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Answer ALL questions.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box £¢ and then mark your new answer with a cross [X.

1 This question is about the three states of matter, solid, liquid and gas.

(a) Solids, liquids and gases can be changed from one state to another.
The box gives the names of some changes of state.

condensing evaporation freezing

melting sublimation

Use words from the box to answer the questions.

(i) Give the name of the change from liquid to solid.

(Total for Question 1 = 6 marks)
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2 This question is about the rusting of iron.
(a) Oxygen is needed for iron to rust.

(i) Name one other substance needed for iron to rust.

(1)
(ii) Give the chemical name for rust.
(1)
(b) The diagram shows method A and method B, which are both used to prevent iron
from rusting.
iron paint iron zinc
Method A Method B
(i) Describe how method A prevents iron from rusting.
(2)
(i) Name method B.
(1)
(iii) Explain how method B prevents iron from rusting even when the zinc layer
is damaged.
(2)

(Total for Question 2 = 7 marks)
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3 Copper(ll) sulfate and sodium hydroxide react to form the insoluble solid
copper(ll) hydroxide.
Crystals of copper(ll) sulfate and sodium hydroxide are placed at opposite ends of a
container of water.
Solid copper(ll) hydroxide forms after several minutes.

The diagram shows the container at the start and after several minutes.

crystals of copper(ll) sulfate\L | —crystals of sodium hydroxide

At the start

\ — copper(ll) hydroxide

After several minutes

(@) Name the two processes that must occur before the copper(ll) hydroxide forms.

(b) The experiment is repeated with the water at a higher temperature.

Explain, in terms of particles, why the copper(ll) hydroxide takes less time to form.

(c) The formula of copper(ll) hydroxide is Cu(OH),

(i) Give the number of different elements in copper(ll) hydroxide.

(Total for Question 3 = 6 marks)

5
o NN O D
P 7 5 8 2 1 A 06 5 2 8 Turn over



4 This question is about atoms and ions.
(@) Table 1 shows some information about sub-atomic particles.

Complete Table 1 by giving the missing information.

Relative Relative
mass charge
Neutron 0
Proton 1
Electron -1
Table 1

(b) Table 2 shows the numbers of protons, neutrons and electrons in species A, B, C,

D,EandF.
Species Number of Number of Number of
protons neutrons electrons

A 13 14 13
B 1 0 1

< 9 10 10
D 7 7 10
E 20 20 18
F 18 22 18

Table 2

Use the information in Table 2 to answer these questions.
Each species may be used once, more than once or not at all.

(i) Give the letter of the species that has 3 electrons in its outer shell.
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(iii) Give the letter of the species with a mass number of 19

(c) A sample of lithium contains two isotopes, °Li and ’Li.

In terms of sub-atomic particles, give one similarity and one difference between
these isotopes.

similarity

(d) A sample of magnesium contains 79.0% of **Mg, 10.0% of Mg and 11.0% of *Mg.
Calculate the relative atomic mass, A,, of this sample of magnesium.

Give your answer to one decimal place.

(Total for Question 4 = 11 marks)
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5 This question is about elements in Group 7 of the Periodic Table.

(@) Complete the table by giving the missing information.

Element

fluorine

chlorine

bromine

iodine

astatine

Colour

pale yellow

pale green

dark grey

black

Physical state at room

temperature

gas

liquid

solid

(b) The order of reactivity of the Group 7 elements can be shown by using
displacement reactions.

() When chlorine is added to sodium bromide solution, chlorine
displaces bromine.

Give a chemical equation for this reaction.

(i) Explain whether a reaction takes place when bromine water is added to
sodium chloride solution.
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(iii) The displacement reaction between potassium astatide and bromine can be
represented by this ionic equation.

2At” + Br, > At, + 2Br

Explain why this is described as a redox reaction.

- DONOT WRITE INTHIS AREA

(Total for Question 5 = 9 marks)
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6

A student uses the reaction between magnesium and dilute hydrochloric acid to
prepare crystals of hydrated magnesium chloride.

The student adds excess magnesium powder to hydrochloric acid.
This is the equation for the reaction.

Mg(s) + 2HCl(ag) — MgCl,(aq) + H.(9)
(@) How does hydrochloric acid behave when acting as an acid?
as an electron acceptor

as an electron donor

as a proton acceptor

O O 0O O
O N w >

as a proton donor

(b) State one observation made during this reaction.

(c) Give a reason why the student adds an excess of magnesium to the dilute
hydrochloric acid.
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(d) Describe what the student should do to the mixture formed in (c) to produce
pure, dry crystals of hydrated magnesium chloride.
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7 A student reacts small chips of calcium carbonate with an excess of
dilute hydrochloric acid.

This is the student’s method.
« add 5.00g of small calcium carbonate chips to a conical flask
. add 30cm’ of dilute hydrochloric acid which is in excess

quickly add a cotton wool plug and place the conical flask on a balance

cotton wool plug

calcium carbonate
chips

dilute hydrochloric acid

balance
‘ 122204 }/

This is the equation for the reaction.

CaCOs(s) + 2HCl(aq) — CaCly(ag) + H,O() + CO,(9)

The reading on the balance decreases as carbon dioxide gas is lost through the
cotton wool plug.

(@) Calculate the mass reading on the balance when all of the calcium carbonate
has reacted.
Assume that all of the carbon dioxide gas is lost through the cotton wool plug.
[for CaCO;, M, =100 for CO,, M, = 44]
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(b) The student repeats the experiment with a different mass of calcium carbonate
and a different volume of dilute hydrochloric acid.
The hydrochloric acid is in excess.
The student records the total mass of carbon dioxide produced at 1-minute
intervals for 8 minutes.

