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Answer ALL questions.

1 A student was asked to find the mass of salt dissolved in 100 cm? of sea water.
She was given the following instructions.
Step A Weigh an empty evaporating basin
Step B Transfer 50 cm? of sea water into the basin
Step € Heat the sea water in the basin until all the water has evaporated
Step D Allow the basin and residue to cool

Step E  Weigh the basin and residue of salt

(a) During the experiment, the student used several pieces of apparatus.
Some of them are shown in the table.

Complete the table.
Image of apparatus Name of apparatus SREERINULIEN (.G
9 PP PP apparatus was used
evaporating basin C
tripod
R
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(b) State, with a reason, one safety precaution that the student should take when
doing this experiment.

Precaution

(c) The student obtained the following results.

mass of basin and salt (step E) 81.50¢g

mass of empty basin (step A) 78.60¢g

Calculate the mass of salt dissolved in 100 cm? of sea water.

Mass of salt = ... g

(Total for Question 1 = 9 marks)
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2 The diagrams show the reactions of some metals with cold water and with dilute
hydrochloric acid.

Metals in
cold water

Metals in dilute
hydrochloric acid

(@) Answer the following questions, using only the metals that appear in the diagrams.

(i)

(i) Arrange the five metals in order of reactivity.

bubbles
of gas
: 0©° °
o o o o
o o
O%O oo
S D 0 ° O
calcium copper iron magnesium zinc
000,90000 o ©,9 0,08 0,0
00000%80%&2?0 0 © 0088309 60,0
S Rse o © 02028 82 000°
00 S bo0 o 05%0% o0
09 650> o Lo o %4
o%ooooo %5 o°oo° 0 9%
oL O O °O (W
calcium copper iron magnesium zinc

Most reactive metal

Least reactive metal

Name two metals that react with cold water.

P 4 01 3 4 A 0 6 2 8
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(b) Some magnesium powder is added to dilute sulfuric acid in a test tube.

A colourless solution is formed and a gas is given off.

When more magnesium is added, the reaction continues for a while and then stops,
leaving some magnesium powder in the test tube.

When a flame is placed at the mouth of the test tube, the gas burns with a
squeaky pop.

(i) Identify the gas produced.

In some fireworks, magnesium powder reacts quickly with oxygen in the air.
During this reaction heat energy is produced.

(i) What name is given to reactions in which heat energy is produced?

(Total for Question 2 = 12 marks)
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3 When solutions are mixed together, precipitates sometimes form.

(a) Barium carbonate is an insoluble compound. It is formed as a precipitate when solutions
of the soluble compounds barium chloride and sodium carbonate are mixed.

When solutions of the soluble compounds potassium chloride and sodium sulfate
are mixed, no precipitate is formed.

Complete the table to show the results of mixing solutions of some compounds.

sodium carbonate solution sodium sulfate solution

barium chloride precipitate of |
solution barium carbonate

potassium chloride . -
no precipitate

solution
calcium chloride precipitate of |
solution calcium carbonate

(b) When solutions of lead(ll) nitrate and potassium bromide are mixed, a precipitate
of lead(ll) bromide and a solution of potassium nitrate are produced.

The equation for the reaction is
Pb(NO,).(........... ) + 2KBr(.......... ) = PbBr (... ) + 2KNO,(......... )

Complete the equation by inserting the state symbols.

8 R 00 000 O Al
P 4 01 3 4 A 0 8 2 8
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(c) In order to prepare a pure, dry sample of lead(ll) bromide, a student took the mixture
produced in part (b).

He then

e filtered the mixture
e washed the solid residue with distilled water

e left the solid in a warm place for several hours

(i) Why did the student filter the mixture?

(iii) Why is it better to use distilled water rather than tap water to wash the solid
residue?

(Total for Question 3 = 8 marks)

9



4 The diagram shows the positions of some elements in the Periodic Table.

1 2 3 4 5 6 7 0
H He
F
Na Cl
K Br

(a) Complete the following sentence.

(ii) a halogen

(c) (i) Name two elements in the diagram that react together to form an ionic compound.

(ii) Draw a dot and cross diagram for the ions in the compound formed in (c)(i).
Show only the outer electrons. Include the charge on each ion.

10
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(d) Chlorine reacts quickly with hot iron to form iron(lll) chloride.
Bromine reacts less quickly with hot iron to form iron(lll) bromide.

Suggest how fluorine reacts with hot iron and name the compound formed.

(e) When chlorine gas is bubbled through an aqueous solution of sodium bromide,
a displacement reaction takes place.

The ionic equation for the reaction is:
Clz(g) + 2Br(aq) — 2CI(aq) + Br,(aq)

State the colour change that you would observe in the solution during this reaction.

