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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.

1 The enthalpy level diagram for a reaction is shown.

reactants

Enthalpy AH

products

Progress of reaction

Which is represented by this diagram?

[J A Na(s) — Na(g)

[J B Na(g — Na'(g) + e

[0 ¢ 2Cg) — Chlg)

[J D NH,NO(s) + ag — NHi(agq) + NOs(aq)

(Total for Question 1 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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© | 2 Excesszinc powder is added to 50.00g of 0.500 moldm * copper(ll) sulfate solution in
SRR
3:‘:"‘?:3 a polystyrene cup.
% The mixture is stirred and the maximum temperature change determined.
o5
K8 L i}
§§§§§§§§§ The enthalpy change for the reaction is calculated to be -185kJ mol™.
o The data book value for this reaction is —217 kJ mol™.
K== o : :
TS (a) The percentage error in this experiment is
o
ot
S O A +737% —
XA
[l B *8.65% —
0 € 147% —
[l D 173% —
(b) In the calculation, the specific heat capacity of the liquid is taken to be
4.18)g7'°C' rather than the true value of 3.85Jg7'°C"".
The use of 4.18Jg™' °C" in the calculation
L[] A s partly responsible for the error in the final value obtained —
[J B lowers the error in the final value obtained —
[J € hasanegligible effect on the final value obtained —
bo%%6e
Egg?g [J D hasa negligible effect compared with the measurement uncertainties —
SRS .
L (Total for Question 2 = 2 marks)
B
S
GO _
§§§§{§§§§§ 3 The enthalpy changes for two reactions are shown.
KERKL
SRS
0K -
§§§§§§§§§ 2Fe(s) + 1%20,(g) — Fe,04(s) AH®=-824kJmol™
SRR
SRLLHAES _
R Cs) + 0)g) — CO(g) AH®=-111kImol
SR
SRS . . . .
s What is the enthalpy change for the reaction between iron(lll) oxide and carbon?
Fe,Os(s) + 3C(s) — 2Fe(s) + 3CO(q)
0 A +491kJmol™ —
0 B +713kJmol™ —
0 C€ -491kJmol™ —
0 D -713kJmol™ —
I8 (Total for Question 3 = 1 mark)
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4 Which of these alkanes would be expected to have the highest boiling temperature?

A

/\/\/

(Total for Question 4 = 1 mark)

5 The boiling temperature of hexane is 69°C and that of cyclohexane is 81 °C.

The main reason that cyclohexane has a higher boiling temperature is that
cyclohexane molecules

N

(|
(|
(|

o N w >

have more electrons
have strong permanent dipole-permanent dipole forces
have a larger surface area of contact

form hydrogen bonds

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 The structures and boiling temperatures of butane and propanal are shown.
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The main reason that propanal has a higher boiling temperature is that
propanal molecules
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have strong permanent dipole-permanent dipole forces

ZRIRRLRKRE:

have a larger surface area of contact
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L] form hydrogen bonds

(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 Hydrogen bonds are formed when methanol dissolves in water.

Which structure best represents a hydrogen bond between methanol and water?

T
0 A H—C—OuwH—O0
| H
H
T
o)
O B H—?—o:-------.H/ H
H
H H H

\ |
0 c /O:--------H—C—O

|
H H

H H

|
I:l D H—O:nmmH_C_o
~
H
H

(Total for Question 7 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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8 In which pair of compounds is the stated element in the same oxidation state?
[0 A chlorine in Cl,0, and Ca(ClOs),

chromium in K,Cr,O, and K,CrO,

QLKL
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FTHHS
MR T

S8
SN
% 6
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0 B
[J € manganese in K;MnO, and Mn,0,
O D

SRR

oxygen in K,0 and K,0,

e
T E
9%
S

(Total for Question 8 = 1 mark)

9 What is the formula of barium(ll) ferrate(VI)?
[0 A Ba,FeO,
[l B BaFeO,
[0 € BayFeO,
[l D BaFeO,

(Total for Question 9 = 1 mark)
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10 When lithium reacts with excess oxygen, only lithium oxide is formed.
When sodium reacts with excess oxygen, sodium oxide and sodium peroxide are
both formed.

