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READ THESE INSTRUCTIONS FIRST

Write in soft pencil.
Do not use staples, paper clips, glue or correction fluid.
Write your name, class and index number on the Question Paper and Answer Sheet in the spaces provided.

There are forty questions in this paper. Answer all questions. For each question, there are four possible
answers, A, B, C, D.
Choose the one you consider correct and record your choice in soft pencil on the separate Answer Sheet.

Read the instructions on the Answer Sheet very carefully.
Each correct answer will score one mark. A mark will not be deducted for a wrong answer. Any rough working
should be done in this booklet.

A copy of the Periodic Table is printed on page 17.
The use of an approved scientific calculator is expected, where appropriate.

This question paper consists of 17 printed pages and 1 blank page.
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1 Which row represents the particles of a gas colliding most frequently?

pressure temperature
A low low
B high low
C low high
D high high

2 The graph shows the change in temperature with time when substance X is heated.

A

80-f-------=----=-=- 4

temperature/°C

15_ """ C

time
Which stage does X undergo the smallest change in its volume?

A AtoB B BtoC
C DtoE D EtoF

3 Which statement about the Periodic Table is correct?

A Most metallic elements are on the left.
Elements in the same period have the same number of outer electrons.

Elements on the left are usually gases.

O 0O W

The reactivity of Group VIl elements increases as the atomic radius increases.

4 Particles with the same electron arrangement are said to be isoelectronic.

Which of the following compounds contains ions which are isoelectronic?

A MgCl;
B KBr

C CaCl;
D NazS



5 Which statement about an atom is correct?

A The number of protons and neutrons will always be equal.

B The number of electrons and neutrons will always be equal.
C The nucleon number can be equal to the proton number.
D

The nucleon number can be less than the number of electrons.

6 lodine, I, has a lower relative atomic mass than tellurium, Te, but is placed after it in the
Periodic Table.

Tel| I

Which statement explains why iodine is placed after tellurium in the Periodic Table?

A lodine has fewer neutrons than tellurium.
B lodine has fewer protons than tellurium.

C lodine has more neutrons than tellurium.
D

lodine has more protons than tellurium.

7 The percentage of oxygen in the air is found using the apparatus shown in the diagram below. In an
investigation, 100 cm?® of air was passed over heated copper turnings until there was no further decrease
in volume.

glass tube full of copper turnings

£ ] \ i i
+ + +
v + 7ty
= =

/ T \

100 cm syringe heat 100 cm? syringe

The volume of the gas after the reaction should be about 80 cm?, but was instead measured to be 90
cm?. Which could be (a) possible reason(s) for this result?

1 There was insufficient copper to react with all the oxygen in the syringe.
2 There was leakage of air out of the syringes.
3 The volume of gas was measured while it was still hot.

A 1 only B 1and 3

Cc 2and 3 D 1,2and 3

[Turn Over
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The diagram below shows the cross section of a catalytic converter in the exhaust system of a car.

Carbon monoxide
Hydrocarbons —»

e

\Jﬂitmgen

—pCarbon dioxide

Nitrogen oxides Water vapour

Catalytic converter catalysis

Which process(es) take(s) place in the converter?

BN

Hydrocarbons oxidise to form carbon dioxide and water vapour.

2 Carbon monoxide reacts with nitrogen oxides to form carbon dioxide and nitrogen.
3 Nitrogen oxides react with hydrocarbons to form water vapour and nitrogen.

A 1only

B 2only

C 1and?2

D 1and3

Two of the reactions used in the manufacture of nitric acid, HNOs3, are shown.

2NO + 0O —» 2NO»
4NO,; + 2H,O + 0O, — 4HNO3;

What is the maximum number of moles of nitric acid which could be formed from one mole of nitrogen
monoxide, NO?

A 05 B 10 CcC 20 D 40

4 g of hydrogen is mixed with 16 g of oxygen and the mixture is ignited to form water.

What are the masses of the substances remaining at the end of the reaction?

hydrogen/ g oxygen/ g water/ g
A 0 0 20
B 2 0 18
Cc 0 4 16
D 2 0 9
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11 All ammonium salts produce ammonia gas on heating with sodium hydroxide.
Which ammonium salt produces the greatest mass of ammonia when heated with sodium hydroxide?

