusions can be made about the composition of ink 1.  (2) 
 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
...................................................................................................................................  
 
 

(b) (i)  Give one conclusion that can be made about ink 2.       (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
 

(ii)  Suggest how the student could change the experiment to find the 
composition of ink 2.                (1) 

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

 
 



(c) Calculate the Rf value of dye C, giving your answer to 2 significant figures. (3) 
 
 
 
 
 
 
 
 

Rf value = ...........................................................  
  

(Total for question = 7 marks) 
  
 
 

4.  
(a) The diagram shows the apparatus a teacher uses to determine the formula of an 

oxide of lead. 

 
 

This is the teacher's method. 
Step 1 find the mass of the reduction tube 
Step 2 add some of the lead oxide to the reduction tube 
Step 3 find the mass of the reduction tube and lead oxide 
Step 4 pass hydrogen gas over the lead oxide and ignite the hydrogen at the  
         hole 
Step 5 heat the lead oxide strongly for 10 minutes 
Step 6 keep passing hydrogen through the reduction tube until the tube and  
         contents are cool 
Step 7 find the new mass of the reduction tube and its contents 

 
(i)  Give a reason why hydrogen is passed through the reduction tube until the 
tube and contents are cool.              (1) 

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

 
 
 
 



(ii)  Describe what the teacher should do next to make sure all the lead oxide has 
been reduced to lead.               (2) 

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

 
 

(b) The teacher completes the experiment and obtains these results. 
 

mass of reduction tube = 23.50 g 
mass of tube + lead oxide = 28.64 g 
mass of tube + lead = 28.16 g 

 
(i)  Calculate the mass of lead formed.           (1) 

 
 
 
 

mass of lead = ........................................................... g 
 

(ii)  Calculate the mass of oxygen removed from the lead oxide.    (1) 
 
 
 
 

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

(iii)  Determine the empirical formula of the lead oxide.      (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 

empirical formula of the lead oxide ...................................  



(c) The insoluble salt lead(II) chloride (PbCl2) can be prepared by reacting a solution 
of lead(II) nitrate with dilute hydrochloric acid. 

 
(i)  Complete the equation for the reaction by adding the state symbols.  (1) 

 
Pb(NO3)2(............) + 2HCl(............)   →   PbCl2(............) + 2HNO3(............) 

 
(ii)  Show that the maximum mass of lead(II) chloride that can be made from 
0.0370 mol of hydrochloric acid is about 5 g. 
[Mr of PbCl2 = 278]                (3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

(Total for question = 13 marks) 
  
 
 
  



5. A student uses this apparatus to find the temperature change when sodium 
hydroxide solution reacts with dilute hydrochloric acid. 

 

 
 

This is the student's method. 
 

• pour 20 cm3 of sodium hydroxide solution into a polystyrene cup 
• record the temperature of the sodium hydroxide solution 
• add 20 cm3 of dilute hydrochloric acid and stir the mixture 
• record the highest temperature of the mixture  

 
(a) (i)  Give the formula of the ion that causes sodium hydroxide solution to be 

alkaline.                   (1) 
 
..............................................................................................................................  

 
(ii)  Suggest a pH value for the dilute hydrochloric acid.      (1) 

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

 
 
(b) Explain why a polystyrene cup is used in this experiment.      (2) 

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



 
(c) The diagram shows the thermometer readings at the start and at the end of the 

experiment. 
 

 
 

Use the readings to complete the table, giving all values to the nearest 0.1 °C. 
                      (3) 

 

 
 

 
(d) Another student does the experiment, but uses 25 cm3 of sodium hydroxide 

solution and 25 cm3 of dilute hydrochloric acid. 
She records a temperature change of 5.2 °C. 
Calculate the heat energy (Q) in kilojoules (kJ) released in this reaction. 
[mass of 1.0 cm3 of solution = 1.0 g] 
[for the solution, c = 4.2 J / g / °C]            (4) 

 
 
 
 
 
 
 
 
 

Q = ........................................................... kJ 
  

(Total for question = 11 marks) 
 
 
  
 
 
 



6. Some sugar is added to cold water in a beaker. 
After some time, all the sugar dissolves and spreads throughout the water. 
 

