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Section A

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

A1 The position of eight elements, A, B, C, D, E, F, G and H are shown in the outline of part of the
Periodic Table.

A D

Use the letters A, B, C, D, E, F, G and H to answer the following questions. You may use the letter
once, more than once, or not at all.

(@) Which element has atoms with no neutrons?

......................................................................................................................... [1]
(b) Which element(s) form(s) ions with +1 charge?
......................................................................................................................... [1]
(c) Which element has similar chemical properties to barium?
......................................................................................................................... [1]
(d) Which element forms an oxide that reacts with both an acid and a base?
......................................................................................................................... [1]
(e) Which element forms coloured compounds?
......................................................................................................................... [1]
(f)  Which element is the strongest oxidising agent?
......................................................................................................................... [1]

[Total: 6]
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A2 Chlorine exists as two isotopes — chlorine-35 and chlorine-37.
(@) State the number of electrons, neutrons and protons in an ion of chlorine-37.
...................... electrons
...................... neutrons
....................... protons [1

(b) In a sample of 100 chlorine atoms, there are 76 atoms of chlorine-35 and 24 atoms of
chlorine-37.

Find the average relative atomic mass of this chlorine sample.

average relative atomicmass = .................ol [2]

(c) Anelement Xis found in period 2 of the Periodic Table. It reacts with chlorine to form a chloride
with the formula XC/s, which has a melting point of —50 °C and a boiling point of 15 °C.

(i)  State and explain the type of structure that exists in XCls.

(ii) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer shell electrons in XCl/s.

[2]
[Total: 7]
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A3 In order to investigate the properties of two dilute monobasic acids, prussic acid (HCN) and
nitric acid, two tests were carried out and the results are as recorded in the table. Equal
concentrations of acids were used in each test.

results and observations
test procedure - - — -
prussic acid nitric acid
1 | Add 3.00 g of sodium carbonate | effervescence of effervescence of
to 20 cm® of the acid. colourless gas colourless gas
Measure time taken to collect 67 s to collect 20 cm?® of 24 s to collect 20 cm?® of
20 cm? of gas. gas gas
2 | Add 2 magnesium strips to effervescence of effervescence of
20 cm?® of the acid. colourless gas colourless gas
Measure the total volume of gas | 43 cm® of gas Y collected | 43 cm?® of gas Y collected
Y evolved.
(@ (i) Identify gas Y.
............................................................................................................... [1]
(ii)  Give the formula of the salt which forms with prussic acid in test 1.
............................................................................................................... [1]
(b) (i) Is prussic acid a strong or weak acid?
Explain your answer using information from the table.
............................................................................................................... [1]

(i) A diagram of liquid hydrogen cyanide is shown below.

Draw a labelled diagram showing the arrangement of particles in a solution of prussic
acid.

o) | { )

solution of prussic acid

liquid hydrogen cyanide

(1]
[Total: 4]
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A4 Octane, CgH1s, is a main component present in motorcar fuel. When burned in excess oxygen,
carbon dioxide and water are produced. The enthalpy change for the burning of octane is
-5500 kJ/ mol.

(a) Explain, in terms of bond making and bond breaking, why the enthalpy change has a negative
sign, when 1 mole of octane is completely burned.

(b) Draw an energy profile diagram for the combustion of octane.

Your diagram should include:

. the formulae of the reactants and products,
. labels to show the enthalpy change of reaction and the activation energy.
energy a

»
»

progress of reaction

[3]
[Total: 6]
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A5 Susan reacted some potassium hydroxide with phosphoric acid.
3KOH(aq) + H3sPO4(aq) = KsPOas(aq) + 3H20(/)
(@) Atthe end of the reaction, 46.3 g of KsPOs is produced and 92.8 g of HsPO4 remains unreacted.

(i) Calculate the starting mass of KOH.

(2]

(ii)  Calculate the starting mass of H3sPOsa.

(2]

(b) Susan suggested using potassium instead of potassium hydroxide for this experiment in the
school laboratory.

Suggest a reason why you will not recommend Susan to conduct this experiment.

(c) Potassium oxide reacts in a similar manner to potassium hydroxide.

Susan wants to obtain potassium from potassium oxide. She decides to heat potassium oxide
with carbon.

Is this method feasible?

Explain your reasoning.
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A5 (d) Describe how Susan can prepare a pure, dry sample of KsPO4 crystals after obtaining the
resulting mixture using stoichiometric masses of KOH and HszPO..

