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

SECTION A

1. The following ionic equation represents a reaction that occurs when zinc metal is warmed 
with 20 cm3 of 0.10 mol dm–3 iron(III) sulphate solution.

Zn(s) + 2Fe3+(aq) → Zn2+(aq) + 2Fe2+(aq)

 (a) Calculate the number of moles of iron(III) sulphate present.

(1)

 (b) What type of reaction takes place?  Justify your answer.

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

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

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

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

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

2. (a) Name the homologous series to which the compound CH3CH2CHO belongs.

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

 (b) Describe what you would see if a sample of CH3CH2CHO was warmed with 
Benedict’s solution.

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

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

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

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

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

Q1

(Total 3 marks)

Q2

(Total 3 marks)
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3. (a) A sample of the element osmium, atomic number 76, is made up of four isotopes.  The 
sample has the following percentage composition.

Relative Atomic 
Mass of Isotope

% Composition

188 15.20

189 17.40

190 26.40

192 41.00

  (i) What is the minimum number of neutrons present in any single atom of osmium 
in the sample?

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

  (ii) Calculate the average relative atomic mass of osmium in the sample.  Give your 
answer to four significant figures.

(2)

 (b) The element chlorine consists of two isotopes of relative atomic mass 35 and 37.  
How many peaks corresponding to Cl2

+ ions would be seen in the mass spectrum of 
chlorine?  Explain how you arrived at your answer.

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

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

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

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

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

TOTAL FOR SECTION A: 11 MARKS

Q3

(Total 5 marks)



4

*N31025A0416*

BLANK PAGE



Leave 
blank

5

Turn over*N31025A0516*

SECTION B

4. Look at the reaction scheme below and then answer the questions that follow.

 (a) (i) What type of reaction is Reaction 1?

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

  (ii) For each of the gaseous products of Reaction 1, describe a test which would 
suggest its presence and the expected result.

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

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

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

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

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

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

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

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

Mg(NO3)2(s) MgO(s) + 2NO2(g) + 1
2 O2(g)

Mg(NO3)2(aq)

Reaction 1

Heat

+ NaOH (aq)

+ Excess H2O

+ 2HCl(aq)

Solution A

Reaction 2

Precipitate of solid 
magnesium hydroxide

+ 2HCl(aq)
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  (iii) Calculate the volume of NO2(g) at room temperature and pressure, which is 
produced from 14.8 g of Mg(NO3)2(s).  Assume that Reaction 1 has a 100% 
yield.

   Use the Periodic Table as a source of data.

   [The molar volume of a gas is 24 000 cm3 mol–1 at room temperature and 
pressure]

(3)

 (b) (i) Write an ionic equation, including state symbols, for Reaction 2.

(1)

  (ii) What would be the colour of the precipitate of magnesium hydroxide?

    ................................................................................................................................
(1)
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 (c) (i) What is the formula of the magnesium compound present in Solution A?

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

  (ii) Describe how you could obtain a dry sample of hydrated crystals from 
Solution A.

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

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

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

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

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

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

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

    ................................................................................................................................
(3) Q4

(Total 12 marks)
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5. This question is about the alcohols labelled A – F and some of their reactions.

 (a) (i) Two of the formulae A – F represent the same compound.  Identify them by letter 
and give the systematic name of this compound.

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

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

   Systematic name  ....................................................................................................
(2)

  (ii) Select from A – F any tertiary alcohols.  Explain how you would recognise a 
tertiary alcohol from its structure.

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

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

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

  (iii) Five of the alcohols A – F are isomers.  Explain what is meant by isomers.

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

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

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

CH3CH2CH2

CH2CH2CH2OH

C

OH
E

CH3CH2CH2CCH3

CH3

OH

B

CH3CH2CCH2OH

CH3

CH3

D

CH3CCH2CH3

HO––CH2

CH3

F

CH3CHCHCH2CH3

CH3

A

OH
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 (b) (i) Give the letters of all the alcohols that would form carboxylic acids when refluxed 
with acidified sodium dichromate(VI).

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

  (ii) What type of reaction takes place during the formation of the carboxylic acids?

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

  (iii) What colour change would you expect to accompany the reaction?

   From .................................................. to ..................................................
(1)

 (c) (i) Alcohol E can be converted to a liquid alkene in a reaction with concentrated 
phosphoric acid.  Draw and label suitable apparatus to carry out this reaction and 
collect the alkene formed.

(3)
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  (ii) 15.0 g of alcohol E formed 9.84 g of the alkene cyclohexene, after purification.  
Calculate the percentage yield of the reaction.

   [Relative molecular mass, Mr,  of alcohol E = 100, Mr of cyclohexene = 82]

(2) Q5

(Total 14 marks)
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6. The graph shows the trend in atomic radii across Period 2.

Atomic Radii Across Period 2

 (a) (i) Explain this trend.

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

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

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

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

  (ii)  On the graph above, sketch a line to show the trend of atomic radii across
Period 3.  Justify any differences and similarities with the trend across Period 2.

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

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

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

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

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

    ................................................................................................................................
(3)

0.20

0.15

0.10

0.05

0
Li Be B C N O F Ne

Element
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 (b) The diagram shows the type of bonding present in the elements lithium and sodium 
in the solid state.

  (i) What name is given to this type of bonding?

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

  (ii) Suggest why the melting point of lithium is greater than that of sodium.

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

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

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

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

+ + +

+ +

+ + +

Delocalised 
electrons

Ions
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 (c) Lithium can react with chlorine to produce lithium chloride.  When a sample of 
lithium chloride is heated in a Bunsen flame, a red colour is seen.

  (i) Draw a ‘dot and cross’ diagram of lithium chloride showing all the electrons.  
Indicate the charges clearly on your diagram.

(2)

  (ii) Describe the changes that occur within the lithium ion to produce the flame 
colour.

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

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

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

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

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

  (iii) Name ONE other metallic element whose compounds produce a red coloured 
flame.

    ................................................................................................................................
(1) Q6

(Total 13 marks)
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7. The Hess cycle below can be used to find the enthalpy change, ∆Hr, for the reaction 
between hydrogen sulphide and sulphur dioxide, using standard enthalpy changes of 
formation.

 (a) (i) Complete the cycle by filling in the empty box.
(2)

  (ii) What is meant by the standard enthalpy change of formation, ∆Hf
○ , of a 

compound?

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

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

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

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

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

    ................................................................................................................................
(3)

  (iii) Use the cycle and the data below to calculate the enthalpy change of the reaction, 
∆Hr.

∆Hf
○ / kJ mol–1

SO2(g) –296.8

H2S(g)  –20.6

H2O(l) –285.8

(2)

 SO2(g) + 2H2S(g)      3S(s) + 2H2O(l)     
ΔHr

ΔH2ΔH1
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 (b) Hydrogen sulphide gas can behave as a weak acid.

  (i) Describe a test you could carry out to confirm a gas is acidic.  Give the result of 
your test.

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

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

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

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

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

  (ii) Explain what is meant by weak when used to describe an acid.

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

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

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

TOTAL FOR SECTION B: 49 MARKS

 TOTAL FOR PAPER: 60 MARKS

END

Q7

(Total 10 marks)
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