(a) (i)  Name the process that occurs which causes the sugar to spread throughout 
the water.                   (1) 

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

 
(ii)  State two ways to make the sugar dissolve more quickly.     (2) 

 
1 .................................................................................................................................  
 
2 …..............................................................................................................................  
 
 

(b) Pure water can be obtained from the sugar solution using this apparatus. 
 

 
 

(i)  Name the process used to obtain pure water from the sugar solution.  (1) 
 
..............................................................................................................................  

 
(ii)  Explain the purpose of the piece of apparatus labelled X.     (2) 

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

  
(Total for question = 6 marks) 

 
 
  
 
 
 



7. A student uses this apparatus to investigate the rate of reaction between marble 
chips and dilute hydrochloric acid. 

 

 
 

The equation for the reaction is 
CaCO3 + 2HCl → CaCl2 + H2O + CO2 

 
(a) During the reaction the mass of the contents of the flask decreases. 

(i)  State why the mass of the contents of the flask decreases.     (1) 
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  State the purpose of the cotton wool.          (1) 

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

 
(iii)  Explain why sulfuric acid is not a suitable acid to use in this investigation. 

                      (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
 

  



(b) The graph shows the student's results. 
 

 
 

(i)  In the investigation the marble chips are in excess. 
Explain the shape of the graph.             (4) 

 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
..............................................................................................................................  
 
.............................................................................................................................. 
 
.............................................................................................................................. 
 
(ii)  The student repeats the experiment using the same volume of hydrochloric acid 
but of half the concentration of the original acid. All other conditions are kept the 
same. 
On the grid, draw the curve the student would obtain.        (2) 

 
 



(c) Explain, using particle collision theory, how increasing the temperature aMects 
the rate of a reaction.                (4) 

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

(Total for question = 14 marks) 
  
 
 
  



8. This question is about salts. 
(a) Soluble salts can be prepared by the reaction between a metal oxide and an 

acid. The equation for this type of reaction is 
metal oxide + acid → salt + water 

 
(i)  State the name given to this type of reaction.        (1) 

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

 
(ii)  State, in terms of protons, what happens in this reaction.     (1) 

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

 
 

(b) (i)  A student is given 50 cm3 of dilute sulfuric acid and a bottle of solid copper(II) 
carbonate. 
Describe the method that the student should use to prepare a saturated solution 
of copper(II) sulfate. 
In your answer, refer to the pieces of apparatus that the student should use. (5) 

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



(ii)  The student produces dry crystals of hydrated copper(II) sulfate from the 
saturated solution. 
He calculates that 6.40 g of dry crystals should be formed. 
The mass of dry crystals he actually obtains is 1.80 g less than he calculated. 
Calculate the student's percentage yield. 
Give your answer to one decimal place.           (3) 

 
 
 
 
 
 
 
 
 
 
 

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

(c) (i)  Gypsum is hydrated calcium sulfate. 
A sample of gypsum contains 79% of calcium sulfate by mass. 
Calculate the value of x in CaSO4.xH2O 
[Mr of CaSO4 = 136          Mr of H2O = 18]           (3) 

 
 
 
 
 
 
 
 
 
 

x = ................................  
 

(ii)  Describe a test for calcium ions in the sample of gypsum.     (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

  
(Total for question = 15 marks) 



9. A student uses paper chromatography in an experiment to separate the dyes in 
four diMerent food colourings, E, F, G and H. 
The diagram shows the appearance of the paper before and after the experiment. 

 

 
 

(a) (i)  Describe how the student should complete the experiment after putting a 
spot of each food colouring on the paper.          (3) 

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

  
(ii)  Deduce the number of dyes in food colouring H.       (1) 

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

 
(iii)  Suggest why food colouring F does not move during the experiment.  (1) 

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



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

 
(iv)  Explain which two food colourings contain the dye that is likely to be the 
most soluble in the solvent.              (2) 

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

 
 

(b) Determine which food colouring contains a dye with Rf value closest to 0.67 
Show your working.                (3) 

 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 10 marks) 
  
 
 
  



10. This question is about rusting. 
(a) When iron rusts, it reacts with oxygen in the air. 

A student uses the rusting of iron to find the percentage of oxygen in a sample of 
air. 
The diagram shows the apparatus. 

 

 
 

These are the student's results. 
 

