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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 is an ionic equation?

o N W >

MgO(s) + 2CH,COO (aq) + 2H*(ag) = Mg**(aq) + 2CH,CO0 (aq) + H,0(l)
2NH,(aq) + 2H*(aq) + SO; (ag) — 2NH;(aq) + SO; (aq)

2Ag*(aq) + 2NO;(aq) + 2K*(aq) + CrO; (aq) — Ag,CrO,(s) + 2K*(aq) + 2NO5(aq)
HCOs(aq) + H(ag) — CO,(g) + H,0(l)

(Total for Question 1 = 1 mark)

Which compound forms hydrogen bonds in the liquid state?

N

(|
(|
(|

A

B
C
D

ammonia
hydrogen chloride
hydrogen cyanide
methane

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 Which substance has permanent dipole-permanent dipole interactions?

N

0
0
0

4 What is the oxidation number of oxygen in a molecule of hydrogen peroxide, H,0,?

N

0
0
0

5 How do the oxidation numbers of carbon, hydrogen and oxygen change during the
complete combustion of methane?

O o oo

A
B
C

D tetrachloromethane

A

O N W

O n w >

chloromethane

ethene

sulfur hexafluoride

-2
=1
0

+2

Carbon
increase
increase
decrease

decrease

Hydrogen
increase
no change
no change

decrease

(Total for Question 3 = 1 mark)

(Total for Question 4 = 1 mark)

Oxygen
decrease
decrease
increase

increase

(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 Nitrogen reacts with hydrogen and the equilibrium shown is established.

N,(g) + 3H.,(g) = 2NH;(g)

The volume of the container is increased at constant temperature.

How does the system change?

o N w >

Change in pressure Equilibrium position shift
decrease left
increase left
decrease right
increase right

(Total for Question 6 = 1 mark)

7 Which is not an important property for a primary standard in an aqueous
acid-base titration?

N

(|
(|
(|

A

B
C
D

forms stable solutions

high solubility in water

low molar mass

reacts rapidly and completely when used in titrations

(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 The titration results of four students are shown.

Student 1

Student 2

Student 3

Student 4

Rough
24.40
24.35
24.65

24.20

1

24.20

23.65

23.40

23.05

The true titre value is 24.00cm?.

Titre / cm’
2

2415
24.10
23.80

23.85

(@) Which student has the most accurate mean titre?

Nn @ >

L]
L]
L]
1 D
W

(b)
A

B
C

O 0O oo

D

Student 1
Student 2
Student 3

Student 4

Student 1
Student 2
Student 3

Student 4

hich student has the most precise titres?

24.10

24.00

23.70

23.95

Mean of concordant
results

24.15

24.05

23.75

23.90

(Total for Question 8 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 A student tested an unknown gas in the laboratory.

10

11

The gas extinguished a lighted splint, turned limewater cloudy and turned
blue litmus solution red.

Which could be the gas tested?

L] A ammonia
[J B carbon dioxide
[J € nitrogen dioxide
[J D sulfur dioxide
(Total for Question 9 = 1 mark)

In which solid are only London forces broken on melting?
[J A diamond
[J B magnesium oxide
[J € poly(ethene)
[J D silver

(Total for Question 10 = 1 mark)
Which standard enthalpy change does not necessarily refer to one mole of
substance?
O A AH™
0 B AH™
O € AH™
O D AH

(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 Catalysts are often used to improve the sustainability of an industrial process.
A student suggested three benefits of using a catalyst:

| catalysts always increase atom economy to 100%
Il catalysts always increase the rate of reaction
Il catalysts always decrease energy consumption

Which of the student’s suggestions are correct?

LI A landll
LI B landll
LI C ILllandlll
LI D llandlll

(Total for Question 12 = 1 mark)

13 Which species can act as a nucleophile?

0 A NH;
0 B C,
[0 C NH,
0 D Co,

(Total for Question 13 = 1 mark)

14 How many structural isomers have the molecular formula C,H,Br?

L] A 2
1 B 3
1 ¢ 4
1 D 5

(Total for Question 14 = 1 mark)

15 Which is a redox reaction?
[J A GH, + H, » GCH,
[J B HCl + NaOH — NaCl + H,0
[J € (CH;);COH + HCl — (CH;),CCl + H,0
[J D CaO + Si0, — CaSiO;

(Total for Question 15 = 1 mark)

7
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16 Some properties of five substances are shown.

