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2
A student accidentally mixed 100 ecm?® of water with 100 cm? of oil.
Which method would allow her to obtain 50 cm? of the oil most easity?

A chromatography C filtration
B evaporation D use of a separating funnel

The diagram show two methods of collecting gases.

measuring
cylinder

gas :
gas —jar
» -

water

method 1 method 2

Which row gives the property of a gas which can be collected by both methods?

L property 1 . property 2

‘A | insoluble in water m denser than air
‘B | insolubleinwater |  less dense than air
C ; soluble in water denser than air
D | soluble in water . less dense than air

i SO ik

The table gives data about four substances.

in which substance are the particles arranged randomly and moving rapidly at room temperature?

ey i

.| melting point /°C ) boiling point /°C
A —114 —80
B | 17 73
ic | 125 333
D 1610 2230
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3
4 The pressure of a sample of gas is decreased. The temperature is kept constant.

Which row describes the effects on the particles?

" movement of particies coliisions between particles
A slower occur less often
B slower ocour with more force
i C no change in speed occur less often
D no change in speed oceur with more force

5 A beaker of gaseous ethene (CHa) was inverted over a perous pot containing carbon monoxide
as shown in the diagram below. The apparatus was left to stand for 15 minutes.

beaker

ethene —

carbon . porous pot
monoxide
P
coloured
rmanometer

water

Why did the level of the coloured water in the manometer remain the same?

A Both gases are compounds.

B Both gases have the same relative molecular mass.

C Ethene and carbon monoxide reacted with each other.

D The particles of the two gases are too large to pass through the porous pot.

6 A representation of an atom is shown below.

What is the nucleon number of this atom?

A b B 7 C 12 D 13
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7

4

The diagrams show the nuclei of four different atoms.

Q

Which two atoms are isotopes of each other?

A QandR B QandT C Rand S

Lithium reacts with fluorine to form the compound lithium fluoride.
Which statement about this reaction is correct?

Each fluorine atom gains one electron.

Each fluorine atom gains two or more electrons.

Each fluorine atom loses one electron.
Each fluorine atom loses two or more electrons.

L I o T 11 I

A gas has the molecular formula NOCL

Which diagram could show molecuies of the pure gas NOC?

D

key
p = proton
n = neutran

Sand T
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5

An excess of aqueous sodium hydroxide is added to an aqueous solution of sait X and boiled.
Ammonia gas is only given off after aluminium foil is added to the hot solution.

What is X7?
A ammonium chloride € sodium chioride
B ammonium nitrate D sodium nitrate

Agueous ammonia is added to a soiution of a chioride salt. A white precipitate is formed which
dissolves in an excess of agueous ammonia.

Which metal ion is present in the salt?

A aluminium C lead
B calcium : D zinc

in which reaction is a white precipitate present when the reaction is complete?

A Excess aqueous barium nitrate is added to aqueous sodium chloride.

B Excess agueous sodium hydroxide is added to aqueous aluminium chioride.
C Excess aqueous sodium hydroxide is added to agueous iror(ll) suifate.

D Excess hydrochioric acid is added to aqueous silver nitrate.

Chiorogquine has been used in the treatment and prevention of malaria. In the recent Covid-19
pandemic, the President of a certain country has advocated the treatment of Covid-19 patients
with chloroguine, which causes much controversy to arise in the medical arena.

The elements present in chloroquine are carbon, chiorine, hydrogen and nitrogen. The diagram
below shows the incomplete structure of chloroquine. it is incomplete because the hydrogen
atoms that are chemically bonded to the carbon atoms are not shown. Each carbon atom can
form four bonds.

key
(I e
®c

O N
What is the molecular formula of chloroquine?
A  CisHCIN; C  CgHzCiNg
B CyHCEN D CisHusChN
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14  The diagram shows the change from an anhydrous salt to its hydrated form.

15

16

17

forward
———
| <
reverse

anhydrous sait hydrated salt

Which statement is correct?

OO ® >

The forward reaction requires heat and water.
The forward reaction requires water only.
The reverse reaction requires heat and water.
The reverse reaction requires water only.

How many moles of iron can be extracted from 116 g of Fez0,?

A
B

0.5 mol C 1.5 mol
1.0 mol D 30mol

Which gas sample contains the most number of molecules?

A

B
C
D

24 dm® of CO;
4gofH;

36 dm? of HC!
14 g of Na

A student mixed 25.0 cm?® of 1.00 mol/dm?® hydrochiaric acid with 25.0 g of calcium carbonats.

2HCH{ag) + CaCQOa(s) — CaCl{aq) + H20() + COA{g)

What is the maximum volume of carbon dioxide gas that could be collected at room temperature
and pressure?