COlOUI BT STAIT .o e e e e

QO OUE BT N oo e e

(Total for Question 4 = 11 marks)

11

T



PMT

5 The apparatus in the diagram is used to collect the oxygen produced by the decomposition

of hydrogen peroxide, H,0,
2D 40 60 80 100 H

1

hydrogen
peroxide

oxygen

S

manganese(lV) oxide

(@) Write a chemical equation for the decomposition of hydrogen peroxide.

(c) Manganese(lV) oxide is a catalyst for this reaction.

State and explain the effect of a catalyst on the rate of this reaction.

12
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(d) The graph shows the results from an experiment using a 0.50 mol/dm? solution of
hydrogen peroxide at 25 °C.

80

70

60

50

Volume of
oxygen 40

in cm?3

30

20

10 +

0 | | | | | | | | | | | |
0O 10 20 30 40 50 60 70 80 90 100 110 120

Timeins

(i) On the same axes, sketch the curve you would expect with the same volume
of a 0.25 mol/dm? solution of hydrogen peroxide at 25 °C. Label this curve A.

(ii) On the same axes, sketch the curve you would expect with the same volume
of a 0.50 mol/dm? solution of hydrogen peroxide at 35 °C. Label this curve B.

(Total for Question 5 = 10 marks)
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6 The element carbon has three common isotopes.
These are carbon-12, carbon-13 and carbon-14.

(@) Complete the table to show the number of protons and neutrons in each isotope

of carbon.
Mass Number of Number of
Isotope
number protons neutrons
carbon-12 12 6 6
carbon-13 13
carbon-14 14

(b) Explain, in terms of electrons, why the three isotopes have the same chemical properties.

(i) A sample of carbon contained 98.90% carbon-12 and 1.10% carbon-13.

Use this information to calculate the relative atomic mass of carbon in the sample.
Give your answer to two decimal places.

Relative atomic Mass ...

(Total for Question 6 = 8 marks)

14
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7 Decane is a hydrocarbon found in crude oil.

The diagram shows the structure of a decane molecule.

(b) Decane and ethene, CH,, are produced during the cracking of eicosane, C

16

PR
T
HHHHHHHHHH

Ethene is used to make poly(ethene).

H H H H H H
AN / AN / AN /
=cC + =cC + =cC
/ AN / AN / AN
H H H H H H
ethene

poly(ethene)

P 4 01 3 4 A 01 6 2 8
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(i) What is the name given to this type of polymerisation?

(i) Use the diagram to state two changes that occur during the formation of
poly(ethene).

(Total for Question 7 = 10 marks)
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8 When ammonia gas and hydrogen chloride gas mix, they react together to form a

white solid called ammonium chloride.
The equation for the reaction is:

NH.(g) + HCl(g) — NH,CI(s)

3

A cotton wool pad was soaked in ammonia solution and another was soaked in
hydrogen chloride solution. The two pads were then put into opposite ends of a dry
glass tube at the same time.

After five minutes, a white ring of solid ammonium chloride formed.

pad soaked white ring pad soaked in
in ammonia of ammonium hydrogen chloride
solution chloride solution
2] 1 vz,
- > B
60 cm 40 cm

(@) (i) What name is given to the movement of the two gases?

(b) The experiment was repeated at a higher temperature.

State and explain how this change would affect the time taken for the white ring
to form.

18
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(c) Gas particles move at a speed of several hundred metres per second at room
temperature.

Suggest one reason why it took five minutes for the white ring to form.

(Total for Question 8 = 6 marks)

19
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9 When water is added to a mixture of sand and cement, a reaction takes place between
silicon dioxide in the sand and calcium oxide in the cement. The reaction produces a salt
called calcium silicate.

The equation for the reaction is:

SiO2 + Ca0 — CaSiO3

(@) Explain why silicon dioxide reacts with calcium oxide.

(b) Part of the structure of silicon dioxide is shown in the diagram.

?

e
R

.//k\%f:.\o

(i) What does particle A represent? Give a reason for your answer.

A

(i) Explain, in terms of its bonding and structure, why silicon dioxide has a very high
melting point.

(Total for Question 9 = 8 marks)

P 4 01 3 4 A 0 2 0 2 8
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10 When sodium is burned in air, one of the products is a pale yellow solid, X.
(@) A sample of solid X was found to contain 1.15 g of sodium and 0.80 g of oxygen.

(i) Show, by calculation, that the empirical formula of X is NaO.

(ii) The relative formula mass of X is 78.

Deduce the formula of X.