The table shows the student’s results.

Time in minutes Total mass of CO, produced in grams
0 0.00
1 0.80
2 1.40
3 1.64
4 1.72
5 1.76
6 1.80
7 1.80
8 1.80
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(i) Plot the student’s results.
The first three have been plotted for you.

(ii) Draw a curve of best fit through the points.

2.0
1.8 1
1.6
1.4 X
1.2
Total mass of
CO, produced 1.0+
in grams
0.8 X
0.6
0.4

0.2 1

Time in minutes

(iii) Calculate the rate of reaction at 2 minutes by drawing a tangent to the curve
and calculating the gradient of the tangent.

Give the units for the rate of reaction.
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(iv) Explain why the shape of the graph changes during the 8 minutes.

(c) The student repeats the experiment using the same mass of calcium carbonate
but as powder rather than chips, keeping all other conditions the same.

Explain the effect of this change on the rate of reaction.

(Total for Question 7 = 15 marks)
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8 This question is about the covalent compounds hydrogen chloride and
silicon dioxide.

(a) Describe the forces of attraction in a covalent bond.

(b) Hydrogen chloride has the formula HCl

(i) Draw a dot-and-cross diagram to show the bonding in a
hydrogen chloride molecule.

Show only the outer shell electrons in each atom.

(i) Explain why the boiling point of hydrogen chloride is low.

(c) The diagram shows part of the structure of silicon dioxide.

(i) Give areason why particle A represents an oxygen atom.
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(i) This is the equation for the reaction between silicon dioxide and
calcium oxide.

Si0, + Ca0 — CaSio;

Give a reason why silicon dioxide reacts with calcium oxide.

(iii) Silicon dioxide has the same structure as diamond.
Silicon dioxide is very hard and has a very high melting point.

Explain these properties.

Refer to the structure and bonding of silicon dioxide in your answer.

(Total for Question 8 = 13 marks)
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9 This question is about products from crude oil.
(@) Most of the compounds in crude oil are from the same homologous series.

Give the name of this homologous series.

(b) Many fuels are obtained from the fractional distillation of crude oil.

Explain how the combustion of a common impurity in fuels causes acid rain.

(c) The equation shows the cracking of a hydrocarbon produced from the fractional
distillation of crude oil.

CioHn — GHig + GH,

(i) Give the temperature and the catalyst used in catalytic cracking.

temperature

p 7 5 8 2 1 A 0 2 0 2 8
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(d) The formula CsH,, represents three isomers.

(i) Explain what is meant by the term isomers.

Draw the displayed formula of each of the other two isomers.
(2)

(Total for Question 9 = 13 marks)
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10

A student investigates the reaction between zinc and copper(ll) sulfate solution.

This is the equation for the reaction.
Zn(s) + CuSO,aq) — 2ZnSO.@q) + Cu(s)

This is the student’s method.

Step 1 add 25.0cm’ of copper(ll) sulfate solution to a glass beaker

Step 2 record the temperature of the solution

Step 3 add between 5g and 6 g of zinc powder (an excess) and stir the mixture
Step 4 record the highest temperature reached

(@) (i) Explain an improvement to step 1 to produce a more accurate
temperature rise.

(i) Give a reason why the student does not need to know the exact mass of
zinc powder added in step 3.

p 7 5 8 2 1 A 0 2 2 2 8
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(b) (i)

(ii)

e

The table shows the student’s results.

volume of copper(ll) sulfate solution in cm? 25.0
initial temperature of the copper(ll) sulfate solution in °C 18.5
final temperature of the copper(ll) sulfate solution in °C 48.6

Calculate the heat energy change (Q) in joules (J).

[for the solution, c=4.2)/g/°C]
[mass of 1.0cm’ of solution = 1.0g]

Q = J

The student repeats the experiment and calculates Q as 3800 J.
The solution used contains 6.38 g of copper(ll) sulfate.

Calculate the molar enthalpy change, AH, in kJ/mol.
Include a sign in your answer.
[for CuSO,, M, = 159.5]

(Total for Question 10 = 11 marks)
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11 This question is about sodium sulfate, Na,SO,
(@) A teacher finds an unlabelled bottle containing a white solid.
Describe tests to show that the white solid is sodium sulfate.
(5)
J
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(b) A student has a sample of crystals of hydrated sodium sulfate, Na,SO,.xH,0

The student uses this apparatus to find the value of x in Na,SO,.xH,0

crucible

sodium sulfate crystals

T

heat

This is the student’s method.

find the mass of the empty crucible

add some hydrated sodium sulfate crystals to the crucible

find the total mass of the crucible and hydrated sodium sulfate crystals
heat the crucible to remove water from the crystals

find the mass of the crucible and its contents every 2 minutes for 10 minutes

The table shows the student’s results.

Mass in grams

mass of empty crucible 23.57
mass of empty crucible and Na,SO,.xH,0 26.79
mass after 2 minutes 26.34
mass after 4 minutes 25.73
mass after 6 minutes 25.23
mass after 8 minutes 24.99
mass after 10 minutes 24.99
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(i) State how the results show that all the water has been removed from
the crystals.

(i) Calculate the mass of anhydrous sodium sulfate remaining after heating.

mass of anhydrous sodium sulfate = ... g

(iii) Calculate the mass of water lost from the sodium sulfate crystals
during heating.

Mass of Water = ... g
(iv) Use the student’s results to calculate x in the formula Na,SO,.xH,0O

[for Na,SO,, M, = 142 for H,0, M, = 18]

(Total for Question 11 = 11 marks)

TOTAL FOR PAPER = 110 MARKS
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