A
B

300 dm® C 0600dm?
.00 dm? D 0.300dm®
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7

18 Ammonia is manufactured from nitrogen and hydrogen by the Haber process.

Nz{(g) + 3Hz(g

} ¥ 2NHy(g)

What is the percentage vield when 60 kg of ammonia is produced from 60 kg hydrogen?

A 59%
B 17.6%

C 353%
D 50.0%

19 Lime, also known as calcium oxide, is used to freat an industrial waste.

untreated ——» T
waste

et ATEEIED
waste

Which pH change occurs in the treatment of the industrial waste?

untreated waste somnminm

A acidic ——
B alkaline s
C alkaline .
D neutrai —

treated waste

neutral
acidic
neutral
acidic

20 Three elements, X, Y and Z, are burned in oxygen.
The oxides formed are dissolved in water and the pH of the solutions measured.

The results are shown in the table.

element : pH of oxide solution
X 2
Y 14
Which statemenis are correct?
1 Element X could be suifur.
2 Element Y could be sodium.
3  Element Z is a non-meatal.
4 No metal elements were used.
A 1only C 2and3
B 1and?2 D 3and4
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22

23

24

8
Four different acids are dissolved in water.

Which beaker contains the most concentrated strong acid solution?

R A , 3 B ¢ " C 7 3 D {
@ @ ® ® ® _© « w
. | . ® @
D W ® @ & @‘“@ w» ©
. ®" o ®®, .
@ H MY I g@ @ ¥

\ p et -

The following subsiances can be reacted together to prepare saits.

1 copper(ll) oxide and excess hydrochloric acid
2 hydrochloric acid and excess sodium hydroxide
3 hydrochlonc acid and excess zinc carbonate

In which reactions can the excess reactant be separated from the soluticn by filtration?

A 1land2 C 2and3
B 1and3 D 3only

Fertilisers are mixtures of different compounds used to increase the growth of crops.

Which pair of substances contain the three essential elements for plant growth?

armmonium nitrate and calcium phosphate
ammonium nitrate and potassium chioride
ammonium phosphate and polassium chioride
potassium nitrate and calcium carbonate

COoOw>»

A sofution of a salt X gives an inscluble hydroxide Y on reacting with agueous NaCH.
Y dissoives in excess NaOH to give solution Z. On adding aqueous HC/ to Z, the precipitate Y
reappears buf dissolves in excess HC/L

What type of hydroxide is hydroxide Y7

A acidic C basic
B amphoteric D neutral
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25 The diagram shows an experiment to electroplate a nickel spoon with silver.

power supply

nickel spoon

electrolyte

Which row correctly describes the positive electrode, negative electrode and electrolyte?

positive electrode negative electrode electrolyte
A nickel spoén ' pure nickel ' silver nitrate solution
B nickel spoon pure silver nickel nitrate solution
c pure nickel nickel spoon | silver nitrate solution
1) pure silver nickel spoon silver nitrate solution

26 Which statement describes what happens when hydrogen and oxygen are used in a fuel cell?

A Electricity is generated directly.

Electricity is used o produce water.
Hydrogen is burned to form steam.
Hydrogen reacts to form a hydrocarbon fuel.

o0 w

27 Two reactions are done.
Reaction 1: Hydrated cobalt(Il) chloride is heated. !t changes colour.
Reaction 2: Water is added to the product of reaction 1. It becomes hotter. The original colour is
produced.

Which types of reactions have occurred in reactions 1 and 27

endotharmic | exothermic neutralisatin;n reversible
A | v [ | )
B v v v X
c v v _ X v
D v X | X v
[Turn over
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10

28  Which factor decreases the activation energy of a reaction?

29

30

A

B
Cc
D

addition of a catalyst

increase in concentration of the reaclants
increase in pressure

increase in temperature

Gas P decomposed to form gas Q as follow: xP —> yQ.

Two experiments are carried out to investigate the rate of reaction. The conditions are the same
except that two different temperatures, T; and 7>, are used.

The results are plotted on graphs, drawn to the same scale, as shown below.

T T,
} .
e ( e O
) T oume
volume 1’ . 3 volume j—— // - ofQ —
/ “volume
e OofP
c H I é -
0 time

Which row is correct?

X - y M{;;n;}era%ure '
A 2 3 Ty is higher than T2
B 2 3 T2 is higher than 7.
c 3 2 Ty is higher than Ta.
D 3 2 Tz is higher than T:.

When an excess of iron(Il) carbonate reacts with dilute hydrochioric acid, the reaction graduaily
becomes slower and finally stops.

Which statement correctly explains why this happened?

A

B
c
D

The iron{ll) carbonate is covered by bubbles of carbon dioxide.
An insoluble layer of iron{Ii} chioride is formed.

