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Section A: Answer ALL questions in this Section. Write your answers in the spaces
provided.

1.

The paragraphs that follow have some missing terms. Choose appropriate terms from
the list given so as to complete the paragraphs. Each term may be used once, more than
once or not at all.

hydrogen chlorine nitrogen nitrogen dioxide
electrolysis nitric acid heating dilute concentrated
(a) In the Haber process nitrogen and react to produce

ammonia. On oxidation, ammonia initially gives nitrogen monoxide (also called
nitric oxide) which in contact with air produces the brown gas

This gas is absorbed in water forming

and nitrogen monoxide.

(b) Large amounts of sodium hydroxide are required in industry. It may be

manufactured by the of

sodium chloride solution. During this process two gases are also produced. These

are and

[Total: 7 marks]

(a) When some substances are heated a chemical change occurs. Give balanced
equations to show:
(1) the action of heat on lead(II) nitrate;

(2 marks)
(i1) the reaction that occurs when a small piece of magnesium ribbon is heated in
a gas jar full of oxygen.
(2 marks)
(b) State one observation that can be made during the reaction in (a)(i).
(1 mark)
(¢) Give a safety precaution that must be followed in the reaction in (a)(ii).
(1 mark)

[Total: 6 marks]
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3 (a) Complete the following statements:
(1) A sugar solution does not conduct electricity since
(1 mark)
(i) When dilute sulfuric acid is electrolysed using inert electrodes
gas is produced at the anode (the positive
electrode) and gas is produced at the cathode
(the negative electrode). (2 marks)
(b) Consider the following elements: iron, copper, silver, aluminium, sodium.
Choose ONE element from the list which:
(1)  deposits copper when added to copper(Il) nitrate solution
(i) can produce iron when heated with iron(IIT) oxide
(iii) is too dangerous to add to dilute sulfuric acid
(3 marks)
[Total: 6 marks]
4.  (a) Ammonia may be prepared in the laboratory by warming an ammonium salt with
an alkali.
(i) Give a balanced equation for the reaction between ammonium sulfate,
(NHy4)2 SOy4, and potassium hydroxide solution.
(2 marks)
(i) Give a chemical test that may be used to prove that ammonia has been
produced.
(1 mark)
(b) Showing outer electrons only, give a dot-cross diagram for the ammonia molecule.

(2 marks)
[Total: 5 marks]
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5. Give ionic equations for the following chemical reactions:

(a) BaCl, + MgS0O4 — MgCl, + BaSOy4

(2 marks)
(b) Pb(NO;), + 2 NaCl — PbCl, + 2NaNO;

(2 marks)
(c) K,CO;+ H,S0O4 — K3SO4+ HyO + CO;,

(2 marks)

[Total: 6 marks]

6. A compound J contains 30.43% nitrogen and 69.57% oxygen.
(a) Calculate the empirical formula of J.

(4 marks)
(b) Compound J has a relative molecular mass of 92. Deduce the molecular formula
of J.

(2 marks)
[Total: 6 marks]
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7. Sulfur burns in air at atmospheric pressure producing sulfur dioxide gas.
(a) What is the maximum mass of sulfur dioxide that may be collected if 24.0 g of
sulfur are burned in excess oxygen?
The equation for the reaction is: S(s) + O2(g) — SO,(g)

(3 marks)
(b) Mention ONE observation that can be made during the reaction in (a).
(1 mark)
(c) How is the sulfur dioxide gas produced in (a) collected?
(1 mark)

[Total: 5 marks]

Turn the page for the next question.
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8.  Consider the following compounds:

CH4 CHz = CH2 C2H5OH C2H5COOH
A B C D

(@) (1) Which substance gives a yellow smoky flame when burned in a plentiful
supply of oxygen?

(i) Give the formula of a compound, which belongs to a different homologous
series to those given in the list above, but which will give the same type of
flame as the compound in (a)(i).

(2 marks)
(b) Give the formula or structure of an isomer of substance C.
(1 mark)
(c) Write a balanced equation for the reaction of substance D with sodium hydroxide
solution.
(2 marks)

|Total: 5 marks]
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9. Q,RandT are three elements. The letters are NOT their usual symbols. T and R have
atomic numbers 12 and 8 respectively.
(a) Give the electronic configurations of T and R.

