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Answer ALL questions. Write your answers in the spaces provided.
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 Figure 1 shows the dot and cross diagram for a molecule of ammonia.

()
X X
H ° N ° H
® X
H
Figure 1

(@) (i) What do the dots and crosses represent in the diagram?

electrons
neutrons

protons

(0 I N B
O N w >

nuclei

(ii) Give the formula for the molecule of ammonia.

(b) (i) Ammonia can be manufactured by the Haber process.

The word equation for the reaction is
nitrogen + hydrogen = ammonia

State the meaning of the &= symbol.
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(i) In the Haber process, the percentage yield of ammonia at equilibrium
changes with temperature.

Figure 2 shows how the percentage yield of ammonia at equilibrium changes
with temperature.

percentage yield 100~
of ammonia
at equilibrium 901
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temperature in °C
Figure 2
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State what happens to the percentage yield of ammonia at equilibrium as the
temperature increases.

5

IR
oot e et e et et tade!

e
.’..’
A
NP0
SRS

Fogatete!
NERE
B
PR,

228
YE1
b 1Y
%%

(X

L
R

<
v
%

oS
L
&

(iii) Use the graph to find the percentage yield of ammonia at equilibrium at 450°C.
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percentage yield of ammonia at equilibrium =
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4 )
(c) Ammonia reacts with nitric acid to form ammonium nitrate.
(i) Complete the word equation for this reaction.
(1)
...................................................... oo SO
(i) An ammonium ion has the formula NH4+.
A nitrate ion has the formula NO,".
Which of the following is the formula for ammonium nitrate?
(1)
L1 A (NH),NO,
[0 B (NH,NO),
[0 € NHNO,
[0 D (NHNO),
(iii) Explain why farmers spread ammonium nitrate on their fields.
(2)
(Total for Question 1 = 9 marks)
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2 (a) Atitration of sodium hydroxide solution with hydrochloric acid can be carried out
as follows

1 apipette is used to measure 25.00 cm® of sodium hydroxide solution into a
conical flask

2 afew drops of indicator are added to the sodium hydroxide solution

3 the burette is filled with hydrochloric acid

4 the hydrochloric acid is added to the sodium hydroxide solution until the
indicator changes colour.

(i) Describe how the pipette should be used to measure exactly 25.00 cm’ of
sodium hydroxide solution into the conical flask.

VANV SHLNIZLNMIONOG

(i) The burette is first washed with water.
It is then rinsed with some of the acid before it is filled with the acid to begin
the titration.

Explain why the burette is rinsed with the acid.
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(b) Universal indicator solution is not a suitable indicator for an acid-alkali titration.

(i) Give the name of an indicator that is suitable for use in the titration of sodium
hydroxide solution with hydrochloric acid.

(i) Universal indicator goes through a series of gradual colour changes as the pH
changes in a solution.

Give a reason why universal indicator is not a suitable indicator to use in an
acid-alkali titration.

(c) Figure 3 shows some titration results obtained from an experiment in which an
alkali is titrated with an acid.

titration
rough 1 2
final burette reading in cm’ 25.75 49.35 23.70
initial burette reading in cm’ 0.00 25.75 0.00
volume of acid used in cm® 25.75 23.60 23.70
4,3 : Figure 3
o .
?%% Calculate the accurate volume of acid reacting with the alkali.
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(Total for Question 2 = 8 marks)
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3 (a) Atoms contain electrons, neutrons and protons.

(i) Draw one line to link each particle to its correct relative charge.

particle relative charge
electron + { +1
neutron + { 0
proton + { -1

(i) Which of the following is the relative mass of a proton?

(b) Argon is in group 0 of the periodic table.

Identify, using the periodic table on the back cover of this paper, which of these
elements is in the same period as argon.

(2)

(1)

(1)

— [0 A bromine
— ] B iron
— [0 € magnesium
— [0 D xenon

.
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(c) Figure 4 shows the atomic number and mass number of two isotopes of argon.

HsAREn

isotope atomic number mass number

argon-38 18 38

argon-40 18 40
Figure 4

Describe the structure of an atom of argon-38 and of an atom of argon-40.

(Total for Question 3 = 7 marks)
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4 (a) The molecular formula of butene is CH,.

Which of the following is the empirical formula of butene?

