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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.

An alcohol can be attacked by a nucleophile because

N

(|
(|
(|

A the C—O bond is weak

B the C—O bond is polar

C the O—H bond can form hydrogen bonds

D the O—H bondis polar

(Total for Question 1 = 1 mark)

A student sketched a graph of the temperature (K) of the decomposition of some of
the Group 2 nitrates against the metal’s atomic number.
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Use the graph to estimate the temperature, in °C, at which calcium nitrate decomposes.

A
B
C
D

587°C
767°C
860°C
1040°C

(Total for Question 2 = 1 mark)
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3 20cm’ of a saturated solution of barium nitrate at 80°C was cooled to 20°C.
9.32g of crystals were precipitated.

The solubility of barium nitrate is 3.74 g per 100 g water at 20 °C.

What is the solubility of barium nitrate at 80°C in g per 100 g water?

A 13.1
B 41.0
C 466

O o oo

D 503

(Total for Question 3 = 1 mark)

4 What is the flame colour produced by strontium ions?
[J A green
[J B red
] € white
[ D yellow

(Total for Question 4 = 1 mark)

5 Which order is correct for the solubilities of Group 2 sulfates?
L] A barium > strontium > magnesium
[] B calcium > strontium > magnesium
[J € magnesium > barium > calcium
[] D calcium > strontium > barium

(Total for Question 5 = 1 mark)

6 Which is the best solvent for chloroethane?

[ A ethanol

[0 B hexane
[J € hydrochloric acid
[0 D water

(Total for Question 6 = 1 mark)

3
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7 The molecular masses and boiling temperatures of HF, HCl and HI are shown.

Compound M, Boiling temperature/°C
HF 20.0 19.5
HCl 36.5 -85.0
HI 127.9 —35.1

(@) Which is the best estimate for the boiling temperature of HBr?

N

(|
(|
(|

O N w >

59°C

-20°C
-67°C
-90°C

(b) Why does HF not fit the pattern of the boiling temperatures of the other
hydrogen halides?

N

(|
(|
(|

O N w >

it forms hydrogen bonds

it is much smaller than the other hydrogen halides
the other halogens are all electronegative

fluorine is the most reactive

(Total for Question 7 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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8 An experiment measuring the concentration of a reactant over time produced the
graph shown.

Concentration 0.003 -

/ units

0.005

0.004

0.002

0.001

0 T T T T T T T 1
0 50 100 150 200 250 300 350 400

Time/s

(@) What is the approximate value of the initial rate of reaction?

O 0O oo

O n w >

45x% 107
1.8%x107°
13%x107°

20x10°

(b) What are the units for the rate of reaction?

O

O 0O O

A
B
C
D

mols™
moldm3s™
moldm?s™

dm*mol™'s

(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 Concentrated sulfuric acid reacts with sodium iodide.

What is one role of the sulfuric acid?

N

(|
(|
(|

A

B
C
D

oxidising agent
reducing agent
proton acceptor
lone pair donor

(Total for Question 9 = 1 mark)

10 Which equation is not an example of disproportionation?

N

(|
(|
(|

A

B
C
D

Cu,0 + H,S0, -» Cu + CuSO, + H,0O
3HNO, — HNO; + 2NO + H,0

3ClO° —» 2ClI" + ClO;

Mg + 2HCl —» MgCl, + H,

(Total for Question 10 = 1 mark)

11 Which is a displacement reaction that results in a visible colour change in solution?

N

(|
(|
(|

A

B
C
D

2NaCl + At, —» 2NaAt + Cl,
2NaBr + I, — 2Nal + Br,
2Nal + Br, —» 2NaBr + L,
2NaF + Cl, —» 2NaCl + F,

(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 A sample of 25.0 cm’ of 0.205 mol dm™ sulfuric acid was titrated with
sodium hydroxide solution. The titre obtained was 14.60cm’.

(@) What is the concentration of the sodium hydroxide solution?

O 0O oo

0.176 moldm™
0.239moldm™

0.351 moldm™

O n w >

0.702moldm™

(b) What is the percentage error in the titre?

