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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 Titanium is a transition metal.
Figure 1 shows a human hip with a titanium replacement implant.

Titanium is suitable for this use because it is very strong.

f 4

Figure 1
(a) Give one other property that makes titanium suitable for this use.
(1)
(b) Titanium can be extracted from its ore using the Kroll process.
The ore is first converted into titanium(IV) chloride.
It is then reduced to titanium in a furnace at temperatures of up to 1300K.
(i) Identify the substance used to reduce titanium(lV) chloride to titanium.
L] A carbon .
1 B chlorine
] € iron
[ D magnesium
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(ii) The reduction of titanium(lV) chloride to titanium cannot be carried out in air.
The air has to be replaced with argon gas.

Explain why air needs to be replaced with argon gas for this reaction.

(iii) Another method that could be used to extract titanium from its ore is electrolysis.
Two advantages of electrolysis are that it is quicker and can be run continuously.

Give two other reasons why electrolysis would be a more efficient method of
extraction than the Kroll process.

(Total for Question 1 = 6 marks)
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2 Pentane is an alkane that has the molecular formula CSHQ.

(a) Identify the skeletal formula of pentane.
(1)

(|
(|
(|
(|

(b) Pentane burns in oxygen.
The process is exothermic.

() Name the type of reaction taking place when pentane burns in oxygen.
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4 )
(iii) The enthalpy change (AH) for this reaction is -3509 kJ when one mole of
pentane burns in oxygen.
=) <L
o = The reaction is carried out at a pressure (p) of 100 kPa.
< <
2 % The change in volume (AV) is 0.21m?.
= =
g Z Calculate the change in internal energy (AU) for this reaction.
i
E = AH = AU + pAV
=
é 5 Show your working.
,’; 2 (3)
m (@)
> ()
i <
< w
=
e o=
T =
W =
g o
SR S (Total for Question 2 = 7 marks)
s
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e
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3 The Contact process is used to make sulfur trioxide.
The equation for the Contact process is
250, (g) + O, (g) = 250, (9)
(@) (i) This equation does not show the enthalpy change of formation of sulfur trioxide.
Give one reason why. 1)
(ii) ldentify the catalyst used in the Contact process.
(1)
L1 A aluminium oxide
1 B iron(lll) oxide
] € titanium(lV) oxide
[J D vanadium(V) oxide
\
6
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(b) Sulfuric acid, H,SO,, can be made by reacting sulfur trioxide with water.
Figure 2 shows a Hess energy cycle for the reaction of sulfur trioxide with water.

The values for the standard enthalpy change of formation (kJ mol™') for sulfur trioxide,
water and sulfuric acid are shown in Figure 2.

AH’
S0,(9) + H,0() >  H,S0,()

3 2

-395 \ -286 =811

5(s) + H,(g) + 20,(9)

Figure 2

Calculate the value of AHf for the reaction of sulfur trioxide with water, using the
standard enthalpy change values in Figure 2.

Show your working, using the Hess energy cycle or any other method.
(3)
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(c) Sulfuric acid is often used in organic chemistry and reacts with ethene by
electrophilic addition.

Figure 3 shows an incomplete diagram of the stages in the electrophilic addition
mechanism between ethene and sulfuric acid.

The dipoles, charges, lone pairs of electrons and some of the curly arrows are not
shown in Figure 3.

H H
AN / H H
C=C | ]
7N H—C—C—H
H H — |
H > H
| HO,5—O0
HO,S—O0
Step 1 Step 2
T
H—(|Z—(|i—H
HO,S—O H
Product
Figure 3

(i) Add the dipoles and curly arrows to the structures in Step 1 of Figure 3.

(ii) Add the charges and lone pair of electrons to Step 2 of Figure 3.
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(d) Calcium hydroxide, Ca(OH),, can be used to neutralise sulfuric acid effluent from
factories. The neutralisation reaction forms water, H,O, and one other product.

Complete and balance the chemical equation for the reaction of calcium hydroxide
with sulfuric acid.
(State symbols are not required.)

(2)

Ca(OH), + HSO, — F

(Total for Question 3 = 11 marks)
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4 Benzene is a hydrocarbon.

It had been suggested that the structure of benzene consists of double and single
carbon-carbon bonds.

A suggested skeletal formula for benzene is shown in Figure 4.

Figure 4

(@) Explain the difference in bond length between a carbon-carbon double bond and
a carbon-carbon single bond.

(b) Benzene has the molecular formula CH,

Explain, in terms of the general formula for alkenes, why benzene can not be an alkene.
(2)

10
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(c) Figure 5 shows the actual skeletal structure for benzene.

Figure 5

Identify the bond angle for benzene.
L1 A 1095° .
1B 120°
[]C 180°
0D 270°
(d) When carbon atoms bond with one another, their atomic orbitals are hybridised.

Carbon atoms in benzene show sp? hybridisation.

Describe the process of sp? hybridisation for a carbon atom.

(4)

(Total for Question 4 = 10 marks)
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5 Aluminais aluminium oxide.

It is extracted from its ore bauxite, but must be separated from impurities that are
acidic (such as silica) and basic (such as iron(lll) oxide).

Explain how alumina is extracted and purified from bauxite.

You may include equations in your answer.
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