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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.

Which method would be most suitable to investigate the kinetics of the
reactions shown?

(@) (CHy),C=CH,(g9) + HI(g) — (CH;);Cl(g)

colorimetry
measurement of change in volume

measurement of change in mass

o N W >

quenching with ice-cold water followed by titrating with acid

(b) HCOOCH;(agq) + NaOH(agq) — HCOONa(aq) + CH;OH(aq)

colorimetry
measurement of change in volume

measurement of change in mass

o N w >

quenching with ice-cold water followed by titrating with acid

(Total for Question 1 = 2 marks)

The equation for the reaction of bromate(V) ions with bromide ions in acid solution
is shown.

BrOs(ag) + 5Br(ag) + 6H" — 3Bry(aq) + 3H,O(l)
The rate equation for the reaction is
rate = k[BrO3][Br ][H']

The concentrations of all the reactants are doubled.
By what factor does the rate of reaction increase?

L] A2
(1 B 4
1 c 8
1 D 16

(Total for Question 2 = 1 mark)
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g;;gg; 3 This question is about rates of chemical reactions.
potetele’
0.0‘0.0
%5“%% (a) Which graph shows a reaction that is zero order with respect to reactant Q?
o (1)
P
0 A [Q]
Time
% :
S Rate
S ] B
e
3RS
o
<
s [Ql
RRKLL
o
5%
« 4%
0 ¢ [Q]
Time
0 D Rate
[Q]
XK
% (b) The equation for a gas phase reaction is shown.
Alg) — B(g) + Cl9)
The reaction is first order.
When the initial pressure of A is 2 atm the half-life of the reaction is 20s.
What is the half-life of the reaction when the initial pressure of A is 4atm?
(1)
L] A 10s
[J] B 20s
2
- [0 € 40s
§ 5
oS
[J D 400s
(Total for Question 3 = 2 marks)
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7

4 The graph shown can be used to obtain a value for the activation energy, E,, of

a reaction.

— /K

In(rate constant)

The activation energy is related to the rate constant by the equation

a

1
In(rate constant) = _F X ? + constant

From the graph, the E, is equal to

N

O

A

(—gradient)
R
(—gradient)
RT

(—gradient) x R
(—gradient) x RT

(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 The energy cycle for dissolving calcium chloride in water is shown.

(a)

U]

Ca*(g) + 2CI(qg)

LE = -2258kJ mol™

CaCly(s)

AH =-120kJmol™

v Ca*(aq) + 2CI(aq)

The enthalpy change of hydration of the calcium ion is ~1650kJ mol™.

What is the enthalpy change of hydration, in kJ mol™, of the chloride ion?

L] -728
-364

+364

O n w >

O
O
] +728

Why is the enthalpy change of hydration for magnesium ions more exothermic
than that for calcium ions?

L] magnesium ions have a larger radius
magnesium ions form stronger ionic bonds

magnesium ions have a higher charge density

O n w >

N
N
L] magnesium has higher first and second ionisation energies

(Total for Question 5 = 2 marks)
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6 Heating copper(ll) nitrate results in the equilibrium shown.

2Cu(NOs),(s) = 2CuO(s) + 4NO,(g) + O,(9)

Which is the expression for K,?

_ 2(pCu0) x 4(pNO,) x (pO,)
2(pCu(NO;),)

O A K,

(pCUO)? x (pNO,)* x (pO,)
(pCu(NO,),)?

O B K=

[0 C K,=4(pNO,) x (pO,)
0 D K,=(pNO,)"'x (pO,)

(Total for Question 6 = 1 mark)

When concentrated hydrochloric acid is added to methanoic acid, an acid-base
reaction occurs.

HCl + HCOOH = CI" + HCOOH;

What are the Brgnsted-Lowry acid-base conjugate pairs in this equilibrium?

Conjugate base Conjugate base

Acid 1 of Acid 1 Acid 2 of Acid 2
O A HCI HCOOH HCOOH; cr
0 B HCI HCOOH; HCOOH HCOOH;
0 ¢ HCI cr HCOOH HCOOH;
0 b HCI cr HCOOH; HCOOH

