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2

1 Which substance would diffuse most quickly?

A carbon dioxide at 0 °C
B  carbon dioxide at 25 °C
C neonat0°C

D neonat25°C

2 A student tested a solution by adding aqueous sodium hydroxide. A precipitate was not seen
because the reagent was added too quickly.
What could not have been present in the solution?
A AP B Ca* C NHs D Zn*

3 Four gas jars each contains one of the gases, ammonia, chiorine and oxygen. A strip of damp
blue litmus paper and a strip of damp red litmus paper are placed in each jar.

In which gas jar will both the damp biue litmus paper and the damp red litmus paper change
colour?

_l-ammonia _}—chiorine

il AL

rexd —2 i blue red —2 T~ blue
litmus litmus litmus litmus
c D
_{—-hydrogen __L-oxygen
chioride
red —2 EI-‘L‘*~bit.1e red —’iﬂu'\-blue
litmus litmus litrus fitmus
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4  The diagram shows the chromatogram obtained by analysis of a single dye.

Three measurements are shown.

_______ . final pasition of
I solvent front
X

"""""""""""" ) final position of dye

¥
| . original spot of dye
zy / e ofiginal leve!
: of solvent
How is the R; value of the dye calculated?
X X
A — B c p
xty X+y X+y+z Xty+z

§  The apparatus shown in Fig. 5.1 can be used to separate pure water from seawater.

Fig. 5.1
Two samples are taken, one at point X and another at point Y.
Which of the following statements about X and Y is incorrect?

A XandY can be separated into their components by physical methods.
B  When heated to dryness, X leaves a residue while Y does not.

C X boils over a range of temperatures, while Y boils at 100 °C.

D Xis a mixture while Y is a compound.

6092/4E/Prelim/2020 [Turn over
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4
6 The following statement describes substance X,
A chemical reaction takes place and heat is liberated when this white solid, X is formed.

Which of the following correctly classifies X and explains why X is classified as such?

classification explanation
A element When decomposition takes place, an element, X, is produced.
B compound Bond forming takes place to produce X.
c mixture The reactants and the product X, form a mixture.
D either an element A chemical reaction can produce either an element or a
or a compound compound.

7 The atoms g‘; Cu and gg Zn have the same

A nucleon number.

B number of electrons.
Cc number of neutrons.
D

proton number.

8 Which of the following correctly describes what happens when calcium atoms form calcium ions?

. ionic equation for the
calcium atoms formation
A gain electrons Ca + 2e" > Ca®
B gain electrons Ca > Ca” + 2e
c lose electrons Ca+ 2e > Ca®
D lose electrons Ca > Ca”* + 2e”
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9 Element X has a lattice of positive ions and a ‘sea of electrons’.

OF Op O o@D e
TReD D@ ®
P @D Do @

Which property will X have?

A

B
c
D

It conducts electricity by the movement of ions and electrons.
It has a high melting point.

It is decomposed by an elecfric current.

It is not malieable.

10  When a covalent substance in liquid state boils, its molecules become more widely spaced.

Which property of the molecules has the most influence on the amount of energy required to boil
a covalent substance?

A

B
c
D

the forces of attraction between the molecules

the reactivity of the molecules

the shape of the molecules

the strength of the covalent bonds in the molecules

11  The diagrams show the structures of two forms of carbon.

Which set of data is correct for these two structures?

conducts electricity | very hard material | can be used as lubricant
A T T S
B S T S
C S S T
D T S T
6092/4E/Prelim/2020 [Turn over
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12  Which statement about ionic compounds is correct?

A lonic compounds conduct electricity when solid because they contain charged particles that
can move.

B fonic compounds consist of a lattice of positive ions and negative ions.

C  Most ionic compounds are solids at room temperature because of the strong attraction
between electrons and positive ions.

D When molten or in aqueous solution, ionic compounds conduct electricity because they
contain electrons that can move.

13  Sulfur and selenium (Se) are in the same group of the Periodic Table.

From this, we would expect selenium to form compounds having the formulae

A Se0, Na;Se and NaSeO.,.
B  SeQ, Na;Se and NaSeO..
C  Se0;, Na:Se and Na:SeOQ..
D  Se0; NaSe and NaSeQ,.

14 Students give their own special symbols to five non-metallic elements. All five non-metals are in
the same group of the Periodic Table. These non-metals exist as coloured elements.

The special symbols are shown in Fig. 14.1. The order of chemical reactivity of these non-meals
is also shown.

decreasing order of chemical reactivity

—
-~

special symbols given by students Aa Bb Cc Dd Ee
Fig. 14.1
A solution containing Cc ions can be displaced by two of the elements in the Group.
Which of the following correctly shows the ionic equation for one such reaction?

A Aa(ag) + Cc(aq) > Aa(aq) + Cc{aq)
B  Bbx(aq) + 2Cc(aq) > 2Bb(aq) + Ccz(aq)
C Dd(aq) + Cc{aq) = Dd(aq) +Cc(aq)
D Ee:xaq)+ 2Cc(aq) = 2Ee(aq) + Cczaq)
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15 The table shows some of the properties of four elements.

Which element is most likely to be a transition metal?

melting point / density / electrical
°C glcm? conductivity
A 3550 3.5 poor
B 1860 7.2 good
Cc 660 2.7 good
D 232 7.3 good

16  The relative formula masses of four compounds are given.

A student has a 1.0 g sample of each compound.

Which sample contains the highest number of moles of oxygen atoms?

compound relatl\:neaf:srmula
A ALO; 102
B CuO 80
C H.S0, 98
D HNO3 63

17  What is the concentration of iodine, Iz, molecules in a solution containing 2.54 g of iodine in 250
cm? of solution?
A 00imolldm* B 0.04 molfdm® D

0.02 modm® C 0.08 molfdm?