[The burette is accurate to 0.05cm’ per reading]

O

L]
L]
L]

0.10%
0.34%
0.40%

O n w >

0.68%

(Total for Question 12 = 2 marks)

13 Calcium carbonate can be heated to produce calcium oxide.

CaCO; —» Ca0 + CO,

What is the atom economy, by mass, for the formation of calcium oxide?

N

0
0
0

A 44.0%
B 56.0%
C 78.6%
D 100%

(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 What is the concentration, in moldm™, when 64.5 g of sodium nitrate is dissolved in

15

water to form 750 cm?® of solution?

[M, NaNOs = 85.0]

0.086
0.113
0.759

o N w >

1.012
(Total for Question 14 = 1 mark)
A volume of 10.0cm® of magnesium chloride solution was added to an excess

of sodium hydroxide solution, forming a precipitate of magnesium hydroxide.
After filtering and drying, 0.398 g of magnesium hydroxide was obtained.

What was the concentration of the magnesium chloride solution?

[M, Mg(OH), = 58.3]

[0 A 0.00683moldm™
[0 B 0.0137moldm™
[0 C 0.683moldm™
(0 D 1.37moldm™
(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 Magnesium nitrate decomposes on heating according to the equation shown.

2Mg(NO,), — 2MgO + 4NO, + O,

One mole of magnesium nitrate is completely decomposed.

(@) What is the maximum volume of gas formed at 600K and 101000 Pa?

[pV=nRT R=8.31Jmol'K"]

O 0O oo

O n w >

0.025m’
0.099m’
0.123m?

0.247m?

(b) What is the percentage yield if 25.0g of magnesium oxide is produced?

EmCE

9

[M, MgO =40.3]
O A 13.6%
0 B 16.9%
0 € 31.0%
L0 D 620%

(Total for Question 16 = 2 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTIONB

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

17 Rhubarb stems contain ethanedioic acid. Ethanedioic acid reacts with
acidified potassium manganate(VIl), KMnO,, and decolorises the solution.

(@) The ionic equation for this reaction is shown.
2MnO; + 6H* + 5CH,0, — 2Mn** + 10CO, + 8H,0

(i) Deduce the oxidation number changes for manganese and carbon.

Manganese from ... tO

Carbon from ..o 2O oo

(ii) Write the ionic half-equation for the reduction.

(iii) Write the ionic half-equation for the oxidation.

(b) A student carried out an experiment using rhubarb juice as a source of
ethanedioic acid.

The student used different volumes of rhubarb juice and a constant volume of
manganate(VIl) as shown. An indication of rate was calculated using 1 + t.

(i) Complete the table.

Rhubarb juice mar’;‘c;dr:gteed(vn) Deionised Time (8)/s 1+t 1+t x10°
/cm? g/cm3 water/cm? /s /s
5 1 5 398 0.00251 2.51
6 1 4 329 0.00304 3.04
7 1 3 289 0.00346 3.46
8 1 2 261
9 1 1 249 0.00402 4.02
10 1 0 245 0.00408 4.08
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(ii) Plot a graph of the rate of reaction, as represented by (1 + t) x 10°, against the
volume of rhubarb juice.
(4)
(iii) Explain why a rate of reaction is greater at higher concentrations.
(2)
J

1
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(c) Another student suggested that the reaction between manganate(VIl) and
rhubarb juice could be used to find the concentration of ethanedioic acid in
rhubarb juice.

Outline an experiment that could be carried out to find this concentration.

Details of the apparatus and calculations are not needed.

(d) The Maxwell-Boltzmann distribution for the particles in a reaction is shown.

(i) Draw a curve to represent the distribution at a higher temperature.

Fraction of
particles
with a
specific
energy

Energy E,

(i) Explain why increasing the temperature increases the rate of reaction.

(Total for Question 17 = 17 marks)
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18 Water is a molecule that is essential for life and it has some unusual properties.
(a) Draw a diagram to show hydrogen bonding between two H,0 molecules in ice.

Include bond angles and relevant dipoles and lone pairs in your answer.

