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Answer ALL questions.  Write your answers in the spaces provided.

Some questions must be answered with a cross in a box . 

If you change your mind about an answer, put a line through the box  and then 

mark your new answer with a cross .

1 (a) Hydrogen sulphide, H2S, is a simple molecular, covalent compound.

  (i) A hydrogen atom has one electron in its outer shell.
   A sulfur atom has six electrons in its outer shell.

   Which of the following is the dot and cross diagram of a molecule of 
hydrogen sulfide?

(1)

   A 

   B 

   C 

   D 

  (ii) Which row in Figure 1 shows the properties of a simple molecular, covalent 
compound such as hydrogen sulfide?

(1)

melting point boiling point conduction of electricity

A high high poor conductor

B high high good conductor only when liquid

C low low poor conductor

D high high good conductor

Figure 1



3

*S56681A0328* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

 (b) A compound of sulfur was analysed to determine its empirical formula.

  (i) State the meaning of the term empirical formula.
(1)

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

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

  (ii) A compound of sulfur and fluorine contains 4.8 g of sulfur and 17.1 g of fluorine.

   Calculate the empirical formula of this compound.

   You must show your working. 
(relative atomic masses: F = 19, S = 32)

(3)
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 (c) 48.0 g of sulfur dioxide is provided.

  Calculate the number of sulfur dioxide molecules, SO2, in this sample.

  (relative atomic masses: O = 16.0, S = 32.0;  
Avogadro constant = 6.02 × 1023  mol–1)

(3)
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(Total for Question 1 = 9 marks)
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2 (a) A Bunsen burner has a base and a chimney as shown in Figure 2.

                                                                              

chimney

base

Figure 2

  The base can be made of steel.

  Explain why steel is a suitable material for the base.

  Do not consider cost.
(2)
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 (b) When iron rusts it forms hydrated iron oxide, Fe2O3.H2O.

 4Fe  +  3O2  +  2H2O    2Fe2O3.H2O
(1)

  In this reaction iron is

  A decomposed 

  B neutralised

  C oxidised

  D reduced
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 (c) Ships made of steel have blocks containing magnesium fixed to their hulls, as 
shown in Figure 3.

magnesium blocks
steel hull

Figure 3

  The magnesium prevents the steel hulls from rusting.

  Explain how the magnesium prevents the steel from rusting. 
(2)
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 (d) An alloy is made when copper is mixed with aluminium.
  This alloy is stronger than pure aluminium.

  Figure 4 shows the structures of pure aluminium and this alloy.

aluminium 
atom

pure aluminium alloy

copper atom

aluminium 
atom

Figure 4

  Explain, in terms of these structures, how the presence of copper atoms in the 
alloy results in the alloy being stronger than pure aluminium.

(3)
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3 (a) The compound ammonium chloride is used as a fertiliser.

  Starting with a dilute solution of ammonia, describe how you could prepare a 
pure solution of ammonium chloride in the laboratory. 

(3)
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 (b)  In an experiment to prepare some ammonium chloride crystals, it is calculated 
that the maximum mass of ammonium chloride produced from the mass of 
ammonia used should be 24.60 g.

  In the experiment, the actual yield was 17.73 g.

  Calculate the percentage yield, giving your answer to three significant figures.
(3)
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 (c) Ammonia is manufactured in the Haber process.

  In this process, hydrogen reacts with nitrogen under a pressure of about 
200 atmospheres and at 450 °C.

  A dynamic equilibrium can be reached.

 N2 + 3H2  2NH3

  Explain the effect on the rate of attainment of equilibrium, of carrying out the 
process at the same temperature but at a pressure higher than 200 atmospheres.

(3)
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 (Total for Question 3 = 9 marks)
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4 (a) Calcium nitrate solution can be made by adding solid calcium carbonate to dilute 
nitric acid in a beaker.

  The solid calcium carbonate is added until some remains at the bottom of the beaker.

  (i) After this reaction the liquid in the beaker is 
(1)

  A acidic 

  B alkaline 

  C neutral 

  D pure water

  (ii) Explain why the calcium carbonate is added until some solid remains at the 
bottom of the beaker.

(2)
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  (iii) Write the balanced equation for the reaction between calcium carbonate and 
nitric acid to form calcium nitrate, Ca(NO3)2.