The iron(li) carbonate is completely used up in the reaction.
The hydrochioric acid is completely used up in the reaction.
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32

33

34

35

11
in which reaction is the pressure least likely to affect the rate of reaction?

A C(s)+ COszg) —> 2C0O(g)

B 2S0g) + OzAg) —> 280a(g)

C  Nyg) + 3Ha{g) —> 2NHa(g)

D NaOH(aq) + HCHag) -~->NaClag) + H20()

The equation for an industrial process is shown below.
C(s) + H20(g) —> CO(g) + Hz(g) AH = +131 kJ/mol

Which row is correct?

oxidising agent reducing agent type of reaction
A Cc H:0 endothermic
B C H0 exothermic
Cc H20 c endothermic
D H0 C _ exothermic

Lithium chloride is dissolved in deionised water, and a few drops of Universal Indicator is added
to the solution.

What is the colour of the Universal Indicator in the resulting solution?

A blue C purple
B green D red

Metal Y reacts with steam but not with cold water.

What is ¥?
A calcium C sodium
B copper D zinc

Which substance is not an essential raw material in the extraction of iron in a blast furnace?

A air C limestone
B coke D sand
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12

36 lodine, [, has a lower relative atomic mass than tellurium, Te, bui is placed after it in the Periodic
Tabie.

Tei 1

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

A lodine has fewer neutrons than tellurium,
lodine has fewer protons than telfurium.
iodine has more neutrons than telfurium.

oo m

lodine has more protens than tellurium.

37 Methane burns in an excess of oxygen. The equation is shown below.
CH4(g) + 205(g)—> COx{g) + 2H20(g)

The bond energies are shown in the fable.

bond ! bond energy in kJ / mol
v _ ST
C=0 +805
0-H +460
0=0 +496

What is the energy change for the reaction?

O

— 388 kJ / mol
- 818 kd / mol

A +818kJ/mol
B +102kJ/mol

=)

38 Which metal carbonate is the most thermally stable?

A calcium carbonate C lead{ll) carbonate
B copper() carbonate D zinc carbonate
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40

: converier
by the reaction between nitrogen and
A oxygen from the air 2NO + 200 —> N2+ 2002
'8 by the reaction between nitrogen and INO + 2Hz Nz+ 2H20

13

1.0 g of each of the metals calcium, iron, magnesium and zinc was placed in separate test-tubes,
each containing excess dilute hydrochloric acid.

The gas evolved from each test-tube was collected and its volume was measured.
Which metal produced the greatest volume of gas on completion of the reaction?

A calcium C iron
B magnesium D zinc

Oxides of nitrogen, such as NO and NO, are formed in the petro! engines of cars.
They are removed from the exhaust gases by reactions in the car’s catalytic converier.

Which row describes how oxides of nitrogen are formed in a petrol engine, and a reaction that
happens in the cataiytic converter?

how oxides of nitrogen are formed a reaction that happens in the catalytic

oxygen from the air

i by the reaction between nitrogen
C  compounds in petrol and oxygen from the | 2NO + 2C0 —> Nz+ 2CO»2
' air
by the reaction between nitrogen
D ' compounds in petrol and oxygen from the | 2NO + 2H2 ~—> Nz+ 2H20
i air '

END OF PAPER
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2
Section A

Answer all the questions in this section in the spaces provided.

Fig.1.1 shows an experiment that was set up to investigate the movement of gaseous
ammonia and gaseous hydrogen chloride,

~ white powder forms
~ontube here

cotton wool soakedin | {% cotton wool soaked in
concen'grated _ ”‘E;% o concentrated hydrochloric
ammonia solution T acid
/s N,
7 AN
damp Universai/_ damp Universal
Indicator paper @ indicator paper @

Fig. 1.1

(a) The white powder forms on the tube is due to the reaction between gasecus
ammenia and gaseous hydrogen chlaride to make solid ammeonium chicride.

insert the correct symbol in the equation to show that this reaction s reversible.
NHs + HC! NH.C! 1]
(b} The tube contains two pieces of Universal Indicator paper.

Complete Table 1.2 to show the colours and pM values of each piece of paper
at the end of the experiment.

Table 1.2

Universal Indicator paper colour pH

1

2

[2]

(c) Explain why the white powder does not form in the centre of the tube.

(3]

[ Total: 6]
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3

2 Fig. 2.1 shows part of the Periodic Table.

He

Al i Si | P S | Cl A

"Ga  Ge | As | Se | Br | Kr

Fig. 2.1

Answer the following questions using only the elements shown in Fig. 2.1.
Each element may be used once, more than once or not at all.

{a) Which element is commonly used to fill light bulbs?

......................................................................................................... [
(b) Which element is a light yellow-green gas that is commonly used to disinfect

swimming pools?