 
 

Calculate the percentage of oxygen in the sample of air using the student's 
results.                   (3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

percentage of oxygen = .............................. % 
 
 
 
 
 
 
 



(b) (i)  Cars are painted to prevent the iron in car bodies from rusting. 
 Explain how painting prevents the iron in car bodies from rusting.   (2) 

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

 
(ii)  Some car manufacturers use paint containing tiny particles of zinc. 
Explain how particles of zinc prevent iron in car bodies from rusting even when 
this paint is scratched.               (2) 

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

  
(Total for question = 7 marks) 

  
 

11. Zinc reacts with dilute hydrochloric acid to form hydrogen. 
(a) (i)  Give a chemical equation for this reaction.         (2) 
 
..............................................................................................................................  

 
(ii)  Give a test for hydrogen gas.             (1) 

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



(b) A student investigates the reaction between pieces of zinc and dilute 
hydrochloric acid. 
In each experiment, he uses the same mass of zinc but a diMerent volume of the 
acid. 
He collects the hydrogen and measures its volume in each experiment. 
The graph shows the student's results. 

 

 
 

(i)  Use the graph to find the minimum volume of acid needed to react with all of 
the zinc.                   (1) 

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

 
(ii)  The student repeats the investigation, using hydrochloric acid of double the 
original concentration. 
Determine the volume of hydrogen that would be collected using 15 cm3 of this 
acid. 
Show your working on the graph.             (2) 

 
 
 
 
 

volume = ................................. cm3 



(c) Explain how increasing the concentration of the hydrochloric acid aMects the 
rate of reaction.                 (3) 

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

(d) The rate of reaction could also be aMected by changing the temperature of the 
hydrochloric acid, or by using a catalyst. 
Explain one other way in which the rate of reaction between zinc and 
hydrochloric acid can be aMected.            (3) 

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

(Total for question = 12 marks) 
  



12. This question is about reactions that form gases. 
(a) Hydrogen peroxide decomposes to form water and oxygen. 

The equation for the reaction is 
2H2O2 → 2H2O + O2 

 
25.0 cm3 of hydrogen peroxide solution are poured into a conical flask and 1.00 g 
of solid manganese(IV) oxide is added. 
Bubbles of oxygen gas are formed. 
(i)  Give the test for oxygen gas.             (1) 

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

 
(ii)  Describe a method to show that solid manganese(IV) oxide is a catalyst in 
this reaction and not a reactant.             (3) 

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

  
  



(b) A student uses this apparatus to investigate the rate of the reaction between zinc 
and an excess of dilute hydrochloric acid. 

 

 
 

This is the student's method. 
• pour 50 cm3 of dilute hydrochloric acid into a conical flask 
• add about 1.2 g of zinc lumps 
• record the volume of hydrogen gas collected every 30 s until no more 

hydrogen is collected 
 

The graph shows the student's results. 
 

 
 

(i)  Calculate the mean (average) rate of reaction, in cm3 / s, in the first 120 s.(2) 
 
 
 
 
 
 
 
 
 
 

mean rate = ........................................................... cm3 / s 



(ii)  The equation for the reaction between zinc and hydrochloric acid is 
 

Zn(s) + 2HCl(aq) → ZnCl2(aq) + H2(g) 
 

Use this equation and the particle collision theory to explain why the rate of 
reaction is greatest at the start of the reaction.         (3) 

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

(iii)  The student repeats the experiment at a higher temperature but keeps all 
other conditions the same. 
On the grid, draw the curve you would expect to see in this experiment.  (2) 

 
(iv)  Explain why the rate of reaction is greater if the same mass of zinc powder is  

       used instead of zinc lumps. All other conditions are kept the same.   (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
  



(c) In another experiment, the student adds 0.55 g of zinc to a solution containing 
2.50 × 10−2 moles of hydrochloric acid. 
Use the equation to show that hydrochloric acid is in excess. 

Zn(s) + 2HCl(aq) → ZnCl2(aq) + H2(g) 
 

[Ar of Zn = 65]                  (2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 15 marks) 
  



13. A teacher uses this apparatus to separate a mixture of ethanol and water. 
 

 
 

(a) (i)  Name this method of separation.            (1) 
 
..............................................................................................................................  

