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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 Barium hydroxide reacts with dilute hydrochloric acid to form barium chloride

and water.

(@) The equation for the reaction is

Ba(OH),(s) + 2HCl(aq) — BaClz(aq) + 2H,0())

Which row of the table shows the correct state of each of the substances in the
equation for the reaction?

a
0
(|
(|

A
B
C
D

barium hydrochloric barium water
hydroxide acid chloride
solid aqueous aqueous liquid
solid liquid solid aqueous
aqueous aqueous solid liquid
aqueous liquid aqueous aqueous

(b) A student wanted to investigate how the pH of the mixture changes as
barium hydroxide is added to dilute hydrochloric acid.

They followed this method.

step 1 measure out 50.0cm? of dilute hydrochloric acid into a beaker using a
measuring cylinder

step 2 use a glass rod to place a drop of the acid onto a piece of
universal indicator paper and record the pH

step 3 add 0.2 g of barium hydroxide to the acid in the beaker and stir

step 4 use the glass rod to place a drop of the mixture onto a new piece of
universal indicator paper and record the pH again

step 5 repeat steps 3-4 until there is no further change in the pH.

(i) Name a piece of equipment which could be used to measure out 50.0 cm? of
dilute hydrochloric acid more accurately than the measuring cylinder.

burette / (volumetric/graduated) pipette
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burette / (volumetric/graduated) pipette 
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(i) Describe how the pH of the mixture is determined when a drop of it is placed
on the universal indicator paper.

A description to include

(i) In the method, universal indicator paper is used to determine the pH.

Explain why litmus paper would not be a suitable indicator to use in
this experiment.

An explanation linking

.

J
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A description to include  
 
• (observe / look at) colour produced on (universal indicator) paper (1)  
 
 • compare to pH {chart / scale} (1)

An explanation linking 
 
• litmus paper only shows if the solution is {acidic / alkaline} (1)  
 
 • does not show how acidic or alkaline the solution is (1


(iv) Figure 1 shows the student’s results.

mass of barium hydroxideing  pH of mixture
0.0 1
0.2 1
0.4 1
0.6 1
0.8 2
1.0 7
1.2 12
1.4 13
1.6 13

Figure 1

On the grid opposite:

. Add suitable scales to the vertical and horizontal axes.

« Plot a graph of the pH of the mixture against the mass of

barium hydroxide.

linear scales on both axes (1)

* {plotted points / best fit line} must cover at least half

graph paper in both directions (1)

7 or more points plotted correctly half a square) (1

(3)
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linear scales on both axes (1) 
 
• {plotted points / best fit line} must cover at least half 
graph paper in both directions (1)  
 
• 7 or more points plotted correctly   half a square) (1
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4 )
2 Magnesium carbonate has the formula MgCO..
(@) Magnesium carbonate contains Mg** and CO?~ ions. o
o
(i) The atomic number of magnesium is 12. g
9
What is the electronic configuration of the Mg?** ion? S
(1) E
0 A2 2
/)ﬁ B 28 =
_;:u",:‘:\
O ¢ 282 5
7
[0 D 284 S
(i) Explain why solid magnesium carbonate cannot conduct electricity but solid
magnesium can.
(3)
....... An explanation inKING e
....... * ions (in magnesium carbonate) {cannotmove /ina o
fixed position / held in a lattice / held together by strong electrostatic forces} (1)
* magnesium contains {delocalised/free} electrons (1)
* electrons (in magnesium) can {flow / move} / are mobile (1)
(b) Calculate the percentage by mass of magnesium in magnesium carbonate, MgCO..
(relative atomic masses: C =12.0, O = 16.0, Mg = 24.0)
(3)
MP1 — relative formula mass MgCO3
24.0+12.0 + 3x16.0 (1) (= 84.0)
.................... S T i —————
24(.0) (1) (= 0.28571429)
.............................................................................................................. BALQY
MP3 — conversion to percentage
........................................................................................................... (0.28571429) X 100 e
(= 28.57/28.6 / 29) (1)
percentage by mass of magnesium = ...
- )i
6
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An explanation linking  
 
• ions (in magnesium carbonate) {cannot move / in a 
fixed position / held in a lattice / held together by strong electrostatic forces} (1) 
 
• magnesium contains {delocalised/free} electrons (1) 
 
• electrons (in magnesium) can {flow / move} / are mobile (1)

MP1 – relative formula mass MgCO3 
                                                         24.0 + 12.0 + 3x16.0 (1) (= 84.0)    
MP2 – division 
                                                     24(.0) (1)                  (= 0.28571429) 
                                                         84(.0) 
 MP3 – conversion to percentage 
                                                       (0.28571429) x 100  
                                                                                               
                                                                                                                    (= 28.57 / 28.6 / 29) (1)

_______


(c) Magnesium carbonate reacts with dilute hydrochloric acid.
Water and carbon dioxide are two of the products of the reaction.