....................................................................................................... | U |
{c} Which element forms an ion which gives a yellow precipitate on addition of

aqueous silver nitrate?

......................................................................................................... [1]
(d} Which element has 3 eleciron shells and 6 valence electrons?

........................................... e e e et e e e 1]
(¢) Which elements form a stable ion of type X>*?

ORI e e e ]
(H  Which elements are diatomic gases at room temperature?

........................................................................................................ [2]

Total: 7]
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4

Silicon is an element in the Periodic Table.

(a)  One of the isotopes of silicon has the nuclide symbol 29Si.

Deduce the number of electrons, neutrons and protons in one atom of this
isotope of silicon.

number of electrons number of protons number of neutrons
(1
(b} Silicon reacts with nitrogen when heated to produce silicon nitride, SizNa.
Construct the chemical equation for this reaction.
......................................................................................................... 1}
{c) Silicon dioxide, also known as silica, is an oxide of silicon with the chemical
formula Si0y, most commonty found in nature as quartz and in varicus living
arganisms. In many parts of the world, silica is the major constituent of sand.
The structure of silicon dioxide is shown in Fig. 3.1.
g ® silicon atom
< oxygen atom
Fig. 3.1
Describe two similarities in the structures of silicon dioxide and diamond.
1.
2.
(2]
[Turn over
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5

{d) The structure of another compound of silicon is shown in Fig. 3.2.

1
HH O HH
I 0 1 i

H~C—C—8i—C~C—H

7 1 11
H H (IJ H H

H

Fig. 3.2

Deduce the type of bonding that is present in this compound.

R OSSP i1
(e) (i) Draw a ‘dot-and-cross' diagram for a silicon(IV) chloride molecule, SiCls.
You only need to show the outer shell electrons.
[2]
(i)  Silicon(IV) chloride has a melting point of ~70°C and a boiling point
of 58°C.
What is the physical state of silicon(IV) chiloride at room temperature?
................................................................................................. (1
(i) Explain the difference in the melting points of silicon dioxide and
silicon{IV) chloride. Refer to the structures of silicon dioxide and
silicon{IV) chloride in your answer.
................................................................................... e 2]

[Total: 10}
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6

"Aspirin is a medicine that is used as a painkiller. It is made from salicylic acid.
{a) A student makes a sample of aspirin. He thinks it contains some impurities.

(i} The student tesis the melling point of his sample of aspirin.

Explain how he can use the result of the test to find out whether his sample
contains impurities.

[2]

(ii} The students uses chromatography to produce a chromatogram.
He uses his own aspirin and pure samples of aspirin and salicylic acid.
Fig. 4.1 shows his chromatogram.

Q0

©
Q O

..-.—-._@: {*EW

I

student's  pure salicylic
aspirin aspirin acid

Fig. 4.1

What information does the chromatogram give about the purity of the
student’s aspirin?

{b) Aspirin is a2 weak acid.

Explain what is meant by the term weak acid.

[t]
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7

{c) The student buys and tests some tablets that contain aspirin.
He performs a titration using a crushed tablet and aqueous sodium hydroxide as
shown in Fig. 4.2,

0.10 molidm?® NaOH(aqg)

one crushed tablet in
water with a few drops of
indicator

Fig. 4.2

The formula for aspirin can be represented as +—COQOH. The eguation
for the reaction between aspirin and aqueous sodium hydroxide is shown below.

COONa + H.0

Tabie 4.3 shows the results of the student’s titration.

Table 4.3
concentration of aqueous sodium hydroxide used 0.10 mol/dm®
valume of aqueous sodium hydroxide needed for 3 .
- neydralisation _ 16.70 cm
relative molecular mass of aspirin 180

The label on the bottle of tablets states that each tablet contains 300 mg of
aspirin. (1000 mg = 1g}

Do the student's results agree with this value? Show your working clearly.

(3]
[Total: 8]
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Table 5.1 shows the colours of manganese in different oxidation siates.

Table 5.1
» ion/ substance ~_colour oxidation state of manganese
MnO,- purple
Mn2* fight pink +2 -
: MnQ4& green )
| MnQ: black

(@)

(b)

" {c)

Fill in the missing oxidation states of manganese in Tabile 5.1.

When solid manganese(l]) nitrate, Mn(NOs)., is heated, the products are solid
manganese(IV) oxide, MnO;, and brown gas nitrogen dioxide, NO.».

{iy Construct a chemical equation, with state symbols, for the thermal
decomposition of manganese(ll) nitrate.

{iiy Using the changes in oxidation slates, explain whether

manganese(ll) nitrate is oxidised or reduced in the reaction.