Substance = Solubility in water Solution pH
\' slightly soluble 12.4
w very soluble 7.0
X slightly soluble 7.0
v reacts to.form a 124
solution
y4 insoluble no solution

Use the information in the table to answer the questions.

(@) Which substance could be calcium?

5 O R O
Nn @ >
X s <

O

DY

(b) Which substance could be barium sulfate?

5 B R O
n @ >
< = <

O

D z

(c) Which substance could be calcium hydroxide?

0 o oo
N < s <

O N w >

(Total for Question 16 = 3 marks)
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N

0
0
0

17 Which isomer has the lowest boiling temperature?

A CH;CH,CH,CH,CH,CH,CH,CH,CH,
B CH;CH(CH,)CH,CH,CH,CH,CH,CH;
C (CH;);CCH,CH,CH,CH,CH,

D CH;CH,C(CH;),CH,CH(CH;)CH;

(Total for Question 17 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
18 This question is about halogens and halide ions.

(@) When chlorine reacts with sodium hydroxide, the products depend on
the conditions.

(i) Write the equation for the reaction between chlorine and cold aqueous
sodium hydroxide.
State symbols are not required.

(ii) The equation for the reaction between chlorine and hot concentrated
aqueous sodium hydroxide is shown.

Cl, + 6NaOH — 5NaCl + NaClOo; + 3H,0

Explain, in terms of oxidation numbers, what is meant by disproportionation,
using this reaction as an example.
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(b) When bromine reacts with sodium hydroxide, a compound is formed that
contains sodium, bromine and oxygen.
The percentage by mass of sodium is 15.3% and bromine is 52.9%.

Calculate the empirical formula of this compound.
You must show your working.

() When concentrated sulfuric acid is added to solid sodium iodide, several
reactions occur.

(i) Reaction 1
Nal + H,SO, — NaHSO, + HI

State how the iodide ion acts in this reaction.

(ii) Reaction 2

Hydrogen iodide reacts further to produce iodine and a gas with a
‘bad egg’ smell.
Identify the classification of this type of reaction.

(iii) Reaction 3

In another reaction, hydrogen iodide produces iodine and a yellow solid.
Write a balanced equation for this reaction.

(Total for Question 18 = 10 marks)

11
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19 This question is about Group 2 compounds.

(a) Calcium carbonate, as marble, is used to make statues. The features on these
statues can be damaged by acid rain.

Give the formula of an acid present in acid rain.

(b) The reaction between marble chips and hydrochloric acid is used to investigate

rates of reaction. A graph for the reaction is shown.

280
240
200
160 -
Volume CO,
/cm?
120 -
80 -
40
0 | | | | | | |
0 20 40 60 80 100 120 140
Time/s
(i) Calculate the initial rate of reaction by drawing a tangent on the graph.
Include units in your answer. You must show your working.
12
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( )
(ii) The experiment was repeated with the only change being the use of larger
marble chips of the same total mass.
Draw a line on the graph for this second reaction. Justify your answer.
(3)
(c) Explain the trend in thermal stability of the Group 2 carbonates going down
the group.
(3)
. J
13
oece AR RO Turn over »



(d) Calcium oxide reacts with water to form limewater, a saturated solution of
calcium hydroxide.

(i) 25.0cm’ portions of limewater, at 20°C, were titrated with
0.0500 moldm™ hydrochloric acid. The mean titre was 23.35cm’.

The equation for the reaction is shown.

Ca(OH), + 2HClL — CaCl, + 2H,0

Calculate the mass, in g, of calcium hydroxide in 100 cm’ of limewater at 20°C.

Give your answer to three significant figures.
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(ii) Calcium hydroxide is 34.5% less soluble at 70°C than at 20°C.

Calculate the concentration of calcium hydroxide, in moldm™, at 70°C.