A 0.2 mol NH4C/ B 0.3 mol (NH4)3PO4
C 0.4 mol (NH4)2SO4 D 0.8 mol NH4NO3

12 The noble gas elements, though being generally unreactive, are known to be able to react with a few
elements to form compounds. One such compound is xenon tetraoxide as shown below.

I
Xe-;;:
o” \ °©
@)

What is the total number of electrons shared in this compound?

A 8 B 12 C 14 D 16

13 Aerials in portable radios are made of a mixture of the oxides of calcium and iron known as ‘ferrite’. It
contains 18.5% calcium and 51.9% iron by mass.

Which is the empirical formula of ‘ferrite’?

A CaFe;O

B CaFe04
C CazFeO:
D CasFe20

14 A 14 g sample of nitrogen gas contains the same number of atoms as 23 g of element X which is
monoatomic.

What is the relative atomic mass, A, of X?

A 35
B 14
Cc 23
D 46

[Turn Over
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15 The compound below is made up of hydrogen and the elements X, Y and Z.

H H

|/
\x/"\x/z
H~ | —H

~ -
Ho YT Ny

Which statement is incorrect?

A Element Z is most likely from Group I.
Element X is most likely from Group IV.

The compound has a simple molecular structure.

(w B @ R v e

The compound has the molecular formula XsYHoZ.

16 A large piece of calcium is added to a test tube of water.
What is likely to be observed during this reaction?
1 The piece of calcium sinks in the water.
2 Bubbles of a colourless and odourless gas are given off.

3 A white precipitate is observed after a while in a colourless solution.

A 1only B 2 only C 1 and 2 only D 1,2and 3

17 Magnesium oxide is produced by heating magnesium carbonate.
MgCO3; — MgO + CO>

When 84 g of an impure sample of magnesium carbonate is heated, 28 g of magnesium oxide is
produced.

What is the mass (in g) of pure magnesium carbonate in the sample?

[M:: MgCOs, 84; MgO, 40]

A Byes B 8,40
40~ 8a
40 84

C —x100 D — x40

28 28
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18 The energy profile diagram for a particular reaction is shown below.

A

energy

\ 4

progress of reaction
Which statement is true about this reaction?

A E; is the energy released by breaking bonds in the reactants.
AH is the energy released by forming bonds in the products.

More energy is absorbed in bond-breaking than that released in bond-forming.

O 0 W

More energy is released in bond-forming than that absorbed in bond-breaking.

19 The energy level diagram for a reaction is as shown.

Energy level

£

Y + 2

W+ X

The initial temperature measured was 28.0 °C. As the reaction progressed, the reaction temperature
changed by 5.5 °C.

What would be the final temperature recorded?

A 225°C B 28.0°C
C 33.5°C D 39.0 °C

[Turn Over
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20 How does a catalyst affect the activation energy and enthalpy of a reaction?

21

22

23

activation energy enthalpy
A increases decreases
B decreases decreases
C decreases stays the same
D increases stays the same

Which is the overall equation for the reactions that take place in a hydrogen fuel cell?

A 2H2 + 02 — 2H20
B 2H:0 — 2H;+ 02
C 2H"+2e — H>
D H:—2H"+2e

Which is not a redox reaction?

A CHj4 + 20, - CO;z + 2H20
Cu? +Zn — Cu + Zn?

CuO + H2S0O4 —» CuSO4 + H20
Zn + H2SO4 — ZnSO4 + H>

O O W

Hydrogen peroxide (H20>) acts as an oxidising agent in some reactions, but in others, as a reducing
agent.

reaction 1: H>O05 + 2KI + H2SO4 — 1> + K2SO4 + 2H50
reaction 2: B5H,05 + 2KMnQOg4 + 3H2S0O4 + —» 2MnSO4 + K2SO4 + 505, + 8H,0
reaction 3: H202 + Ag20 — 2Ag + Oz + 2H,0

Which row identifies correctly the role of hydrogen peroxide in each reaction?

reaction 1

reaction 2

reaction 3

o o w »

oxidising agent
oxidising agent
reducing agent

reducing agent

reducing agent
reducing agent
oxidising agent

oxidising agent

oxidising agent
reducing agent
reducing agent

oxidising agent
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24 Element X is extracted by the electrolysis of a molten compound made up of elements X and Y. The
electrode reactions are as shown:

Cathode: X?* (1) + 2= — X (I)

Anode: 2Y% (I) > Y2 (g) + 4e

Which of the following could be the compound?
A aluminium oxide

B calcium chloride

C magnesium oxide

D potassium chloride

25 The diagrams show an electrolysis set-up using inert electrodes.

before electrolysis after electrolysis

Which could be liquid Y?