(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 At 100°C, pure water has a pH of 6, but at 25°C it has a pH of 7.
§§§3§§§§ This is because
et [0 A the dissociation of water is endothermic, so the concentration of —
hydrogen ions is lower at 100 °C than at 25°C
[0 B the dissociation of water is exothermic, so the concentration of —
hydrogen ions is lower at 100 °C than at 25°C
[0 € the dissociation of water is endothermic, so the concentration of —
hydrogen ions is higher at 100 °C than at 25°C
,g,,::. [J D thedissociation of water is exothermic, so the concentration of —
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9 Four beakers each contain equal volumes of four solutions.
Beaker 1 contains 0.01 moldm™ NaOH
Beaker 2 contains 0.01 moldm™ NH,
Beaker 3 contains 0.1 moldm~ NaOH
Beaker 4 contains 0.1 moldm™ Ba(OH),
The pH of the four solutions was measured.
Which of the following gives the order of decreasing pH?
1,2,3,4
2,1,3,4

3,41,2

O N W >

4,3,1,2

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 A
10 This question is about the reaction scheme shown.
OH
\O Reaction 2
Reaction 1 +PCls
cl
OH
\
)
Reaction 3 Reaction 4
+ (CH5),CHCOOH + (CH;),CHCH,OH
+H
O
\
@)
(@) Which reagent is required for Reaction 1?7
[J A acidified potassium dichromate(VI) .
[J B concentrated sulfuric acid
[] € hydrogen with a nickel catalyst
[J D lithium tetrahydridoaluminate(lll)
(b) Reaction 1 has a yield of 90 %.
What mass of 2-methylpropanoic acid is required to produce 6.66g
of 2-methylpropan-1-ol?
[M, values 2-methylpropanoic acid = 88 2-methylpropan-1-ol = 74]
(1)
0 A 6229
0 B 7.3g
] € 7929
[J D 8.80g
. J
10
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§§§§§§§§§§ (c) Which condition is essential for Reaction 2?
e 0 A acid catalyst —
[J] B anhydrous —
[J € high temperature —
[l D ethersolvent —
% (d) Reactions 3 and 4 produce the same ester.
:‘;:;‘ Which is an advantage of using Reaction 4 to produce this ester in the laboratory?
:gég%% [0 A itcan be carried out at room temperature m—
S o
§§§§§§§§ [0 B itrequires a catalyst —
KX
E;%g:‘:"‘ [J € theatom economy is higher —
[J D hydrogen chloride is a product —
(Total for Question 10 = 4 marks)
11 Which diagram shows two repeat units of the polymer formed by the polymerisation
T of propane-1,3-diol and benzene-1,4-dicarboxylic acid?
0]
I I
| |
] | | |
1 ¢ {O—C—CHZCHZCHZ—C—O@O—C—CHZCH2CH2—C—O —
| | ] |
] D {O—CHZCH2CH2—O—C C—0O—CH,CH,CH,—0—C C —
(Total for Question 11 = 1 mark)
VDRI O A 0 .
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4 )
12 Polymer waste may be disposed of by incineration.
At a plant carrying out this process with poly(propene), a waste gas was produced
that was thought to be either propane or carbon dioxide. These compounds have the
same molecular ion peak in a low resolution mass spectrometer but can be separated
at high resolution.
Atom Relative atomic mass, A,

'H 1.0079

e 12.0000

"°0 15.9949
Which are the correct relative molecular masses?

propane carbon dioxide
] A 29.0395 27.9949
] B 27.9949 29.0395
] ¢ 43.9898 44,0632
] D 44.0632 43.9898
(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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4 )
13 A thin-layer chromatogram of a mixture of two compounds, X and Y, is shown.
Solvent front
Ov
Ox
S
&/
Baseline
(@) What is the R; value for compound X?
(1)
] A 033
] B 0.38
] € 0.60
[ D 062
. J
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3 ( h
§§§§§§§ (b) Y travelled further than X. How do the attractions between Y and X to the
LK stationary and mobile phases compare?
S (1)
Attraction between Y and the Attraction between Y and the
stationary phase mobile phase
is stronger than the attraction between | is stronger than the attraction between
X and the stationary phase X and the mobile phase
is stronger than the attraction between | is weaker than the attraction between X
X and the stationary phase and the mobile phase
O c is weaker than the attraction between X | is stronger than the attraction between
and the stationary phase X and the mobile phase
G is weaker than the attraction between X | is weaker than the attraction between X
SRS 1] D : : —
s and the stationary phase and the mobile phase
IR
ses
§§§§§§§§§§ (Total for Question 13 = 2 marks)
TOTAL FOR SECTION A = 20 MARKS
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4 A
SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
14 This question is about the nucleophilic addition reaction between ethanal and
hydrogen cyanide in the presence of potassium cyanide as a catalyst.
The equation for the reaction is shown.
CH;CHO + HCN — CH;CH(OH)CN
(@) (i) Give the [IUPAC name of the organic product.
(1)
(ii) Complete the mechanism for this two-step reaction, showing the structure
of the intermediate and including curly arrows, and relevant lone pairs
and dipoles.
(4)
H o)
N
Step 1 C| ‘=N
H—?—H
H
+ HCN
Step 2 H—C=N
CH;CH(OH)CN + CN°
. J
16
VDRI O O e
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(a) (i) Justify the use of the term ‘nucleophilic addition’ to describe the mechanism
of this reaction.
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(b) Explain why the product of the reaction is not optically active even though it
contains a chiral carbon atom.