(3)

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

 (b) Calcium nitrate, Ca(NO3)2, is an ionic solid.

  State the formulae of the ions in calcium nitrate.
(2)

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

 (c) Calcium nitrate is a soluble salt.

  Using the rules of solubility, suggest the name of a solution that will react with 
calcium nitrate solution to form an insoluble solid.

(1)

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

(Total for Question 4 = 9 marks)
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5 Figure 5 shows the apparatus that can be used to electrolyse sodium chloride 
solution in the laboratory.

gas X

+ –

sodium chloride 
solution

6 V d.c. 
supply

hydrogen

positive electrode negative electrode

Figure 5

 (a) Gases are produced at both electrodes.

  (i) State the name of the yellow-green gas X formed at the positive electrode.
(1)

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

  (ii) Describe the test to show that the gas formed at the negative electrode is 
hydrogen.

(2)

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

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

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

 (b) Explain why sodium chloride solution can conduct electricity.
(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) Some of the solution remaining after the electrolysis was tested with litmus paper.
  The paper turned blue.

  Explain why the litmus paper turned blue.
(2)

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

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

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

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

 (d) Write the half equation for the formation of hydrogen gas from hydrogen ions at 
a negative electrode.

(2)

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

(Total for Question 5 = 9 marks)
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6   A student was asked to plan a titration experiment to find the exact volume of 
hydrochloric acid that would neutralise 25.0 cm3 of sodium hydroxide solution.

 (a) The student’s plan is

   1. use a measuring cylinder to pour 25 cm3 of sodium hydroxide solution 
into a conical flask

   2. add a few drops of an indicator to the sodium hydroxide solution
   3. use a burette to add hydrochloric acid to the sodium hydroxide solution 

until the indicator changes colour

  (i) State the name of the piece of apparatus that should be used, instead of the 
measuring cylinder in step 1, in order to improve the accuracy of the experiment.

(1)

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

  (ii) Suggest the name of a suitable indicator and state the colour change that 
would occur at the end point in this experiment.

(2)

name of indicator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

colour change  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

  (iii) Suggest two details that could be added to the plan to make the experiment 
more accurate.

(2)

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) The student used 25.0 cm3 of 0.50 mol dm–3 sodium hydroxide solution, NaOH, in 
the titration.

  22.85 cm3 of hydrochloric acid was required to neutralise the 
sodium hydroxide solution. 

  The equation for the reaction is

NaOH  +  HCl      NaCl  +  H2O

  Calculate the concentration, in mol dm–3, of the hydrochloric acid, HCl.
  Give your answer to 3 significant figures.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (c) The concentration of a solution of potassium hydroxide, KOH, is 0.625 mol dm–3.

  Calculate the concentration of this solution in g dm–3.
  (relative atomic masses: H = 1.0, O = 16, K = 39)
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(Total for Question 6 = 11 marks)
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7 The elements beryllium, magnesium, calcium, strontium and barium are in group 2 of 
the periodic table.

 (a) Each calcium atom contains 20 electrons.

  Which of the following is the electronic configuration of a calcium atom?
(1)

  A 2.8.10

  B 2.8.8.2

  C 2.2.8.8

  D 8.10.2

 (b) State how the position of barium in the periodic table shows that it is a metal. 
(1)
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 (c) Barium has a melting point of 714 °C.

  Explain, in terms of structure and bonding, why barium has a high melting point. 
(3)
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 (d) There are three common isotopes of magnesium.

  (i) These isotopes are shown in Figure 6.

   Complete Figure 6 to show the number of protons and neutrons in an atom of 
each of the other two isotopes.

(2)

isotope mass number
number of protons 

in an atom

number of neutrons in 

an atom

magnesium-24 24 12 12

magnesium-25 25

magnesium-26 26

Figure 6

  (ii)  A sample of magnesium contains 78.60% magnesium-24, 10.11% magnesium-25 
and 11.29% magnesium-26.

   Use this information to calculate the relative atomic mass of magnesium in 
this sample. 
Give your answer to 3 significant figures. 

(4)
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 relative atomic mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 7 = 11 marks)
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8 (a) Students A, B, C and D carry out experiments to find the mass of oxygen that combines 
with a given mass of magnesium, when the magnesium burns completely.

