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

1. (a) Sodium oxide, Na2O, and phosphorus(V) oxide, P4O10, are both hydrolysed by 
water.

  (i) When water is added to sodium oxide, a solution of sodium hydroxide is 
formed.

   Write the equation for the reaction of sodium oxide with excess water.  State 
symbols are not required.

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

  (ii) Write the equation, including state symbols, for the reaction of 
phosphorus(V) oxide with water.

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

  (iii) State the type of bonding in these two compounds and explain in terms of the 
bonds present the action of water on each.

   Bonding in sodium oxide ......................................................................................

   Bonding in phosphorus(V) oxide ..........................................................................

   Explanation ............................................................................................................

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

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

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

    ...............................................................................................................................
(4)



Leave 
blank

3

Turn over*n33911A0320*

 (b) Potassium forms a superoxide, KO2, which reacts with water as follows

2KO2(s) + 2H2O(l) → 2KOH(aq) + H2O2(aq) + O2(g)

  Calculate the maximum volume of oxygen produced when 1.2 g of potassium superoxide 
is added to excess water.

  [The molar volume of oxygen under the conditions of the experiment = 24 dm3 mol–1]

(2) Q1

(Total 9 marks)
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2. (a)  Define the terms

  (i) lattice energy

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

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

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

  (ii) enthalpy of atomisation of an element

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

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

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

 (b) Calculation of the lattice energy of an ionic compound from a purely ionic model 
often gives a value that is different from the experimental value obtained from a
Born-Haber cycle.

  (i) What causes the values to be different for some compounds?

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

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

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

  (ii) Stating your reasons, suggest which of the substances with formulae MgF2 or 
MgI2 would show the greater difference between the calculated and experimental 
values of the lattice energy.

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

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

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

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

    ...............................................................................................................................
(2) Q2

(Total 7 marks)
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3. (a) What is meant by a Brønsted-Lowry acid?

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

 (b) Propanoic acid, CH3CH2COOH, dissociates in water and has a Ka value of
1.30 × 10–5 mol dm–3 at 25 °C.

CH3CH2COOH + H2O  CH3CH2COO- + H3O+

  (i) Write the expression for Ka.

(1)

  (ii) Calculate the H3O+ ion concentration in propanoic acid of concentration
0.100 mol dm–3 at 25 °C. 

   You may assume that [H3O+] = [CH3CH2COO–].

(1)

  (iii) What other assumption has to be made when calculating the H3O+ ion concentration 
in (ii)?  Explain whether it is justified.

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

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

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

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

    ...............................................................................................................................
(2)
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 (c) A solution of sodium propanoate in water is alkaline.

  (i) Write an ionic equation to show why a solution of sodium propanoate is 
alkaline.

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

  (ii) The pH of a solution of sodium propanoate of concentration 0.100 mol dm–3 

is 8.94 at 25 °C.  Calculate the concentration of the hydroxide ions in this 
solution.

   [Kw = 1.00 × 10–14 mol2 dm–6 at 25 °C]

(2)

 (d) An aqueous mixture of propanoic acid and sodium propanoate is a buffer.

  (i) Explain, using suitable equations, how this mixture acts as a buffer.

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

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

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

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

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

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

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

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

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

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

    ...............................................................................................................................
(4)
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  (ii) Calculate the pH of the buffer obtained when 100 cm3 of sodium propanoate 
of concentration 0.150 mol dm–3 is mixed with 200 cm3 of propanoic acid of 
concentration 0.100 mol dm–3.

   [Ka for propanoic acid = 1.30 × 10–5 mol dm–3 at 25 °C]

(4)

  (iii) Explain why the pH of this buffer does not change when it is diluted with 
water.

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

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

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

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

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

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

    ...............................................................................................................................
(1) Q3

(Total 17 marks)
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4. This question concerns the following reaction scheme.

 (a) Give the formula of a Grignard reagent, A, that could be used in step 1.

(1)

 (b) (i) Give the reagents required for the conversion of butan-2-ol into butanone in
step 2.