Sally went on a field trip and she found some sea shells at the sea shore which
has some purple markings on their inner surfaces. The inner surfaces were
scraped and the scrapings were heated gently and turned black. The substance
was suspected to be manganese(IV) oxide.

Some reactions of manganese(IV) oxide are set up in the reaction scheme
helow.

Ciz

3
> MO g7 e MR CG

KNO
MnQ-

(i) Whatis the role of aqueous chlorine?

iy

[Turn over
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(d)

9

(i) What colour change is observed when aqueous chiorine is added to a
solution with MnO4=7?

................................................................................................. (1]
Nitric acid is a strong oxidising agent.
State and explain which of the following compounds is least likely to be produced
when dilute nitric acid reacts with a strong reducing agent such as calicium metal.
N:O, NO, NOz; NeOa N2Os

RSOOSR TRRO RS e, e, TR B

[Total: 12]
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6 (a)

(b)

10

Complete Table 6.1 by stating whether the overall enthalpy change is positive or
negative.

Table 6.1

overall
description enthalpy change
{kJ / mol)

(i} COxs} —> COA(g}

(i) N2zCOx(s) + 10H0(7) —> Na:COs.10H:0(s) 2

Hydrogen does not react with chiorine in the dark. However, a gaseous mixture
of hydrogen and chiorine reacts explosively when exposed lo UV light to form
fumes of hydrogen chloride.

Compiete the energy profile diagram for the reaction of hydrogen and chlorine
in the presence of UV iight.

Your diagram should include

s the reactants and products,

» a label for the reaction enthalpy change,
» a label for the activation energy.

2rgy/kd
energy:

2> progress of reaction 2]

[Turn over
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(¢} A student measured the temperature change when 4.0 g of potassium chioride
was dissolved in excess water.

Table 6.2 shows her resuits.

Table 6.2
initial temperature / °C 20
final temperature / °C 12
calculated energy change / J +720

Use the student’s results to calculate the enthalpy change when one mole of
potassium chioride dissolves in excess water.

Give your answers in kJ / mol, correct to 3 significant figures.

enthalpychange=............... kJ / mol ]

[Total: 7]

[Turn over
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13
Section B
Answer all three questions in this section.
The last question is in the form of an eitherfor and only one of the alternatives should be attempted.
7 Read the information about the industrial production of oxygen.
There are many methods used in the industry to produce oxygen. Production cost,
purity and volume desired are some of the key factors determining the selection

criteria.

The production of oxygen using Pressure Swing Adsorbers (PSA) and electrolysis are
simplified in Table 7.1.

Table 7.1
nitrogen
airin . COMpressor » adsorber
fowers
Pressure Swing Adsorbers oxygen

{PSA) Air is pressurised in the compressor.béfbre

passing into adsorber fowers. In the adsorber
towers, nitrogen and oxygen in the air are
separated.

The substance used in the adsorber towers
needs to be replaced or regenerated after a
certain volume of air has been separated as it
will become saturated with nitrogen.

dilute NaCl(aq)

electrolysis

Dilute aqueous sodium chloride is electrolysed |
to produce oxygen and hydrogen using
graphite electrodes. In theory, the ratio of
hydrogen gas to oxygen gas coliected should
be 2:1. As oxygen is more soluble than
hydrogen in water, thus the ratio of gases |
collected will change. ;

[Turn over
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Table 7.2 shows more information about the two methods.

Table 7.2

Pressure Swing Adsorbers

(PSA) | Clesolek .
overall energy
consumption
(kWh per m? of 02) 0.5 10
1 m® = 1000 dm?®
less than 95%
. {more than 99.8% can only be |
purity of O2 produced achieved with extremely 4 more than 88.9%
expensive high-end device)
produced hydrogen
by-product impure nitrogen is produced | which can be used
as a fuel

{a) Other than lower purity, state two disadvantages of producing oxygen using the

PSA method.
L
2
................................................................................................. 2]
(b) Explain why the theoretical volume ratio of hydrogen to oxygen produced in
electrolysis is 2:1. Include appropriate equation in your answer,
2]
[Turn over
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{c} State and explain how would the final volume of oxygen and hydrogen coliected
in siectrolysis change due to the difference in solubility of the two gases in watsr,

....................................................................................................... [2]
{d} Calculale the energy consumption using electrolysis per mole of oxygen gas
produced.
2]
{e} What happens to the concentration of sodium chioride during the electrolysis?
Explain your reascning.
11
{f}  The electrolyte used in the electrolysis needs to be replaced regularly.
Explain why the electroiyte needs to be replaced regularly.
Justify your answer with relevant equations explaining the reaction that occurred
at each slectrods.
[3]
[Total: 12]

{Turn gver
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A group of students were investigating the effects of "acid rain’”.

