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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 54
and then mark your new answer with a cross [X.

1 The compound 2,2-dimethylpropane can be represented using different types of
formula. Its structural formula can be shown as (CH),C.

(@) (i) Give the empirical formula of 2,2-dimethylpropane.

(ii) Which is the skeletal formula of 2,2-dimethylpropane?
5 s +
o ¢ >—<
(b) Which is the correct name for an isomer of 2,2-dimethylpropane?
1,2-dimethylpropane
2,2-diethylmethane

2-methylbutane

2-methylbutene
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(c) Give the displayed formulae of the two isomers of 2,2-dimethylpropane.

(Total for Question 1 = 5 marks)
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2 In the manufacture of ammonia, the reaction between methane and steam is used to
form the hydrogen needed. The equation for this reaction is

CH,(9) + H,0(g) = CO(g) +3H,(9) AH= +210kJ mol"
Typical conditions used in this reaction are

e atemperature of 1000K
e a pressure of 30atm
e the presence of a catalyst

(@) A chemist recommends lowering the temperature to 800K to save energy.

Explain two disadvantages of making this change.

(b) The manufacturer decides to keep the temperature at 1000K but to increase the
pressure to 50atm. This change causes only a slight increase in energy usage.

Explain the main disadvantage of making this change in pressure.

4 00 0 O O
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(c) Which is the expression for the equilibrium constant for this reaction in the gas

ohase?
R AR -
S -
e ks [[cCH?]][[:iE] —
70 G -

(Total for Question 2 = 7 marks)
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3 Ethanethiol (CH,CH,SH) is a compound with a structure similar to that of ethanol.

Unlike ethanol, it has an unpleasant smell that can be detected in very low
concentrations by humans.

For safety reasons it is added to gaseous, odourless fuels such as propane so that fuel
leaks can be detected.

When the fuel is burned, the gaseous ethanethiol undergoes complete combustion
to form the oxides CO,(g), SO,(g) and H,O(g).

(a) Table 1 shows some mean bond enthalpy data.

Bond CC|CH | CGS | S-H O=0 =0 | S=0 | H-O

Mean bond enthalpy

/ kJ mol-' 347 | 413 | 259 | 364 | 498 | 805 | 523 | 464

Table 1

(i) Write the equation for the complete combustion of ethanethiol.

State symbols are not required.

(i) Use your equation and data from Table 1 to calculate the enthalpy change for
the combustion of ethanethiol.

6 00 0 0
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(b) Table 2 shows some enthalpy changes of formation.

Substance AH/ kJ mol~’

CH,CH,SH(g) -46
0,(9) 0
CO,(9) -394
SO,(g) 297
H,O(g) -242
Table 2

(i) Why is the value for A H of O,(g) zero?

1 A O,(q)isanelement

[0 B O,g)isagas

0 C O,9)isa molecule

[J D O,(9)isanon-metal

(ii) Use Hess's Law, and data from Table 2, to calculate another value for the
enthalpy change for the combustion of ethanethiol.

(c) Give a reason why the values for the enthalpy change of combustion of
ethanethiol in (a)(ii) and (b)(ii) are different.

(Total for Question 3 = 8 marks)
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4 This question is about some hydrocarbons.
(@) A student wrote these statements about cyclobutane (C,H,):

The -ane ending of the name means that cyclobutane is an alkane, so

its general formulais CH, ,

The molecular formula means that its general formula is C H, , so it
is an alkene

Criticise each statement.

(b) Cyclobutane can be formed by an addition reaction, starting from cyclobutene.
Write the equation for this reaction.

State symbols are not required.

(c) An unusual type of hydrocarbon, known as a ladderane, can be described as
consisting of cyclobutane rings joined together. The skeletal formula of one
example of a ladderane is

What is the molecular formula of this ladderane?

S 4 91 3 9 A 0 8 2 4



(d) Which statement correctly describes a radical involved in reactions of alkanes?

] A anion with a negative charge
[] B anion with a positive charge
[ € aspecies with an even number of outer electrons

[] D aspecies with an odd number of outer electrons

(e) The equation for a reaction of ethane with bromine is
CH,+Br, > CszBr + HBr

(i) Write the sequence of four equations showing the mechanism of this
reaction, including the termination step that results in the formation of a
halogenoalkane.

S 4 91 3 9 A 0 9 2 4
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(ii) Which terms are used in a correct description of this reaction mechanism?

heterolytic fission and addition
heterolytic fission and radical substitution
homolytic fission and addition

homolytic fission and radical substitution

(iii) Explain why C,H, , but not C_H,, is also formed in this reaction.

(Total for Question 4 = 12 marks)
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5 Nichrome is an alloy used to make wires for electrical heating elements.

An investigation is carried out into the resistance to corrosion of two types of
nichrome. The table shows their compositions by mass.

Nichrome A Nichrome B
Metal Percentage Metal Percentage
by mass by mass
nickel 80 nickel 72
chromium 20 chromium 18
copper 10

Nickel and chromium both react with hydrochloric acid to form a salt and hydrogen.
Both nichromes contain nickel and chromium in the ratio 4:1 by mass.

In one experiment, a sample of nichrome A was added to hydrochloric acid, and the
hydrogen gas formed was collected. Its volume was measured over a period of time.

(@) Which is a correct equation for the reaction between nickel and hydrochloric acid
to form nickel(ll) chloride?