6092/4E/Prelim/2020 [Turn over
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8
18 A solution of hydrochloric acid has a concentration of 2 mol/dm?.
Different volumes of the acid are added to different volumes of aqueous sodium hydroxide.
NaOH + HC! = NaC/ + H20
The maximum temperature of each mixture is measured. The graph shows the results.

&

temperature [°C

0 10 20 30 40 50 HCi/em®
50 40 30 20 10 0  NaOH/cm®

What is the concentration of the aqueous sodium hydroxide?

A 0.67 molidm3
1.3 mol/dm?
1.5 mol/dm?
3.0 mol/dm?

= B
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19 The diagram shows apparatus for measuring the volume of hydrogen given off when an excess
of dilute hydrochloric acid is added to powdered metal. The volume of gas is measured at room
temperature and pressure.

dilute
—+— hydrochioric
acid

tap
("
J - graduated
. tube
--1 water
metallic | A S
powder Ly plalintiatiel

The experiment is carried out three times, using the same mass of powder each time but with
different powders:

s pure magnesium
s pure zinc
* a mixture of magnesium and zinc

Which powder gives the greatest volume of hydrogen and which the least volume?

greatest volume of Hz least volume of Hz

A magnesium zinc

B magnesium the mixture
C zing magnesium
D zinc the mixture

20 The following statements about dilute sulfuric acid are all correct.

Which two statements confirm the acidic nature of the solution?

A

W N -

1and 2 B

ZJ TutorRoll Browse our database of home tutors

1and 3

C 2and4
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When electrolysed, hydrogen and oxygen gases are produced.

D 3and 4

Addition of Universal Indicator shows that the solution has a pH value of less than 7.0.
A white precipitate is formed when aqueous barium chloride is added.
The solution reacts with copper{Il} oxide, forming a blue solution.
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10
21 A solution of W has the following properties.

« When added in excess to solid ammonium chioride, a gas is given off that
turns damp red litmus paper blue.

+ When added in excess to a solution of pH 3, the resulting solution has a pH
of 13.

What is W?

A astrong acid
B  astrong base
C aweak acid
D aweak base

22  Which equation describes the most suitable reaction for making lead(Il) suifate?

A Pb + H.80: 2> PbSO4 + H:

B PbCO; + H:S0s > PbSOs + CO2 + HO
C  Pb(NOs} + H;S0, > PbSOs + 2ZHNO;

D Pb(CH) + H,S0:. =2 PbSOs + 2HO

23  Excess marble chips were reacted with dilute hydrochloric acid in an experiment. The volume of
gas produced was measured at regular time intervals.

The results obtained are plotted in the graph as follows.

volume of §
gas / cm?®

0 -
0 time / min

The speed of reaction decreases throughout the reaction until it comes to a stop.
Which of the following explains why the speed of reaction decreases?

A Marble chips were completely used up.

B Hydrochloric acid was completely used up.

C The mass of marble chips decreased.

D  The concentration of hydrochloric acid decreased.

6092/4E/Prelim/2020
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24 The following statements describe how the speed of reactions can be increased.

1 increase the amount of kinetic energy reactant particles can possess
2 increase the frequency of effective collisions
3 lower the activation energy of the reaction

Which statements describe the effect when temperature is increased?

A tand 2 B 1and 3 Cc 2and 3 D 1,2and 3

25 in experiment 1, an excess of finely powdered marble is added to 20 cm? of dilute hydrochloric
acid.

In experiment 2, carried out under the same conditions of temperature and pressure, an excess
of marble chips is added to 20 cm? of dilute hydrochloric acid of the same concentration.

The total volumes of carbon dioxide given off are determined at intervals and plotted against time.

fotal Z
volume
of CO,

0 time

Which pair of curves is obtained in the two experiments?

experiment 1 experiment 2
A X Z
B X Y
C Y Z
D Y X
6092/4E/Prelim/2020 [Tum over
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26 The diagram shows apparatus used to investigate the conductivity of different solutions.

lamp

solution

Which substance, in aqueous solution of concentration 1 mol/dm?®, would cause the lamp to give
the brightest light?

A ammonia

B ethanoic acid

C  dilute sodium chloride solution
D  sulfuric acid

27 The heat-reflecting shields of some space rockets are gold-plated, using electrolysis.

Which electrodes and electrolyte would be used to gold-plate the heat shield?

negative electrode positive electrode electrolyte
A carbon heat shield gold compound
B goid heat shield copper compound
c heat shield carbon copper compound
D heat shield gold gold compound
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28 The following set-up shows how a block of impure copper can be purified.

block of impure — _
copper (anode) '

pure copper rod

copper(Il) sulfate
solution

The loss in mass of the anode is 50 g and the gain in mass of the cathode is 45 g.
What is the percentage purity of this sample of copper?
A 100% B 11.1% C 90.0% D 95.0%

29  Two cells were set up as shown in the diagram. The arrow shows the direction of electron flow in
the external circuit.

— - — -

metal X metal ¥ metal ¥ metal Z
dilute

sulphuric
acid

Which set of metals would give the electron flows in the direction shown?

meftal X metal Y metal Z
A Ag Cu Zn
B Ag Zn Cu
Cc Cu Zn Ag
D Zn Cu Ag
6092/4E/Prelim/2020 [Turn over
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30 The energy diagram for the reaction between sodium hydroxide and hydrochloric acid is shown.

