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

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.

1 Calcium hydroxide, Ca(OH),, is a typical metal hydroxide.
(a) Identify a chemical property of calcium hydroxide.

[0l A ltisacidic.
[J B Itis amphoteric.
1 C Itisa base.

[J D Itisa catalyst.

(b) Give one use of calcium hydroxide.

(c) A technician wants to determine the heat transferred when calcium hydroxide
dissolves in water.

The initial temperature of the water was 289.0K.
(i) On the Kelvin scale of temperature, 0.0K is —273.2°C.

Give the initial temperature of the water in °C.

initial temperature of water = ...
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(ii) The equation for heat transfer in a chemical process is:
heat transferred = mass of water X specific heat capacity x change in temperature
The mass of water used was 750g.
The specific heat capacity of water is 4.18Jg™' K™
The initial temperature of the water was 289.0K.
The final temperature of the water was 292.9K.
Calculate the heat transferred when the calcium hydroxide dissolved.
Show your working.
(3)
heat transferred = ... J
J
3
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(d) The enthalpy change of hydration is negative for positive ions and for negative ions.

8_

Positive ion Negative ion Water molecule

Figure 1

Explain why the enthalpy change of hydration for any ion with water is always negative.

You may use diagrams to support your answetr.

(Total for Question 1 = 10 marks)
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2 Alkanes are used as fuels.

Petrol contains an alkane called hexane.

(@) (i) Add numbers to balance the chemical equation for the combustion of hexane.
(2)

2CH, + 190, = ... CO, + H,0

(i) Identify the correct statement about the standard enthalpy change of combustion

of hexane.
(1)
[J A An excess of oxygen gas is used.
[] B Carbon monoxide and water are formed.
[] € Conditions of 273K and 100kPa are used.
[] D Two moles of hexane are burned.
(b) Hexane and two isomers of hexane are shown in Table 1.
Name Structure
P
Hexane H—C| f f f f C|—H
H H H H H H
H H CH H H
W P S
[ O R I
H H H H H
T
2,2-dimethylbutane H—C|—C|—C|—C|—H
H CH,H H
Table 1
(i) Name isomer W.
(1)
_
6
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(i) Explain why hexane and 2,2-dimethylbutane are isomers.

ITE IN THIS AREA
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3 The polymerisation of ethene is a commercially important process.

(@) The free radical addition mechanism for the polymerisation of ethene is shown in Table 2.

The initiation step and two propagation steps are complete.

The termination step is incomplete.

R—R represents the compound that produces free radicals.

Step Mechanism equation
Initiation R—R —> R ‘R
Re
Propagation + —— > RCH.CH,.
CH,=CH,
RCH,CH.-
Propagation + —— > RCH,CH,CHCH -
CH,=CH,
RCH,CH,CH,CH,-
Termination + B —————
Table 2

Complete the termination step in Table 2.

(2)

(b) Titanium(IV) chloride, TiCl,, can be used as a catalyst in the polymerisation of ethene.

TiCl, is made during the extraction of titanium from titanium(lV) oxide.

(i) Give the formula of titanium(IV) oxide.
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(i) During the mechanism for polymerisation, TiCl, combines with R and CH,==CH, to
form the intermediate species shown in Figure 2.
CH,=CH,
Cl Cl
i
Cl/ \ R
Cl
Figure 2
Identify the type of intermediate species shown in Figure 2.
|:| A anion —
[] B carbocation —
D C Complex ——
[] D freeradical ——

(i) State what the wedge shaped bond indicates about the positions of Ti and the
R group in Figure 2.

(iv) Explain how the catalyst TiCl, lowers the amount of energy needed for the addition
of CH,=CH, to the R group.

You may refer to Figure 2 and Table 2 to support your answer.

(Total for Question 3 = 8 marks)
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4 Chemists use different ways to represent the atoms, bonds and shapes of organic molecules,
such as alkenes.

Propene is an alkene and can be represented by the molecular formula CH..

(@) Figure 3 shows the three carbon atoms in propene and the bonding between the atoms.

—>

Figure 3

Describe the bonding shown between the carbon atoms in Figure 3.
(4)

Bonding between C, and C,

10
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( R
(b) Figure 4 shows the displayed structural formula for propene.
The displayed structural formula does not show accurate bond lengths or bond angles.
Two of the bond angles are labelled x and y.
H H
o
P
H H H
Figure 4
In the actual molecule, bond angle y is greater than bond angle x.
Explain why bond angle y is greater than bond angle x.
(2)
\ J
1
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(c) The reaction of propene with bromine forms a single product Z.

X + Br—Br — y 4
Identify the skeletal formula of the product Z.
(1)
A B
BrY\ Br
Br
C D
Br
Br NN Br
Br

L] A
] B
] cC
] D
(Total for Question 4 = 7 marks)
12
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5 Electrolysis is an important chemical process used to extract elements from their
compounds.
The elements aluminium and chlorine are both extracted by electrolysis.
Table 3 shows some key information about the extraction of both elements.
Extraction of aluminium Extraction of chlorine
Electrolyte Alumina Brine
Chemical formula ALO, () NaCl (aq)
Product at anode Oxygen Chlorine
Product at cathode Aluminium Hydrogen
Other product formed Carbon dioxide Sodium hydroxide
Table 3
Compare the similarities and differences between the extraction of aluminium and the
extraction of chlorine by electrolysis.
(6)
\
14
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