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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 Inan experiment, powdered calcium hydroxide was added to dilute hydrochloric acid
and the pH was measured.

The method used was

step 1 measure 200 cm’ dilute hydrochloric acid into a beaker
step 2 add 0.1 g of powdered calcium hydroxide to the beaker
step 3 find the pH of the mixture

step 4 repeat steps 2 and 3 until the pH stops changing.

(a) State what should be done after step 2 to make sure that any reaction
is complete.

(b) Complete the word equation for the reaction.

calcium hydroxide + hydrochloricacid — calcium chloride (1) . . . . .. ...

water (1)

(c) Which row of the table shows the state symbols for powdered calcium hydroxide
and dilute hydrochloric acid in the balanced chemical equation?

calcium hydroxide hydrochloric acid
LI A aq L
0 B ( aq
X c s aq
] D s L
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stir/ swirl/ shake (the beaker)

Mobile User
calcium chloride (1)
water (1)
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(d) The results of the experiment are shown in Figure 1.

pH 14

12 -

§ S

0 T T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09 1.0

mass of calcium hydroxide added in grams

Figure 1

(i) Using Figure 1, give the pH of the acid at the start of the experiment.

PH = 4

(i) Using Figure 1, give the mass of calcium hydroxide required to make a
neutral mixture.

mass of calcium hydroxide = Q. TAAG) g

(iii) Explain why the pH starts at a low value and ends at a higher value.

START

....... solution is acidic 7 acids Have low PH 7-Nigh {CONCEIIFAtIQn
amount} of H+ ions/ excess H+ ions

....... REACTION
* neutralisation/ H+ + OH-

AAAAAAA s DO G YA OXIE KA

reacts with the {acid/ H+}
....... T A
« {amount/ concentration} of H+ ions has reduced/ {amount/

...............................................................................................................................................................................................................................................................

(Total for Question 1 = 9 marks)
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1
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0.74 (g)

Mobile User
START
• solution is acidic / acids have low pH / high {concentration/
amount} of H+ ions/ excess H+ ions 
REACTION
• neutralisation/ H+ + OH-
→ H2O/ {the hydroxide/ alkali}
reacts with the {acid/ H+} 
END
• {amount/ concentration} of H+ ions has reduced/ {amount/
concentration} of OH- ions has increased / excess OH- ions/
(excess of) hydroxide ions have pH > 7


2 Figure 2 shows part of the reactivity series of metals.

calcium A
magnesium
aluminium
zinc

iron

copper
silver

gold

increasing reactivity

Figure 2

(@) Which metal reacts when added to cold water?

calcium
copper

gold

O 00 K
O N w >

silver

(b) A student investigates the reactivity of four different metals.

The student adds an equal-sized piece of each metal to separate test tubes
containing dilute hydrochloric acid.

The student’s observations for zinc and copper are recorded in Figure 3.

metal observations

magnesium

bubbles produced at a steady rate

zinc
test tube feels slightly warm
iron
copper no reaction

Figure 3
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(i) Use the information in Figure 2 and in Figure 3 to predict the observations for
the reactions of magnesium and of iron with dilute hydrochloric acid.

magnesium
many bubbles / bubbles produced
............................................................................ quickly./.bubbles ViGOIOUSIY......... s
OR
- 108 HUDE. fEEIS. QYL WAL WAIMEE
than with zinc (1)
iron

few bubbles / bubbles produced slowly /
some bubbles

(i) When metals react with acids, hydrogen gas is produced.

Describe the test to show that the gas is hydrogen.

apply lighted splint (to the gas)
LB O

(iii) When magnesium reacts with hydrochloric acid, magnesium chloride and
hydrogen are formed.

Complete the balanced equation for the reaction.

Mg + 2 HClL —» MgCl, + . H2. .