1 aqueous sodium nitrate
2 aqueous copper(Il) sulfate
3 concentrated aqueous sodium chloride
4 dilute sulfuric acid
A 4 only B 1 and 4 only
C 2 and 4 only D 1, 3 and 4 only

[Turn Over
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26 The table below shows details of four experiments (A, B, C and D) in which the same mass of the catalyst
manganese(IV) oxide was added to 10 cm?® samples of aqueous hydrogen peroxide, H,O-.

Different conditions were used to study the effect of each on the rate of reaction, measured by the volume
of oxygen produced in 10 s.

In one of the experiments, the catalyst was more finely powdered compared to the others.

Which experiment is this likely to be?

copermen | Comeeialon o0 | tompemture | voume ofongen
A 0.05 20 10
B 0.05 20 15
C 0.05 30 20
D 0.10 20 20

27 A student performs two reactions.

Reaction 1:
Magnesium ribbon (excess) with 50 cm?® of 1.0 mol/dm? dilute hydrochloric acid

Reaction 2:
Magnesium ribbon (excess) with 12.5 cm? of 1.0 mol/dm? dilute sulfuric acid

In both experiments, the volume of hydrogen produced, V is measured against time, t, and the results
plotted graphically.

Which set of graphs is correct?

A B
4 reaction 2 v reaction 1
reaction 1 reaction 2
0 - 0 -
0 0
¢ t
c D
V' } reaction 1 V' 'L reaction 1
reaction 2 /reacticn 2
0 . 0
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28 An aqueous solution of a chloride is made by the reaction of hydrochloric acid with the hydroxide of metal

29

30

M:

M(OH)2(s) + 2HCI(ag) — MCla(aq) + 2H0(l)

Which metal cannot be M?

A

B
C
D

copper
lead
magnesium

iron

Element X occurs naturally as the uncombined metal; element Y is obtained by chemical reduction of its

oxide with carbon; element Z is obtained by electrolysing its molten chloride.

What is the order of reactivity of X, Y and Z?

O O w >

Least reactive - Most reactive
X Y z
Y X z
z X Y
X z Y

Which of the statements are true of the Haber process?

1
2
3
4

(o B o I v B

Ammonia formed is condensed and obtained as a liquid.

Hydrogen gas is obtained from cracking of crude oil.
Iron catalyst is used to increase the yield of ammonia.

Nitrogen gas is oxidised to form ammonia.

1 and 2 only
1 and 3 only
2 and 3 only
3 and 4 only

[Turn Over
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The equations for the reactions between iron and chlorine, and iron and hydrochloric acid are shown.

2Fe (s) + 3Cl2 (g) — 2FeCls (s)
Fe (s) + 2HCI (aq) — FeClz (aq) + H2 (g)

Iron and tin are metals that have similar chemical properties. Iron forms ions with charges of 2+ and 3+
while tin forms ions with charges of 2+ and 4+.

Which reaction/s would occur with tin?

1 Sn (s) + 2Cl2 (g) — SnCls (s)
2 Sn (s) + 2HCI (aq) — SnCl2 (aq) + Hz (g)
3 Sn (s) + Clz (g) —» SnClz (g)

1,2and 3

1 and 2 only
2 and 3 only

O o0 m >

2 only

Iron rusts easily, hence steel structures should be treated to slow down the rusting process.

Which option describes incorrectly how each method protects iron from rusting and its main
disadvantage?

Method how it protects disadvantage
provides a barrier paint scrapes off easily,
A painting steel between the iron and the | exposing iron to the
atmosphere atmosphere

chromium reacts with

alloying steel with oxygen in the air to form a roduction of stainless
B chromium to make barrier of chromium oxide | P .
. . ) steel is costly
stainless steel which prevents iron from
rusting

absence of water

storing steel objects in a ) . difficult to keep storage
C prevents iron from rusting .
dry place . place dry at all times
quickly
zinc is less reactive than when coating of zinc is
D coating steel plates with iron, and provides a scratched, iron will corrode
zinc barrier between iron and in place of zinc, making it

the atmosphere rust more quickly
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33 The following set-up is used to study the reduction of an oxide of copper.