[Total: 9]
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A6 A student investigated the reaction between marble chips, CaCOs, and dilute nitric acid, HNOs.
The diagram shows the apparatus used by the student.
thread

small test tube conical flask

dilute nitric acid

The student pulled the thread to add the marble chips to dilute nitric acid. She recorded the reading
on the electronic balance every minute and the table shows the results.

time/ min balance reading/ g
0 93.30
93.28
93.26
93.24
93.22
93.21
93.20
93.19
93.18
93.17
93.16
93.15
93.15
93.14
93.14

inlZ|o|lo|w|Njola|sw|N| =

—_
SN

(a) Describe and explain the trend in balance reading obtained by the student.
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A6 (b) The student repeated the same experiment twice under different conditions and named them
experiment 2 and experiment 3. Both experiments were conducted at room temperature and
pressure, with excess lumps of marble chips. The speed of reaction was determined by
measuring the volume of gas produced at regular time intervals.

The results of experiments 2 and 3 are shown on the graph.

volume of gas produced/ cm®
A

240 —— experiment 2

120 experiment 3

. i .
> time/ min

(i) 50 cm?® of 2.00 mol/dm? nitric acid was used in experiment 2.
Suggest the concentration and volume of nitric acid used in experiment 3
concentration ............cooiiiiiienn,
VOIUME ..o [2]

(i) Experiment 4 was carried out using 50 cm?® of 2.00 mol/dm? nitric acid at 50°C with
excess lumps of marble chips.

Sketch a curve on the graph to show the pattern of results for experiment 4. [

[Total: 5]
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A7 The diagram shows the Haber process for making ammonia.

)

compressor

8\

IN

nitrogen and hydrogen
1:3 ratio by volume

)

L

main reactor

.:.._:.::.::._,:z:*/

| —beads of finely
divided catalyst

unreacted

gases recycled

| —

cooling
~.Chamber

ouT

liquid ammonia

(a) Explain, with the help of an equation, why nitrogen and hydrogen are mixed in a 1:3 ratio by

volume.

(b) When the mixture of hydrogen, nitrogen and ammonia gases enters the cooling chamber,
ammonia turns to a liquid but the other gases do not.

What does this information suggest about the physical properties of the three gases?

(c) Other than cost, suggest why unreacted hydrogen is recycled.

10
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A7 (d) Ammonia is used to manufacture nitric acid by a two-stage process.

Stage 1: Ammonia is converted to nitrogen monoxide.
4NHjs(g) + 502(g) — 4NO(g) + 6H20(/)

Stage 2: Nitrogen monoxide is converted to nitric acid.
4NO(g) + 2H.0(g) + 302(g) — 4HNOs(aq)

(i) It is possible to find out whether stage 1 has finished by following pH changes during the
reaction. Samples of gas are taken from the reaction vessel at intervals and bubbled
through water to form a solution. The pH of each solution is measured.

Explain why the measured pH changes during the reaction in stage 1.

(i)  Calculate the maximum volume of 5 mol / dm?® nitric acid which can be made from
720 dm? of nitrogen monoxide at room temperature and pressure.

(2]

(iii)  Write an overall equation for the conversion of ammonia to nitric acid.

[Total: 9]
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A8 The head of a safety match contains potassium chlorate(V) and antimony(lll) sulfide. The side of the
matchbox contains red phosphorus.

When a match head is struck on the side of the box, the friction produces enough heat to light the
match. The equation for this reaction is shown.

(a)

(b)

(c)

5KCIO3; + 6P — B5KC/ + 3P20s

What is meant by ‘(V) in potassium chlorate(V)?

Potassium chlorate(V) is the oxidising agent in this reaction.

Explain, in terms of oxidation state, the validity of this statement.

The cation in antimony(lll) sulfide found in the match head can be reduced to its metal by a
reducing agent.

Write an ionic equation to show the transfer of electrons involved in this reduction reaction.

[Total: 4]
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B9

me: () Class:

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.
What is hard water?

Hard water contains calcium ions. It is the result of the reaction between rainwater (containing
dissolved carbon dioxide) and limestone (mainly calcium carbonate) to form calcium hydrogen
carbonate.

CaCOs(s) + COx(aq) + H20(/) - Ca(HCOs)(aq)
Hard water and soap

Most typical soaps contain sodium stearate, C17HzsCOONa. Soap only works when stearate ions
are in aqueous solution. Calcium ions present in hard water removes the stearate ions in a
precipitation reaction, forming calcium stearate which is commonly known as white scum. A white
mass of bubbles, or lather, will not be formed until all the calcium ions in hard water have reacted
with stearate ions to form scum. In hard water areas, this involves wasting a lot of soap as well as
the unpleasantness of washing in water with a thick layer of scum on it.