What is the main reason why sodium peroxide is formed?
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sodium is more reactive than lithium
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sodium has a lower first ionisation energy than lithium
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[J € thesodium ion has a larger ionic radius than the lithium ion
I D

the sodium ion has a higher charge density than the lithium ion
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Use this space for any rough working. Anything you write in this space will gain no credit.
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11 A piece of sodium weighing 1.15 g reacts completely with distilled water and the
solution formed is made up to 250.0cm’.

12

2Na(s) + 2H,0(l) — 2NaOH(ag) + H.,(qg)

What is the concentration of the sodium hydroxide solution?

N

(|
(|
(|

A
B
C
D

0.025moldm™
0.050moldm™
0.100moldm™
0.200moldm™

(Total for Question 11 = 1 mark)

Magnesium nitrate decomposes on heating.

2Mg(NO;s),(s) — 2MgO(s) + 4NO,(g) + O,(g)

A sample of magnesium nitrate decomposed completely.

The total volume of gas formed was 1200cm?, measured at
room temperature and pressure (r.t.p.).

What mass of magnesium nitrate was used?

M, Mg(NOs), =148.3

N

(|
(|
(|

O N w >

1489
2979
7429

14.89

Molar volume of gas at r.t.p. = 24000 cm>mol ']

(Total for Question 12 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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| 13 When solid sodium chloride is placed in a Bunsen flame, a persistent yellow colour
G is observed.
o%
Su The yellow colour is due to
S . : :
K [0 A electrons being excited to higher energy levels and m—
S iae . .
e emitting yellow light on returning to the ground state
SREKAK
G . : :
S [0 B electrons being excited to higher energy levels and —
DO TS oyl . . .
;E;‘«é::‘ emitting blue-violet light on returning to the ground state
B
oS . . .
;,;;’ [] € electrons being excited to higher energy levels and —
absorbing yellow light
[] D electrons being excited to higher energy levels and —
absorbing blue-violet light
(Total for Question 13 = 1 mark)
14 |n a series of experiments, the time taken to complete the reaction between
iron(lll) sulfate and sodium thiosulfate in aqueous solution is measured.
One drop of a solution of a substance is added to separate reaction mixtures.
The results are shown.
; Substance added Reaction time/s
,::::
v (no substance) 205
S
ot
§§§§~§§ copper(ll) sulfate 75
=
L ,
o lead(ll) nitrate 464
58
CREKR . .
SR sodium nitrate 204
SRS
G If 202
SR zinc sulfate
KK
Gy
SRS
S
RRRRSS . . H
X Which ion speeds up the reaction?
%
L] A copper(ll) —
[J € nitrate —
[J D sulfate —
(Total for Question 14 = 1 mark)
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15 Hydrogen peroxide decomposes in the presence of a catalyst.
2H,0,(aq) — 2H,0(l) + O,(g)

The volume of gas formed is measured at regular time intervals and the data plotted
on a graph.

25

20

"
/
15
Volume / X
of gas /
/cm?
10 /
5
0
0 2 4 6 8 10
Time/min
What is the rate of formation of oxygen at point X?
0 A 1.3cm’min”
0 B 25cm’min’
0 C 44cm’min’
0 D 25cm’min™
(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 The structures of three bromoalkanes P, Q and R are shown.
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Which of these bromoalkanes may be classified as tertiary?
LI A Ponly

Qonly
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(Total for Question 16 = 1 mark)

17 When 1-chlorobutane is mixed with ethanol and aqueous silver nitrate,
a reaction occurs.

Which species is the nucleophile in this reaction?
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(Total for Question 17 = 1 mark)
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18 Propan-1-ol may be converted into propene.

CH;CH,CH,OH — CH;CH==CH, + H,O

(@) Which reagent is used for this reaction?