5
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many bubbles / bubbles produced
quickly / bubbles vigorously
OR
test tube feels hot / warm / warmer
than with zinc (1)

few bubbles / bubbles produced slowly /
some bubbles
OR
test tube feels very slightly warm 

Mobile User
apply lighted splint (to the gas) 
• (squeaky) pop

Mobile User
2

Mobile User
 H2


(c) An excess of magnesium is added to some dilute hydrochloric acid of pH 2.
The mass of hydrogen gas produced is measured.

The experiment is repeated with excess magnesium but with the same volume of
dilute hydrochloric acid of pH 1.

(i) State how many times greater the concentration of hydrogen ions is in the
acid of pH 1 than in the acid of pH 2.

ten (times) /10 (x) / (x) 10

(i) With the acid of pH 2, the mass of hydrogen gas produced when the reaction
is complete is 0.005g.

Predict the mass of hydrogen gas produced in the reaction with acid of pH 1.

mass=.0.09.(9). g

(Total for Question 2 = 9 marks)
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ten (times) / 10 (x) / (x) 10
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0.05 (g)
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3

(@) Ammonia is manufactured in the Haber process by the reversible reaction
between nitrogen and hydrogen.

(i) Write the balanced equation for the reversible reaction between nitrogen and
hydrogen to make ammonia, NH;.

N2 + 3H2 = 2NH3

"'“""t'O"OppO'Se“th'e"te'm perature"rEd'UC‘ti‘On"/‘tO ...........................................................................................................................

(ii) Which row shows the typical conditions of temperature and pressure used in
the Haber process?

temperature in °C = pressure in atmospheres

L] A 250 100
] B 250 200
] 450 500
X D 450 200

(iii) In the Haber process, iron is added to the vessel where the nitrogen and
hydrogen react.

State the purpose of the iron.

activation energy/ increase rate of attainment of
(iguitierigagtion between nitrogen and hydrogen to make ammonia can reach

dynamic equilibrium.
The reaction gives out heat.
Explain how the position of equilibrium changes if the temperature

is decreased.

moves in exothermic direction

.moves{rlght/forwards/towardsammon Ia/ TO .............................................................................................................

products}

release heat / to increase the temperature

P 7 2 5 5 7 A 0 8 2 0
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N2 + 3H2 ⇌ 2NH3 

Mobile User
catalyst/ increase rate of reaction(s)/ lower
activation energy/ increase rate of attainment of
equilibrium

Mobile User
moves in exothermic direction 
• moves {right/ forwards / towards ammonia/ to
products} 
• to oppose the temperature reduction / to
release heat / to increase the temperature

Mobile User
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(b) Compound A is a dark brown gas.
Compound B is a colourless gas.
Two molecules of A combine to form one molecule of B in a reversible reaction.
You are given
a sealed glass tube containing an equilibrium mixture of A and B
« abeaker
« akettle
+ someice
At room temperature, the equilibrium mixture is a pale brown colour.

Devise an experiment to show how the position of equilibrium of this reaction is
affected by temperature.

The sealed tube must not be opened.

METHOD OF HEATING AND COOLING

'puttubelntohotwater(‘l) ....................................................................................................................................................................................................
* then into cold water/ add cold water/ add ice

ADBSERVATHONS oottt oottt oo oo oo oo
+ colour goes darker

AN D -
colour goes lighter/ colourless

(Total for Question 3 = 10 marks)
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METHOD OF HEATING AND COOLING
• put tube into hot water (1)
• then into cold water/ add cold water/ add ice 
OBSERVATIONS
• colour goes darker
AND
colour goes lighter/ colourless


4 A student investigates the mass of copper produced when copper chloride solution
in a beaker is electrolysed using inert electrodes.

(@) Where is copper formed during the electrolysis?

[J A attheanode

[J B atthe bottom of the beaker
X € atthe cathode
[0 D

on the surface of the electrolyte

(b) The student investigated the change in the mass of copper formed when the
current was altered.

The results are shown in Figure 4.

currentin A mass of copper formed ing

0.0 0.000
0.2 0.040
0.4 0.080
0.6 0.118
0.8 0.158
1.0 0.196
Figure 4

(i) State and explain the trend shown in these results.