(b) Compare and contrast the effect of intermolecular forces on the properties of
water and ammonia, using the data shown.

alaaul M, Boiling temperature = Density at 223K = Density at 278K

/K /kgm™ /kgm™
NH; 16.0 240 698 0.763
H,O 18.0 373 926 1000

(Total for Question 18 = 6 marks)

13
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19 Compound X is a halogenoalkane.
Cl
X
(@) Name compound X.
(1)
(b) The reaction of X with hot, concentrated ethanolic KOH produces two isomers.
(i) Name this type of reaction.
(1)
(ii) Draw the structure of the two isomers.
(2)
Isomer 1
Isomer 2
B
S
.
14
NN 0 O O A 0 .
P 7 8 45 6 R A O 1 4 2 4



() (i) Complete the reaction mechanism for compound X reacting with cold, dilute
aqueous potassium hydroxide.

Include curly arrows and relevant lone pairs and dipoles.
(3)
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(i) Compound Y also reacts with cold, dilute aqueous potassium hydroxide.

Y

Explain how the rate of reaction will compare with that of compound X.

(Total for Question 19 = 11 marks)
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¥20 A bottle has lost its label. The content of the bottle is thought to be one of
1-hydroxypropanone, propenoic acid or butan-1-ol.

O O
)J\/OH \/H\ N
OH OH
1-hydroxypropanone propenoic acid butan-1-ol
GHeO, GH,0, CH,00

The infrared and mass spectra of the unknown compound are shown.

100

Transmittance
/% 50 —

0 IIII|IIII|IIII|IIII|IIIIIIIIIIIIII
4000 3000 2000 1500 1000 500

Wavenumber /cm™

Abundance 60 7

/% 40 -
20
O | I II II | 1 1 | .T.I |! I " ||I | 1 II

0 10 20 30 40 50 60 70 80

m/z

Compare and contrast the spectra shown with the expected spectra of the three
possible compounds, and so identify the unknown.

NN 0 0 AR —_
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(Total for Question 20 = 6 marks)

TOTAL FOR SECTION B = 40 MARKS

J
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SECTION C

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

21 Methanol has been considered as an alternative fuel for many years. Bacteria that
metabolise methane could be used for the large-scale production of the alcohol.

(a) Calculate the enthalpy change per mole of methanol produced,
using the bond enthalpies shown.

H H H
| N S

2 H—C—-H + O0=0 = 2 C H
| SN s
H H o)

Bond  Enthalpy/kJmol™

0=0 498
C—H 413
c—o0 336
O—H 464

P 7 8 4 5 6 R A 0 2 0 2 4
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(b) A Hess cycle for the reaction is shown.

-164.3kJ mol™
CH,4(9) +150=0(g) > CH:OH()

-74.8kJ mol™ 0.0 kJ mol™ -239.1 kJ mol™

C(s) + 2H,(g) + ¥20,(q)

State why the standard enthalpy change of formation of oxygen is 0.0kJmol™.

(c) The standard enthalpy change of reaction to form methanol from methane
calculated in part (a) is less accurate than the value given in the Hess cycle
in part (b).

Give two reasons for this difference.

(d) One problem when using bacteria to convert methane to methanol is that the
methanol is quickly converted into methanal.

(i) State the type of reaction taking place as methanol is converted
into methanal.

(i) Give the reagents and conditions that are needed for this reaction in the
laboratory. Include in your answer any colour change seen.

21
. NN T A 0
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(e) Inindustry, methanol can be synthesised in a two-step process.
The first step produces CO, CO, and H, in two reactions as shown.

CH, + H,O —» CO + 3H, CO + HO —» CO, + H,

This step requires a temperature of 850°C and a pressure of 2500 kPa.

The second step requires a pressure of 8000 kPa but does not require heating as
the forward reactions are exothermic.

CO + 2H, = CH;OH CO, + 3H, = CH;OH + H,0
This leads to a yield of around 5%. Unreacted gases are recycled.

Scientists would prefer a one-step synthesis using a catalyst.

(i) Suggest two possible advantages, other than increasing the yield, of a
one-step synthesis reaction.

(i) Many different catalysts have been used, including MoOs, WO; and Re.

State two characteristics that all these catalysts have in common.

P 7 8 4 5 6 R A 0 2 2 2 4
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DO NOT

(iii) A one-step process is being developed.
This is carried out at 101 kPa and 800 °C.

CH, + %0, = CH;OH AH = -1643kimol™

Deduce how the reaction conditions could be changed to increase the yield,
explaining why such changes may not be economical.

(Total for Question 21 = 20 marks)

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