O o oo

O Nn W >

(1)
50 % sulfuric acid
ethanolic potassium hydroxide
phosphoric(V) acid
red phosphorus

(b) The reaction is best classified as

O o oo

O Nn W >

(1)

elimination
hydrolysis
reduction

substitution

(Total for Question 18 = 2 marks)
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SECTION B

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

19 Some reactions of a halogenoalkane are summarised in the diagram.
All the reactions are of the same type and mechanism.
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H,C—C—Br H,C—C—OH
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compound M

(@) Name the type and mechanism of these reactions.

(b) Give the IUPAC name and the structure of compound M.
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(d) Anincomplete mechanism for Reaction 2 is shown.

T T T
H3C—C|—Br — H3C—C|+ + B — H3C—(|Z—OH + Br
CH; CH; CH;
OH"

intermediate J

(i) Complete the mechanism by adding curly arrows, and relevant dipoles and
lone pairs.

(2)

(ii) Describe how intermediate J is formed in the first step, naming the process
that occurs.

(i

i) State the shape of intermediate J. Justify your answer.
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(iv) The product of Reaction 2 is shown.
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H,C—C—OH

CH;

This compound has three isomers that are also alcohols.

Draw the structures of these isomers.
(2)
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isomer 1 isomer 2 isomer 3

(e) The reaction of halogenoalkanes with hydroxide ions is often carried out using
sodium hydroxide or potassium hydroxide.

An alternative is ‘moist silver(l) oxide, which is prepared by adding a few drops of
water to solid silver(l) oxide.
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Silver(l) oxide is insoluble in water but produces sufficient hydroxide ions for
the reaction.
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() Write the ionic equation for the reaction of silver(l) oxide with water.
State symbols are not required.

XX
RSsaaNs
So%0s0e!
S5
ZRZRRLRKRLLSE:

e
2%
RS
Qﬁg&
S
et

0%
5%

XX
190

%
<
&L

R

ool
S

(2)

(i) Suggest one advantage of using silver(l) oxide rather than sodium hydroxide
or potassium hydroxide.

(1)

< & (X
LKLY
505050 600 % X

%
ORAKARRARAANR A KA

%
&
%
B
%
X

<

(Total for Question 19 = 16 marks)
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( )
20 This question is about fuels.
The enthalpy change of combustion is the maximum amount of heat energy that can
be obtained by the complete combustion of a substance.
Values for the enthalpy change of combustion may be obtained by direct
measurement or from mean bond enthalpies. These data may be used to assess the
efficiency of fuels.
Petrol is a mixture of a large number of different hydrocarbons containing between

four and twelve carbon atoms. Octane, CgH,g, is a typical component of petrol.

(@) The equation for the combustion of octane is shown.

H
T

H
"

o f o f
|| |

|
oy |
H H

| |
H

|
Ho Lo
H

(i) Use mean bond enthalpies to calculate a value for the enthalpy change of
combustion of octane.

0
H\C/C\C/C\C/C\é/C—H + 12,0=0 — 80=C=0 + 9H~  H

Bond

Mean bond enthalpy

/kJmol™ 347

413 464
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(ii) The standard enthalpy change of combustion, A.H®, of octane is -=5470kJmol ™.
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Give two reasons why this value, measured under standard conditions, is
different from the value obtained using bond enthalpy data.
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(iii) When petrol is used to power a car, the energy available is less than the
theoretical maximum.
When one kilogram of petrol powers a car, the energy used to move the car

is 11 MJ.
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Calculate the percentage of the maximum energy that is available to move a
car, assuming that this fuel is pure octane.
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Use A.H® =-5470kJmol™".
(2)
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(iv) Give two reasons why the energy used to move the car is less than the
theoretical maximum.
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*(b) Two alternatives to hydrocarbon fuels are hydrogen and ammonia. 55
Hydrogen burns to form water as the only product but hydrogen is extremely G
hard to liquefy. Ammonia is easily liquefied but it is toxic. = 5

Compare and contrast the intermolecular forces involved when hydrogen and SO
ammonia liquefy, by describing how these forces are formed. S
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21 Methanal is used in the production of many materials and chemical compounds.
It is manufactured from methanol by reaction with oxygen at 300-400°C using an
iron-molybdenum oxide catalyst.