[0 A 2Ni(s) + 2HCl(agq) — 2NiCl(aq) + H,(9)
L1 B 2Ni(s) + 2HCI(I) — 2NiCl(aq) + H,(qg)
[J € Ni(s) + 2HCI(aq) — NiCl.(aq) + H,(g)
[J D Ni(s) +2HCI() ~ — NiCl,(aq) + H,(g)

S 4 91 3 9 A 01 1 2 4
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(b) The graph shows the results obtained when nichrome A reacts with hydrochloric acid.

40

30+
volume

of
hydrogen 20

/ cm?

10

0 | | | | I |
0 5 10 15 20 25 30

time / min

(i) Draw atangent to the curve on this graph, at t, = 6.5min.

Calculate the rate of reaction at t.. Include units in your answer.

(ii) The rate of reaction at t, = 24.5 min is lower.
Give reasons why the rates of reaction at t, and t, differ.

You should assume that the temperature of the reaction mixture does not
change during the experiment.
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*(c) It was suggested that nichrome B has a lower resistance to corrosion because the
copper in it might act as a catalyst in the reactions of nickel and chromium with
hydrochloric acid.

Devise a method a scientist could use to find out whether copper acts as a
catalyst or a reactant in these reactions of nichrome B.

(Total for Question 5 = 12 marks)
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6 Y is an organic compound that contains only carbon, hydrogen and oxygen. Y is a
volatile liquid at room temperature. Samples of Y were analysed by two different
experimental methods.

(@) In method 1, a known mass of Y was burned and the masses of carbon dioxide
and water were measured.

The results of method 1 are shown.
Mass of Y =0.815¢g
Mass of carbon dioxide = 2.0869g
Mass of water =0.851g

Use this information to calculate the masses of carbon, hydrogen and oxygen in
0.815g of Y and hence determine the empirical formula of Y.

14
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(b) In method 2, a known mass of Y was injected into a heated gas syringe and the
volume of vapour was measured.

The results of method 2 are shown.
Mass of Y =0.2509
Volume of vapour =92cm?
Temperature of vapour = 110°C
Atmospheric pressure =1.01 x 10° Pa

Use this information to determine the molar mass of Y.

(c) Use your answers to parts (a) and (b) to suggest a structural formula for Y.

(Total for Question 6 = 10 marks)
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7 The diagram shows apparatus that can be used, with appropriate safety precautions, to find the
enthalpy change of combustion, A H, of a liquid fuel.

glass beaker

water

lid
fuel h

The fuels used in an investigation are

e two alkanes — pentane and octane
e two alcohols - methanol and ethanol

The lid should be removed from the spirit burner just before igniting the fuel, and
replaced after the flame is extinguished.

(@) These are the results of the experiment using pentane.

Mass of water in glass beaker =150.0g
Initial temperature of water =18.6°C
Final temperature of water =54.8°C

Initial mass of burner, lid and pentane = 152.25¢g

Final mass of burner, lid and pentane =151.38g

(i) Calculate the heat energy, in kJ, transferred to the water.

Give your answer to 3 significant figures.

16
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(ii) State the reason why using the lid increases the accuracy of this experiment.

(b) In the experiment using octane, a black solid formed on the underside of the
glass beaker.

Write an equation for the combustion of octane that shows the formation of this
black solid.

State symbols are not required.

(c) In the experiment using methanol, the heat energy transferred to the water was
8960J, and the mass of methanol burned was 0.717g.

Calculate the enthalpy change of combustion of methanol, in kJmol', using these
data, giving your answer to an appropriate number of significant figures.

17
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(d) In the experiment involving ethanol, a value of -747 kJ mol™" was calculated for A_H.

Justify how, if at all, using a copper can in place of the glass beaker would affect
the calculated value of A H.

(e) Data book values for the enthalpy changes of combustion, in kJmol™, of the
compounds in the investigation are

pentane -3509
octane -5512
methanol -715

ethanol -1371

Give two reasons why the combustion of 1 mol of each of the alcohols releases
less energy than the combustion of 1 mol of each of the alkanes.

(Total for Question 7 = 13 marks)
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8 This question is about halogenoalkanes and their reactions.

(@) Which formula represents a tertiary halogenoalkane?

[0 A CH,CH,CH,CH,CI
[ B CH,CH,CH(CH,)CI
0 € (CH,).CCl

(] D (CH,),CHCH,CI
(b) The table shows some mean bond enthalpy data.

Bond Mean bond enthalpy

/ kJ mol~’
c-cl 346
C-Br 290
Cc-1 228

A general equation for the reaction of halogenoalkanes with aqueous potassium hydroxide,
using X to represent a halogen, is

CH.CH.CH X + OH- — CH,CH,CH,OH + X~

3 2 2 3 2 2

(i) Use data from the table to explain the trend in reactivity of the primary
halogenopropanes in this reaction.

20
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(ii) Draw the mechanism for the reaction between CH,CH_CH_Br and aqueous
potassium hydroxide. Show relevant dipole and lone pairs of electrons.

(c) The compound CH,CH,CH,Br was heated under reflux with potassium hydroxide
dissolved in a mixture of water and ethanol. There were two organic products, P
and Q, formed in this reaction. P and Q belong to different homologous series.
After separating P and Q, their spectra were obtained.

(i) The mass spectrum of P shows peaks at m/z = 29 and at m/z = 60.

Use this information to identify P. Justify your answer.

21
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(ii) The infrared spectra of P and Q are shown.

transmittance (%)

transmittance (%)

Product P
100
50
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000
wavenumber / cm™
Product Q
100
50+
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3000 2000 1000

wavenumber / cm™
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Explain how each spectrum shows the homologous series to which each
product belongs.

(Total for Question 8 = 13 marks)

TOTAL FOR PAPER = 80 MARKS
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