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READ THESE INSTRUCTIONS FIRST

Section A

Answer all questions in the spaces provided.

Section B

Answer all three questions, the last question is in the form of either/or.
Answer all questions in the spaces provided.

A copy of the Periodic Table is printed on page 21.

The use of an approved scientific calculator is expected, where appropriate.
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Section A (50 marks)

Answer all questions in this section in the spaces provided.

A1  Alist of reactions, represented by the letters P to V, is given below.

reaction
Ba?* (aq) + SO4% (aq) — BaSOxs (s)
COs* (aq) + 2H" (ag) — CO2 (g) + H20 (/)
Mg (s) + Fe** (aq) — Fe (s) + Mg** (aq)
H* (aq) + OH" (aq) — H20 (/)
Cu?* (aq) + 2e" — Cu (s)
2NaBr (aq) + Cl2 (g) — 2NaCl (aq) + Br2 (aq)
2F (aq) — F2(g) + 2e

< CcCld/»nw A OO

Use the letters P to V to answer the following questions. Each letter may be
used once, more than once or not at all.

(a) Identify a reaction in which a white precipitate is formed.

[1]
(b) Identify a neutralisation reaction between an acid and an alkali.

[1]
(c) Identify a reaction during which a colour change from colourless to

brown is observed.

[1]
(d) Identify a reaction that occurs at the anode of an electrolytic cell.

[1]

(e) Identify the reactions in which displacement occurs.



A2

A student wanted to investigate how different acids affect the rate of a
reaction. He carried out three experiments, X, Y and Z, using three different
acids as shown below.

experiment acid
X 250.0 cm?3 of 0.50 mol/dm? dilute hydrochloric acid
Y 250.0 cm?3 of 0.50 mol/dm? dilute sulfuric acid
z 250.0 cm?® of 0.50 mol/dm? dilute ethanoic acid

In each experiment, 6 g of magnesium powder was reacted with the acid. All
experiments were carried out at room temperature and pressure.

(a) Write a balanced chemical equation, with state symbols, for the reaction
in experiment X.

The results of experiment X is shown in the graph below.

volume of gas / dm?®

A

time /s

(b) On the axes above, sketch the graphs for experiments Y and Z. Label
the graphs clearly. Your sketch should include the volume of gas

formed.

[4]
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A3

(c) The student then repeated experiment X at a higher temperature.

(i) On the same axes in (b), sketch a graph to show how an increase [1]
in temperature affects the results. Label this graph W.

(i) In terms of particle collision theory, explain the shape of graph W.

3]
Oxides of nitrogen in the stratosphere cause damage to the ozone layer in a
two-step process as shown below.
step1: NO + O3 = NO2 + O2
step2: NO2 + O3 > NO + 20
(a) Referto steps 1 and 2 to answer the following questions.
(i) Explain why one nitrogen monoxide molecule can destroy
thousands of ozone molecules.
[2]

(ii) Derive the overall equation for the reaction that damages ozone
molecules.



A4

(b) Oxides of nitrogen are removed from car exhaust emissions by catalytic
converters. In such converters, the oxides of nitrogen react with carbon
monoxide. Eventually, nitrogen and carbon dioxide gases are released
into the atmosphere.

(i) Suggest two health hazards that may arise should the catalytic
converters fail to work.

(ii) Draw a dot-and-cross diagram to show the bonding in carbon
dioxide. Show only the valence electrons. [2]

Sodium bisulfite (NaHSO3) is a food additive. When sodium bisulfite comes
into contact with chlorine bleach (NaC/O), sodium bisulfate (NaHSO4) and
sodium chloride are formed. Heat is released in this reaction.

(a) Write a balanced chemical equation for the above reaction.
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(b) Using ideas about oxidation state, explain why the reaction in (a) is a
redox reaction.

[2]
(c) The activation energy for the reaction is 15.6 kd/mol and the enthalpy
change is — 81.3 kd/mol.
(i) Explain why the enthalpy change includes a negative sign.
[1]
(ii) Complete the energy profile diagram below for the reaction
between sodium bisulfite and chlorine bleach. Include formulae of
reactants and products, activation energy, enthalpy change and
axes labels in the diagram. [3]

A\



(iii) In terms of bond breaking and bond forming, explain the shape of
the energy profile diagram in (c)(ii).

3]
A5  Aspirin is a medicine that is commonly used as a painkiller. A student makes
a sample of aspirin from salicylic acid in the laboratory. He then performs
chromatography using his sample of aspirin. He obtained the chromatogram
shown below.
solvent front
[
[ o
o o
------ ® O O — start line
student’s pure pure
aspirin salicylic aspirin
acid
(@) With reference to the chromatogram, state whether the student’s
sample of aspirin is pure. Explain your answer.
[2]
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(b)

(c)

In a second experiment, the student analyses only pure samples of
aspirin and salicylic acid using chromatography. The Rf values of
aspirin and salicylic acid are shown in the table below.

substance

aspirin

salicylic acid

Rt value

0.56

0.654

The solvent was allowed to travel 9 cm from the start line. Calculate the

distance travelled by aspirin.

In a third experiment, the student performed a titration using crushed
aspirin tablets and aqueous sodium hydroxide. The equation for the
reaction can be represented as shown below.