They decided to look at the effect of acid on melals used as buliding materizls.
Lead and copper are comman materials for roofing, won and aluminium are comman
malerials for window frames.

The students proceeded to test the four metals by adding dilute sulfuric acid to pieces
of each metal to simulate the effects of “acid rain” on the metals. s found that only
the iron pieces seemed to have a positive reaction with the acid. and effervescence
was observed.

{a}

{B)

Arrange the four metals in descending order of reactivity

{1

Explain why aluminium did not seem to react with the acid in the experiment to
produce a gas.

]

As ditute sulfuric acid was used in the experiment, there were noe reactions for
both lead and copper. However, it cannot be concluded that one metal is more
reactive than the other,

(i)

(i)

Explain why the students cannot prove the reactivity of lead and copper
using dilute sulfunc acid.

Briefly describe an experment that the students can carry out to show tha
difference in the reactivity of iead and copper.

(2]

Turn over
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Steel articles can be slectroplated with tin or zinc 1o prevent rusting.

it is observed that when the zinc layer is damaged and exposed the underlying
steel, the stes! does not rust: but when the tin layer is broken, the underlying

steei rusls,

Explain the observation above.

(2]

[Total: 8]

[Turn over
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Halogens are elements in Group Vi of the Periodic Tabie.

An experiment to determine the reactivity of the four unknown halogens was
carried out. Each of the unknown halogen, W, X: Y2 and £: was added
separately 10 agueous solution containing other halide ions.

Table 8.1 shows the results for the various reactions,

Table 9.1
; agueous sodium halide solution
halogen o
Naw NaX NaY NaZ '
W, v X v
Xz X ] X
Yz ¥ : v v |
z X v X

reaction has occurred
no reacion
E reaction was not carnied cut

(i} Going down the Group, state the trend in the colowr and boiling point of
Group Vi elements.

ColoUr

DOING DOITL . o oo e e 1]

(i) Based on the results, arrange the four halogens in ascending reactivity.

[
i) Construct an ionic equation for the reaction between Wy and NalZ.
Explain the reaction that occurs.
iomic equation
explanation ...
,,,,,,,, (2]
[Turn over
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(b} When tin reacts with bromine, a vyeliow solid product was formaed.
Upon analysis of a 28.3 g sample of the product, i was found (o contain 12.1g
tins.

Calculate the empirical formula of the product.

empirical formulais . ... (3]
{c} The elecirolysis of molten magnesium bromide using graphite electrodes was
carried out as shown in Fig. 8.2

hattery  bulb

—Hils

anode cathode
molten crucible
magnesium
bromide
heat
Fig. 8.2
{i) OnFig. 2.2, indicate the direction of the electron flow in the ceti. 1]

(i) What are the observations made during the electrolysis of molten
magnasium bromide?

{2]

[Total: 10}
[Ture over
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Johnson read an article featurad in a newspaper recently. s aboutl increasing global

temperatures due to global warming and grounding planes at the airport. The article is
shown in Fig. 8.1

How higher temperatures affect flying

As temperafures increase, air dansity decreases, which reduces #ft and makes it
harder for airplanes to take off To address this, airlines could reduce weight
{by oading fewer passengers and less fuel or cargo) or schedule departures for covler
pariocs of the day.

LOWER TEMPERATURES . HIGHER TEMPERATURES

Lesy By

Shorter takeotf runs M’ Longer takeaff runs -
 SENEE m Ts.m ees

Fig. 8.1

{a} Johnson explained that an ncrease In temperature caused the air molecules 1o
disintegrate leading to fewer molecules per unit volume. His explanation is
Wrong.

Explain, using Kinatic Particie Theory,

(i}  the correct reason for the sparser aw motecules at higher temperatures,

(i} how cooler periods of the day altow more 1t for the airplane tc take off.

fTurm over
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{b} One other way of reducing airplane weight is 1o use carbon fibre (or graphite
filre} to make the wings, as the material could be moulded into a desirable

shapsa,

Explain, using vour knowledge of chemical siructure, why graphite can be easily
mouided.

{c) Environmental groups think that the shrinking of the ice caps is the result of
global warming. Satellite images from September 1973 and 2007 are used to
show the area of the Arclic sea ice as shown in Fig. 8.2.

Fig. 9.2

(i) State one consequence of the reduction of Arclic sea ice.

{il) Describe one possible source of global warming that led to the reduction
of Arctic sea ice.

A

[Turn over
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(i} Scientisis are currently developing a process called Carbon Capture and
Storage (CCS). This will reduce the problem of global warming.
Thare are three main steps to CC8. Firstly, carbon dioxide is trapped and
separated from other gases produced in a coal-powered electricity plants,
The captured carbon dioxide is transported fo a storage location. The
carbon dioxide is then stored far away from the aimosphere (underground
or desp in the ocean).