I }

H*(aq) + OH{aq)

energy AH = ~54 kJ/mol
H,0()

Y

Which quantity of heat is liberated when 100 cm? of 1 mol/dm® hydrochioric acid reacts with
100 ¢m? of 1 mol/dm?® sodium hydroxide?

A 054kJ B 270kJ C 540kJ P 108kJ

31 The diagram shows the energy profile for a reaction.

&

energy

progress of reaction

Which statements about this reaction are correct?

1 More energy is absorbed to break the bonds than is released when new bonds are
formed.

Route 1 and route 2 give the same overall equation for the reaction.
Route 2 involves the use of a catalyst.

The reaction is exothermic.

A 1,2and3 B 1and2only C 2 3and4 D 3and4onily

6092/4E/Prelim/2020
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32 The equation shows a reversible reaction.
NZO«(g) == 2NO:Ag)
The forward reaction is endothermic.

Which of these changes will increase the yield of NO2?

pressure temperature
A decreased decreased
B decreased increased
C increased decreased
D increased increased

33  Which of the following is not an example of oxidation?

A converting iron{IH) salts to iron(II) salts

B  converting magnesium atoms into magnesium ions
C  dissolving a copper anode during electrolysis

D  liberating chiorine from a chloride solution

34  Sulfur dioxide reacts with aqueous bromine according to the following equation.
S02(g) + Br2(aq) + 2H:0(1} > H.S04{aq) + 2HBr{ag)
Which element has been oxidised?

A bromine
B  hydrogen
C oxygen
D

suifur
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35 Some metals and the compounds in their ores are shown.

metal Al Ca Pb Na Fe Mg
compound in
thgir ore AlO3 CaCOs PbS NaC! FezOs MgCOs

Which type of reaction occurs in the extraction of all of these metals from their respective ores?

A decomposition by heat
B electrolysis

C  precipitation

D reduction

36 The diagram shows the apparatus in an experiment to reduce substance Q with the gas generated

( j
3 Z

What are substances P and Q7

P Q
A copper copper(ll) oxide
B tead lead(II) oxide
c magnesium zinc oxide
D zinc copper(Il) oxide
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17
37 Brassisan alloy.
Which statement about brass is correct?

A It contains a sea of electrons.

B it contains positive and negative ions which are free to move.
C Itis a compound of a metal and a non-metal.

D It is a compound of two or more metals.

38 ironis extracted from its ore haematite, Fe:Os, by a reduction process in the blast furnace.
Which equation for reactions in the blast fumace shows the formation of the reducing agent?

A CaCO; » Ca0 + CO;
B Ca0 + Si0, 2 CaSiO;
C CO:+C~>2CO

D C+0:2>C0;

39 Cars have catalytic converters fitted to reduce problems caused by some of the exhaust gases.
However, cars fitted with catalytic converters still give out environmentally harmful gases.

Which of the following correctly states the harmful gas and the problem the gas causes?

harmful gas problem
A nitrogen dioxide dissolves in rain to corrode marble buildings
B nitrogen dioxide causes breathing problems when inhaled.
C carbon dioxide binds with haemoglobin in blood causing respiratory problems
D carbon dioxide causes the greenhouse effect leading to global warming
6092/4E/Prelim/2020 [Turn over
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40 Nitrogen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step reaction.

NO + O3 > NOz + 02 step 1
NOz + O3 2 NO + 20: step 2

One nitrogen monoxide molecule can destroy thousands of ozone molecules.
Which statement correctly explains why?

A Nitrogen monoxide in step 1 is easily generated through thunderstorms.

B  Nitrogen monoxide, while is used up in step 1, is regenerated in step 2.

C  Nitrogen dioxide produced can dissolve in rain to react with thousands of ozone molecules.
D

Nitrogen monoxide can react continuously with ozone since the ozone layer consists of
thousands of ozone molecules.

End of Paper
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Section A
Answer all questions in this section in the spaces provided. The tota! mark for this section is 50.

A1 Use the list of substances to answer the questions.

ammonia iodine copper
hydrochloric acid calcium chloride nitrogen
argon sulfur dioxide magnesium
Which substance

{a) reacts with gaseous hydrogen chloride to give a white solid?

.......................................................................................................... [1]
(b) changes directly into a gas when gently heated?
.......................................................................................................... [1]
(c) displaces iron from its salt solution?
.......................................................................................................... []
(d) exists as a monatomic gas?
.......................................................................................................... 1

(e) is a colourless solution which can be used to distinguish between aqueous silver
nitrate and aqueous zinc nitrate?

6092/PRELIM/4E/2020
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A2 A sample of black ink contains a mixture of red, blue and yellow dyes. Usually, the
solvent used to separate the dyes in black ink is a mixture of ethanol and water. The
coloured dyes have different Ry values in solvents with different proportions of ethanol in
the mixture as shown in the graph.

1.0
0.
—  blue
- - --  red
06 — A ~
- 5 e yeHOW
R; value 1 i 3
- o
0. 2t e
n" A
A
0_ LY
A
0 20 40 60 a0 100

Percentage of ethanol in solvent

(a) Deduce the R; value of the blue dye on the chromatogram when the solvent is a
mixture of 32 cm? of ethanol and 168 cm? of water.

Reivalue ..o 1]

(b) Based on the graph, justify whether a pure solvent of water is suitable for the
separation of the black ink using paper chromatography.

(c) A student carried out chromatography on the black ink using a mixture of ethanol
and water as the solvent. He discovered only one spot forming on the resulting
chromatogram.

Using evidence from the graph, explain why he cannot conclude that the black
ink is a pure substance.

6092/PRELIM/4E/2020
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{d) Draw a labelled set up for the separation above.

