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

1. (a) Methanoic acid, HCOOH, is a weak acid.  Explain what is meant by the terms 
weak and acid.

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

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

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

 (b) Write a balanced equation, including state symbols, for the reaction between aqueous 
solutions of methanoic acid and sodium carbonate.

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

 (c) The following equilibrium is set up when methanoic acid dissociates in water:

HCOOH(aq) + H2O(1)  HCOO–(aq) + H3O+(aq)

  (i) There are two conjugate acid-base pairs in the above equation.

   Identify them by completing the sentences below:

   Formula of one acid is  .................................................................... .

   The formula of its conjugate base is  .................................................................... .
(1)

   Formula of the other acid is  .................................................................... .

   The formula of its conjugate base is  .................................................................... .
(1)
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  (ii) Write the expression for the acid dissociation constant, Ka, for methanoic acid.

(1)

  (iii) Calculate the pH of a 0.100 mol dm–3 solution of methanoic acid at 298 K.
   [Ka for methanoic acid is 1.60 × 10–4 mol dm–3 at 298 K]

(3)

 (d)  A buffer solution is made up by mixing equal volumes of 0.100 mol dm–3 methanoic 
acid and 0.400 mol dm–3 sodium methanoate.

  (i) Calculate the pH of the buffer solution obtained.

(3)
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  (ii) Explain why the pH of this mixture of methanoic acid and sodium methanoate  
remains almost constant when a small quantity of an acidic solution, containing 
hydrogen ions, or a small quantity of an alkaline solution, containing hydroxide 
ions, is added.

   In your explanation include equations to show the effect of adding hydrogen ions 
and of adding hydroxide ions.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(3) Q1

(Total 16 marks)
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2. One stage in the manufacture of sulphuric acid is

2SO2(g) + O2(g)  2SO3(g)

 The equilibrium constant K
p

p pp
SO

2

SO

2

O

=
×

3

2 2

 (a) 10.0 mol of SO2 and 5.00 mol of O2 were allowed to react.  At equilibrium, 90.0% of 
the SO2 was converted into SO3.

  (i) Calculate the number of moles of SO2, O2 and SO3 present in the equilibrium 
mixture.

(2)

  (ii) Calculate the mole fractions of SO2, O2 and SO3 at equilibrium.

(1)
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  (iii) Assuming that the total pressure of the equilibrium mixture was 2.00 atm, 
calculate the partial pressures of SO2, O2 and SO3 at equilibrium.

(1)

  (iv) Calculate the value of Kp.

(2)
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 (b) The reaction between sulphur dioxide and oxygen is exothermic.

  (i) State the effect, if any, on Kp of increasing the temperature at constant pressure.

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

  (ii) Use your answer to (i), and the expression  K
p

p pp
SO

2

SO

2

O

=
×

3

2 2

  to explain the effect

   on the position of equilibrium of increasing the temperature at constant pressure.

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

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

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

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

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

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

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

 (c) The reaction was repeated at a higher pressure whilst maintaining a constant 
temperature.

  (i) State the effect, if any, of an increase in the total pressure on the value of Kp.

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

  (ii) State the effect, if any, of this increase in pressure on the amount of sulphur 
trioxide in the equilibrium mixture.

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

 (d) State the effect, if any, of a catalyst on:

  (i) Kp

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

  (ii) the equilibrium position.

   ...............................................................................
(1) Q2

(Total 13 marks)
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3. Two compounds, A and B, are isomers with molecular formula C4H8O.

 • Both compounds produce an orange-yellow precipitate with 
2,4-dinitrophenylhydrazine.

 • Both compounds react with sodium borohydride (sodium tetrahydridoborate(III)).

 • When the compounds are warmed separately with Fehling’s solution, A forms a 
red-brown precipitate but B does not.

 • Compound B forms yellow crystals when warmed with aqueous iodine and 
sodium hydroxide, whereas A does not.

 (a) Draw full structural formulae for A and B, showing all bonds.

Full structural formula

Compound A

Compound B

(2)

 (b) Draw the structural formula of the product from the reaction of compound A with 
2,4-dinitrophenylhydrazine.

(2)
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 (c) Give the name and formula of:

  (i) the yellow solid formed when compound B reacts with aqueous iodine and 
sodium hydroxide:

   name .......................................................................................................................

   formula

(2)

  (ii) the organic product of the reaction between compound B and sodium borohydride 
(sodium tetrahydridoborate(III)) in water:

   name .......................................................................................................................

   formula

(2)

 (d) Molecules of the organic product formed in (c)(ii) are chiral and exist as optical 
isomers.

  (i) What is meant by the term chiral molecule?

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

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

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

  (ii) How could the optical isomers of the compound formed in (c)(ii) be distinguished 
from each other?