 
(ii)  Name the change of state taking place at A.        (1) 

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

 
(iii)  Name the change of state taking place at B.        (1) 

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

 
 

(b) The mixture contains 15.5 cm3 of ethanol. 
1.0 cm3 of ethanol has a mass of 0.79 g. 
One mole of ethanol contains 6.00 × 1023 molecules. 
[Mr of ethanol = 46] 
 
(i)  Calculate the amount, in moles, of ethanol in 15.5 cm3 of ethanol.  (2) 

 
 
 
 
 
 
 

amount = ........................................................... mol 
 



(ii)  Calculate the number of molecules of ethanol in 15.5 cm3 of ethanol. (1) 
 
 
 
 
 

number of molecules = .................................  
 

 
(c) After five minutes, the teacher collects a sample of colourless liquid in a new 

beaker. 
(i)  Describe a chemical test to show that the colourless liquid contains water.(2) 

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

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

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

 
(ii)  Describe a physical test to show if the colourless liquid is pure water. (2) 

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

 
  



(d) The teacher uses this apparatus to heat 100 g of water. 
 

 
 

He records the temperature of the water before and after heating. 
 

Temperature of water before heating = 21.0 °C 
temperature of water after heating = 70.5 °C 

 
(i)  Calculate the heat energy change (Q) in joules. 
[specific heat capacity of water is 4.2 J /g/°C]         (3) 

 
 
 
 
 
 
 
 
 

Q = …........................................................ J 
 

(ii)  The student burns 0.0200 mol of ethanol. 
Use this information and your value for Q to calculate the molar enthalpy change 
(ΔH), in kJ/mol, for the combustion of ethanol. 
Include a sign in your answer.             (2) 

 
 
 
 
 
 
 
 
 
 
 

ΔH = ....................................... kJ/mol  
(Total for question = 15 marks) 



14. This question is about separating mixtures. 
(a) The diagram shows apparatus that can be used to obtain pure water from sea 

water. 
 

 
 

(i)  Give the name of this technique.            (1) 
 
..............................................................................................................................  

 
(ii)  Explain a change to the apparatus that would improve the collection of pure 
water from the heated sea water.            (2) 

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

 
 

(b) The dyes in samples of four inks, A, B, C and D, were analysed using paper 
chromatography. The solvent used was water. 
The diagram shows the results obtained. 

 

 
 



(i)  Determine the Rf value of the dye that is in ink A and in ink C.    (3) 
 
 
 
 
 
 

Rf = ...........................................................  
 

(ii)  Ink D is a mixture of three dyes. 
Give a change to the experiment that would be needed to separate the dyes in 
ink D.                    (1) 

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

(Total for question = 7 marks) 
  
 
 

15. This question is about the separation of mixtures. 
(a) The box gives some methods used to separate mixtures. 

 

 
 

Complete the table by giving the correct method from the box for each 
separation. 
Each method can be used once, more than once or not at all.     (4) 

 

 
 

(b) A student uses chromatography to analyse the composition of purple ink. 
The diagram shows the student's chromatogram at the end of the experiment. 



 
 

(i)  Explain which dyes are contained in the purple ink.       (2) 
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  
 
..............................................................................................................................  

 
(ii)  Explain which dye is least soluble in the solvent.       (2) 

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

 
 

(c) A diMerent chromatography experiment is set up. 
A spot of food colouring is placed on the start line. 
A food dye in the colouring has an Rf value of 0.72 
The distance between the start line and the solvent front is 120 mm. 
Calculate the distance the food dye moves from the start line.    (2) 

 
 
 
 
 
 

distance = ........................................................... mm 
 (Total for question = 10 marks) 



16. This question is about the separation of mixtures. 
(a) Name the method used to separate the dyes in a sample of ink.    (1) 

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

(b) The diagram shows four pieces of apparatus, P, Q, R and S, used in the 
separation of mixtures. 

 

 
 

(i)  Which type of separation is apparatus P used for?       (1) 
 

   A    crystallisation 
   B    filtration 
   C    fractional distillation 
   D    simple distillation 

 
(ii)  Which type of separation is apparatus S used for?       (1) 

 
   A    crystallisation 
   B    filtration 
   C    fractional distillation 
   D    simple distillation 

 
(iii)  Give the name of apparatus Q.            (1) 

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

(Total for question = 4 marks) 
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