(2]
[Total: 7]

A3 Elemental phosphorus exists as two forms — white and black phosphorus. The
different forms display strikingly different properties.

The table shows the structures and properties of white and black phosphorus.

white phosphorus - black phosphorus

structure

properties at room
temperature

black crystalline solid with a greasy

waxy white solid touch

melting point / °C 442 610

(a) Give one similarity and one difference in the bonding and structure between the

two forms of phosphorus.

S MUY L e

o L= L=y TSV UTUOR

......................................................................................................... [2]
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(b) Explain, in terms of bonding, why the melting point of black phosphorus is much
higher than the melting point of white phosphorus.

(c) White phosphorus reacts with chlorine to form phosphorus chioride, PCls. Draw
a ‘dot-and-cross’ diagram to show the bonding in a molecule of PCl.

Show only valence electrons.

2
[Total: 7]
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Ad The relative positions of the elements rubidium (Rb), beryllium (Be) and bismuth (Bi) in
the reactivity series are shown in the table below.

position in the reactivity series
(highest to lowest)

rubidium
sodium
magnesium
beryllium
iron
hydrogen
bismuth
copper
silver

You may assume that these elements do not show variable valencies.

(a) An unknown photograph showing specks of silvery deposits with the caption -
“Pure rubidium found on a tiny island in the Pacific Ocean” was posted in the
early morning of August 16, 2016, on social media. The post has since gone
viral.

Using the information above and your knowledge of metals in the reactivity series,
discuss the validity of this post.

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

......................................................................................................... [2]
(b) Predict, with reasons, the reactions of beryllium with cold water and steam.
......................................................................................................... [4]
(c) Suggest a suitable method to extract bismuth from its ore.
......................................................................................................... 1]
[Total: 7]
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A5 Barium hydroxide reacts with sulfuric acid to form barium sulfate precipitate. The
equation for this reaction is as shown.

Ba(OH){aq) + H2S50s{aq) — BaSOs(s) + 2H0())

in an experiment, 0.500 mol/dm? sulfuric acid was gradually added to 25.0 cm? of barium
hydroxide solution in a conical flask. The mixture was continuously stirred with an iron
stirrer covered in plastic. The mixture was connected to an ammeter. The reading was
taken after the addition of every 1.00 cm® of sulfuric acid. The graph below shows the
results obtained from the experiment.

Q.50
e |

0.45 == Ty / /
o4 ~ A

0.35
0.30 /

current / A

0.25 \ [
020 \ ]
0.15 \ l
0,10 \‘ /
0.05 \

0O i 2 3 4 5 6 T 8 g 10
volume of sulfuric acid added / crm®

(a) ignoring the ions contributed by the ionisation of water, state the formulae of the
ions present in the conical flask when the following volumes of sulfuric acid were
added to the barium hydroxide solution:

(i} 0.00cm® e
(ii) B.00CM® 2]

(b) Explain the change in ammeter reading from the start of the experiment to the
point when 5.00 cm? of acid was added.

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

6092/PRELIM/4AE/2020

ZJ TutorRoll Browse our database of home tutors

www.tutorroll.com




(c) Calculate the concentration, in mol/dm?, of barium hydroxide solution used.

(d) Suggest why the iron stirrer was covered in plastic.
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A6 Solid P is a metal carbonate.

The graph shows how the mass of the solid in a boiling tube changes as the experiment

progresses.
A

(=]

@

K= 1
2 i
o '
£ :
= '
L2 ]
£ . i
o ' '
° i '
73] 1 :
s ; }
0 : !
o 1 :
£ = !

i i progress of
\ I 1 | ] »  experiment
Y Y Y Y
[ I i v

There are four stages for the experiment.

stages description
I solid P is heated strongly with a non-luminous flame to form solid Q.
il excess dilute hydrochloric acid is added to solid Q.
1l aqueous ammonia is added to the reaction mixture from stage II.
v aqueous silver nitrate is added to the reaction mixture from stage lIl.

{a) Suggest a possible identity of the cation present in solid P.

Explain your answer.
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(b) Do you expect any carbon dioxide to be evolved in stage 11?

Explain your answer.

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

(c) Write the ionic equation for the formation of the solid in stage 1V.

[Total: 6]
A7 An experiment was set up to determine the percentage of oxygen in air.
Two gas syringes were connected to a small tube containing excess iron, as shown in
the diagram below.
total of 200 cm? of air at the start

FJ

%
I L

gas syringe

|-
gas syringe

iron heat strongly

At the start of the experiment, the apparatus contained a total of 200 cm? of air.
During heating, the iron reacted with oxygen in the air to form black iron(II) oxide.

2Fe(s) + O:(g) > 2FeO(s)

The iron was heated until the volume of gas, measured at room temperature and
pressure, remained constant.

(a) Explain why it was important to continue heating until the volume of gas
remained constant.

(b)  The volume of gas left after the reaction was complete was 160 cm?®.

Calculate the percentage of oxygen in the air.

(1]
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{c) Iron(II) oxide can be obtained by the thermal decompositicn of iron(II) oxalate.

FeC204(s) 2 FeO(s) + COz(g) + CO(g)

] Determine the oxidation states of carbon in the following substances.
oxidation state of carbon
FeC:0,
CO-
coO
[2]
(i) Explain, in terms of oxidation states, why the above reaction is a redox
reaction.
............................................................................................... [2]
{Total: 6]
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A8 Ammonia is prepared industrially from hydrogen and nitrogen in the presence of a suitable
catalyst according to the equation below.