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

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

CH3CHO  +  Grignard reagent    CH3CHCH2CH3
step 1

butan-2-ol

step 2

ethanal A

step 3
CH3CCH2CH3

O

butanoneCN
C

OH

CH3CH2

CH3

B

LiAlH4

amine
C

D

E

H+

CH3COCl

OH
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  (ii) Draw an apparatus suitable for performing step 2.

(3)

 (c) (i) Identify the reagent needed to convert butanone into compound B in step 3.

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

  (ii) On treating B with lithium aluminium hydride in dry ether, followed by acid 
hydrolysis, a compound C containing an amine group is obtained.

   Give the structural formula of compound C.

(1)
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 (d) (i) Give the structural formula of compound D, obtained when compound C is 
treated with a dilute acid.

(1)

  (ii) Give the structural formula of compound E, obtained when compound C is 
treated with ethanoyl chloride, CH3COCl.

(2)
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 (e) Butan-2-ol molecules are chiral.

  (i) What is meant by a chiral molecule?

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

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

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

  (ii) How is chirality detected experimentally?

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

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

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

  (iii) When ethanal reacts with a Grignard reagent to give butan-2-ol, the product 
mixture does not give a positive result with the test in (ii) above.  By considering 
the shape of the ethanal molecule, suggest why this is so.

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

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

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

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

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

(Total 15 marks)
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5. (a) The chemistry of the elements of Group 4 changes from non-metallic to metallic as 
the atomic number of the element increases.

  State how this change affects:

  (i) the acid-base properties of CO2 and PbO.

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

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

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

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

  (ii) the physical state at room temperature and the bonding in each of SiCl4 and 
PbCl2.

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

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

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

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

 (b) Give the equation for the reaction between silicon dioxide and molten 
sodium hydroxide.  State symbols are not required.

   .......................................................................................................................................
(1)
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 (c) (i) Draw and explain the shape of a carbon tetrachloride, CCl4, molecule.

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

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

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

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

  (ii) Explain why carbon tetrachloride is a covalent rather than an ionic compound, 
using the following information.

   C(graphite) → C4+(g)               ∆H = +15 000 kJ mol–1 

    Ionic radius: C4+ = 0.015 nm

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

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

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

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

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

    ...............................................................................................................................
(3)
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 (d) Tin(IV) oxide and lead(IV) oxide react with concentrated hydrochloric acid as 
follows

   Reaction I SnO2 + 4HCl → SnCl4 + 2H2O

   Reaction II PbO2 + 4HCl → PbCl2  +  Cl2 + 2H2O

  (i) What type of reaction is reaction I?

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

  (ii) What type of reaction is reaction II?  Justify your answer.

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

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

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

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

  (iii) Explain the reason for the difference in the behaviour of tin(IV) oxide and 
lead(IV) oxide with concentrated hydrochloric acid.

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

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

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

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

    ...............................................................................................................................
(2) Q5

(Total 16 marks)
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6. When ethanol and ethanoic acid are heated under reflux in the presence of a little 
concentrated sulphuric acid catalyst, the following equilibrium is set up:

CH3CH2OH + CH3COOH  CH3COOCH2CH3  + H2O

 (a) (i) What is meant by the term concentration of a substance as used in the expression 
for Kc?

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

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

  (ii) Write the expression for the equilibrium constant in terms of concentration, Kc, 
for the equilibrium given above.

(1)

 (b) In an experiment to determine Kc, 5.00 mol of ethanoic acid and 3.00 mol of ethanol 
were heated under reflux until equilibrium was established.

  At equilibrium, 2.43 mol of ester was obtained.  The total volume of the liquid, V dm3, 
remained unchanged during the reaction.

  (i) What is the concentration of the ester at equilibrium?

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

  (ii) How many moles of water are produced in the reaction?

    ...............................................................................................................................
(1)
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  (iii) Calculate the value of Kc.

(4)

  (iv) Explain whether Kc has units.

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

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

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

 (c) ΔH for the reaction is zero.  What is the effect, if any, on the value of Kc of

  (i) an increase in temperature?

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

  (ii) the absence of a catalyst?

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

TOTAL FOR PAPER: 75 MARKS

END

Q6

(Total 11 marks)
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