T:
R:
(2 marks)
(b) (1) Using the letters T and R, give the formula of the compound formed
between T and R.
(1 mark)
(i) In what Period of the Periodic Table is element T?
(1 mark)
(i11)) From the following list, draw a circle round a possible melting temperature
for the compound in (b)(i).
-20°C 40°C 100°C 2800° C
(1 mark)
(c) (1) The element Q is known to be crystalline, with a giant molecular structure
and weak Van der Waals’ forces holding the molecules together. Q does not
conduct electricity. Draw a circle around one of the substances in the
following list to indicate a possible identity for Q.
graphite iodine diamond sodium
(1 mark)
(i) Suggest a simple test that may be carried out to confirm your choice in (¢)(i).

(1 mark)
|Total: 7 marks]

Page 7 of 16




SEC06/1.12m

DO NOT WRITE ABOVE THIS LINE

10. A student carries out some experiments to show how lumps of calcium carbonate react
with dilute hydrochloric acid.
(a) In the space below, sketch a graph of concentration against time so as to show
how the concentration of the hydrochloric acid changes as the experiment
proceeds. Label the graph A.

(2 marks)

(b) Using the same set of axes for the graph in part (a), sketch another graph to
represent the change in concentration of hydrochloric acid if the calcium
carbonate lumps and hydrochloric acid are heated to 35 °C. Label this graph B.

(2 marks)

(c) Using the same set of axes for the graph in (a) above, sketch a possible graph to
show how the concentration of the hydrochloric acid would change when the
reaction is carried out with powdered calcium carbonate and heated to 35 °C.
Label this graph C. (2 marks)

(d) Suggest a reason why the reaction of powdered calcium carbonate with
hydrochloric acid is much faster if concentrated hydrochloric acid is used instead
of dilute hydrochloric acid.

(1 mark)
[Total: 7 marks]
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Section B: Answer BOTH questions. Write your answers on the lined pages provided.

11. Some anhydrous sodium carbonate in a container is known to be contaminated with
sodium chloride. A group of students have been asked to determine the approximate
percentage impurity in the sodium carbonate.

This is the experimental procedure that they followed:

A mass of 3.50 g of the mixture was dissolved in a small amount of distilled
water, which was then transferred to a volumetric flask. The volume was made up
to a total 250 cm® by adding more distilled water. The contents were then well-
mixed.

A burette was filled with hydrochloric acid of concentration 0.39 mol dm™.

An exact volume of 25.00 cm® of solution was removed from the volumetric flask
and transferred to a conical flask.

Two drops of methyl orange indicator were added. Methyl orange is red in acidic
solution and yellow in alkali.

Dilute hydrochloric acid was then added from the burette until full neutralization
occurred. They obtained the following readings:

1% titre value | 2" titre value | 3" titre value
13.50 cm® 13.00 cm® 12.90 cm®

The equation for the reaction is: Na,COs(aq) + 2HCI — 2NaCl(aq) + H,O(1) + CO,(g)

(a)

(b)
(©)

(d)
(©)

®
€3]

(h)

(i)  Why is the indicator used in the titration? (1 mark)
(1)) Where is the indicator added: to the solution in the burette or to that in the

conical flask? (1 mark)
(i11)) What colour change occurs at the end-point? (1 mark)
Calculate the average titre value. (1 mark)
Calculate the number of moles of hydrochloric acid used. (2 marks)
Calculate the number of moles of sodium carbonate neutralized. (1 mark)

Calculate the number of moles of sodium carbonate in the 250 ¢cm? solution in the
volumetric flask. (1 mark)

Calculate the mass of sodium carbonate in the volumetric flask. (1 mark)

(1) Calculate the mass of sodium chloride in the contaminated mixture.
(i) Calculate the percentage by mass of sodium chloride in the contaminated
mixture. (2 marks)

If sulfuric acid of the same concentration had been used instead of the
hydrochloric acid, what volume of sulfuric acid would have been required?
Explain your answer. (2 marks)
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12.

(1)

)

(k)

(a)

(b)

What apparatus was used to transfer the 25.00 cm® of mixture from the volumetric
flask to the conical flask safely? (2 marks)

The average titre reading that was obtained was too high. Suggest TWO possible
reasons related to the titration for this high value. (2 marks)

One of the students in the group wanted to use a filter paper to weigh the solid
while another one wanted to use a small plastic container. Which of the two
methods is the proper way to weigh out the solid? Give TWO reasons for your
answer. (3 marks)

[Total: 20 marks]

Consider the following properties of substance Z.