N2(g) + 3Hz(g) = 2NHs(g)

The graph below shows the variation of the equilibrium yield of ammonia with pressure at

different temperatures.
100
| 300%C
—
80 sl a007C
e
1/ //
percentage /
‘conversionto e | / el
. e [ 506
ammonia P A
v |
LA
[ AL A
// - swic
20—/ e L1 all
yd P
[ LA
AL
| |
DD 200 400 &00 800 1000 1200

total pressure in atm

{a) A particular industrial plant uses a pressure of 400 atm and a temperature of

500 °C. From the graph, determine the percentage yield of ammonia under these
conditions.

(b) The gases leaving the reactor contain unreacted nitrogen and hydrogen, and about

15% ammonia by volume. Unreacted nitrogen and hydrogen are fed back into the
reactor.

Give two reasons why the unreacted gases are fed back into the reactor.
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(c) Temperatures less than 400 °C are not used for this industrial reaction even
though such temperatures give a greater equilibrium yield of ammonia.

Suggest why this is so.

[Total: 4]
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SECTIONB
Answer all three questions from this section.

The last question is in the form of either/or and only one of the alternatives should be attempted.
The total mark for this section is 30.

B9 A fuel cell is a chemical cell in which reactants are continuously supplied to produce
electricity.

Two such cells are the Alkaline Fuel Cell (AFC}) and the Profon Exchange Membrane
Fuel Cell (PEMFC)

Alkaline Fuel Cell

AFCs use an alkaline electrolyte such as potassium hydroxide in water and are generally
fuelled with pure hydrogen. Typical operating temperatures are around 70 °C. As a result
of the low operating temperature, a variety of non-precious metals can be used as
catalysts to speed up the reactions occurring at the anode and cathode.

At the anode, the hydrogen gas reacts with the hydroxide ions to form water. The
water then travels through the membrane to the cathode side of the cell where they then
react with oxygen to form hydroxide ions. The electrons travel in an external circuit,
generating the electrical output of the cell.

AFC cell type is easily poisoned by carbon dioxide (CO.). In fact, even the small amount
of CO: in the air can affect this cell's operation, making it necessary to purify both the
hydrogen and oxygen used in the cell. This purification process is costly.

6092/PRELIM/AE/2020

ZJ TutorRoll Browse our database of home tutors

www.tutorroll.com




15

Proton Exchange Membrane Fuel Cell

The PEMFC uses a water-based, acidic polymer membrane as its electrolyte, with
platinum-based electrodes. PEMFC cells operate at relatively low temperatures (below
100 °C). Due to the use of precious metal-based electrodes, these cells must operate on
pure hydrogen.

Hydrogen gas is processed at the anode where electrons are separated to form
hydrogen ions on the surface of a platinum-based catalyst. The hydrogen ions pass
through the membrane to the cathode side of the cell where they then react with oxygen
to form water. The electrons travel in an external circuit, generating the electrical output
of the cell

(a) Compare the reactions at the electrodes for AFC and PEMFC. Complete the table
below with the relevant half-equations.

cathode anode

AFC

PEMFC

(b) Write the overall equation, with state symbols, for both cells.
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(c) Explain, with reference to the nature of CO, why it poisons AFC. Write an
equation te support your answer.

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

......................................................................................................... 2
(d) Suggest one reason why the operation of AFC is more economical than that of

PEMFC.

......................................................................................................... 1

{e) Most of the hydrogen produced today is made via steam-methane reforming. In
this process, high temperature steam reacts with methane (CHs), in the presence
of a catalyst to produce hydrogen and carbon monoxide.

(i) Hydrogen fuel cells are environmentally-friendly.

Explain why.
............................................................................................... 1]
(i Suggest why some environmentalists argue against the use of hydrogen
fuel cells.
............................................................................................... il
[Total: 11]
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B10 Rocket belts, also known as jetpacks, can be used to lift people into the air and transport
them over short distances.

The picture below shows a rocket belt, usually strapped onto a person’s back.

Rocket belts contain concentrated hydrogen peroxide solution as a fuel. An exothermic
change occurs when the hydrogen peroxide decomposes rapidly to form oxygen and
water.

This rapid release of oxygen from the rocket belt lifts the person off the ground.

(a) Write a balanced chemical equation for the decomposition of hydrogen
peroxide in the rocket belt.

(b) Explain why the decompaosition of hydrogen peroxide is exothermic, in terms of the
energy changes that take place during bond breaking and bond forming.

6092/PRELIM/4E/2020
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(c) The decomposition of hydrogen peroxide is very slow at room temperature.
In a rocket belt, silver powder is present to speed up this decomposition reaction.
The silver powder remains unchanged at the end of the reaction.

(i) Draw an energy profile diagram below to show how the silver powder
speeds up the decompaosition of hydrogen peroxide.

energy (kJ)

A

» progress of
reaction

[3]

(i) Explain the shape of the energy profile diagram.

(iify  Suggest another way to increase the rate of decomposition of hydrogen
peroxide in the rocket belt.

..................................................................................................
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EITHER

B11  Nickel is a transition element. it is manufactured in a four-stage process from nickel{II)
sulffide, NiS.
Stage 1 - nickel(Il) suifide is heated in air to form nickel(II) oxide and sulfur dioxide

Stage 2 - nickel(Il) oxide is heated with carbon to give impure nickel

Stage 3 - impure nickel is reacted with carbon monoxide to make nickel tetracarbonyl,
Ni(CO)4

Stage 4 - nickel tetracarbonyl is decomposed to give pure nickel

{(a) (i) Construct the balanced equation for the reaction in stage 1.

