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

1. (a) Write the equation to show the combustion of each of the following elements in
excess oxygen. State symbols are not required.

(i) Sodium

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

(ii) Phosphorus

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

(b) Aluminium reacts with oxygen to form aluminium oxide, Al2O3, which is amphoteric.
Write ionic equations to show the amphoteric behaviour of this oxide.

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

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

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

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

*N23433A0220*



Leave
blank

3

(c) Magnesium hydroxide, Mg(OH)2, is sparingly soluble in water, where it establishes
the equilibrium:

Mg(OH)2(s) + aq Mg2+(aq) + 2OH–(aq)

The expression for the equilibrium constant, K, is given by the equation

K = [Mg2+] [OH–]2

(i) State the units of this expression for K.

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

(ii) Several grams (an excess) of magnesium hydroxide are added to 1 dm3 of water
at 298 K.  The solution becomes saturated when 1.31 × 10–4 moles of
magnesium hydroxide has dissolved.

Calculate the pH of this solution, given that Kw = 1.00 × 10–14 mol2 dm–6 at 298 K.

(3)

Turn over*N23433A0320*
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(d) Magnesium hydroxide is a basic solid which readily reacts with acids to form an
aqueous salt.

(i) Give the equation, including state symbols, for the reaction between
magnesium hydroxide and dilute sulphuric acid.

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

(ii) Explain why the reaction between solid barium hydroxide and excess dilute
sulphuric acid does not give a good yield. 

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

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

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

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

................................................................................................................................
(2)
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2. Cinnamaldehyde is the chief constituent of oil of cinnamon.

The structural formula of the molecule is 

(a) To show the presence of the carbonyl group, a few drops of a solution of
2,4-dinitrophenylhydrazine are added to a sample of cinnamaldehyde.

(i) What observation is made in the reaction above?

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

(ii) Give the structure of the organic product of this reaction.

(2)

(iii) Suggest a further reaction, including the result, to show that cinnamaldehyde
contains an aldehyde group.

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

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

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

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

(iv) Why does the reaction you have given in (iii) not give a positive result with a
ketone?

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

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

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

C6H5CH——CHC——
—

H

O
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(b) Cinnamaldehyde can be converted into compound A

(i) Give the reagents and conditions which bring about this conversion.

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

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

(ii) State, with a reason, how many stereoisomers exist for compound A.

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

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

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

(c) Compound A reacts with lithium tetrahydridoaluminate(III), LiAlH4.  The mixture is
then treated with dilute acid to give the final organic product.

(i) Name the type of reaction occurring between compound A and LiAlH4.

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

(ii) Draw the structural formula of the final organic product.

(1)

*N23433A0620*
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(d) Cinnamaldehyde reacts with the Grignard reagent ethyl magnesium bromide,
C2H5MgBr.

(i) Name the solvent used to prepare the Grignard reagent.

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

(ii) Why is it important to keep the solvent dry?

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

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

(iii) Draw the structural formula of the organic product formed when
cinnamaldehyde reacts with C2H5MgBr, and the intermediate is hydrolysed.

(1)

(iv) State the type of alcohol formed in (d)(iii).

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

Turn over*N23433A0720*
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3. The colourless gas dinitrogen tetroxide, N2O4, dissociates into the brown gas
nitrogen dioxide, NO2.

N2O4(g) 2NO2(g)     ∆H = +58.1 kJ mol–1

(a) Write an expression for the equilibrium constant, Kp, for this reaction.

(1)

(b) At 400 K and a pressure of 6.75 atm, dinitrogen tetroxide is 80% dissociated.

Calculate the value of Kp at this temperature, stating its units.

(5)
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(c) A sealed vessel containing an equilibrium mixture of the gases is warmed gently.

(i) By considering the change, if any, in the value of Kp, explain what happens to the
equilibrium mixture as the temperature is increased.

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

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

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

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

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

(ii) What would you observe as the equilibrium mixture is heated?

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

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

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

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

Turn over
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4. (a) Define the term enthalpy of atomisation and give an equation to show the change
which occurs when it is measured for iodine.

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

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

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

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

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

(b) (i) Construct a Born-Haber cycle for the formation of lithium iodide, LiI(s).

(2)

*N23433A01020*
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(ii) Use your cycle and the data below to calculate the lattice energy of
lithium iodide.

Enthalpy of atomisation of lithium +159 kJ mol–1

Enthalpy of atomisation of iodine +107 kJ mol–1

First ionisation energy of lithium +520 kJ mol–1

Electron affinity of iodine –295 kJ mol–1

Enthalpy of formation of lithium iodide, LiI(s) –270 kJ mol–1

(2)

(c) The theoretical value of the lattice energy of magnesium iodide, MgI2, is
–1944 kJ mol–1.

The actual value calculated from a Born-Haber cycle is –2327 kJ mol–1.

Explain why this difference occurs.

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

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

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

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

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

.......................................................................................................................................
(3)
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5. (a) Silk contains the amino acid, serine.

(i) Draw the structure of the species present in solid serine which causes it to be a
solid at room temperature.

(1)

(ii) Explain why this structure causes serine to have a high melting temperature.

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

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

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

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

*N23433A01220*
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(b) Draw the structural formula of the organic product formed when serine reacts with:

(i) hydrogen ions

(1)
(ii) hydroxide ions

(1)

(iii) ethanoyl chloride.

(1)

Turn over*N23433A01320*
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(c) Terylene, a polyester, can be made from the dicarboxylic acid, HOOC–C6H4–COOH,
and ethane-1,2-diol.

(i) Draw the structural formula of ethane-1,2-diol.

(1)

(ii) Draw the repeat unit of the polyester formed from these monomers, showing all
the bonds in the ester link.

(2)

*N23433A01420*
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(d) Methanol is produced when the ester, methyl ethanoate, reacts with sodium
hydroxide solution.

CH3COOCH3 + NaOH CH3COONa + CH3OH

It is also produced when methyl ethanoate reacts with an acid such as hydrochloric
acid.

(i) Classify the type of reaction taking place between methyl ethanoate and 
sodium hydroxide solution.

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

(ii) Explain why it is better to make methanol by reacting methyl ethanoate with
sodium hydroxide solution, rather than with hydrochloric acid.

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

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

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

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

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

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

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

................................................................................................................................
(2)
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6. The weak acid methanoic acid, HCOOH, sets up the following equilibrium in water at
298 K:

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

The acid dissociation constant, Ka, for methanoic acid at 298 K is 1.78 × 10–4 mol dm–3.

(a) A 0.200 mol dm–3 solution of methanoic acid has a pH of 2.2 at 298 K.

20.0 cm3 of this solution is titrated with 0.100 mol dm–3 sodium hydroxide solution
until excess alkali has been added.

On the grid below, sketch the titration curve you would expect for this reaction.

(4)

(b) Equal volumes of 0.500 mol dm–3 methanoic acid and 0.250 mol dm–3

sodium methanoate solution are mixed to make a buffer solution.

(i) Define the term buffer solution.

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

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

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

................................................................................................................................
(2)
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(ii) Calculate the pH of this buffer solution.

(3)

(iii) Explain, with the aid of equations, how this mixture acts as a buffer solution.

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

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

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

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

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

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

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

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

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

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

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

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

TOTAL FOR PAPER: 75 MARKS
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