J Z. does not react with cold water but when Z is placed in steam a reaction
occurs and a gas, V, is given off. V is flammable and burns with a pop.

. Z reacts with hydrochloric acid producing a light green solution, Q, and gas
V is given off.

. Z reacts with chlorine gas producing substance Y.

(i) IdentifyZ,V,QandY. (4 marks)
(i) Give a balanced equation for the reaction of Z with steam. (2 marks)
(ii1) Give an ionic equation to show how a small amount of Q in solution would

react with sodium hydroxide solution. (2 marks)

W is a black solid. W has the following properties:

e W reacts with dilute nitric acid forming a blue solution G. The reaction is
exothermic.

e  When sodium hydroxide solution is added to a small amount of G in a test
tube a pale blue gelatinous precipitate, L, forms, which does not dissolve in
excess sodium hydroxide solution.

J If W is heated using suitable apparatus and reacted with hydrogen gas a
metal B is obtained and colourless droplets of substance N are noted.

(1) Identify W, G, L, B and N. (5 marks)
(i) Give a balanced equation for the reaction of W with dilute nitric acid.

(2 marks)
(iii)) Give a balanced equation, including state symbols, for the reaction of W

with hydrogen gas. (2 marks)

(iv) Describe a test that may be used to confirm the identity of substance N.

(2 marks)
(v) Describe what happens when L is heated. (1 mark)

[Total: 20 marks]
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Section A: Answer ALL questions in this Section. Write your answers in the spaces provided.

l.

(a) An experiment was carried out in the laboratory during a Chemistry lesson. A
drop of bromine was added to gas jar A. Immediately, another gas jar B was
placed above it as shown in the diagram below.

<«— GasjarB
<«—— QGasjar A
Comment on:
(i) The concentration of bromine in gas jar A and gas jar B at the start of the
experiment.
(1 mark)
(i1)) The concentration of bromine in gas jar A and gas jar B after 20 minutes
from the start of the experiment.
(1 mark)
(ii1) Name the process that is taking place.
(1 mark)
(iv) Mention one safety precaution you would take when carrying out this
experiment.
(1 mark)
(b) In 1827, the botanist Robert Brown observed through his microscope that fine

pollen grains on the surface of water were moving about in a random way. It was
96 years later (in 1923) that Norbert Weiner explained what Brown had observed.
This is called Brownian motion after the scientist who first observed this
phenomenon.
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Explain briefly this motion in terms of simple kinetic theory.

(2 marks)
[Total: 6 marks]

2. The following graph shows the solubility curves for sodium nitrate, potassium nitrate
and potassium chloride.

160
140

120

SOlubility 100
in g per
100 g of H,O

80

60

40

20

¢} T T . . .
] 10 20 30 40 50 60 70

Temperature in °C

(a) Which is the most soluble of the three salts at 10 °C? Give its solubility (in g per
100 g of water) to the nearest 10.

(2 marks)
(b) How much potassium chloride dissolves in 100 g of water at 45 °C?

(1 mark)
(c) A solution containing 100 g of potassium nitrate in 100 g of water is at 60 °C. It is
cooled to 20 °C. Describe and explain the changes, if any, that take place.

(2 marks)
[Total: 5 marks]
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3.

Sodium chloride, diamond, graphite, iodine and copper have giant crystalline structures.

(a) Although sodium chloride and copper are both solids at room temperature, the
bonding present is different. Name and describe briefly the type of bonding
present in each case.

(2 marks)

(b) The type of bonding in graphite and copper is different but they both conduct
electricity.

(1) Explain briefly how graphite and copper conduct electricity.
(2 marks)
(1) Both graphite and diamond are composed of carbon atoms, but while
graphite conducts electricity diamond does not. Explain why.
(1 mark)
(c) Explain briefly why a solution of sodium chloride conducts electricity while solid

sodium chloride does not.