The oxide of copper is Cu20, which is a red solid. What would be observed when the reaction has
stopped, and what is the purpose of burning the excess gas?

— Excess gas burning

I||I ,[' | LW _j Owide of copper

:/ From gas tap

Bunszen burner

1
observation purpose for burning excess gas
red solid turns brown carbon dioxide is a pollutant

B red solid remains unchanged carbon monoxide used to reduce oxide is poisonous

. hydrogen gas used to reduce oxide is highly
C red solid turns brown flammable

, nitrogen dioxide gas used to reduce oxide is a
D red solid turns black pollutant

34 Which substance(s) contain(s) mobile particles that can conduct electricity?

liquid mercury
solid bronze

distilled water

A WODN -

agqueous ammonia

1,2,3and 4
1, 2, and 4 only
1 and 2 only

OO0 mw >

1 and 4 only

[Turn Over



35 Drops of chlorine, bromine and iodine water are added to petri-dishes containing salt solutions of other

14

halides, shown below.

[ L X
= = =
5] £ s]
= 2 =
[&] L 5
s £ 7
= =

= o gL
=1 S o
] ] =8

® O @ chlorine water
Q ® @ bromine water
Q ® @ iodine solution

Which option correctly identifies what will be observed in dishes P, Q and R?

P Q R
colourless solution turns colourless solution turns - .
A no visible reaction
brown brown
- . colourless solution turns brown solution turns
B no visible reaction
brown colourless
C colourless solution turns colourless solution turns colourless solution turns
brown red brown red brown
- . - . colourless solution turns
D no visible reaction no visible reaction brown

36 Tin is a metal between iron and lead in the reactivity series.

Which method is used for the extraction of tin from its ores?

A

B
C
D

electrolysis of the molten ore
heat alone
heat with aluminium powder

heat with carbon
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)

zinc electrod 1
“\e\f;i

The diagram shows a simple cell.

copper electrode
| & pp

agueous
sodium
sulfate

Which option describes what happens in the cell?

A Effervescence of hydrogen gas is observed at the zinc electrode.
B Copper ionizes and becomes smaller.

C Effervescence of oxygen gas is observed at the copper electrode.
D

Zinc ionizes and becomes smaller.

In which reaction is the sulfate ion removed from solution?
A BaCl,; + HSO4 — BaSO, + 2HCI

B 2NaOH + H2SO4 — Na;S0O4 + 2H,0

C Mg+ H2SO4 - MgSO4 + H>

D Na2CO3 + H2S04 — Na2SO4 + H20 + CO»

10 g of X304, contains 7.5 g of X.

How many moles of X does 7.5 g of the element contain?

25 3 75 3
A %XZ B EXZ

25 4 10 4
C %%3 D %%3

[Turn Over
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40 Potassium reacts with oxygen to form different types of oxides.

potassium oxide K20
potassium peroxide K202
potassium superoxide KO>

What are correct oxidation numbers of oxygen in the different anions?

oxide ion, 0% peroxide ion, O2%~ | superoxide ion, Oz~
A -2 -1 2
B -2 -1 -0.5
C -1 -2 +0.5
D -2 -2 -1
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A1

2

Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

Choose from the following reactions/processes to fill in the blanks. Each reaction/process may be
used once, more than once or not at all.

Precipitation Displacement Reduction Decomposition
Neutralisation Combustion Oxidation lonisation
When rubidium hydroxide reacts with carbonic acid...................oooiiii occurs.

Rusting 0Ccurs When iron UNAEIGOES .........uuiitiie e
Hydrogen peroxide UNdergoes ........ccoveiieiiiiiiiiiii i to produce water and oxygen.

........................................................ occurs when hydrogen chloride gas dissolves in water.
[Total: 5]

One of the processes in purification of water is filtration.

The diagram shows a water filter used in the home. A student collected a sample of water from
the filter.
Water in

N

Water filter

|

Water out

Describe how the student could show that the filtered water contains dissolved salts without using
a chemical test. [1]

6092/02/SCGS/20



b) Seawater is purified to make drinking water by forcing it through a membrane.

Seawater

N

=— Membrane

Drinking water

Suggest why water molecules can pass through the membrane, but sodium ions and chloride ions
cannot. [1]

c¢) Chromatography can be used to separate components of a mixture.