[ Jcoon + NeoH >

[ | cooNa 4+ 0

[ }—cooH : represents the formula of salicylic acid

The results of the titration are shown in the table below.

concentration of NaOH

0.10 mol/dm?3

neutralisation

volume of aqueous NaOH needed for complete 15.90 cm3

relative molecular mass of aspirin

180

[1]



(i) Calculate the mass of aspirin, in mg, in one tablet. [3]
(1 g=1000 mg)

(if) Brand P of aspirin tablets also contains citric acid. Explain why
the mass of aspirin calculated from titrating brand P tablets with
aqueous sodium hydroxide is inaccurate.
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A6 A sample of copper(ll) chloride is dissolved in concentrated aqueous
potassium chloride, and the resulting solution is evaporated. Crystals of the
salt produced was found to have the following composition by mass: 31.5%

10

K, 25.6% Cu and the remaining CI.

Calculate the empirical formula of the salt crystal formed.

Show all working.

A7 A reaction scheme involving nickel is shown.

green solution
L 94
HC/ (aq) containing Ni

Na,CO; (aq)

gasA

green

precipitate B

heat

!

heat with carbon

solidC

b

gas

bubble into
solution D

white precipitate




11

(@) (i) Identify the following substances.

A:
B:
c:
D: [4]
(ii) Write an ionic equation for the formation of B.
[1]
(b) Describe the observations when excess nickel powder is added to
aqueous copper(ll) sulfate.
[2]
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12

Section B (30 marks)

Answer all three questions in this section in the spaces provided.

The last question is in the form of an either/or and only one of the alternatives should
be attempted.

B8 (a) The table shows some properties of four Group VIl elements, fluorine,
chlorine, bromine and iodine. However, some of the information for
these elements have been accidentally deleted and they are not
arranged according to their positions in the Group.

element boiling point /°C reaction with hydrogen
X +185 reacts if heated strongly
fluorine -218 explosive reaction in dim light
bromine +59
Y -34 explosive reaction in sunlight

Figure 8.1 shows the trend in atomic radius of these four elements in
Group VII.

02

Atomic
radii (nm)

fluorine chlorine bromine iodine

Figure 8.1

The radius of an atom is governed by
e the number of electron shells around the nucleus
e the pull of the outer electrons from the nucleus.
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(i) Using information in the table above and the periodic trends of the
elements in Group VII, suggest the identity of X and Y. Explain
how you arrived at your conclusion.

3]
(ii) Using information from Figure 8.1 and the trend in reactivity of
Group VIl elements, describe and explain the reaction of bromine
with hydrogen.
3]

(b) Group | elements also show a similar trend of increasing atomic radius
down the Group.

03

Atomic

radii (nm) 0o

Figure 8.2
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14

(i) Describe and explain, using information from Figure 8.2, the trend
in the reactivity of elements in Group | with hydrogen gas.

[2]
(ii) Compare figure 8.1 and 8.2 and state a difference in terms of
atomic radii of the elements in both Groups. Explain the
difference.
[2]

B9 Sodium metal is extracted from molten sodium chloride by electrolysis.

Some calcium chloride may be added to make the process cheaper to run as

shown below.
/v gas out

molten
sodium -——" 2~ Jo | \“"“

' PP molten sodium
out — 7 \ il

_____________________ [T molten mixture of
L — — — — — — — sodium chloride
\ and
calcium chloride

steel tank acts
as cathode



(a)

(b)

15

(i) Write ionic half equations for the reactions that take place at the
anode and cathode. 2]

anode:

cathode:

(ii) Write an equation for the overall reaction that takes place during
the electrolysis.

[1]
Suggest how the addition of calcium chloride makes the process
cheaper to run.

[2]
The molten sodium collected contains metallic impurities. Name the
main metallic impurity present.

[1]

Sodium can be used in a simple cell set-up with copper, as shown
below.

voltmeter
©
+
porous pot ) | (
sodium K copper
electrode M e electrode
dilute hydrochloric acid — %)
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(i)

16

Explain how the porous pot ensures safety of the set-up.

Describe a test that would identify the gas being evolved at the
copper electrode.
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EITHER

B10 Zircaloy-4 is a material used to make parts of nuclear power plants because
of its great tensile strength and ability to withstand high temperatures. The
composition of zircaloy-4 is shown in the table below.

element composition / %
zirconium 98.0

tin 1.50

iron 0.50

(a) Explain why zircaloy-4 has great tensile strength.

(b) With reference to the Periodic table, name two elements which have
similar chemical properties as zirconium.

(c) Zirconium reacts readily with oxygen to form zirconium dioxide.
Zirconium dioxide is commonly used in the jewellery industry as its
appearance resembles that of diamond. The structures of zirconium
dioxide and diamond are shown below.

zirconium

oxyge

zirconium dioxide diamond
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(i)

(ii)

18

Describe the similarities and differences between the bonding
and structures of zirconium dioxide and diamond.

Explain the statement “zirconium dioxide is an oxidising agent
whilst diamond is a reducing agent’.
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OR
B10 (a) Iron is extracted from its ore in a blast furnace as shown below.

waste gases

raw materials:
coke, C

iron ore, Fe,04
limestone, CaCO,

firebrick lining

. [
molten iron —

(i) Suggest why carbon monoxide is formed higher up in the blast
furnace.

________________________________________________________________________________________________ [1]
(ii) Explain why the molten iron does not react with air.
e
(iii) Describe how silicon impurities are removed from the molten iron
during the extraction.
________________________________________________________________________________________________ 2]
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(b) Iron and steel undergo rusting. One method of rust prevention is
sacrificial protection as shown below.

L L L

steel pipe
conngcted block of zinc
electrically

to steel pipe

Explain how the steel pipe is prevented from rusting.

[2]
(c) Ironis an element whilst iron(ll) oxide is a compound. Construct a table
to show the differences between iron and iron(ll) oxide in terms of their
(i) electrical conductivity at room temperature and pressure and
(i) chemical reactions with hydrochloric acid. [4]

- End of Paper-
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