Use the information given (o suggest one reason why some scientists do
not support the use of CCS.

(]

[Total 10]

END OF PAPER
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4E Pure SKSS Chemistry Preliminary Exam 2020 Paper 1- Answers

31

1 D
2 B
3 A
4 C
3] B
6 D
7 A
8 A
9 B
10 D

32

33

34

35

36

37

Setter: Mrs S Yap

38

11 D 21 A
12 D 22 D
13 C 23 C
14 B 24 B
15 C 25 D
16 B 26 A
17 D 27 C
18 B 28 A
19 A 29 A
20 B 30 D

39
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4E Pure SKSS Chemistry Preliminary Exam 2020 Paper 2- Answers

1

Setter; Mrs S Yap

(a)

(b)

(c)

(a}
(e}
{f

(@
{b)
{c)

(d)
(e}

Insert the missing symbol & (no mark if the symbol is inverted) 1
Universal Indicator paper colour pH Each r?:'r":
1 Max 2
2
Ammonia {NH3), being lighter / of lower molecular mass than hydrogen chioride 1m for
(HCI), will diffuse faster and over a longer distance than hydrogen chloride. Hence each
the white powder wiil not form in the centre of the tube. underlined
(no mark if “travel” / “move” is written instead of diffuse) word
Max 3
Ar (by Cl (¢} I d) S 4
Al and Ga 1
N, 0, F, Ci Note: If students write more than 4 answers, 1m for 2 correct
max of 1 mark will be given Max 2
Note: For whole of Q2 - Accept answers if students speil the names of the
elements correctly.
14 14 16 1
3Si+ 2Nz = SiaNs 1
Any 2 of the following: 2
- Both have covalent bonds
- Both have giant covalent {molecular) structure
- Both have tetrahedral arrangement of structure
Note: Do NOT accept the following
X both are solids
X each atom is connected to 4 other atoms
X crystal lattice
X simple covalent bonds / giant covalent bonds (wrong terminology)
covalent bonding (no mark for wrong spelling) 1
(i) pair of shared electrons between each of the 4 C! atoms and central Si 1
6 non-bonding electrons around each C/ 1
(i} liquid 1
(i) Silicon dioxide has a giant covalent (molecular) structure, much heat is 1

required to overcome the strong covalent bonds throughout the structure
(no mark if students write “to break the bonds” / mention of weak intermolecular
forces in silicon dioxide)

Silicon(IV) chloride has a simple covalent (molecular) structure, not much heat 1

is required to overcome the weak intermolecular forces.
(no mark if students write “weak covalent bonds”)
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4 (a @

(i)

Pure aspirin will have a fixed meilting point while impure aspirin will melt over

a_range of values
(REJECT: variable melting poinis / temperature should be constant)

- salicylic acid is an impurity found in student’s aspirin sample
- an unknown substance is also present in the student's aspirin sample
(REJECT : any mention of dye or spots or dots / unknown impurity)

{(b) Weak acid is pariially ionised into hydrogen ions in solution
(reject: wrong phrasing * H* ions are partially ionised”)

(c} Working to include :

no. of moles of NaOH = 0.00167 moil
mass of aspirin = 0.00167 x 180 = 0.3006 g = 300.6 mg
student's results agree with given value, within experimental error

5 (a)
® )
(i)
© ()
(i}

(d)

Setter: Mrs S Yap

+7,+6,+4
MN{NOs)x(s) = MnOz(s) + 2NO(g)
correct formula & correctly balanced

all state symbols are correct
Manganese(Il) nitrate is oxidised as there is an increase in the oxidation states
from +2 o +4.
oxidising agent / to oxidise MnO4* to MnQ4~
From green to purple
N2Os

When nitric acid reacts with a reducing agent (calcium), it is reduced and there
will be a decrease in the oxidation state of nitrogen. However, the oxidation
state of nitrogen remains unchanged at +5 if N>Os is produced. Hence, it is
least likely that N2Os will be produced.