............................................................................................... 1]

(fi) Calculate the volume of sulfur dioxide formed if 182 kg of nickel(II) sulfide
is used.

volume of sulfur dioxide = .............c.oeeuee dm? [2]

(b) In terms of structure and bonding, explain why pure nickel is a good electrical
conductor.

............................................................................................................
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{c) In an experiment, small amounts of three metals were added to three aqueous

20

metal nitrate solutions. The observations are shown in the table.

aqueous zinc
nitrate

aqueous nickel(II)
nitrate

aqueous copper{ll)
nitrate

green solution turns
colourtess and zinc

blue solution turns
colourless and zinc

zinc | no visible reaction gets coated with a gets coated with a
grey solid pink solid
nickel ? no visible reaction ?
copper | no visible reaction no visible reaction no visible reaction

Predict the observations when nickel is added to separate solutions of zinc nitrate
and copper{Il) nitrate.

with zinc nitrate

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

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

(d} Explain why this four-stage process cannot be used to manufacture magnesium.

[Total: 10]
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OR

B11  Cleaning solutions usually contain the acid salt, sodium dihydrogen phosphate. it is known
as an ‘acid salt’ as it can behave as both an acid and a salt. This salt can be made
by reacting sodium hydroxide with phosphoric acid, HzPO,.

Sodium dihydrogen phosphate contains the anion, H.PQs.

{(a) Write an equation, with state symbols, for the formation of sodium dihydrogen

phosphate.
.......................................................................................................... [2]
{b) The table shows information about other acidic compounds.
pH of a 1.0 mol/dm?
name solution
phosphoric acid 4.7
sodium dihydrogen 4.5
phosphate )
ethanoic acid 3.8
sulfuric acid 1.0
()] Identify a strong acid and a weak acid.
Expiain your reasoning.
............................................................................................... [3]
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(i) Describe an experiment, other than measuring pH, that you could carry
out to show that the named acids in (b)(i) is a strong acid and weak acid
respectively.

State what measurements you would make and what results you would
expect. Include in your answers two variables to be kept constant.

You may include diagrams in your answer.

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

[Total: 10)

End of paper
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1 Which substance would diffuse most quickly?

A carbon dioxide at 0 °C
B carbon dioxide at 25°C
C neonat0°C

D neonat25°C

2 A student tested a solution by adding aqueous scdium hydroxide. A precipitate was not seen
because the reagent was added too quickly.
What could not have been present in the solution?
A AP B Ca* C NH¢ D Zn*

3 Four gas jars each contains one of the gases, ammonia, chlorine and oxygen. A strip of damp
biue litmus paper and a strip of damp red litmus paper are placed in each jar.

In which gas jar will both the damp blue lifmus paper and the damp red litmus paper change

colour?
A B
_}—-ammonia _l—~chiorine
red 2 i—~bhug red /ﬂﬂ\blue
fitmus litrmus litmus litmus
C D
_1 ~hydrogen _} -—oxygen
. chloride
red —Z ﬂu‘\biue red 2 ’uﬂ\blue
litmus litmus litmus litmus
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4 The diagram shows the chromatogram obtained by analysis of a single dye.

Three measurements are shown.

final position of
I - soivent front
X

"""""""""""""""""""" .‘ finatl position of dye

| original spot of dye

______ originat level
of solvent
How is the R; value of the dye calcuiated?
X X
A — B c p —
X+y xX+y X+y+z xXty+z

5 The apparatus shown in Fig. 5.1 can be used to separate pure water from seawater.

condenser

Fig. 5.1
Two samples are taken, one at point X and another at point Y.
Which of the following statements about X and Y is incorrect?

A Xand Y can be separated into their components by physical methods.
B  When heated to dryness, X leaves a residue while Y does not.

C  Xboils over a range of temperatures, while Y boils at 100 °C.

D  Xis amixture while Y is a compound.
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6 The following statement describes substance X.

A chemical reaction takes place and heat is liberated when this white solid, X is formed.

Which of the following correctly classifies X and explains why X is classified as such?

classification explanation
A element When decomposition takes place, an element, X, is produced.
B compound Bond forming takes place to produce X.
C mixture The reactants and the product X, form a mixture.
D either an element A chemical reaction can produce either an element or a
or a compound compound.

7  The atoms g‘; Cu and gg Zn have the same

A nucleon number.

B number of electrons.
Cc number of neutrons.
D

proton number.

8  Which of the following correctly describes what happens when calcium atoms form calcium ions?

calcium atoms

ionic equation for the
formation

gain electrons
gain electrons
lose electrons

o0 o P

lose electrons

Ca+ 2e" > Ca®
Ca > Ca?"+ 2e
Ca + 2e" > Ca®*
Ca > Ca?* + 2e"
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9 Element X has a lattice of positive ions and a ‘sea of electrons’.

Which property will X have?

A

B
c
D

O P @@ Do
DD DD ®
Ve DO Qe @

It conducts electricity by the movement of ions and electrons.

It has a high melting point.

It is decomposed by an electric current.

It is not malleable.

10 When a covalent substance in liquid state boils, its molecules become more widely spaced.

Which property of the molecules has the most influence on the amount of energy required to boil
a covalent substance?

A

B
o
D

the forces of attraction between the molecules

the reactivity of the molecules

the shape of the molecules

the strength of the covalent bonds in the molecules

11 The diagrams show the structures of two forms of carbon.

Which set of data is correct for these two structures?

conducts electricity | very hard material | can be used as lubricant
A T T S
B S T S
C S S T
D T S T
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6
12  Which statement about ionic compounds is correct?

A lonic compounds conduct electricity when solid because they contain charged particles that
can move.

B lonic compounds consist of a lattice of positive ions and negative ions.