(2)

(Total for Question 19 = 16 marks)
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20 Hydrogen halides are gaseous compounds.
(a) Hydrogen and chlorine gases react together to form hydrogen chloride.
(i) A Maxwell-Boltzmann distribution for this reaction at 20°C is shown.

Draw on the same axes a Maxwell-Boltzmann distribution for the reaction
mixture at 30°C, and a labelled line for the activation energy.

Fraction of molecules
with energy E

Energy, E

(i) Explain, using the Maxwell-Boltzmann distributions, why the rate of
reaction increases at higher temperatures.
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( )
(b) Explain why the boiling temperature of hydrogen iodide is higher than that of
hydrogen chloride, but lower than that of hydrogen fluoride.
Detailed explanations of intermolecular forces are not required.
(4)
(Total for Question 20 = 8 marks)
J
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*21 Describe how four different organic compounds can be produced by reacting
2-bromobutane with potassium hydroxide under different conditions.

Refer to the types of reaction and the different types of isomerism that occur.

Detailed explanations of reaction mechanisms and practical procedures are
not required.
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(Total for Question 21 = 6 marks)

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

22 Alcohols have a variety of uses.
Ethanol is used as a solvent for perfumes.
Ethanol and propan-2-ol have been used as antiseptics for some time and are now
also used to make hand sanitiser gel.
The combustion of ethanol has been used as a source of energy for many years.
More recently, ethanol and methanol have been used in fuel cells, which produce
electrical energy.

(@) Suggest two reasons why ethanol is a good solvent for perfume.

(b) (i) Write the equation for the standard enthalpy change of combustion for
methanol. Include state symbols.

(i) The enthalpy change of combustion of methanol was determined using the
apparatus shown.

thermometer

beaker
cIamp \ 3 /
/Water

O burner

wick
\

methanol

21
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The results of the experiment are shown.

Measurement Value
Mass of water / g 150
Mass of methanol burned / g 0.260
Starting temperature / °C 22.2
Maximum temperature / °C 26.9

Calculate the enthalpy change of combustion, in kJmol™, for methanol.

Give your answer to an appropriate number of significant figures.
Include a sign.

[Data: Specific heat capacity of water, c=4.18Jg™'°C"']

(iii) Give a major reason why this experimental value is different from the
Data Booklet value for the standard enthalpy change of combustion
for methanol.
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(iv) The standard enthalpy change of combustion for straight-chain primary
alcohols is shown in the table.

Number of carbon atoms 2 3 4 5 6 7 8
Standard enthalpy
change of combustion —-1367 | =2021 | —2676 | —3329 | —3984 —-5294
/ kJ mol™

Plot a graph of standard enthalpy change of combustion against the number
of carbon atoms.

(v) Determine the standard enthalpy change of combustion for heptan-1-ol,
using your graph.

= NN R R 0
P 7 9 2 1 9 A 0 2 3 2 8 Turn over
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(c) Alcohols can be oxidised by acidified potassium dichromate(VI).
(i) The equilibrium between chromate(VI) and dichromate(VI) ions is shown.

2Cr0; (aq) + 2H'(aq) = Cr,07(aq) + H,O()  AH positive
yellow orange

State what would be observed when an orange equilibrium mixture
containing these ions is cooled from 50°C to 5°C.
Justify your answer.

(i) A student heats a mixture of propan-1-ol and acidified
potassium dichromate(VI) in a distillation apparatus.

Draw the skeletal formula of the organic product that distils from the mixture
as the reaction occurs.

(iii) A student heats under reflux a fresh mixture of propan-1-ol and acidified
potassium dichromate(VI).

The organic products from both (ii) and (iii) were analysed.

Describe how these products can be distinguished using infrared spectroscopy.
Refer to two types of bond stretching vibrations and their wavenumber ranges.
Use your Data Booklet.
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(iv) The functional groups in the products from the oxidation of alcohols can be
identified by chemical tests.

Complete the table.

Name of

. Test Positive result
functional group

Warm with Fehling’s or
Benedict’s solution

Add sodium carbonate
solution

(d) An aqueous solution of propan-2-ol is used to clean phone screens and lenses.

Suggest one reason why an aqueous solution is used and not the pure alcohol.

(Total for Question 22 = 20 marks)

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