CH;0H(g) + '20,(g) — HCHO(g) + H,O(g)

(a) The Maxwell-Boltzmann distribution for the reaction mixture at 300°C is shown.

Fraction of
collisions with
energy E

Energy, E

(i) On the diagram, sketch the Maxwell-Boltzmann distribution for this reaction
mixture at a higher temperature.
(1)

(i) Using the Maxwell-Boltzmann distributions, explain why increasing the
temperature and adding a catalyst both increase the rate of reaction.
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(b) An alternative method for producing methanal uses a silver catalyst at a
temperature of 650°C. The reaction is shown.
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Suggest one advantage and one disadvantage of this method, other than the
cost of the silver catalyst.

(2)

Disadvantage
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(c) Explain how the infrared spectra of methanol and methanal can be used to
distinguish between the two compounds, stating the relevant bond stretching
vibrations and their wavenumber ranges.

(2)
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(Total for Question 21 = 7 marks)
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.
22 Toilet Cleaners

Products used to clean toilets work in two ways: removing the limescale that collects
in the toilet bowl and disinfecting the bowl.

Limescale contains calcium carbonate which is removed by reaction with acids.
The strongest acid used in toilet cleaners is hydrochloric acid, although weaker acids
such as methanoic acid are also used.

Disinfectants are essentially chlorine dissolved in aqueous sodium hydroxide.
The effective disinfectant in these solutions is the chlorate(l) ion, CIO".

(a) State one safety precaution that you should take when using a toilet cleaner
containing hydrochloric acid.

(b) The equation for the reaction of calcium carbonate with hydrochloric acid
is shown.

CaCOs(s) + 2HCl(agq) — CaCly(aq) + H,O(l) + CO,(9)

(i) Write the ionic equation for this reaction.
State symbols are not required.
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(ii) A 750cm’ bottle of a toilet cleaner contains 85.0 g of hydrochloric acid.

Calculate the maximum mass of calcium carbonate limescale that could be
removed by 50.0 cm’ of this toilet cleaner.
(4)
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(c) Chlorine gas reacts with water.

9%
%
L
<
6%

%

5
25
S
e
XS

%
L

Soge%s
<
oSegss
0SS
9%

3%
28

%%
KR

<
QL

558
CRRK,

KRHKARAAXARAA

Chig) + H,0() = HCIO(ag) + HCl(aq)

¢
Sototeteds
S

CRERKRY
ERLI

ORI

RS
RIS
o0
ototelotetototels

%% %%
XK HLIKRIK

(i) State the classification of this reaction. Justify your answer in terms of the
relevant oxidation numbers.
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(ii) When 5.00cm’ of a disinfectant reacts with excess hydrogen peroxide, 113 cm’
of oxygen is produced, measured at room temperature and pressure.

H,0,(aq) + NaClO(aq) — H,O(l) + NaCl(ag) + 0O,(g)

Calculate the concentration, in gdm™, of sodium chlorate(l) in the disinfectant.
Give your answer to two significant figures.

[Molar volume of gas at r.t.p. = 24000 cm’mol™']

(iii) Commercial disinfectants are often made more viscous by adding
propane-1,2,3-triol to the aqueous solution.

Suggest how propane-1,2,3-triol makes disinfectants more viscous.

(4)
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(d) Toilet cleaners that remove limescale should not be mixed with
chlorine-based disinfectants.
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Explain, using the relevant equation, why these two types of toilet cleaner should
not be mixed.
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(e) Borax is another cleaning agent used to remove limescale.
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Borax is a compound of sodium, boron and oxygen.
Borax crystals contain water of crystallisation.
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The percentage composition by mass of some borax crystals is
H=52% B=113% 0O0=714% Na=121%

Determine the empirical formula of the borax crystals and hence their formula.
(4)
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(Total for Question 22 = 21 marks)
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