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SECTION A
Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X. If you change
your mind, put a line through the box ¢ and then mark your new answer with a cross [X.

The reaction profile for a reversible reaction is shown.

+30 kJmol™

Enthalpy
~40 kJ mol™

Which statement is correct?

the activation energy for the backward reaction is +70kJ mol™
the enthalpy change for the backward reaction is ~30kJmol™

the enthalpy change for the forward reaction is ~70kJmol™

o N w >

the enthalpy change for the forward reaction is +40kJmol™

(Total for Question 1 = 1 mark)

Which row is correct for the values of the enthalpy changes shown?

AqH AH AH
A positive or negative always negative positive or negative
B always positive always positive always negative
C always positive always negative positive or negative
D

always negative always negative always negative

(Total for Question 2 = 1 mark)
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3 Inan experiment, 0.25 g of magnesium ribbon was added to 50 cm® of

copper(ll) sulfate solution.
The temperature of the solution increased from 21.0°C to 34.5°C.

What is the energy absorbed by the solution, in joules?

N

0
0
0

O n w >

50x4.18 x 13.5

50x4.18 +13.5
50 x 4.18 X 34.5
50x4.18 + 34.5

(Total for Question 3 = 1 mark)

4 What is the enthalpy change for the reaction shown?

[Data: Enthalpy change of formation of methanoic acid = -425kJmol™
Enthalpy change of formation of carbon dioxide = -394 kJmol™']

O o oo

A
B
C
D

-819kJ mol™
-31kJmol™
+31kJmol™

+819kJmol™

Hy(g) + CO,(g@ — HCOOH(l)

(Total for Question 4 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 This question is about the intermolecular forces in four compounds in the liquid state.

(@) Which liquid includes hydrogen bonding as one of its intermolecular forces?

[ A ammonia, NH;

[ B hydrogen bromide, HBr
[J € hydrogen sulfide, H,S
[l D silane, SiH,

(b) Which liquid would be expected to have the strongest London forces between

its molecules?

[ A ammonia, NH;

[ B hydrogen bromide, HBr
[J € hydrogen sulfide, H,S
[l D silane, SiH,

(c) Which liquid does not contain molecules with a permanent dipole?

[ A ammonia, NH;

[ B hydrogen bromide, HBr
[J € hydrogen sulfide, H,S
[l D silane, SiH,

(Total for Question 5 = 3 marks)

6 Which compound contains sulfur with the highest average oxidation state?

N

(|
(|
(|

A Na,SO,
B Na,5,0,
C Na,S;0q
D Na,5,04

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 During a redox reaction, an oxidising agent

N

0
0
0

A

B
C
D

gains electrons and is oxidised
gains electrons and is reduced
loses electrons and is oxidised
loses electrons and is reduced

(Total for Question 7 = 1 mark)

8 Which equation does not represent a disproportionation reaction?

N

0
0
0

A

B
C
D

3Mn0O;” + 4H" — 2MnO; + MnO, + 2H,0
Cu,0 + H,S0, — CuSO, + Cu + H,0
3100 - 2I' + 10;

MnO, + 4HCl — MnCl, + Cl, + 2H,0

(Total for Question 8 = 1 mark)

9 What is the value of n needed to balance the equation shown?

O o oo

O n w >

Clo; + 6H" + nee —» Cl" + 3H,0

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

EEOEC

5

P 7 9 6 5 1 A 06 5 2 8 Turn over



10 This question is about industrial chemistry.

(@) The Haber process for the manufacture of ammonia uses the reaction shown.

N, + 3H, = 2NH; AH is negative

Which change will not increase the rate of the forward reaction?

O o oo

O n w >

decreasing the size of the catalyst pieces
increasing the pressure
increasing the temperature

removing the ammonia as it is formed

(b) During the Ostwald process, when ammonia is converted into nitric acid, several
reactions occur.

Which of the reactions has the greatest change in the oxidation number of a
nitrogen atom?

O o oo

O n w >

2NO + O, — 2NO,
3NO, + H,0O — 2HNO; + NO
4NH; + 50, — 4NO + 6H,0

4NH; + 6NO — 5N, + 6H,0

(c) One step in the Contact process to produce sulfuric acid uses the reaction shown.

250, + O, = 2S0; AH isnegative

The reaction is carried out at 450°C and at a pressure of about 2 atm with a
vanadium(V) oxide catalyst.

Which statement is correct for this step?

O o oo

O n w >

at a lower temperature the yield of SO; decreases

at a lower temperature the catalyst does not work efficiently
at a higher pressure the yield of SO; decreases

at a lower pressure the cost of reaction vessels increases

(Total for Question 10 = 3 marks)
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11 The diagram shows Maxwell-Boltzmann distribution curves for a gas at two

different temperatures.

