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

This question is about the manufacture of ammonia. The equation for the formation of
ammonia is
Ny(g) + 3Hx(g) = 2NHs(g)

The standard enthalpy of formation of ammonia is —46.2 kJ mol™'.

(a) (1) By reference to ammonia, define the term standard enthalpy of formation.

(i) Use the standard enthalpy of formation of ammonia to calculate the enthalpy
change for the reaction shown in the equation above.

0y

(i11) Use the bond enthalpies below to calculate another value for the enthalpy change
for the reaction shown in the equation above.

[Bond enthalpies / kJ mol™': N=N = +944; H—H = +436; N—H = +388]

(&)

Leave )
blank
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Leave\
blank
(iv) Suggest why the two values obtained for the enthalpy change that you have

calculated in parts (a)(i1) and (iii) are different, even though the data in both cases
are measured under standard conditions.

(2)

(b) (1) State the conditions normally used in the manufacture of ammonia.

TEMPETATUTE ...eeeiiiiiiiiiiiiiee et
Pressure i
CatalySt e

3

(i1) Ammonia plants use high pressures even though the cost is high and it does not

alter the rate of reaction.
State TWO factors which cause high pressure plants to be expensive.
State and explain ONE advantage of using high pressure in the manufacture of
ammonia.
FaCtOr 1.
FaCIOT 2 ..ttt ettt et e s
Advantage and exXplanation .............cceeoeeiiieiieniiieiie e

“)

J

3
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(ii1) On the energy level diagram below, sketch and label the reaction pathways for
the reaction with and without the catalyst.

Energy

N, + 3H,

2NH;

Progress of reaction

(&)

Leave )
blank
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(iv) The graph below is a Maxwell-Boltzmann distribution of molecular energies in a
gas at a specified temperature.
Number of
molecules
with energy, E
Energy
On the graph clearly indicate the activation energy of the catalysed and of the
uncatalysed reactions.
Hence explain the effect of the catalyst on the rate of reaction.
@ |
(Total 22 marks)
J
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2. W is an alcohol which resists oxidation even on prolonged heating with an oxidising
agent. Heating W with concentrated sulphuric acid at 180 °C produces an alkene X with
molecular formula CHs.
(a) (1) Analysis of W gave the following composition by mass:
Carbon 64.9%; Oxygen 21.6%; Hydrogen 13.5%.
Show that the empirical formula of W is C4H,(0O.
2)
(i1) Draw the structural formula of W. Explain your choice.
EXPlanation ....c.ceevieiiiieiieiie ettt ettt et eeb e e teeebeesabeesbeesaseensaesnaeenseensnes
(2)
J
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(b) (i) Draw the structural formulae of the structural isomers of the three alkenes with
the formula C4Hg. Geometric (cis-trans) isomers are not required here.
3)
(i1) Identify the alkene X and give a reason for your choice.
TAENTIFICATION ...ttt sttt e as
REASOM ...ttt ettt e
(2)
J
7
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(c) One of the alkenes C,Hg exists as a pair of geometric (cis-trans) isomers.

(i) Draw the structures of these two geometric isomers.

(2)
(i) Explain why this alkene shows geometric isomerism.

N 3 3 91 6 A0 8 1 6
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(d) Y, an isomer of the alcohol W, also reacts with concentrated sulphuric acid
to form X.
Prolonged treatment of Y with an oxidising agent results in the formation of a
compound, Z, with formula C,H;0O,.
Draw the structural formulae of Y and Z.
Y
V/
@ | Q2
(Total 15 marks)
J
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3. Some polymerisation reactions are initiated by free radicals.
(a) (1) Explain the term free radical.
1)
(i1) Free radicals are also involved in the substitution reactions of alkanes with
chlorine. State the condition essential for these reactions.
1)
(b) (i) Write an equation for the polymerisation of propene to form poly(propene).
Use structural formulae and show the repeating unit of the polymer.
3
10
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(i) By considering the nature and strength of the bonds broken and formed in the
polymerisation, explain why the reaction is exothermic.

(i11) Explain why an initiator is needed for the polymerisation to occur, even though
the reaction is energetically favourable.

(Total 9 marks)

Leave )
blank
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4. Aluminium is extracted by the electrolysis of aluminium oxide. The overall equation for
the reaction is
2A1203 — 4Al + 302

The main aluminium-containing ore is bauxite which typically contains between 45% and
60% aluminium oxide.

(a) (i) Calculate the minimum mass of aluminium oxide required to produce
1.5 tonne (1.5 x 10°g) of aluminium.

(€))

(i1) A sample of bauxite contains 54% aluminium oxide. Calculate the minimum
mass of bauxite required to produce 1.5 tonne (1.5 x 10°g) of aluminium.

0y

(b) (1) State the solvent used to dissolve the pure aluminium oxide and the operating
temperature used in the electrolysis.

SOLVENE ...ttt ettt sttt
1S 100 0GOS PSR
2)
(i1) Explain why pure aluminium oxide is not used as the electrolyte.
1)

Leave )
blank

12
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(ii1) Write an ionic half-equation for the formation of aluminium at the cathode.
State symbols are not required.
(2)
(iv) Write an ionic half-equation for the formation of oxygen at the anode.
State symbols are not required.
(2)
(v) Explain, with the aid of a chemical equation, why the anodes need to be replaced
regularly.
EXPlanation ......cocvieiuiiiiieiieeiiecte ettt ettt r et eebeesabeesbeesnseensaeenaeenseennnes
e L 1510 ) W USSR
(2)
(vi) Replacement of the anodes is one major cost in the production of aluminium.
State the other major cost.
1) Q4

(Total 14 marks)

|

TOTAL FOR PAPER: 60 MARKS
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