A student used paper chromatography to analyse a black food colouring. The student placed spots
of known food colours, A, B, C, D and E, and the black food colouring on a sheet of chromatography
paper and carried out paper chromatography using ethanol as the solvent.

The results are shown on the chromatogram below.

Tt Solvent front

Start line
F. //
~
A B c D E !
Black food
colouring
i) Which of the known food colours is the least soluble in ethanol? ...........................l [1

6092/02/SCGS/20



ii)  What does the chromatogram tell you about the composition of the black food colouring? 2]

The table below gives the results of chromatography experiments that were carried out on some
known food colours, using ethanol as the solvent.

Name of food | Distance from start line | Distance moved by R
. . ¢ value
colour to solvent front in mm food colour in mm
Ponceau 4R 62 59 0.95
Carmoisine 74 45 0.61
Fast red 67 27 0.40
Erythrosine 58 17 0.29

iii) Using the results of the chromatogram and the information in the table, suggest which of the food
colours in the table could be food colour C? Explain your answer, showing clearly the necessary
calculations. 2]

[Total: 7]

6092/02/SCGS/20



A3 Hydrogen fluoride, HF, has a simple molecular structure. It is soluble in water.

a) Suggest two other physical properties of hydrogen fluoride. [2]

b) Hydrogen fluoride dissolves in water to form dilute hydrofluoric acid, a weak acid.

i) With the help of an equation, explain why hydrofluoric acid is a weak acid. [2]

ii) Dilute hydrofluoric acid reacts with excess magnesium. The salt formed is magnesium fluoride.

Calculate the volume of gas produced if the acid solution contains 0.200 g of hydrofluoric acid. [2]

iii) Explain, in terms of structure and bonding, why magnesium fluoride has a high melting point.  [2]

iv) Draw a dot and cross diagram to show the bonding in magnesium fluoride. [2]

[Total: 10]

6092/02/SCGS/20



A4 Sodium peroxodisulfate reacts with potassium iodide solution. The ionic equation for this reaction
is as shown.

S;0¢* (aq) + 2 (aq) — > 2S0.*(aq) + I2(aq)

The table shows how the relative rate of this reaction changes when different concentrations of
peroxodisulfate ions and iodide ions are used.

Gxporiment | SICEIUAOnCL | Concentration of in | Relatue e o
1 0.008 0.02 1.7
2 0.016 0.02 3.3
3 0.032 0.02 6.8
4 0.008 0.04 3.4
5 0.008 0.08 6.9
a) Describe an observation for the reaction. [1

b) Describe, using the information in the table, how increasing the concentration of peroxodisulfate
ions affects the relative rate of reaction. [

c¢) Explain, in terms of oxidation states, why this is a redox reaction. [2]

d) Iron(lll) ions, Fe?*, catalyse this reaction. Explain how catalysts increase the rate of a reaction. [1]

6092/02/SCGS/20



e)

(f)

A5

a)

b)

c)

Describe a chemical test you would carry out to determine if the iron(lll) ions were still present at
the end of the reaction. State what you would expect to observe. [2]

Peroxodisulfate ions also react with iron(ll) ions. The products are iron(lll) ions and sulfate ions.
Construct the ionic equation for this reaction. [1]

[Total: 8]

A 1.50 g sample of solid lead(ll) nitrate is added to 125 cm? of 0.100 mol/dm? sodium iodide solution.
Write the equation for the reaction. [1]

Identify the limiting reactant in the reaction, showing your calculations clearly. [2]

Using your answer in (b), calculate the concentration of the nitrate ions in the mixture after the
reaction is complete. [2]

6092/02/SCGS/20



d) Place a V in the box to indicate the diagram that best represents the mixture when the reaction is
complete. The diagrams do not show the actual number and ratio of ions present.

[1]

\ \ \

@ ®®O
()
O 506

\ J — — .

No precipitate Precipitate formed Precipitate formed

\ \

©
®
ClSe

Precipitate formed Precipitate formed

e) Describe how a pure, dry sample of lead(ll) nitrate crystals can be prepared from insoluble lead(ll)
oxide. [3]

[Total: 9]

6092/02/SCGS/20



A6 The electrolysis of concentrated sodium chloride solution is an industrial process which produces
three products; chlorine, hydrogen and solution X.

