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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 Understanding the structure of organic compounds is important in the
pharmaceutical industry.

(a) Methane has the formula CH,.

Which is the correct bond angle in methane?

L] A 900°

] B 1045°
] ¢C 107.0°
[J D 1095°

(b) Identify the IUPAC name for the compound in the diagram.

2-bromobutane

3-bromobutane

5 B R O
n @ >

2-bromopentane
[0 D 3-bromopentane
(c) Methylpropene reacts with bromine.

(i) Complete the equation to show the structural formula of the product formed
in this reaction.

CcC—=C + Br, —»
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(ii) Name the type of reaction in (c)(i).

(iii) Which row in Table 1 shows the correct number of o (sigma) and 1 (pi) bonds
in the C=C bond?
(1)

o (sigma) m (pi)

A 2 0

B 0 2

Table 1

5 N R B
n @ >

1 D

(d) Explain how the carbon to carbon bond strength in ethane is different to ethene.
(3)

(Total for Question 1 = 10 marks)
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Figure 1 shows a membrane cell.

chlorine

T

concentrated | |

2 Electrolysis of brine can be carried out in a membrane cell.

hydrogen

sodium A
. —
chloride  —
solution in

anode

used sodium
chloride -

solution out |

|_<—

Figure 1

The half-equation for the production of hydrogen is:

2H* + 260 — H,

(@) Atthe cathode, hydrogen ions gain electrons to produce hydrogen gas.

At the anode, chloride ions lose electrons to produce chlorine gas.

Write a balanced half-equation for the production of chlorine at the anode.

water in

cathode
membrane
sodium

hydroxide
solution out
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(b) Explain the function of the membrane in the cell shown in Figure 1.

(Total for Question 2 = 6 marks)
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3 (a) Transition metals are often used as catalysts.

Explain how a transition metal works as a catalyst.

(b) Vanadium (lll) complexes can be used as catalysts.

Figure 2 shows a vanadium (lll) complex ion, where 6 water molecules are bonded
to a central vanadium (lll) ion.

— OH, -3+

H.O OH

2 2

Vv
HOP™ | TWOH,

2

OH

2

Figure 2

Describe how the water molecules are bonded to the vanadium (lll) ion.

(Total for Question 3 = 5 marks)
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4 Propane is an alkane and has the formula CH,.

(a) Give the general formula of an alkane.

(b) Write a balanced equation for the cracking of propane to produce ethene and
one other product.

(c) A catalyst can be used instead of steam in the cracking process.
Steam produces a higher yield of alkenes than using a catalyst.

State two benefits of using a catalyst to crack hydrocarbons.

(Total for Question 4 = 5 marks)

7

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



5 (a) The reaction shows an example of enthalpy change of combustion.
CH,(@ +20,(g) > CO,g +2H,0()

State what is meant by the term standard enthalpy change of combustion.

(b) (i) The standard enthalpy change of formation is measured under conditions of
1 atm and 298 K.

Give the temperature of 298 K in °C.

............................... °C
(i) The standard enthalpy change of formation (AH?) for butane (C,H, ) cannot
be measured directly but can be calculated from standard enthalpy of
combustion (AH°) data.
Table 2 shows the standard enthalpy changes of combustion for butane,
carbon and hydrogen.
standard enthalpy change of
substance ) 5/ ?
combustion (kJ mol™)

carbon -393.7

hydrogen -285.8

butane -2876.5

Table 2
J

(1)
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Figure 3 shows a Hess energy change cycle for the standard enthalpy change
of formation of butane.

AH®, (butane)
4C(s) + 5H,(g) = CH,(

enthalpy changes of enthalpy change of
combustion of carbon combustion of butane

and hydrogen
4C0O,(g) + 5H,0()

Figure 3

Calculate the AH® for butane, using the standard enthalpy of combustion
values in Table 2.

Show your working, using the Hess energy cycle or any other method.

AH?® (standard enthalpy change of formation) for butane = ................... kJ mol”

(5)
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enthalpy

reactants

Reaction 1

enthalpy

(c) Figure 4 shows the enthalpy profiles for two different reactions.

Reaction 2

products

products reactants

progress of reaction progress of reaction

Figure 4

Explain the differences between Reaction 1 and 2, using the enthalpy profiles.
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(Total for Question 5 = 14 marks)
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