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Questions begin on next page.
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Answer ALL questions

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 .

Salts

1 (a) A student was asked to prepare a pure, dry sample of strontium carbonate.

  To make the strontium carbonate, the student mixed strontium nitrate solution 
with sodium carbonate solution.

strontium
nitrate

   +   
sodium

carbonate
strontium
carbonate

 →    +   
sodium
nitrate

  A precipitate of solid strontium carbonate formed in the mixture. 

  The student then
   filtered the mixture 

washed the solid strontium carbonate with deionised water 
put the solid in a warm place. 

  (i) Suggest why the student filtered the mixture.
(1)

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

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

  (ii) Explain why the student washed the solid with deionised water rather than 
tap water.

(2)

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

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

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

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

  (iii) Suggest why the student put the strontium carbonate in a warm place. 
(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) Sodium chloride is an ionic compound.

  Which row of the table correctly shows the ability of sodium chloride to conduct 
electricity when solid, molten and in solution?

  Put a cross in the box ( ) next to your answer. 
(1)

ability of sodium chloride to conduct electricity when

solid molten in solution

A conducts does not conduct does not conduct

B does not conduct conducts conducts

C conducts conducts does not conduct

D does not conduct does not conduct conducts

 (c) Copper chloride, copper carbonate and copper nitrate are three salts of copper.

  (i) Which row of the table correctly shows the solubility of these three salts?

   Put a cross in the box ( ) next to your answer. 
(1)

copper chloride copper carbonate copper nitrate

A soluble soluble insoluble

B soluble insoluble soluble

C insoluble insoluble soluble

D insoluble soluble insoluble

  (ii) Copper nitrate contains copper ions, Cu2+, and nitrate ions, NO
3

–.

   Give the formula of copper nitrate.
(1)

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

  (iii) Give the flame colour expected when a flame test is carried out on  
copper chloride.

(1)

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

(Total for Question 1 = 8 marks)
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Metals

2 Transition metals and alkali metals are two types of metal. 

 (a) Which of the following is a property of transition metals but not of alkali metals? 

  Put a cross in the box ( ) next to your answer. 
(1)

  A form coloured compounds

  B good conductors of electricity

  C soft

  D low boiling points

 (b) Describe, in terms of the particles present, the structure of metals.
(3)
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 (d) The alkali metals are in group 1 of the periodic table.  
There is an increase in reactivity of the alkali metals from lithium to potassium.

  Explain this increase in reactivity in terms of the structures of the atoms of these 
elements.
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Atoms

3 Boron is in group 3 of the periodic table.

 (a) An atom of boron has an atomic number of 5 and a mass number of 11.

  In each of the following complete the sentence by putting a cross ( ) in the box 
next to your answer.

  (i) The number of protons in this boron atom is
(1)

   A  3

   B  5

   C  6

   D 11

  (ii) The number of neutrons in this boron atom is
(1)

   A  3

   B  5

   C  6

   D 11

  (iii) The number of electrons in the outer shell of a boron atom is
(1)

   A  3

   B  5

   C  6

   D 11
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 (b) A sample of boron contains two isotopes.

   (i) Explain the meaning of the term isotopes. 
(2)
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  (ii) The sample of boron contains

 19.7% of boron-10
 80.3% of boron-11

   Use this information to show that the accurate relative atomic mass of boron 
in this sample is 10.8.
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 (c) The formula of boron oxide is B
2
O

3
.

  Calculate the percentage by mass of boron in boron oxide, B
2
O

3
. 

(relative atomic masses: B = 11, O = 16)
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percentage of boron = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 3 = 11 marks)
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Quantitative chemistry

4 (a) In an experiment, iron was reacted with chlorine to produce iron(III) chloride, FeCl
3
.

  (i) In this experiment, the theoretical yield of iron(III) chloride was 5.00 g. 
The actual yield of the experiment was 3.25 g.

   Calculate the percentage yield of iron(III) chloride in this experiment.
(2)

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

  (ii)  Give two reasons why the actual yield of an experiment is often less than the 
theoretical yield.

(2)
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  (iii) The equation for the reaction to produce iron(III) chloride is

2Fe  +  3Cl
2
  →  2FeCl

3

   Calculate the maximum mass of iron(III) chloride that can be produced by 
reacting 44.8 g of iron with excess chlorine.  
(relative atomic masses: Cl = 35.5, Fe = 56

    relative formula mass: FeCl
3
 = 162.5)

(2)
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maximum mass of iron(III) chloride = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  g

 (b) A sample of an iron oxide was analysed.  
The iron oxide contained 3.36 g of iron and 1.28 g of oxygen. 

  Calculate the empirical formula of this iron oxide.  
(relative atomic masses: O = 16, Fe = 56)

  You must show your working. 
(3)
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empirical formula = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 4 = 9 marks)
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Simple and giant molecular covalent structures

5 (a) Germanium chloride exists as simple molecules, GeCl
4
.

  In a molecule of germanium chloride the germanium atom is joined to a chlorine atom 
by a covalent bond.

  (i) Explain how an atom of germanium and an atom of chlorine form a covalent bond.
(2)
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  (ii) A germanium atom has 4 electrons in its outer shell. 
A chlorine atom has 7 electrons in its outer shell.

   Draw a dot and cross diagram to show the bonding in a molecule of 
germanium chloride, GeCl

4
. 

Show outer electrons only.
(2)
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Turn over     

 (b) Graphite can be used as a lubricant.

  The diagram shows part of the structure of graphite.

  Explain, in terms of its structure, why graphite is used as a lubricant.
(2)
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 *(c) Diagrams of the structures of silicon oxide, SiO
2
, and oxygen, O

2
, are shown. 

silicon oxide oxygen

  Silicon oxide is a solid with a high melting point of 1610 °C.
  Oxygen is a gas: the boiling point of liquid oxygen is –183 °C.

  Explain, in terms of bonding and structure, why oxygen is a gas at room temperature 
and pressure but silicon oxide is a solid with a very high melting point.

(6)
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 (Total for Question 5 = 12 marks) 

Turn over     
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The reaction of calcium carbonate with dilute hydrochloric acid

6 (a) Calcium carbonate reacts with dilute hydrochloric acid to produce  
calcium chloride, carbon dioxide and water. 

  Write the balanced equation for this reaction. 
(3)
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 (b) Pieces of calcium carbonate were reacted with some dilute hydrochloric acid. 

  The table shows the initial and final temperatures of the reaction mixture.

initial temperature = 25 °C
final temperature    = 27 °C

  Explain what the results show about the type of reaction occurring.
(2)
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  *(c) A student carried out two further experiments with pieces of calcium carbonate 
and dilute hydrochloric acid.

  The same mass of calcium carbonate and the same sized pieces of calcium carbonate 
were used in both experiments.

   The results are shown in the table.

experiment 1 experiment 2

concentration of hydrochloric acid / mol dm–3 0.5 1.5

temperature / °C 25 50

rate of reaction slower faster

  Explain why the rate of reaction in experiment 2 is faster than the rate of reaction 
in experiment 1 by considering the effect of the changes in concentration and 
temperature. 

  In your answer you should refer to the frequency and energy of collisions 
between particles.

(6)
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 (Total for Question 6 = 11 marks)

TOTAL FOR PAPER = 60 MARKS
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