(1 mark)
[Total: 6 marks]
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4.  There are over one million organic compounds. These are grouped into a number of
homologous series, such as: alkanes, alkenes, alkynes, alcohols and carboxylic acids.
(a) Considering propane:
(i) draw its structural formula;

(1 mark)
(i) give the general formula of its homologous series.
(1 mark)
(b) Butane has two isomers. Explain the term ‘isomers’.
(1 mark)

(c) The process of fermentation involves the conversion of glucose (of chemical
formula CsH1,04) to ethanol and carbon dioxide gas.
(1) Write a balanced equation for the reaction that takes place during
fermentation and indicate the catalyst that speeds up this reaction.

(2 marks)

(i1) Ethanol can undergo oxidation. Name the product that can form during this
reaction.

(1 marks)

[Total: 6 marks]
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5. When chlorine is added to excess ammonia at room temperature, the following reaction
occurs: 8NH;(g) + 3Cly(g) — 6NH4CI(s) + Na(g)
(a) If the volume of ammonia that reacts is 160 cm’:
(i) what volume of nitrogen is produced, and
(i1)) what volume of chlorine is used?
Assume that all gas volumes are measured at the same temperature and pressure.

(2 marks)
(b) If the volumes in part (a) were measured at 1 atmosphere and 27 °C, calculate the
volume of nitrogen at standard temperature and pressure (0 °C and 1 atmosphere).

(3 marks)
|Total: S marks]

6. Hydrated copper(Il) sulfate was heated to constant mass in a crucible: 1.9 g of
CuS04.xH,0 gave 1.2 g of residue.
(@) (i) How many grammes of water were present in 1.9 g of hydrated salt?

(1 mark)
(i) Calculate the percentage by mass of water in the CuSO4.xH,O.

(1 mark)
(ii1)) Describe what changes are observed when the CuSO4.xH,O 1is heated to
constant mass.

(1 mark)
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(b) Explain what is meant by ‘heated to constant mass’.

(2 marks)
[Total: 5 marks]

7. Electrolysis of a copper(Il) sulfate solution, using two copper electrodes, was carried
out. A current of 3 amps was passed for 2 minutes through the solution.
(a) (1) Calculate the amount of charge that passes through the solution.

(1 mark)
(i) Given that 1 Faraday is 96,500 C, what is the number of moles of electrons
that flow through the solution?

(1 mark)
(b) (1) Write the half equation of the reaction at the anode.
(1 mark)
(1)) What is the change in mass at the anode?
(2 marks)

(c) Comment on the concentration of copper(Il) ions in solution after the electrolysis stops.

(1 mark)
[Total: 6 marks]
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8. A volume of 25 cm® of a 1.5 mol dm™ hydrochloric acid solution was placed in a
polystyrene cup. For complete neutralization, 37.5 cm’ of sodium hydroxide solution
were required.

(a) (1) Write the equation for the acid-base reaction that takes place.

(1 mark)
(i) How many moles of acid are present in 25 c¢cm’ of a 1.5 mol dm™
hydrochloric acid solution?

(1 mark)
(ii1)) What is the number of moles of alkali that neutralise the acid?

(1 mark)
(iv) Calculate the concentration of the sodium hydroxide solution in mol dm™.

(2 marks)
(b) Calculate the quantity of heat evolved if the temperature of the mixture in the
titration above increases by 8 °C. Assume that the density of the solution is

1 g em™. The specific heat capacity of water is 4.18 J °C™' g™

(2 marks)
|Total: 7 marks|
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9.

Chlorine, bromine and iodine are in Group 7 of the Periodic Table. The order of
reactivity of the halogens changes on going down the group.

(@)

Chlorine, bromine and iodine have similar electronic configurations and similar
chemical properties. Explain briefly.

(b)

(2 marks)
Two students were asked to carry out the following reactions. They did not know

if the reactions would occur or not. Write the observations that they made, and
include also the ionic equation/s if any reaction/s occurred:
(i) Bromine water is added to potassium chloride solution.

(i1)) Chlorine water is added to potassium bromide solution.

(©

(3 marks)
The possible reactions that are considered in part (b) are called displacement
reactions. The reactions can also be classified in another way. What can they be
also called?

(d)

(1 mark)
The displacement reactions involving chlorine, bromine and iodine show how the
reactivity of the halogens changes on going down the group. Explain briefly.

(2 marks)
[Total: 8 marks]
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10.