* as current increases mass increases / the mass

is proportional to the current
* because the higher the current the more

10
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• as current increases mass increases / the mass
is proportional to the current 
• because the higher the current the more
electrons (per second) 
• so more copper ions {are reduced/ gain
electrons/ are discharged}
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(i) Describe how, after the power supply has been switched off, the mass of
copper formed can be measured.

* (rinse and) dry {electrode / cathode}
'meaSUfemaSSOf{eieC'tTOde/CathOde}(Ona .............................................................................................................................................
balance) (and subtract original mass)

(c) In another experiment, 74 mg of copper is formed.
Calculate the number of copper atoms in 74 mg of copper.

(relative atomic mass Cu = 63.5; Avogadro constant = 6.02 x 10%)

7.015 x 1020 with or without working scores 3

.masscoppering=74 ..........................................................................................................................................................................................................
1000

...... 0 2 g 0 2
+ amount of copper = 0.074

...... 20 3 3
=0.001165..../1.165.... x 10-3 mol

enumber.of atoms. = 0.00 11685 X B0 2. X T D2 oo eeeeeeeeeeee e eeseeseesees oo
=7.015x1020

number of atOMS = ...

(Total for Question 4 = 9 marks)
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• (rinse and) dry {electrode / cathode} 
• measure mass of {electrode/ cathode} (on a
balance) (and subtract original mass)

Mobile User
7.015 x 1020 with or without working scores 3
• mass copper in g = 74
1000
= 0.074 / 7.4 x 10-2 g 
• amount of copper = 0.074
63.5
= 0.001165…./ 1.165…. x 10-3 mol 
• number of atoms = 0.001165… x 6.02 x 1023
= 7.015 x 1020 


5 Crystals of copper sulfate are prepared by reacting copper oxide, a base, with
dilute sulfuric acid.

(@) Name the other product of this reaction.

Water

(b) During the experiment, a spatula measure of copper oxide, a black powder, is
added to warm, dilute sulfuric acid in a beaker.

When the mixture is stirred, the black powder disappears and the mixture turns
pale blue.

The student then adds more copper oxide until the maximum amount of
copper sulfate is formed without wasting copper oxide.

Explain how the student knows when to stop adding copper oxide.

OBSERVATION

‘WhensomeDOWderremainSinthebeaker AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(c) The reaction produces an aqueous solution of copper sulfate.

What is the best way to obtain crystals of copper sulfate from an
aqueous solution?

[J A pour the solution through filter paper in a funnel
[] B heat the solution with a Bunsen burner until dry
4 € heat the solution using a water bath

[0 D leave the solution in a cold, damp place

12
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Water
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OBSERVATION
• when some powder remains in the beaker
(after stirring) 
COPPER OXIDE
• there is an excess of copper oxide 
ACID
• all the acid {is neutralised/ has reacted}/ no
acid remains 

Mobile User
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(d) When some water is removed from the aqueous solution of copper sulfate,
crystals of copper sulfate are made.

Describe how the arrangement and movement of the particles change as crystals
are formed from a solution.

SOLUTION

”"'(the"ion'S)”a're"(fre'e‘ly)"m'ovin'g ...........................................................................................................................................................................................
* (the ions) are randomly arranged

SOLID ...............................................................................................................................................................................................................................................................
* (the ions) are fixed/ not moving/ vibrating

""'(the"ions)“a'l"e"i'n"a"feg'wa'r"'affaﬂgemeﬂ’[/'l'attice/ ........................................................................................................................................
giant structure

(e) In this reaction, copper oxide, CuO, forms copper sulfate, CuSO,.

Explain, in terms of electrons, whether the copper in copper oxide has been
oxidised, has been reduced, or has not been oxidised or reduced.

+ the copper (ions are) neither oxidised nor reduced

* the copper (ions) do not lose or gain electrons/ Cu2+
cpresent.at Start AN NG . e

(f) In another experiment, a copper sulfate solution with a concentration of
39.875gdm™ is used.