(Note: NO mark will be awarded if students write N2Os and another substance)

PartnerinLearning
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6 (a)
(b)
{c)

7 (a)

(b)

(¢)

(d)

(e)

Y]

(i)

positive {no mark if students write + ; not following instructions given in Qn}

(i) negative (no mark if students write — ; not following instructions given in Qn)

energy / kI correct labels for reactants & products
and correct energy level

correct labels for AH and E; and
direction of arrows are correct
(NOTE: double-barrelled
arrowed are NOT accepted)

reaction pathway

NOTE; If endothermic profile is drawn = zero mark , wrong concept

Energy change

720 1000
(4.0+(39+35.5))

=+13.41
= +13.4kJ/mol

NOTE: no '+ sign = 1m is not awarded

1 Nitrogen produced is not usable as it is impure / contaminated

2 The adsorbers need to be replaced requlardy and this will increase the cost
of production
2H,0 & 2H, + 02 (no mark if equation is reversed)

mole ratio of H-0 : H> = 1: 1 and H20 : O2 = 2 :1; hence infer ratio of H2:0:= 2 : 1
OR from the equation, mention that ratio of Hz : Oz =2: 1

NOTE: If two half equations are given, comparison must be based on 4 mol of
electrons before marks are awarded.
Volume of oxygen coliected will be lower than expected as it is soluble in water

Volume of hydrogen collected should be the same as it is not soluble in water

10

ﬁiﬁ“&ﬁf 0.240 kWh [ if no units, only 1 mark will be awarded]

Concentration of sodium chloride would increase as the water is being

electrolysed.
[Concentration increase alone without reason = 0 mark]

At anode:; 2CI- — 2e = Cl; [ 209 (Clz +2e

Chioride ions will be discharged at anode to produce chiorine instead of hydroxide
ions, hence oxygen will not be produced when the electrolyte becomes

concentrated agueous sodium chloride.

At cathode: 2H* + 2e *» H:
Hydrogen is produced at the cathode

Setter: Mrs S Yap
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8 (a) aluminium, iron, lead, copper

(b} The insoluble oxide layer on aluminium reacts with the acid to form salt and water
only, hence no effervescence was observed.
(no mark if students write that the insoluble oxide layer prevents further reactions
from occurring)

(e} (i)
(i)
(d)
9E (@ O
(i)
(iii)
(b)
(e} (i)
(i)

Setter: Mrs S Yap

Lead reacts sulfuric acid to form an insoluble layer of lead(il) sulfate which
prevents lead from further reaction with the acid.

Copper is an unreactive metal and it will not react with the acid to form sait
and hydrogen.

Conduct a metal displacement reaction by dipping a piece of iead metal into
copper(IT} nitrate solution, and a piece of copper metal into lead(II) nitrate
solution.

There will be no visible reaction for copper and lead(Il) nitrate solution.
However, for lead in copper(Il} nitrate solution, red-brown deposits will be
observed and blue solution becomes colourless after some time.

This shows that lead is more reactive than copper, and it displaces copper
from copper(IT) nitrate solution.

(NOTE: general statement “more reactive metal displaces less reactive
metal” will NOT be awarded marks)

Zinc is more reactive than iron / steel, AND one of the following statements:
Zinc loses electrons more easily than iron / zin¢ corrodes instead of iron,
Zinc is oxidised / electrons move from zinc to iron.

(REJECT: Zinc rusted)

Iron is more reactive than tin, so it will rust instead of tin

colour become darker AND boiling point increases / becomes higher
X2, Z2, W2, Y2 (REJECT: X, Z, W, Y)

We+ 27" 7, + 2W~

W: being more reactive than Z;

, displaces Z- from its solution to form NaW

12.1 283~12.1 - .
Prry meolSn : ————mol Br {no mark if no working)
12.1 |, 121 0.2025 . .
T ETEFETS (no mark if no working)

Simplest ratio of Sn: Br=1: 2

NOTE: Omission of essential working will result in a loss of marks
Empirical formula is SnBrz

Correct direction of electron flow from anode to cathode

At anode: red-brown vapour / red-brown gas (no mark : bromine)

At cathode: shiny silver (accept grey) liquid _(no mark : magnesium)
NOTE: correct observation and physical state before mark is awarded
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90R (a) (i)

(ii)

(b)

(€} {0

(i)

(iif)

Setter: Mrs S Yap

Dunng cooler periods of the day, the temperature decreases, the molecules

x down in their rnovement Thls

denser.

Graphite has a giant covalent structure, and each carbon atom is only
bonded to three other carbon atoms in hexagonal layers.

Not much energy is needed to overcome the weak intermolecular forces
between the lavers of carbon atoms, and this allow the layers to slide over
one another easily, hence making graphite being easily moulded.

massive flooding of low-lying areas leading to destruction of crops / animal
habitats
(REJECT: “rise of sea level” alone)

Increase in emission levels of carbon dioxide + any one of the following:
- increase in usage of carbon-containing fuels
- deforestation

- increase in usage of vehicles with petrol engines
(NOTE: no mark for wrong concept “depletion of ozone level’)

Answer must be &l

Any one of the following:
- CCS is expensive as it takes a lot of equipment to capture, purify, liguefy,
transport and bury CO-

- Safety concern because it is uncertain what the consequences will be if

there is a leakage of large amounts of CO; into the atmosphere. CO; can

be dangerous in large concentrated amounts.
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