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Some questions must be answered with a cross in a box[X. If you change your mind about
an answer, put a line through the box $¢ and then mark your new answer with a cross [X.

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

1 Aluminium is one of the most abundant elements in the Earth’s crust.

Aluminium is extracted by electrolysis from alumina.

Figure 1 shows a diagram of the Hall-Héroult process used to electrolyse alumina.

carbon positive B
electrodes \\ I molten
/ electrolyte
negative 1
eIectrode\\ |___— molten
—E aluminium
insulation /\
Figure 1

(a) Identify the chemical formula of alumina.
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(b) (i) The alumina is dissolved in a substance to form the electrolyte.

Identify the substance in which the alumina is dissolved.
(1)
[J A Bauxite

[J B Cryolite
[J € Sodium hydroxide
[0 D Water

(ii) The melting point of alumina is 2072°C.

Explain why the alumina is dissolved rather than melted before it is electrolysed.

(2)
(c) Write the balanced half-equation for the production of aluminium at the
negative electrode.
(2)
............................................ F . —> Al
(d) Explain why the carbon positive electrodes in Figure 1 need to be replaced
regularly.
(2)

(Total for Question 1 = 8 marks)
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Ammonia, NH,, is used to make fertilisers.
Ammonia is made by the Haber process.
The equation for the reaction is
N,(g) + 3H,(g) = 2NH,(g)

An iron catalyst is used in the reaction to lower the activation energy.

Figure 2 shows the enthalpy profile for the uncatalysed reaction.

enthalpy | N,(9) + 3H,(9)

2NH, (9)

v

progress of reaction

Figure 2

(a) Draw, on the diagram in Figure 2, the enthalpy profile when the reaction is catalysed.
(1)
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(b) Explain the effect of using a catalyst in the Haber process.
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(Total for Question 2 = 5 marks)

X

SN
> 0.0.0.0.0.¢

o% o%
NSl
NS
RIS

"’x
S
3%‘.,:'

'0
i35

X

Y

X
X

o%e%

%%

CRRXRK
S

L
55

<
29
g

%%

%

J

ol
X

5

R T O 0 Turn over »
P 6 1 8 0 7 A 0O 5 1 6



3 Sodium chloride is an ionic compound that dissolves in water.
The solution contains aqueous ions Na* (ag) and Cl- (aq).
A concentrated aqueous solution of sodium chloride is known as brine.

(@) When brine is electrolysed, three useful products are formed: hydrogen, chlorine
and sodium hydroxide.

Describe where each product is formed during the electrolysis of brine.

(3)
(b) The equations for the standard enthalpy change of hydration for sodium and
chloride ions are shown below.
Na*(g) + (ag) — Na*(aq)
Cl(g) + (aq) — Cl(aq)
Complete the definition of the standard enthalpy change of hydration.
(2)
The enthalpy change when 1 mole of ionsinthe ... ... ... state are dissolved

in water to infinite dilution under standard conditions (... kPa and 298 K).
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(c) Standard enthalpy changes of hydration can be used as part of an energy cycle to
predict the solubility of an ionic compound, such as sodium chloride, in water.

The energy cycle for the dissolving of sodium chloride in water is shown in Figure 3.

AH?
NaCl (s) + (aq) > Na*(aq) + Cl-(aq)

Na* (g) + Cl"(g) + (aq)
Figure 3

Table 1 shows literature values for some standard enthalpy changes (AH®)
involved in the energy cycle.

Equation AH®/kJmol™!
Na*(g) + (aq) — Na*(aq) -418
Cl(g) + (@agq) — Cl-(aq) -338
Na*(g) + Cl-(g) — NaCl(s) -760
Table 1

Calculate the standard enthalpy change (AH?) for dissolving sodium chloride in
water, using the energy cycle in Figure 3 and the data in Table 1.
(3)

Show your working.
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(d) A student wanted to find an experimental value for the enthalpy change when
sodium chloride is dissolved in water.

(i) The student dissolved some sodium chloride in 200 cm?® of water at room temperature.
The temperature of the water dropped by 2.5°C when the sodium chloride had dissolved.

Calculate the heat energy change for dissolving sodium chloride in water.

heat energy change = mass X specific heat capacity X temperature change

specific heat capacity of water =4.18kJkg™ °C™"

Show your working.

heat energy change = ... kJ

(ii) The student wanted to compare their experimental value against an answer
calculated from literature data.

Give one reason why it would not be valid to compare the heat change value
in (d)(i) with the value calculated in (c).

(Total for Question 3 = 12 marks)
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4 Bromoalkanes are industrially important as solvents for glues and for degreasing surfaces.

They do not occur naturally and are produced from the reaction of hydrocarbons with
bromine or hydrogen bromide.

(@) Alkanes can react with bromine to form bromoalkanes but only when exposed to
ultraviolet light.

The reaction of an alkane with bromine is
CH,CH,CH, + Br, — CH,CH,CH_Br + HBr

Describe how ultraviolet light causes the reaction to begin.
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(b) Propene reacts with hydrogen bromide to produce two possible bromoalkanes.

H H
>C 2
H >C=C + HBr
AN
H H
T
H—C—C—C—H
|
H H H
bromoalkane X bromoalkane Y
Figure 4

(i) Draw the displayed structural formula of bromoalkane Y in the box in Figure 4.

(i) Identify the reason that propene is able to form two bromoalkanes.

It has a symmetrical structure.
It has an asymmetrical structure.
It has both cis and trans isomers.

It has hybridised carbon atoms.

(iii) Identify the name of bromoalkane X in Figure 4.

A 1-bromopropane
B 1-bromopropene
C 3-bromopropane
D

3-bromopropene

10
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(iv) Propene reacts with hydrogen bromide by an electrophilic addition mechanism.
During the reaction mechanism, a carbocation is formed.

The two possible carbocations that can form are shown below.

T T
|
H—C—C—C® H—C—C—C—H
| | & |
H H H H H
carbocation A carbocation B
Figure 5

Compare the stability of carbocation A with carbocation B.

(Total for Question 4 = 9 marks)
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5 Ethanol can be used as a biofuel.

Ethanol can be manufactured by two different methods.

Method Hydration of ethene Fermentation

reaction CH, + HO = CHCHOH | CH,0, - 2CH,CH,OH + 2O,

6 1276

raw materials ethene and water glucose

source crude oil plant material

temperature 500K 310K

catalyst phosphoric acid yeast

yield 5% 10%

process continuous batch

Table 2

Discuss the advantages and disadvantages of the manufacture of ethanol by the
hydration of ethene, using the information in Table 2.
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(Total for Question 5 = 6 marks)

TOTAL FOR SECTION B = 40 MARKS
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