(1)
] A CH
L] CH,
0 € CH,
D (CH),
(b) Calculate the relative formula mass of butene, C H,.
(relative atomic masses:H=1,C=12)
(2)
relative formulamass ...
(c) When burnt completely in air, butene forms carbon dioxide and water.
(i) Balance the equation for this reaction by putting numbers in the
spaces provided.
(2)
CH, + 60, —> ... CO, + H,O
(i) Describe the test to show that a gas is carbon dioxide.
(2)
.
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Which row of the table shows the properties that substance X is most likely to have?
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LD

(d) Substance X is a gas at room temperature.
It is a simple molecular, covalent substance.

boiling point
in °C

relative solubility
in water

low

high

high

low

(e) Diamond has a giant covalent structure.

State one property of diamond that is the result of its giant covalent structure.

(Total for Question 4 = 9 marks)
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5 Two compounds of barium are barium sulfide and barium chloride.

(@) The hazard symbol shown in Figure 5 is on bottles containing barium metal.

Figure 5

State the meaning of this hazard symbol.

(1)
(b) Give the names of the elements combined in barium sulfide.
(1)
(c) Barium chloride is toxic.
Explain one safety precaution that should be taken when using barium chloride.
(2)
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(d) (i) A beaker of barium chloride solution and a beaker of dilute sulfuric acid were
placed on a balance, as shown in Figure 6.

SAREA

barium chloride dilute sulfuric acid
solution

balance
/

Figure 6
The total mass reading on the balance was 25.7 g.

The dilute sulfuric acid was poured into the barium chloride solution and the
beaker replaced on the balance, as shown in Figure 7.

mixture

balance
/

Figure 7

The mixture formed contained a white precipitate.
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State the total mass reading on the balance after the reaction.
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(ii) Give the name of the white precipitate formed by the reaction of
barium chloride solution with dilute sulfuric acid.
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(e) Solid sodium chloride is dissolved in water.

The sodium chloride solution is electrolysed in the apparatus shown in Figure 8.

6Vd.c.

_O o_
supply

VLo L

/ glass beaker
/ sodium chloride solution

VIMYSIHLNIGLEMIONOG

Figure 8

(i) State why sodium chloride solution, rather than solid sodium chloride, must
be used in this experiment.

(ii) The formulae of the ions present in the sodium chloride solution are

Na* cr H* OH"

'4? I '3’4 ]

Circle the ions that would be attracted to the anode.

S
ot vy
SRR

(iii) Molten lead bromide can be electrolysed to form molten lead and bromine gas.
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Explain how a student could modify the apparatus shown in Figure 8 to carry
out this electrolysis.
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(Total for Question 5 = 10 marks)
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s

6 Aninkis a mixture of coloured substances dissolved in water.

(@) Which method is used to separate the coloured substances in the ink?

P 5 2 4 7 2 R A 01 6 3 2

(1)
[] A chromatography
L] B crystallisation
[J C filtration
[J D fractional distillation
(b) The apparatus shown in Figure 9 can be used to separate water from ink.
- condenser
flask
B
ink
heat
Figure 9
(i) Cold water flows through the condenser.
On Figure 9 use arrows to show where the water should flow in and where it
should flow out.
(1)
.
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(i) Explain why a condenser is used.

SAREA

(iii) The flask was heated with a Bunsen burner.

Give the name of an alternative piece of apparatus that could be used to heat
the flask.

particle of water \8.00..8
FOOX Yo
0% 5¢®
particle of coloured ——{@ OOOO
substances
Figure 10

In the boxes below, draw the arrangement of particles that would be expected
at A and B shown in Figure 9.
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(d) Changes of state between the three states of matter are shown in Figure 11.

melting evaporating
SOLID ———* LIQUID — GAS
freezing condensing

Figure 11
The changes shown are physical changes.

Explain why these changes are called physical changes rather than chemical changes.
(2)

vawSHINImMlONOD

(Total for Question 6 = 9 marks)
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s

7 *(a) Pure metals are often converted into more useful alloys.
For example, aluminium is converted into an alloy used in aircraft, iron is
converted into an alloy used in cutlery and gold alloys are used in jewellery.
These processes of alloying change the structures of the metals.

Some properties of pure aluminium, iron and gold are shown in Figure 12.

i:;“z::‘_’s malleability srter I::;vteh
aluminium 2.70 easy to bend low
iron 7.75 easy to bend low
gold 19.3 easy to bend low

Figure 12

Explain how alloying changes these pure metals to make the alloys more suitable
for the given uses.
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(b) Iron objects can corrode when exposed to the atmosphere.

(i) Corrosion involves the oxidation of iron.

State what is meant by oxidation.

(i) Painting iron objects prevents corrosion.

vawSHINImMlONOD

Explain why painting iron objects prevents corrosion.

(iii) Corrosion of iron objects can be prevented by painting them or by
electroplating them.