Complete the balanced equation for this reaction.
(1)

MgCO, + 2HCl — .MgCl2 . . + HO + CO, (1)

(Total for Question 2 = 8 marks)
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MgCl 2

(1)


( )

3 When copper sulfate solution is electrolysed using copper electrodes, the mass of
each electrode changes.

o
(a) Draw a labelled diagram to show the apparatus that can be used to electrolyse SO
copper sulfate solution using copper electrodes. . §
2 5
. . =
Diagram showing ﬁ
* two (copper) electrodes in {beaker / suitable container} 5
of {copper sulfate / solution / electrolyte} (1) féf
 connected to {power supply / battery / cell} (1) g
ﬁ X
B
(b) Before the electrolysis is carried out, the mass of each electrode is determined.
Explain what should be done to the copper electrodes before their masses
are determined.
(2)

An explanation linking

(c) Figure 2 shows the results obtained from an electrolysis experiment when
copper sulfate solution was electrolysed for 10 minutes.

electrodes
anode cathode
mass of el.egtrode before 6.43 6.17
electrolysisin g
mass of eI.ec.trode after 562 6.95
electrolysisin g
change in massin g -0.81 +0.78

Figure 2

R0 T 0 A o
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Diagram showing 
 
• two (copper) electrodes in {beaker / suitable container} 
of {copper sulfate / solution / electrolyte} (1) 
• connected to {power supply / battery / cell} (1)

An explanation linking 
 
• (electrodes) cleaned (using emery paper) (or similar) (1) 
 
• to remove {surface oxide / grease / impurities}(1)


WRITE IN THIS AREA

DONOT

DO NOT WRITE INTHIS AREA

(i) Explain, in terms of ions, the changes in mass of the two electrodes shown in
the results in Figure 2.

An explanation linking

* At cathode (copper) ions {gain electrons / reduced}
......(..-...caus.e...m.ass..in(;r.ease)...(.l.) ..............................................................................................................................................................................

(i) The electrolysis was repeated using another pair of copper electrodes of the
same masses.

Explain a change that could be made to the electrolysis experiment to cause
the mass of the cathode to increase by 2.34g in 10 minutes.

........ « mass.of copper.increased.by {3x.[calculated............eeeee
2.34/0.78} (=3) (1)

(Total for Question 3 = 9 marks)
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An explanation linking 
 
• at anode copper / atoms {lose electrons / oxidised} / 
(copper) ions leave anode (– cause mass loss) (1) 
 
• (copper) ions (in solution) move to cathode (1) 
 
• At cathode (copper) ions {gain electrons / reduced}     
(- cause mass increase) (1)

An explanation linking 

• mass of copper increased by {3x / calculated 
2.34/0.78} (=3) (1) 

• (so) need (3x) / more {current / voltage} passing through solution (1)


4 The method used to extract a metal from its ore depends on the position of the metal
in the reactivity series.

(@) Aluminium is extracted from its ore by electrolysis.

Explain why this method is used to extract aluminium from its ore.

An explanation linking

(b) (i) One step in the extraction of titanium metal involves the displacement
reaction between titanium chloride, TiCl,, and magnesium.

TiCl, + 2Mg — Ti + 2MgCl,
This equation can be simplified as
Ti** + 2Mg — Ti + 2Mg*

Explain why this displacement reaction can be described as a redox reaction.

............................ An.explanation KNG ...

* magnesium (atoms) lose electrons (and are oxidised)

............................. R

« titanium ions accept electrons (and are reduced) (1)

(ii) The formula of the sulfate ion is SOﬁ‘.

Which of the following is the formula of titanium sulfate containing the
Ti** ion?

O A TiSO,
0 B TisSO,
KL ¢ Tiso,),
0 D TisS,0,

10
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An explanation linking 

• aluminium is (very) high in the reactivity series / very reactive (1)
 
• needs a lot of energy (to remove oxygen from the oxide) (1)

An explanation linking 


• (redox involves both) reduction and oxidation (1)  

• magnesium (atoms) lose electrons (and are oxidised) 
(1) 
• titanium ions accept electrons (and are reduced) (1)


DO :NOT WRITE IN-THIS AREA

DO NOT WRITE INTHIS AREA

.