Which represents the most probable energy of molecules at the lower temperature?

(0 O O

A
B
C
D

/\ _________

value A
value B
value C

value D

D

rw NS

(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 When dissolved in water, compounds of vanadium(ll) form a solution that is purple in
colour. In a sealed system, the solution formed becomes greener as an equilibrium is
established with vanadium(lll) ions, which are green.

13

V¥ + H,O = V' + %H, + OH

Which change would make the solution more purple after equilibrium has
been re-established?

N

(|
(|
(|

o N w >

addition of a reagent that removes V** by precipitation
addition of an acid

allowing hydrogen to escape as it forms

increasing the pH of the solution

(Total for Question 12 = 1 mark)

Geraniol is produced by the sweat glands of honeybees and is used to mark the
entrance to their hives. The structure of geraniol is shown.

WOH

Which statement about geraniol is not correct?

N

(|
(|
(|

A

B
C
D

it changes hot acidified potassium dichromate(VI) from orange to green
it contains three CH; groups and three CH, groups

it decolourises a small volume of bromine

it exists as two pairs of cis-trans isomers

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 The compound shown is used as both an artificial sweetener and as a laxative.

OH OH

HO
OH

OH OH

Which functional groups may be produced by oxidation of this compound?

[J A aldehydes and carboxylic acids only —
[J B aldehydes, carboxylic acids and ketones only —
[] C ketonesonly —
[ D none, because the compound does not oxidise —
(Total for Question 14 = 1 mark)
15 Cyclohexane is both immiscible with water and less dense than water.
It can be used to extract iodine from an aqueous solution.
Cyclohexane is added to a separating funnel containing an aqueous solution of
iodine. The funnel is shaken and the liquids are allowed to separate.
What is the best description of the colour of the two layers?
lower layer upper layer
L] A brown yellow —
(] B purple yellow —
[0 C yellow brown —
L0 D yellow purple —

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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16 2-lodopropane can be converted via propan-2-ol into propanone.
2-iodopropane — propan-2-ol — propanone

Infrared spectra (ir) and mass spectra (ms) were recorded for each compound.
Four of the six spectra are shown.

v 08 W v 0.8- ﬁw
9] (@)
C C 7
£ 8 i
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= 1 = -
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Which two spectra are of the same compound?
Use your Data Booklet in making your choice.

(] A irtandms1
[] B irlTandms?2
[] € ir2andms1
[ D ir2andms?2
(Total for Question 16 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
10
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

The enthalpy change of combustion of butane can be represented by the
equation shown.

C4H10 + 61/202 —> 4C02 + 5H20

Another useful value when considering the combustion of alkanes is the
enthalpy change for the combustion of 1g of alkane.
The table gives values for enthalpy changes of some alkanes.

methane = ethane  propane  butane @ pentane  hexane

Enthalpy change of

combustion / kJmol™ —890 —1560 —2219 -3509 -4163

Enthalpy change for

combustion of 1g/ kJ —55.6 -52.0 -504 -48.7 -48.4

(@) Plot a graph of the enthalpy change for the combustion of 1g of the alkane
against the number of carbon atoms in the alkane.

Number of carbon atoms

1 2 3 4 5 6
-48 ] ] ] ] ]

—49

-50

Enthalpy change for the —51 -
combustion of 1g

/kJ ~52

-53

—54

—55 4

-56 -
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(b) Complete the table for the values of butane by using your graph.
You must show your working.

(c) A graph of the enthalpy change of combustion against the number of
carbon atoms is approximately a straight line from ethane to hexane.

Explain this statement by considering the bonds broken and made in the
combustion of alkanes.

(Total for Question 17 = 6 marks)
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18 This question is about bromine molecules and bromide ions.

(a) Explain why bromine has a lower electronegativity than chlorine but a higher
electronegativity than selenium.

(b) Bromide ions may be identified using chemical reactions.

State what you would observe for each reaction given.
Include an ionic equation with state symbols where indicated.

(i) Aqueous silver nitrate is added to aqueous bromide ions, followed by the
addition of concentrated aqueous ammonia.

Observation with aqueous silver nitrate

lonic equation

Observation with concentrated aqueous ammonia

P 7 9 06 5 1 A 06 1 4 2 8
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(ii) Concentrated sulfuric acid is added to solid potassium bromide.

Two observations

(iii) Chlorine gas is bubbled through a dilute solution containing
aqueous bromide ions.

Observation

lonic equation

(c) 0.250 mol of chlorine gas were passed through an aqueous solution containing
both 0.330 mol of potassium bromide and 0.330 mol of potassium iodide.

Calculate the number of moles of bromine and the number of moles of iodine
produced, assuming all the chlorine has reacted.