Calculate the mass of copper sulfate dissolved in 0.300 dm’ of this solution.

11.9625 with or without working scores 1
............ FAL0B25. . e

(Total for Question 5 = 11 marks)
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SOLUTION
• (the ions) are (freely) moving 
• (the ions) are randomly arranged 
SOLID
• (the ions) are fixed/ not moving/ vibrating 
• (the ions) are in a regular arrangement/ lattice/
giant structure 

Mobile User
• the copper (ions are) neither oxidised nor reduced

• the copper (ions) do not lose or gain electrons/ Cu2+
present at start and end

Mobile User
11.9625 with or without working scores 1
11.9625


6 (a) Figure 5 shows the structure of a molecule of compound S.

\/
/\

@) N—2>=I
5\ s
/

T
IrI—2= o

Figure 5

(i) Use Figure 5 to deduce the empirical formula of compound S.

s GBEIBINZSIOIZ e

(ii) The melting points of three samples of S are shown in Figure 6.

sample melting pointin °C

A 160-164

B 166

C 163-165
Figure 6

State whether each of these samples, A, B and C, is pure or impure and justify
your answers using the information in Figure 6.

* Bis pure and Ais impure and C is

....... e
* B has a sharp/ single melting point

....... .AandC.havemeltingpoints{overa
range / lower than (the sharp melting

....... pOIntOf)B}
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C6H8N2SO2

Mobile User
• B is pure and A is impure and C is
impure 
• B has a sharp/ single melting point 
• A and C have melting points {over a
range / lower than (the sharp melting
point of) B}
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(b) A scientist uses chromatography in an investigation of compound S.
In the conditions used, compound S has an R; value of 0.22.

Calculate the distance the spot of compound S moves if the solvent front has
moved by 2.4cm.

0.528/ 0.53 with or without working scores 2
AAAAAAAA dlstance:.foselventfrontdistance/o22X24
+ =0.528/ 0.53 (cm)

15

o RO O A Turn over
p 7 2 5 5 7 A 01 5 2 0


Mobile User
0.528/ 0.53 with or without working scores 2
• distance = Rf x solvent front distance/ 0.22 x 2.4 
• = 0.528/ 0.53 (cm)


*(c) A solution of sodium chloride in water needs to be separated to obtain a sample
of pure, dry sodium chloride and a sample of pure water.

Figure 7 shows the boiling points of sodium chloride and water.

substance boiling pointin °C
sodium chloride 1465
water 100
Figure 7

Explain this difference in boiling points in terms of the structure and bonding of
sodium chloride and water and how this difference is used to choose a method to
separate sodium chloride solution into pure, dry sodium chloride and pure water.

SODIUM CHLORIDE

...................................................................................................................................................................................................................................................................................

WATER

..............................................................................................................................................................................................................................................................................

+ strong covalent bonds between atoms in a molecule

e S _——————.
« little energy needed to overcome the intermolecular forces

SEPARATION ..................................................................................................................................................................................................................................
+ use distillation — with condenser or simple apparatus: delivery tube into test tube in ice
+ water has much lower boiling point

'WaterWI”dlSt”bUtSOdlumCNOfldeWIHnOt AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+ water collected after being condensed
............ S.odiumChlorideremainsinf.}ask

R8O A Al o
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SODIUM CHLORIDE
• ionic compound
• giant lattice
• positive (sodium) ions and negative (chloride) ions
• strong electrostatic attraction between ions
• lots of energy to overcome attraction/ bonds
WATER
• simple covalent/ molecular
• strong covalent bonds between atoms in a molecule
• weak forces between molecules
• little energy needed to overcome the intermolecular forces
SEPARATION
• use distillation – with condenser or simple apparatus: delivery tube into test tube in ice water
• water has much lower boiling point
• water will distil but sodium chloride will not
• water collected after being condensed
• sodium chloride remains in flask
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(Total for Question 6 = 12 marks)

TOTAL FOR PAPER = 60 MARKS
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