(c) Phytoextraction is an alternative biological method that can be used to extract
metals from very low-grade ores.

Give one disadvantage of phytoextraction as a method of extraction of metals.

(d) Copper is low down in the reactivity series and can be obtained from
copper oxide.

Devise a simple method to obtain a sample of copper from copper oxide in
the laboratory.

AMEtNOd 10 INCIUGE e
= mix.copper.oxide with.{carbon./ powdered.charcoal} (in.a suitable container).(1,)........
* heat (with carbon) (strongly until no further change) (1)

'l?i{é{'é&b’b’é}"&i&é"Qv'i"t'h"'&i’ilji"é"{édi%&ﬁ'é“f'ﬁ;’dE&é’r’%’i&i&}"ééi’d’"(ij """"""""""""""""""""""""""""""""""""""""""""""
e|ectro|ysetheso|ut|onformed(1) .................................................................................................................................................................
%isshydrogen(Ormethane)(l) ........................................................................................................................................................................

« over heated copper oxide (1) (Total for Question 4 = 9 marks)

J
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slow process / large area of land required / only extracts 
metal from the ground surface / metals need further extraction

A method to include  
 
• mix copper oxide with {carbon / powdered charcoal} (in a suitable container) (1) 
• heat (with carbon) (strongly until no further change) (1) 
 OR 
• react copper oxide with dilute {sulfuric / hydrochloric} acid (1) 

• electrolyse the solution formed (1) 
 OR 
• pass hydrogen (or methane) (1) 

• over heated copper oxide (1) 


5 (a) Bromine is a liquid at room temperature and vaporises readily.
Bromine has a simple molecular structure.

Which row of the table shows the most likely melting and boiling points
of bromine?

melting pointin °C  boiling point in °C

-70 -6.3

0 A

0 B -17 6.3
X C -7 63

0 D 17 630

carbon atom

Figure 3

Explain why graphene will be a good conductor of an electric current.

An explanation linking

each carbon forms 3 bonds (1)

............... * (one) electron. free to.move. /. delocalised (1) ..o

(1)
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An explanation linking 
 
• carbon has 4 outer shell electrons (1) 
 
• 3 electrons used in bond with other carbon atoms / 
each carbon forms 3 bonds (1) 
• (one) electron free to move / delocalised (1)


DO NOT WRITE IN-THIS AREA o
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(c) Part of the structure of potassium chloride is shown in Figure 4.

Cl-

Figure 4

Potassium chloride has a melting point of 770°C.

Explain why potassium chloride has a high melting point.

| An explanation linking

- | * strong forces of attraction (between ions of opposite charge) / strong (ionic) bonds (1)
L LA e

| * (so) needs large amount of energy to overcome ionic forces (1)

J

ormm R O A Turn over »
P 6 9 4 8 0 A 01 3 2 0

13


An explanation linking 
EITHER 
• {ionic / giant / lattice} structure (1) OR 
• strong forces of attraction (between ions of opposite charge) / strong (ionic) bonds (1) 
 AND 
• (so) needs large amount of energy to overcome ionic forces (1)


*(d) A molecule of methane can be represented in several different ways as shown in
Figure 5.
These representations have been labelled A-E to assist you in your answer.

A B C D E

CH

Figure 5

Describe what information can be obtained from each representation including
the limitations of these representations of methane.

« structure A only shows the ratio of C:H (as 1:4)
_.2.structure A gives no information about bonding in.molecule ...
« structure A gives no information about shape of molecule

» structure B does not show the 3-D positions of atoms
.Sing'eIinesusedtoshowsingleCovalentbondsinStruCtureC ...................................................................
« only a 2-D representation and not positions in space

AR A A ST o
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 they show methane contains carbon and hydrogen 
• structure A only shows the ratio of C:H (as 1:4) 
• structure A gives no information about bonding in molecule 
• structure A gives no information about shape of molecule 
• dot & cross diagram, B, shows the covalent bonding between the C and H atoms 
• single bonds, show in structures B, C and D 

• inner shell not involved in bonding 

• structure B does not show the 3-D positions of atoms 
• single lines used to show single covalent bonds in structure C 
• only a 2-D representation and not positions in space 
• ball & stick model, D, shows position in space / 3-D arrangement 
• atoms not actually connected by the sticks 
• space-filling, structure E, model shows 3-D arrangement of atoms 
• E shows approximate relative sizes occupied by separate atoms 
• no information about type of bond between atoms in structure E
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(Total for Question 5 = 12 marks)
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6

(@) A student carried out an investigation to determine the order of reactivity of four
metals, W, X, Y and Z.
A piece of metal W was added to a test tube containing excess
dilute hydrochloric acid.
This was repeated with the other three metals, X, Y and Z.
In each case, the size of each piece of metal was the same.
The student recorded observations on each reaction for three minutes.