State one other way of preventing the corrosion of iron objects.
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(c) The apparatus shown in Figure 13 was used to electroplate a spoon with nickel.
r
] / electrolyte

— | spoon as cathode

ITHISAREA
J

nickel anode — |

Figure 13

(i) State to what the anode and cathode have to be connected in order to carry
out the electroplating.

(i) Predict the name of a substance that could be dissolved in water to form the
electrolyte for this electroplating.

(Total for Question 7 = 12 marks)
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8 (a) State two characteristic properties of metals.

PTOPEITY T
PTOPEITY 2.

(b) Acids are used to make salts.

Give the name of the acid used to make chlorides.

 VIMYSIHLNIGLEMIONOG

(c) Salts of metals can be prepared by reacting the metal with an acid to produce the
salt and hydrogen.

(i) Describe the test to show that the gas is hydrogen.

(ii) Nickel is a metal.

Explain how the structure of a nickel atom, Ni, changes when it forms a nickel ion, Ni**.
(2)
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(d) A nickel sulfate solution is made by dissolving 23.5 g of nickel sulfate to make
250 cm’ of solution.

Calculate the concentration of the solution in gdm™.

=
g
o (2)
““:E””

(e) Excess solid nickel carbonate is added to dilute sulfuric acid in a beaker.

nickel sulfuric nickel carbon

+ . - + . . + water
carbonate acid sulfate dioxide

Nickel sulfate is formed in solution.

Describe how a sample of pure, dry nickel sulfate crystals can be obtained from the
mixture of nickel sulfate solution and excess solid nickel carbonate in the beaker.
(3)
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(Total for Question 8 = 12 marks)
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s

9 Most metals are extracted from ores found in the Earth’s crust.

The method used to extract a metal from its ore is linked to the reactivity of the metal.

Part of the reactivity series is shown in Figure 14.

calcium most reactive
L. A
aluminium
zinc

iron

copper

gold least reactive
Figure 14
(@) lron ore contains iron oxide.

Iron is extracted from iron oxide by heating the oxide with carbon.

iron . carbon
. + carbon — iron + . .
oxide dioxide

(i) In this reaction

] A carbonisreduced W
[J B iron oxide is neutralised
[J C iron oxide is reduced
[J D ironis oxidised
.
26

P 5 2 4 7 2 R A 0 2 6 3 2

vawSHINImMlONOD

0 o
< YIHY SIHL)
GG &

poees
prese
03*.32@

S

2
5
55

00050

byt o
25
S

s
SRS
S5

AR
2 e

i AN
Seasetete!

x>
s
%

o
e

!

i
=
{J

55

<
5
<5
i
5
£

i
525
N
e
Pratetsts

-
bl
25

<
L
% ¥

-
tatel
AEN
o
-

%

o

ON:
) il "ID
sy




(i) The formula of the iron oxide is Fe O..

Calculate the maximum mass of iron that can be obtained from 240 tonnes of
iron oxide, Fe,O..

(relative atomic masses: O = 16, Fe = 56)

ITHISAREA

mass of iroN = ... tonnes

(b) Aluminium cannot be extracted by heating its oxide with carbon.
Aluminium has to be extracted from its oxide by electrolysis.

Explain why.
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-
*(d) Aluminium is extracted from its ore by electrolysis.
Iron is extracted from its ore by heating with carbon.
Both metals can also be obtained by recycling.
Explain the advantages of recycling aluminium and iron rather than extracting
them from their ores.
(6)
.
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(Total for Question 9 = 13 marks)
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10 (a) Hydrogen burns in air at a temperature well above 100°C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 15.

boiling point in °C
hydrogen -253

water 100

Figure 15

Use this information to add the missing state symbols to the equation for the
reaction taking place as the hydrogen burns.

VANV SHLNIZLNMIONOG

2H, (e ) + O,(g) = 2H,0(........ )
(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.

(b) Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

2PbO + C — 2Pb + CO,

MM‘.
%"?t' 7 SHLL
X

Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C =12, 0 = 16, Pb = 207
relative formula masses: PbO = 223, CO, = 44)

S
iy
SRR

s

55
5

Give your answer to two significant figures.
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(c) (i) Inan experiment to produce lead, 7.67 g of lead are obtained.
The theoretical yield of lead for the experiment is 11.80g.

Calculate the percentage yield of lead in this experiment.

(i) In most reactions, the percentage yield of any product is less than 100%.

Give two reasons why the percentage yield is less than 100%.

(2)
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(Total for Question 10 = 11 marks)
TOTAL FOR PAPER = 100 MARKS
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