  They use the apparatus shown in Figure 7.

lid

heat

magnesium
crucible

Figure 7

  (i) During heating the students raise the lid slightly from time to time.

   Explain why this is necessary.
(2)
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  (ii) The table shows the results obtained by the four students.

   Which student obtained an anomalous result?
(1)

student
mass of magnesium 

used / g

mass of magnesium 

oxide formed / g

mass of oxygen 

reacted / g

      A 0.12 0.20 0.08

      B 0.24 0.40 0.16

      C 0.36 0.56 0.20

      D 0.48 0.80 0.32
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  (iii) A student is asked to prove that the reaction that has taken place in the 
crucible is complete.

   Describe an additional step that a student could carry out to prove that all the 
magnesium had reacted.

(2)
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 *(b) Explain how, in this reaction, magnesium and oxygen atoms form a solid that has 
a high melting point.

(6)
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9  (a) Ethanol can be produced by a process called fermentation.  
Carbon dioxide is formed during fermentation.

  In the test for carbon dioxide, the gas is bubbled through limewater and a white 
precipitate forms.

  What is the name of this white precipitate?
(1)

  A calcium oxide

  B calcium hydroxide

  C calcium hydrogencarbonate

  D calcium carbonate

 (b) During fermentation glucose, C6H12O6, reacts to form ethanol, C2H5OH, and 
carbon dioxide.

C6H12O6    2C2H5OH + 2CO2

  (relative formula masses: C6H12O6 = 180, C2H5OH = 46;
  volume of 1 mol of gas at room temperature and pressure = 24 dm3)

  Calculate the maximum volume, in dm3, of carbon dioxide that can be produced 
when 75 kg of glucose reacts completely.

(3)
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volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dm3
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Turn over     

 (c) Ethanol can also be produced by the hydration of ethene, C2H4.

 C2H4(g)  +  H2O(g)    C2H5OH(g)

  In one experiment, 500 cm3 of ethene was reacted completely with  
1000 cm3 of water vapour and produced 500 cm3 of ethanol vapour.

  In another experiment, 500 cm3 of ethene was reacted completely with  
750 cm3 of water vapour, and also produced 500 cm3 of ethanol vapour.

  (all volumes of gases were measured under the same conditions of temperature 
and pressure) 

  Explain why the volume of ethanol vapour produced was the same in both 
experiments.

(2)
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 *(d) Large amounts of ethanol are produced in the chemical industry by fermentation 
and by hydration of ethene.

  Figure 8 summarises the two processes for making ethanol on a large scale. 

fermentation of glucose hydration of ethene

equation C6H12O6    2C2H5OH  +  2CO2 C2H4  +  H2O    C2H5OH

raw materials plants crude oil

raw material 
renewable yes no

temperature 30 – 40 °C 300 °C

pressure 1 atmosphere 65 atmospheres

rate of reaction slow fast

purity of product needs to be fractionally distilled to 
concentrate the ethanol pure

 Figure 8

  Using this information, discuss the possible advantages and disadvantages of 
producing ethanol by fermentation rather than by hydration of ethene.

(6)
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(Total for Question 9 = 12 marks)

Turn over     
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10 (a) A student has been asked to investigate how the pH changes when calcium oxide 
is added, a little at a time, to dilute hydrochloric acid.

  Describe how the student should carry out this investigation.
(3)
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 (b) A strong acid reacts with a strong alkali to form a neutral solution.

  Write the ionic equation for this reaction.
(2)
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 (c) A solution of hydrochloric acid has a pH of 1.

  Explain the pH change when 10 cm3 of this acid is diluted with water to make 
100 cm3 of solution.

(2)
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 (d) Acids are a hazard if a high concentration of hydrogen ions is present. 

  Hydrochloric acid is a strong acid, ethanoic acid is a weak acid.

  Figure 9 shows the labels on bottles of dilute hydrochloric acid and concentrated 
ethanoic acid.

dilute hydrochloric acid concentrated ethanoic acid

Figure 9

  Explain why the hazard of the dilute hydrochloric acid is lower than the hazard of 
concentrated ethanoic acid, even though hydrochloric acid is a strong acid and 
ethanoic acid is a weak acid.

(4)
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(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS

Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.  
Pearson Education Ltd. will, if notified, be happy to rectify any errors or omissions and include any such rectifications in 
future editions.
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