The observations obtained are shown in Figure 6.

metal observations with dilute hydrochloric acid

Bubbles formed quickly with some metal

w remaining after three minutes.

X A few bubbles were seen to form. The metal
looked unchanged after three minutes.

Y Bubbles formed quickly. After three minutes all
the metal had reacted.

7 Bubbles formed very quickly with no metal

remaining after three minutes.

Figure 6

(i) Use the information in Figure 6 to place the metals in order of reactivity from

the least reactive to the most reactive.

least reactive » most reactive

X — W — Y - Z (2)

(i) The experiment was repeated using an excess of dilute sulfuric acid in place of

the dilute hydrochloric acid.
metal + sulfuricacid — metal sulfate + hydrogen

When metal Y reacts with dilute sulfuric acid, bubbles form quickly at first and
then the reaction stops.
Most of the solid metal remains.

Explain why the reaction between metal Y and excess dilute sulfuric acid
stopped even though there was solid metal Y left.

An explanation linking

P 6 9 4 8 0 A0 1 6 2 0
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   X –            W –                 Y –         Z            (2) 

An explanation linking 
 
• metal sulfate {insoluble / coats the metal / forms a barrier} (1) 
• prevents further reaction of metal with acid (1)


DO :NOT WRITE IN-THIS AREA

RITE INTHIS AREA

TW

DO NOT WRITE INTHIS AREA

(iii) The reactions between metals and dilute ethanoic acid are slower than
reactions between metals and dilute hydrochloric acid.
This is because ethanoic acid is a weak acid.

Explain the meaning of the term weak acid.

An explanation linking

« {concentration of H+ ions lower / fewer H+ ions}
..................... ENAN EXPECIEO ().

(b) The formula of aluminium sulfate is AL,(SO,)..

Calculate the total number of atoms that combine to form 5.13 g of
aluminium sulfate.

(relative atomic masses: O = 16.0, Al =27.0,S =32.0
Avogadro number = 6.02 x 10%)

formula mass Al2(S04)3

.................. 01 S OF A 2 (S ) 3 e

.................. :513(1)(:9015)

342

.................. noofatoms|nformuIaAI2(SO4)3:1723

\. J

17
ormm R Turn over »
P 6 9 4 8 0 A 01 7 2 0



An explanation linking 
 
• partially {dissociated / ionised} (1) 
• {concentration of H+ ions lower / fewer H+ ions} 
than expected (1)

formula mass Al2(SO4)3 
 
=  2x27 + 3x(32 + 16x4) (1)  (= 342) 
  
moles of Al2(SO4)3 

= 5.13  (1)  (= 0.015) 
    342 
no of atoms in formula Al2(SO4)3 = 17 

no of atoms in 0.015 moles = 17 x 0.015 x 6.02 x 10    (1) 
                                         = 1.5351 x 10  (1) 

23

23

____


(c) lron is more reactive than lead.
Iron reacts with lead nitrate solution to form solid lead.
Two possible balanced equations for the reaction are

Equation1 Fe + Pb(NO3)2 — Fe(NO,)), + Pb
Equation2 2Fe + 3Pb(NO,), — 2Fe(NO,), + 3Pb

In one experiment, it was found that 4.48 g of iron reacted with excess lead nitrate
solution to form 24.84 g of lead.

Carry out a calculation, using the information above, to show which equation
represents the reaction taking place.

(relative atomic masses: Fe = 56.0, Pb = 207)
(3)

mass ratio
""""""""""" ratio EQUAtION L B@ Q7 (L)

(Total for Question 6 = 13 marks)

TOTAL FOR PAPER = 60 MARKS
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mass ratio  
ratio equation 1 = 56 : 207 (1) 
ratio equation 2 = 112 : 621 (1) 

 
112 : 621 = 4.48 : 24.84 so equation 2 (1)
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