Chlorine Hydrogen
Sodium chloride
. + -
solution
— 1 n -
? P
/]
Positive electrode — % —— Negative electrode
]
%
9
Porous barrier ;
]
2 —— Solution X
7

a) Graphite electrodes are used in the electrolysis. Explain, in terms of structure and bonding, why

graphite conducts electricity. [2]
b) Solution X is alkaline. Name solution X and explain how it is produced in the electrolysis. [3]
SOIULION XS o

[Total: 5]

6092/02/SCGS/20
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A7 A group of students were given three different colourless solutions in separate beakers.

They knew that the solutions were potassium iodide, calcium nitrate and ammonium sulfate.

But they did not know which solution was in each beaker. They decided to test each solution with

acidified silver nitrate and acidified barium chloride.

Potassium iodide Calcium nitrate

Ammonium sulfate

Test with acidified

silver nitrate No change observed

No change observed

Test with acidified
barium chloride

a) Complete the table to give the expected observations for each solution. [3]

b) Their teacher suggested that the students could also identify the solutions using aqueous sodium

hydroxide.

DO YOU AQrEE7? .. e

Explain your answer by tabulating the expected observations in a table similar to the one above.

6092/02/SCGS/20
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[Total: 6]



11

BLANK PAGE

6092/02/SCGS/20



12

Section B
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 Read the information about hydrogen halides and their chemical properties.

Hydrogen halides are formed when halogens react with hydrogen. The observations for these
reactions are shown below.

Reaction Observation
H + F2 — 2HF Reacts explosively even in the dark at -200°C
H, + Cl, — 2HCI Reacts explosis\llce)\ll?l/hi/ni r?l:r?ggdh;rim takes place
H> + Br2 — 2HBr
Hx + = Iz Reacts very slowly in sunlight even on heating

2HI

with platinum

Stability of hydrogen halides is affected by bond length and bond energy of the halides.

Graphs 1 and 2 show how bond length and bond energy vary for the different halides.

bond length / nm

0.18
0.16
0.14

0.16

0.12

0128

0.1

D_V

0.08

0.06

H-F H-CI H-Br H-I

Graph 1

bond energy / kJ/mol

700
600
300

614

AN

-4
=)

400 346

300

299

200

H-F H-CI H-Br H-1I
Graph 2

Bond length refers to the average distance between the nuclei of two bonded atoms in a molecule.

Bond energy is a measure of the bond strength in a chemical bond. It is the energy required to
break one mole of molecules into their individual atoms.

When heated, the hydrogen halides decompose into its constituent elements.

Hydrogen halide HF HCI HBr HI
Therma;td1e:§o'?g°s't'°" none | negligible 0.5% 33 9%

Hydrogen halides are extremely soluble in water, forming acidic solutions.

6092/02/SCGS/20
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Predict the observation for the reaction of bromine with hydrogen gas. [1]

Describe the relationship between the bond length and bond energy of the hydrogen halides. Hence
explain why the reaction of iodine with hydrogen is a reversible reaction unlike the other reactions.

[2]

Describe what would be observed when a hot glass rod is plunged into separate gas jars containing
HCI and HI. [2]

Given that the bond energy of the Br — Br bond is 193 kd/mol and the bond energy of the H — H
bond is 432 kJ/mol, calculate the enthalpy change for the formation of hydrogen bromide from
hydrogen and bromine. [2]

6092/02/SCGS/20
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ii) Explain, in terms of bond breaking and bond making, whether this reaction is exothermic or
endothermic. [2]

iii) Draw a labelled energy profile diagram for this reaction, showing clearly the activation energy and
enthalpy change of the reaction. [2]

[Total: 12]
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B9 A group of students investigated the energy released by the combustion of four hydrocarbon fuels
using the apparatus shown.

Thermometer

— Beaker

—— 100 cm3 of water

0

T : Spirit burner
L Hydrocarbon fuel

Each hydrocarbon fuel was burned for two minutes. The table shows the students’ results.