The Haber process combines nitrogen from the air with hydrogen derived mainly from
natural gas, to form ammonia. The reaction is reversible and the production of ammonia is
exothermic: N (g) + 3Ha (g) 2NH; (g) AH =-92 kJ mol™

The reaction can be outlined in the flow diagram below.

nitrogen
from the air
nitrogen and hydrogen 400 — 450 °C
1:3 by volume R 200 atm
"| iron catalyst
hydrogen unreacted
from natural gas gases recycled v

gases cooled and

ammonia turns to liquid

l

liquid ammonia

(a) Predict what happens to the position of the equilibrium in the above reaction for
each of the following cases.
(1)  The pressure is increased.

(1 mark)
(i) A catalyst is included.
(1 mark)
(ii1)) The temperature is increased.
(2 marks)

(b) Considering the predictions in part (a) and the aim of the process of producing the
highest amount of ammonia possible, explain why the process is carried out at a
pressure of 200 atmospheres and a temperature of 400 — 450 °C.

(2 marks)
[Total: 6 marks]

Page 10 of 20




SEC06/2A.12m

DO NOT WRITE ABOVE THIS LINE

Section B: Answer TWO questions from this Section. Write your answers in the lined pages
provided.

1.

The diagram below shows part of the Periodic Table of elements. The symbols of the
elements are shown and the group numbers are indicated on top.

1 2 3 4 5 6 7 8
e
Li | Be B C|N|O F | Ne
Na | Mg Al | Si | P S | Cl| Ar
K | Ca Sc|Ti ‘ V‘Cr‘Mn|Fe|Co‘Ni|Cu|Zn Ga | Ge | As | Se | Br | Kr
(@) (1) What are the names given to Groups 1, 2 and 8§? (3 marks)
(1)) Write a balanced equation for the reaction of sodium with water. (2 marks)
(ii1)) Write a balanced equation for the reaction of Mg with steam. (2 marks)
(iv) Explain how the reactivity of the elements changes on moving down
Group 1. Illustrate your answer with suitable examples. (2 marks)
(v) Compare the type of bonding in the two compounds formed between K and
Cl, and C and O. (2 marks)
(vi) Do the compounds in (v) have the same physical properties? Explain.
(2 marks)
(b) Fe and Cu are considered as less reactive metals. They are present, with other
metals, in the shaded part of the Periodic Table.
(1) What name is given to the elements found in the shaded part of the Periodic
Table? (1 mark)
(ii)) These elements show variable valency (oxidation state). Explain this
statement, illustrating your answer with TWO suitable examples. (2 marks)
(ii1)) These elements show two other general properties. Mention these properties,
explain each one briefly and illustrate your answer with a suitable example
in each case. (4 marks)
[Total: 20 marks]|
12.  Outline the preparation of a solid sample of each of the following salts in the laboratory.

Assume that all standard laboratory equipment and the required chemicals are available.
Include well-labelled diagrams and balanced chemical equations wherever required.

(a) sodium chloride

(b) copper(Il) sulfate

(c) potassium nitrate

(d) calcium carbonate. [4 x 5 marks = 20 marks]
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13. (a) Alkanes are saturated while alkenes and alkynes are unsaturated hydrocarbons.

(i) Distinguish between the TWO underlined terms. (2 marks)
(1)) Which of the two types of hydrocarbons is best for use as a fuel at home?

(1 mark)

(iii) Assuming complete combustion, write a balanced equation for the

combustion of propane. (2 marks)

(iv) Describe a simple laboratory test — other than combustion — that can be used
to distinguish between a saturated and an unsaturated hydrocarbon. (2 marks)

(v) Alkanes and alkenes typically undergo different types of reaction. Name the
two types of reaction, illustrating your answer with an example in each case.

(4 marks)

(vi) A gradual change in physical properties of straight chain alkanes is noted as

the length of the hydrocarbon chain changes. Explain this statement, taking

melting and boiling point as example, giving reasons for the change in
physical properties. (4 marks)

(b) A typical reaction that alkenes undergo is polymerisation, as in the case of
polyethene, PTFE and PVC.
(i) Explain briefly what is meant by the term ‘polymerisation’. (1 mark)
(ii) The polymers polyethene, PTFE and PVC are produced through an addition
polymerisation reaction. Considering one of these three polymers, outline
the polymerisation reaction that takes place for ONE of these polymers.

(4 marks)
[Total: 20 marks]
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