0%
0%
SRS

KRR EKY

%%
R
o

SRKS
bel
SIIERIILRILE,

RIS
RLRRRRRRRLRKRRLRKS

%
%

<
X
%

s

35
R X
S
Do
R

0%
55

(Total for Question 14 = 9 marks)
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7

15 A reaction vessel contained nitrogen monoxide and oxygen in a 2:1 molar ratio.
The mixture was allowed to come to equilibrium forming nitrogen dioxide.
The equation for the reaction is shown.

2NO + O, = 2NQO,

The volume of the vessel was 15 dm?® and the reaction was carried out at a
constant temperature and at a pressure of 200000 Pa.

At equilibrium there was a total of 0.69625 mol of gas in the reaction vessel and the
mass of oxygen was 7.000g.

(@) (i) Calculate the number of moles of each substance at equilibrium.

(i) Calculate the value of K. under these conditions.
Include units in your answer.

(3)

(4)
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(b) Calculate the temperature, in K, of the reaction mixture at equilibrium under
these conditions.
Use the equation pV = nRT and the data at the start of the question.
(3)

o
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(c) Under a different set of conditions, the reaction was carried out to find the initial
rate of reaction.

Experiment number ' Initial [NO] / moldm™  Initial [0,] / moldm™ | Initial rate / moldm™s™

1 6.50 x 107 1.25%x 107 6.87 x 10™*

The rate equation for this reaction is

rate = k[NOJ’[O,]

(i) Give the reason why colorimetry can be used to monitor the rate of
the reaction.
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(ii) Use the data from Experiment 1 to find the value of the rate constant, k.
Include units in your answer.
(2)

(i

ii) State why the reaction is unlikely to proceed in a single step.

(iv) A student proposed the mechanism shown for this reaction.

2NO = N,0O, slow

N,O, + O, —» 2NO, fast

Justify whether or not this mechanism is consistent with the overall equation
for the reaction and with the rate equation.
(2)

GIRICIIAIAA
LXK
e

<
S5
z \J
¥
S

b

XL

A
RIS
QAQ'Q‘
%

.

<

%
%Y

o~
58
X
oM
0%
%

(Total for Question 15 = 16 marks)
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7

16 Iron, lead and zinc can be extracted using a blast furnace but aluminium cannot.

In a blast furnace, iron is extracted from iron(lll) oxide, Fe,0O;, at high temperature.

Some standard enthalpy changes of formation, A{H=, and standard molar entropies,

S, are shown.

Substance Al(s) AL, O5(s) CO(9) COs(9) Fe(s)

Fe,04(s)

AH= / kJ mol™ 0 -1676 -1 -394 0

-824

S/ JK 'mol™ 28.3 50.9 197.6 213.6 27.3

874

(@) The main reaction occurring in the blast furnace to form iron is shown.
Fe,Os(s) + 3CO(g) — 2Fe(s) + 3CO,(g)

This reaction is feasible at all temperatures.

(i) Calculate the standard entropy change of the system for this reaction.

(i) Calculate the standard enthalpy change for this reaction.

(3)

(3)
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(i

ii) Explain how your answers to (a)(i) and (a)(ii) show that this reaction is feasible
at all temperatures.

(b) The main reduction reaction of aluminium oxide in a blast furnace is shown.
AlLO; + 3CO — 2Al + 3CO,

(i) Calculate the temperature at which this reaction becomes feasible.
(4)

(i) Suggest why aluminium is not extracted from its oxide using a blast furnace.