After two minutes
Name and Energy Relative
formula of Mass of T_emperature Energy released by amount of
fuel used increase of | released by -
hydrocarbon . A . 1.0 g of fuel smoke in the
ing water in °C fuel in kJ ;
fuel in kdJ flame

gexa”e’ 0.81 40 16.80 20.74 very little smoke

eH14
8c|t_|ane, 1.10 54 22.68 20.62 some smoke

8ri18
Decane,
CoHas 1.20 58 24.36 smoky
Dodecane, 1.41 67 28.14 19.96 very smok
C12H26 ’ : : y y

a) Calculate the energy released by 1.0 g of decane in kJ. [1]

b) Suggest one key source of error present in this experiment and describe how this error affects the
results. (1]

6092/02/SCGS/20
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The students noticed that the bottom of the beaker became covered in a black substance when
burning these fuels.

Explain the presence of the black substance. [1]

Suggest why hexane, CsH14, produced less black substance when burned compared to hexene, a
compound with formula CeH12. [1

A student concluded that hexane is the best of the four fuels.
Give two reasons why the results in the table support this conclusion. [2]

Most car engines use liquid petrol as a fuel. Car engines could be developed to use hydrogen as a
fuel. Describe one advantage and one disadvantage of using hydrogen instead of petrol as a fuel.

[2]
a6 1= ] ¢= o = PP

[Total: 8]
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EITHER

B10 The rate of reaction between a metal and bromine can be studied using the apparatus shown below.

attached to stirrer
e (e TR piece of metal
rotates
it
piece of

metal (iron)

solution of
bromine

A cylindrical piece of iron, was weighed and placed in the solution as shown above. The iron was
removed at regular intervals and the stopwatch was paused. The piece of iron was washed, dried,
weighed and then placed in the solution again. The stopwatch was restarted and the reaction
continued. The mass of iron was plotted against time. The graph shows the results obtained.

A
mass of
iron
Q
0 time (iron was in
solution of bromine)
a) Explain the shape of the graph. [3]

b)  From the results (mass of metal and time), the rate of the reaction can be calculated.

How would the rate of the reaction change if the cylindrical piece of iron was hammered to form a
flat sheet of iron and placed in the bromine solution? Explain your answer. [2]

6092/02/SCGS/20
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The experiment was conducted using two solutions of bromine of equal volume but different
concentration. A piece of iron with equal mass was placed in each solution. The mass of the iron
was measured at one minute intervals. The table shows the loss in mass of the iron after one
minute.

Experiment Concgntration_ of Loss in mass 'of iron
bromine solution after one minute
1 0.05 mol/dm?3 10 mg
2 0.1 mol/dm3 20 mg
Explain, in terms of collisions between particles, the difference in the results obtained. [2]

Iron also reacts with iodine solution. Predict the loss in mass of iron after one minute if 0.05 mol/dm?
of iodine solution of equal volume was used instead of bromine solution. Suggest a reason for your
answer. [1]

Loss in mass ofiron=............

When solid iron is heated in bromine gas, iron(lll) bromide is formed. Calculate the minimum mass
of iron required to react with 1200 cm? of bromine gas. [2]

[Total: 10]
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B10 A student investigated the electrolysis of copper(ll) sulfate solution using copper electrodes. The
student’s method is shown below.

Step 1
Step 2
Step 3
Step 4
Step 5

Electrode A —1

|— .

|_—Electrode B

|_— Copper(ll) sulfate solution

Weigh two clean strips of copper.

Use one strip as electrode A and the other as electrode B.

Carry out electrolysis.

After electrolysis, wash both copper strips with ethanol (a liquid that boils at 78°C).

Dry the strips of copper and re-weigh them.

a) Suggest why the copper strips would dry more quickly when washed with ethanol rather than with

water.

[1]

b) Give the ionic half-equation, with state symbols, for the reaction at electrode A.

c) The student’s results are shown in the table.

i) Electrode B increases in mass. Explain why this happens.

Electrode A Electrode B
Mass before electrolysis/g 8.78 7.95
Mass after electrolysis/g X 8.25

6092/02/SCGS/20
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ii) Predict the theoretical value of x inthe table. .......................... [1

iii) The actual value of x obtained in the experiment was less than the theoretical value. Assuming that
the experiment was carried out correctly, suggest a reason for this discrepancy. [1

d) Giventhat 1 Faraday is the electrical charge of 1 mole of electrons, calculate the number of Faradays
that would cause electrode B to increase by 0.300 g. [2]

e) The student repeated the investigation using graphite electrodes instead. Compare the results
obtained from this electrolysis with the results obtained when copper strips were used. Explain the
difference in results. [2]

[Total: 10]
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