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

    ................................................................................................................................
(1)
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 (e) Compound C has the molecular formula C4H8O.

  • When phosphorus pentachloride, PCl5, was added to a dry sample of C, steamy 
fumes were observed.

  • When bromine water was shaken with a sample of C, the bromine water turned 
colourless.

  • Compound C can be oxidised to a carboxylic acid which has a geometric 
isomer.

  Use the information above to draw the formulae of the two isomers which could be 
compound C.

(2) Q3

(Total 12 marks)
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4. (a) (i) Write the equation which represents the change occurring when the standard 
enthalpy of atomisation of bromine is measured.

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

  (ii) Define lattice energy.

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

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

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

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

QUESTION 4 CONTINUES ON THE NEXT PAGE
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 (b) A Born-Haber cycle for the formation of magnesium chloride is shown below.

Value/kJ mol–1

Enthalpy of atomisation of magnesium  +150

1st ionisation energy of magnesium  +736

2nd ionisation energy of magnesium +1450

Enthalpy of atomisation of chlorine  +122

Enthalpy of formation of magnesium chloride  –642

Lattice energy of magnesium chloride –2526

  (i) Use the data to calculate the first electron affinity of chlorine.

(3)

Mg2+(g) + 2Cl(g) + 2e–

Mg2+(g) + Cl2(g) + 2e– Mg2+(g) + 2Cl–(g)

Mg+(g) + Cl2(g) + e–

Mg(g) + Cl2(g)

Mg(s) + Cl2(g)

MgCl2(s)
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  (ii) The theoretically calculated value for the lattice energy of magnesium chloride is 
–2326 kJ mol–1

.

   Explain, in terms of the bonding in magnesium chloride, why the experimentally 
determined value of –2526 kJ mol–1 is significantly different from the theoretical 
value.

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

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

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

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

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

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

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

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

 (c) The table shows values for the lattice energies of the metal chlorides of some 
Group 2 metals.

Group 2 metal 
chloride MgCl2 CaCl2 SrCl2 BaCl2

Lattice energy/
kJ mol–1 –2526 –2237 –2112 –2018

  Explain why these lattice energies become less exothermic from MgCl2 to BaCl2.

(3) Q4

(Total 13 marks)
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5. (a)  Complete the table below by writing down the formula of one anhydrous chloride of 
each of the Period 3 elements shown, other than silicon.

Element Na Mg Al Si P

Formula of a 
chloride SiCl4

(2)

 (b) (i) Write equations to represent the changes occurring when the following chlorides 
are added to excess water.

   sodium chloride (state symbols are required)

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

   a chloride of phosphorus (state symbols are not required).

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

  (ii) Account for the difference in the changes by comparing the bonding in these two 
chlorides.

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

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

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

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

    ................................................................................................................................
(2)
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 (c) Carbon tetrachloride and silicon tetrachloride behave in different ways when added to 
water.  State how each chloride behaves and explain the difference.

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

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

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

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

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

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

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

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

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

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

   .......................................................................................................................................
(5)

 (d) Lead(IV) oxide, PbO2, is a powerful oxidising agent.

  (i) Write the balanced equation for the reaction between lead(IV) oxide and 
warm concentrated hydrochloric acid, given that lead(II) chloride is one of the 
products.

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

  (ii) State why lead(IV) compounds such as lead(IV) oxide can be reduced to the 
+2 oxidation state, whereas silicon(IV) compounds such as silicon(IV) oxide 
cannot.

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

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

    ................................................................................................................................
(1) Q5

(Total 13 marks)
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6. (a) Consider the following reaction scheme which shows how compound X is converted 
into compound Y.

                                  Step 1                                              Step 2                                            Step 3
CH3CN   →  CH3COOH  →  CH3COCl  →  CH3CONHCH3

        X                                                                                                              Y

  (i) Name compound X.

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

  (ii) State the type of reaction occurring in Step 1.

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

  (iii) Identify the reagents used for each of Steps 1 and 2.

   Reagent for Step 1  .................................................................................................

   Reagent for Step 2  .................................................................................................
(2)

  (iv) Write an equation for the reaction taking place in Step 3.

    ................................................................................................................................
(1)
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 (b) The halogenoalkane 1-bromopropane reacts with magnesium to form the Grignard 
reagent, CH3CH2CH2MgBr.

  This Grignard reagent reacts with

  • water to form compound L

  • ethanal, followed by dilute hydrochloric acid, to form compound M

  • carbon dioxide, followed by dilute hydrochloric acid, to form compound N

  Write the full structural formulae of compounds L, M and N, showing all bonds.

  Compound L

  Compound M

   Compound N

(3)

TOTAL FOR PAPER: 75 MARKS
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