(1)

(Total for Question 16 = 14 marks)
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( )
17 This question is about four isomers with the molecular formula C,H;0,.
Name Skeletal formula
o)
butanoic acid
OH
H
4-hydroxybutanal OH
o)
o)
ethyl ethanoate
0o >~
o)
3-hydroxybutanone
OH
*(a) These four isomers can be identified using three chemical tests.
Each test gives a positive result for only one isomer.
All three tests give a negative result for the fourth isomer.
Deduce the three chemical tests required. For each test
+ identify the reagent
« give the positive observation in each test
+ identify the functional group of the isomer that gives the positive result.
(6)
L )
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(b) The four isomers can also be distinguished using NMR spectroscopy.

(i) State why it is not possible to distinguish any of these isomers from the
number of peaks in their >C NMR spectra.

(ii) Complete the table below to give the number of peaks in a low resolution
'H NMR spectrum of each isomer.

(3)

Name Skeletal formula Number of peaks

o

butanoic acid

OH

4-hydroxybutanal OH

ethyl ethanoate

3-hydroxybutanone

OH
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i) One of the 'H NMR spectra has a peak with a chemical shift, 5,
greater than 10 ppm.
Identify the isomer, and the proton environment responsible for this peak.
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(iv) The high resolution '"H NMR spectrum of one of the isomers contains a
multiplet of five peaks (a quintet).
Explain, with reference to the structure of one of the isomers, the presence of
the quintet.
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(Total for Question 17 = 13 marks)

TOTAL FOR SECTION B = 52 MARKS
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Answer ALL the questions. Write your answers in the spaces provided.

SECTION C

18 Pentanoic acid, C,H;COOH, is a carboxylic acid with K, = 1.38 x 10~°moldm.

A student was asked to titrate 25.0 cm’ of 0.120 mol dm™ pentanoic acid solution with

0.100 moldm™ potassium hydroxide solution.

The equation for the reaction is shown.

The teacher asked the student to sketch a graph showing the expected changes in

C,H,COOH + KOH — (CH,COOK" + H,0

pH as potassium hydroxide solution is added.

The student first identified four key points for the sketch graph,
using four calculations and one chemical equation. These points are shown.

14
13
12
11

10

pH

S
7%

Key point 1

X
Key point 4

X Key point 3

X
Key point 2

5 10

15 20 25 30 35 40 45 50
Volume of KOH(aq) / cm’
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(@) (i) AtKey point 1, before any potassium hydroxide has been added, the pH = 2.9.
Use a calculation to justify this value.

SLIILILIRY

(3)

(i) The student deduced that the pH at Key point 4 must be less than 13.
Use a calculation to justify the student’s deduction.
You are not required to calculate the exact pH of the solution.

ORIRRRLKIRLK LKL,

$%6%

(2)

(i

ii) The student deduced that the neutralisation point of the graph at Key point 3
would be at 30cm’.
Use a calculation to justify the student’s deduction.

(2)
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(iv) The student deduced that when equal amounts of pentanoic acid and 55
potassium hydroxide have been mixed at Key point 3, the pH would be G
greater than 7. % o
Justify the student’s deduction. i

(v) The student deduced that at Key point 2, 15.0cm® of potassium hydroxide SIS
would have been added and the pH would be 4.9. KX
Justify the student’s deductions using a calculation. RS
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This question continues on page 32 after the blank page.
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(b) The student then completed the sketch graph by linking these four points to
show how the pH would change as potassium hydroxide was added.

14 -
13
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X Key point 3

pH

Key point 2

SN
7

N
]

Key point 1

0 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Volume of KOH(aq) / cm®

Explain why the student drew the line so that in the section of the graph between
5cm’ and 25 cm’ the pH changes very little as the potassium hydroxide is added.
No calculation is required.
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(c) (i) The student carried out the titration using methyl orange as an indicator.
K The experiment did not give a satisfactory colour change at the neutralisation

SRRREES
<
TS

point, and the student continued adding potassium hydroxide until 50 cm’
had been added.

Describe the colour of the solution during this titration experiment with
particular reference to the key points on the sketch graph.

Use the Data Booklet.
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(i) The student found a bottle labelled ‘Acid-base indicator solution’in the store

cupboard. The student, having checked with the teacher, used this as the
indicator for the titration.

The initial yellow solution turned green at the neutralisation point of
the titration.

Suggest the identity of the indicator solution including a justification for the
colour observed at the neutralisation point.

Use the Data Booklet.

96%%
XXX

S
X KKK

s
X
XX
o
LR

SRR
RRRIRKS

N o
AT Ssasscss
< “ <K
Ao S,
COREHIKELXAK

(Total for Question 18 = 18 marks)

TOTAL FOR SECTION C =18 MARKS
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