C  Most ionic compounds are solids at room temperature because of the strong attraction
between electrons and positive ions.

D  When molten or in agqueous solution, ionic compounds conduct electricity because they
contain electrons that can move.

13  Sulfur and selenium (Se) are in the same group of the Periocdic Table.

From this, we would expect selenium to form compounds having the formulae

A Se0, Na;Se and NaSeQa.
B  SeO; NaSe and NaSeO..
C  Se0,, Na:Se and Na:SeO..
D  SeOQs NaSe and NaSeO..

14 Students give their own special symbols to five non-metallic elements. All five non-metals are in
the same group of the Periodic Table. These non-metals exist as coloured elements.

The special symbols are shown in Fig. 14.1. The order of chemical reactivity of these non-meals
is also shown.

decreasing order of chemical reactivity

—~—
-

special symbols given by students Aa Bb Cc Dd Ee
Fig. 14.1
A solution containing Cc ions can be displaced by two of the elements in the Group.
Which of the foliowing correctly shows the ionic equation for one such reaction?

A Aa(aq) + Cc(aq) > Aa(aq) + Cc(aq)
B  Bbz(aqg)+ 2Cc(aq) > 2Bb{(aq) + Cczaq)
C Dd(aq) + Cc(aq) > Dd(aq) +Cc(aq)
D Eez(aq) + 2Cc{aq) = 2Ee(aq} + Ccz(aq)
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15 The table shows some of the properties of four elements.

Which element is most likely to be a transition metal?

melting point / density / electrical
°C glem? conductivity
A 3550 35 poor
B 1860 7.2 good
c 660 27 good
D 232 7.3 good

16  The relative formula masses of four compounds are given.

A student has a 1.0 g sample of each compound.

Which sample contains the highest number of moles of oxygen atoms?

compound reiati\rr:af:Srmula
A AlLQO; 102
B CuQ 80
C H2S0. 98
D HNO;3 63

17 What is the concentration of iodine, I, molecules in a solution containing 2.54 g of iodine in 250
cm? of solution?

A 00Imoidm® B 0.02mol/dm® € 004mol/dm®* D  0.08 mol/dm?
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18 A solution of hydrochloric acid has a concentration of 2 mol/dm?.
Different volumes of the acid are added to different volumes of aqueous sodium hydroxide.
NaOH + HC! > NaCl + Hx0
The maximum temperature of each mixture is measured. The graph shows the results.

4

temperature /°C

i

|

b

|

|

1

I

1

I

|

'

i

L
0 10 20 30 40 50 HClcm?
50 45 30 20 10 ¢ NaQH/ocm®

What is the concentration of the aqueous sodium hydroxide?

A 0.67 molidm?
B 1.3 mol/dm?
C 1.5 mol/dm?
D 3.0 mol/dm?
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19 The diagram shows apparatus for measuring the volume of hydrogen given off when an excess
of dilute hydrochloric acid is added to powdered metal. The volume of gas is measured at room
temperature and pressure.

L dilute
=— hydrochioric
acid

tap

)

| graduated
{ube

metallic

powder

ela! 8

‘mw mmmmm

The experiment is carried out three times, using the same mass of powder each time but with
different powders:

s pure magnesium
s pure zinc
e a mixture of magnesium and zinc

Which powder gives the greatest volume of hydrogen and which the least volume?

greatest volume of Hz least volume of Hz
A magnesium zinc
B magnesium the mixture
C zinc magnesium
D zinc the mixture

20 The following statements about dilute sulfuric acid are all correct.

Addition of Universal indicator shows that the solution has a pH value of less than 7.0.
A white precipitate is formed when aqueous barium chloride is added.
The solution reacts with copper(Il) cxide, forming a blue solution.

W N =

When electrolysed, hydrogen and oxygen gases are produced.

Which two statements confirm the acidic nature of the solution?

A 1and 2 B 1and 3 C 2and 4 D 3and4
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21 A solution of W has the foliowing properties.

« When added in excess to solid ammonium chloride, a gas is given off that

tums damp red litmus paper blue.

» When added in excess to a solution of pH 3, the resulting solution has a pH

of 13.

What is W?

A

B
c
D

a strong acid
a strong base
a weak acid
a weak base

22 Which equation describes the most suitable reaction for making lead(Il) sulfate?

A

B
c
D

Pb + H2504
PbCOs + H2S04
Pb(NOs), + H;SO,
Pb(OH): + HSOs

->

v

PbSO4

+

PbSO, +

PbSO,
PbSO,

H:

CO2 + H:0
2HNO;
2H,0

23 Excess marble chips were reacted with dilute hydrochloric acid in an experiment. The volume of
gas produced was measured at regular time intervals.

The results obtained are plotted in the graph as follows.

volume of §
gas / cm®

0

0

time / min

The speed of reaction decreases throughout the reaction until it comes to a stop.

Which of the following explains why the speed of reaction decreases?

A

B
Cc
D

Marble chips were completely used up.

Hydrochloric acid was completely used up.

The mass of marble chips decreased.

The concentration of hydrochloric acid decreased.
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24 The foliowing statements describe how the speed of reactions can be increased.
1 increase the amount of kinetic energy reactant particles can possess
2 increase the frequency of effective collisions
3 lower the activation energy of the reaction
Which statements describe the effect when temperature is increased?
A 1and2 B 1and3 €C 2and3 D 1,2and3
25 In experiment 1, an excess of finely powdered marble is added to 20 cm?® of dilute hydrochloric
acid.

in experiment 2, carried out under the same conditions of temperature and pressure, an excess
of marble chips is added to 20 cm? of dilute hydrochloric acid of the same concentration.