Formula of X ..o
(b) Solid X reacts with water to form sodium hydroxide, NaOH, and hydrogen peroxide, H,O,

(i) Write a chemical equation to represent the reaction between X and water.

(ii) The solution formed in the reaction between X and water turns red litmus blue.

Identify the ion that causes this change.

(i) The displayed formula for hydrogen peroxide is H—0O—0O—H.

Complete the dot and cross diagram to show the arrangement of the outer
shell (valence) electrons in a molecule of hydrogen peroxide.

H,O O $H

(Total for Question 10 = 9 marks)

21
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11 A student carried out a series of tests on a solid, M, in order to identify the ions that

could be present.
The table shows her results.

Test Method

Test 1 | Carry out a flame test on solid M

Test 2 Dissolve solid M in water, and divide the solution into
three portions, A, Band C
Portion A — add dilute sodium hydroxide solution

Portion B — add dilute hydrochloric acid, then barium
chloride solution

Portion C — add dilute nitric acid, then silver nitrate
solution

(a) ldentify the ion responsible for

(i) the lilac colour in the flame test

22

Result

Lilac flame

Green precipitate

No change

Yellow precipitate

P 4 01 3 4 A 0 2 2 2 8
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(b) Describe how the student should carry out a flame test on solid M.

(c) (i) Why was dilute nitric acid added to the solution of solid M before using silver
nitrate solution?

(ii) Why should dilute hydrochloric acid not be used in place of dilute nitric acid
in this test?

(d) The tests for negative ions that the student carried out involved precipitation.

Suggest one negative ion that cannot be identified by a precipitation reaction.

(Total for Question 11 = 10 marks)

23
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12 Lead can be extracted from lead(ll) sulfide, PbS, in two stages.

Stage 1: Lead(ll) sulfide is heated in air. It reacts with oxygen to produce
lead(ll) oxide and sulfur dioxide.

Stage 2: The lead(ll) oxide is then heated in a blast furnace with coke.

(@) Write a chemical equation for the reaction in Stage 1.

(b) The equation for the reaction that occurs when lead(ll) oxide is heated with coke
in a blast furnace is:

2PbO + C — 2Pb + CO,

(i) State, with a reason, whether PbO is oxidised or reduced in this reaction.

(ii) Calculate the minimum mass, in tonnes, of coke needed to react with
44.6 tonnes of lead(ll) oxide.
[1 tonne = 10°q]

Mass of cokeneeded = ... tonnes

24
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(¢) The molten lead obtained from the blast furnace contains 0.1% silver dissolved as
an impurity.

The silver is removed by:

e adding zinc to the mixture of molten lead and silver at 530 °C and removing
the mixture of molten zinc and silver that forms on top of the molten lead

¢ heating the mixture of molten zinc and silver until the zinc boils off as a gas,
leaving almost pure, solid silver behind

Use the information above to answer the following questions.

(i) What can you deduce about the relative solubility of silver in zinc and in lead?

(iii) What can you deduce about the boiling point of zinc compared to that of silver?

Explain your answer.

(iv) Suggest why so much trouble is taken to remove such a small amount of silver
from the lead.

(Total for Question 12 = 11 marks)

25
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13 (a) Crystals of hydrated zinc sulfate, ZnSO,.xH,0, contain water of crystallisation.

26

A student used the apparatus shown to remove and collect the water of crystallisation
from the crystals in order to find the value of x.

He weighed the empty tube A.
He placed a sample of hydrated zinc sulfate crystals in tube A and reweighed it.
He heated the tube, allowed it to cool and weighed it again.

He repeated this process until two consecutive masses were the same. This is known
as 'heating to constant mass.

zinc sulfate
crystals tube A

Y ()
o¥

@ water

-

R@X(
05

Q0
ose

ice +
salt mixture

When hydrated zinc sulfate crystals are heated gently, they decompose according to
the following equation:

ZnSO,xH,0 — ZnSO, + xH,0

The following masses were recorded:

Mass of tube A

10.12 ¢

Mass of tube A +ZnSO,.xH,0 18.73 g
Mass of tube A and ZnSO, after heating to constant mass = 14.95g

(i) Calculate the mass of ZnSO, formed after heating to constant mass.

P 4 01 3 4 A 0 2 6 2 8
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(iii) The relative formula mass of ZnSQO, is 161
The relative formula mass of water is 18

Use this information, and your answers to (a)(i) and (a)(ii), to calculate the
value of x in the formula ZnSO,.xH,0

Show your working.

(b) Why is it necessary to heat the crystals to constant mass?

(c) Describe how the student could use a chemical test to show that the liquid collected
was water.

(Total for Question 13 = 8 marks)

(TOTAL FOR PAPER = 120 MARKS)
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