(Total for Question 18 = 12 marks)

15
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19 lodine monochloride, ICL, is formed by reacting chlorine with iodine. It is a
polar molecule which undergoes an addition reaction with alkenes in a similar way to
hydrogen chloride.
ICl has a boiling temperature of 98 °C.

(@) In each molecule, iodine monochloride has many more electrons than water.

Explain, using intermolecular forces, why iodine monochloride has a very similar
boiling temperature to water, despite having many more electrons.

(b) The reaction between iodine gas and chlorine gas is shown.
L(g) + Cl(g) — 2ICl(g) AH =-30kJmol™

(i) Calculate the I—Cl bond enthalpy.

[Data: Bond enthalpies: [—I=+15TkJmol” Cl—Cl=+243kJmol™]
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4 A
(ii) lodine and iodine monochloride are solids at standard temperature
and pressure.
Calculate the enthalpy change of formation of iodine monochloride, A¢H,
using a Hess's law cycle and the data shown.
[Data: I,(g) + Cllg) — 2ICl(g) AH =-30kJmol™
I,(s) - L,(g) AH = +62kJmol™
2ICl(g) — 2ICL(s) AH =-102kJmol™]
(3)
(Total for Question 19 = 8 marks)
Y,
17
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Group 2 carbonates thermally decompose to produce metal oxides.
The equation for this reaction for Q, representing any Group 2 element from
magnesium to strontium, is shown.

QCO; —» QO + CO,

(@) Explain why magnesium carbonate decomposes at a lower temperature than
strontium carbonate.

*

(b) A specimen tube contains a sample of an unknown Group 2 carbonate, QCO;.
You are provided with a test tube, a Bunsen burner and a balance.

Devise an experiment to find the relative atomic mass of Q using this equipment,
and hence identify the Group 2 element in the carbonate.

You should include a description of the procedure you would use and an
explanation of how the results would be used to identify Q.
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(c) The identity of Q in a sample of the carbonate QCO; can also be found using a
titration method.
A 1.00g sample of QCO; was reacted with 50 cm’ of 0.400 moldm™
hydrochloric acid.
When all the carbonate had reacted, the excess hydrochloric acid was titrated
with 0.200 moldm™ sodium hydroxide solution.
The titre was 32.25cm’.

Identify the element Q. You must show all your working.

(Total for Question 20 = 14 marks)

TOTAL FOR SECTION B =40 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

21 The smell of freshly cut grass is caused by the release of volatile organic compounds.
The most important contributors to this smell are alcohols and aldehydes, both
saturated and unsaturated, which contain six carbon atoms.

The compound Z-hex-3-enal, one of the major components of the smell of cut
grass, is also released by ripe tomatoes. It easily and rapidly converts to an isomer,
E-hex-2-enal, resulting in the rapid fading of the smell of cut grass.

Z-Hex-3-en-1-ol, produced in smaller quantities than Z-hex-3-enal, has a similar
smell, though less intense. Z-Hex-3-en-1-ol has important uses in fruit and vegetable
flavourings and perfumes.

(@) Complete the table.

Skeletal structure of Skeletal structure of Skeletal structure of
Z-hex-3-en-1-ol Z-hex-3-enal E-hex-2-enal

e A

(b) Explain why Z-hex-3-enal and E-hex-2-enal are structural isomers but not
geometric isomers.

21
am NN R 0 R
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(c) The functional groups in Z-hex-3-en-1-ol can be identified by chemical tests.

(i) The presence of the double bond can be identified by the addition of
bromine water.

Give the skeletal formula of a possible product of this reaction.

(i) Give a test for the presence of the —OH group in Z-hex-3-en-1-ol and the
expected observation.

(d) Describe in outline the technique for converting an alcohol such as
Z-hex-3-en-1-ol into an aldehyde such as Z-hex-3-enal in a laboratory.
You may include a diagram.
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(e) Saturated non-cyclic alcohols with six carbon atoms can be classified as one of
three types.

Explain these three types of alcohols, giving an example of each.
(4)

J

23
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(f) The chloroalkane with six carbon atoms shown can be converted into an alcohol

using potassium hydroxide.
H,
~ S
C C

H
/ \Cl 2

HsC CH;
HsC

(i) Complete the equation for this reaction. State symbols are not required.

(CH3),CCICH,CH,CH; 4 e > F e

(ii) State the role of the hydroxide ion in this reaction.

(iii) Using potassium hydroxide under different conditions results in the

conversion of the chloroalkane into a mixture of two alkenes.

State the condition needed for the reaction in (f)(i) to produce an alcohol and
the different condition needed to produce a mixture of alkenes.

Condition to produce an alcohol
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(iv) Explain why two alkenes are formed in the reaction in (f)(ii).

| DONOTWRITEINTHISAREA

(Total for Question 21 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 80 MARKS
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