The total volumes of carbon dioxide given off are determined at intervals and plotted against time.

total 7
volume
of CO,

0 time

Which pair of curves is obtained in the two experiments?

experiment 1 experiment 2
A X y4
B X Y
Cc Y z
D Y X
6092/4E/Prelim/2020 [Turn over

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




12

26 The diagram shows apparatus used to investigate the conductivity of different solutions.

!

lamp

Which substance, in aqueous solution of concentration 1 mol/dm?, would cause the lamp to give
the brightest light?

A  ammonia

B  ethanoic acid

C  dilute sodium chloride solution
D  sulfuric acid

27 The heat-reflecting shields of some space rockets are gold-plated, using electrolysis.

Which electrodes and electrolyte would be used to gold-plate the heat shield?

negative electrode positive electrode electrolyte
A carbon heat shield gold compound
B gold heat shield copper compound
c heat shield carbon copper compound
D heat shield gold gold compound
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28 The following set-up shows how a block of impure copper can be purified.

"

block of impure —
copper (anode)

pure copper rod

copper(ll) sulfate __|
solution

The loss in mass of the anode is 50 g and the gain in mass of the cathode is 45 g.
What is the percentage purity of this sample of copper?
A 10.0% B 111% C 90% D 950%

29 Two cells were set up as shown in the diagram. The arrow shows the direction of electron flow in
the external circuit.
—— ——

metal X metal ¥ metal ¥ metal Z
dilute

suiphuric
acid

Which set of metals would give the electron flows in the direction shown?

metal X metal Y metal Z
A Ag Cu Zn
B Ag Zn Cu
c Cu )| Ag
D Zn Cu Ag
6092/4E/Prelim/2020 [Turn over
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30 The energy diagram for the reaction between sodium hydroxide and hydrochloric acid is shown.

L]

H¢(aq) + OH-(aq)

energy AH = -54kJ/mol
1 H,O()

Which quantity of heat is liberated when 100 cm® of 1 mol/dm® hydrochloric acid reacts with
100 cm® of 1 mol/dm® sodium hydroxide?

A 054kJ B 270kJ C 540kJ D 108kJ

31 The diagram shows the energy profile for a reaction.

'y

energy

progress of reaction

Which statements about this reaction are correct?

1 More energy is absorbed to break the bonds than is released when new bonds are
formed.

Route 1 and route 2 give the same overall equation for the reaction.
3 Route 2 involves the use of a catalyst.
4 The reaction is exothermic.

A 1,2and3 B 1and2only € 23and4 D 3and4only
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32 The equation shows a reversible reaction.
N204(g) == 2NO2(g)
The forward reaction is endothermic.

Which of these changes will increase the yield of NO2?

pressure temperature
A decreased decreased
B decreased increased
C increased decreased
D increased increased

33  Which of the following is not an example of oxidation?

A converting iron{IlI) salts to iron(II} salts

B  converting magnesium atoms into magnesium ions
C  dissolving a copper anode during electrolysis
D

liberating chlorine from a chioride solution

34 Sulfur dioxide reacts with aquecus bromine according to the foilowing equation.
S0:(g) + Brz(aq) + 2H20(l) 2 H2504(aq) + 2HBr(aq)
Which element has been oxidised?

A bromine
hydrogen
oxygen
sulfur

o 0w
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35 Some metals and the compounds in their ores are shown.

metai Al Ca Pb Na Fe Mg
compound in
theiir ore Al;Os CaC0Os; PbS NaC/ Fez0s MgCOs

Which type of reaction occurs in the extraction of all of these metals from their respective ores?

A decomposition by heat
B electrolysis

C precipitation

D  reduction

36 The diagram shows the apparatus in an experiment to reduce substance Q with the gas generated
in the flask.

What are substances P and Q7

P Q
A copper copper(Il} oxide
B lead lead(I) oxide
C magnesium zinc oxide
D zinc copper(Il) oxide
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37 Brass is an alloy.
Which statement about brass is correct?

A It contains a sea of electrons.

B It contains positive and negative ions which are free to move.
c It is a compound of a metal and a non-metal.

D It is a compound of two or more metals.

38 Iron is extracted from its ore haematite, Fe»>Oj3, by a reduction process in the blast furnace.
Which equation for reactions in the blast fumace shows the formation of the reducing agent?

A CaCO; > CaO + CO:
B CaO + 8iO; 2 CaSiOs
C CO:+C=>2C0

D C+0:2>C0O:

39 Cars have catalytic converters fitted to reduce problems caused by some of the exhaust gases.
However, cars fitted with catalytic converters still give out environmentaily harmfui gases.

Which of the following correctly states the harmful gas and the problem the gas causes?

harmful gas problem
A nitrogen dioxide dissolves in rain to corrode marble buildings
B nitrogen dioxide causes breathing problems when inhaled.
c carbon dioxide binds with haemoglobin in blood causing respiratory problems
D carbon dioxide causes the greenhouse effect ieading to global warming
6092/4E/Prelim{2020 [Turn over
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40 Nitrogen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step reaction.

NO+ 032> NQ2 + O, step 1
NO2 + Oz =2 NO + 20: step 2

One nitrogen monoxide molecule can destroy thousands of ozone molecules.
Which statement correctly explains why?

A Nitrogen monoxide in step 1 is easily generated through thunderstorms.

B  Nitrogen monoxide, while is used up in step 1, is regenerated in step 2.

C  Nitrogen dioxide produced can dissolve In rain to react with thousands of ozone molecules.
D

Nitrogen monoxide can react continuously with ozone since the ozone layer consists of
thousands of ozone molecules.

End of Paper
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