Problems caused by limescale formed by hard water

Besides the formation of scum, hard water also forms limescale (calcium carbonate) when it is
heated. Limescale can block water pipes, leading to a waste of energy. In electric kettles, limescale
coating on the iron heating element slows the transfer of heat to the water. Limescale can be
removed by using descalers or vinegar (dilute ethanoic acid).

Sec 4E

hard water in

key:

o Na'ion
A Ca? ion

ion exchange
resin

soft water out

Removing ions that cause hard water

Hard water can be softened by adding washing soda
containing sodium carbonate. The resulting mixture is
then filtered to obtain soft water.

Domestic water softeners consist of small beads of ion
exchange resin packed into a container. Hard water flows
through this and exits from the other end as soft water.

The ion exchange resin exchanges other positive ions for
sodium ions. The resin is a complex lattice with sodium
ions attached to it. Calcium ions in hard water attach to
the lattice and the sodium ions are washed off.

Some ion exchange resins replace both positive and
negative ions with hydrogen and hydroxide ions. The
water emerging from such resins is known as deionised
water.
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B9

Testing of hardness of water

The hardness of water can be tested using a titration set-up. Soap solution in a burette is added
dropwise to a fixed volume of water sample in a conical flask. The water sample is shaken vigorously
after each addition to check for the formation of lather. The volume of soap solution needed to form
lather is then recorded.

(a)

Deduce the formula for calcium stearate.

(b) When carbon dioxide gas is bubbled into limewater, a white precipitate forms. On further

(c)

bubbling, the white precipitate dissolves in limewater to form a colourless solution.

(i) Explain what happened when more carbon dioxide is bubbled into limewater.

............................................................................................................... [1]
(i) Suggest what could be done to obtain the white precipitate again from the colourless

solution.

............................................................................................................... [1]

Limescale can form on the iron heating element in an electric kettle after using it to boil hard
water.

(i) Describe and explain how the formation of limescale on the heating element in electric
kettles will affect the time taken to boil water.

............................................................................................................... [2]
(ii) Isitadvisable to use hydrochloric acid instead of vinegar to remove limescale on heating

elements?

Explain your reasoning.

............................................................................................................... [1]

14
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B9 (d) Describe a simple chemical test to confirm the absence of hard water in the water collected
from the domestic water softener.

(e) The table shows the volume of soap solution needed to form lather for two different water
samples of the same volume.

water volume of soap solution/ cm?®
sample 1 1.7
sample 2 4.3

Explain, in terms of ions present, which sample contains water with higher hardness.

[Total: 10]
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B10 (a) Aluminium is extracted by electrolysis from its ore, bauxite which contains aluminium oxide.
Cryolite (NasAlFs) is then added to molten bauxite to attain an optimum temperature of about
1000 °C. The melting point of bauxite is about 2045 °C.

Blocks of carbon act as the anodes while the carbon lining the cell acts as the cathode. The
anodes, however require regular replacement as they get corroded with use. The electrolytic
cell used is shown in Fig. 10.1.

®

carbon anodes

mixture of molten
—aluminium oxide and
molten cryolite

carbon lining as —
cathode

1 steel tank lined with
heat resistant bricks

1
molten aluminium collects at the bottom

Fig. 10.1
(i) Write balanced half-equations for the reactions occurring at the anode and cathode.
= 0 T =
o= 11 T o [ [2]

(ii)  Describe how the carbon anodes are corroded.

(iii)  Explain how the addition of cryolite lowers the melting point of molten bauxite.

(iv) Suggest a reason why industries add cryolite to obtain a lower operating temperature.

16
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B10 (b) Although aluminium is a reactive metal, it has the ability to resist corrosion. The thin oxide
layer, which forms on the surface, protects the metal from air and water. This corrosion
resistant ability can be further enhanced by making the oxide layer thicker. This technique is
known as anodising.

The first step in anodising is to remove the existing layer of aluminium oxide. This is done by
dipping the aluminium into sodium hydroxide solution. The alkali reacts with the aluminium
oxide on the surface, exposing the underlying aluminium metal. The ‘bare’ aluminium is then
used as the anode in the electrolysis of dilute sulfuric acid. The cathode material used is usually
a metal, such as lead. Fig. 10.2 shows the set-up after electrolysis has run for some time.

]l
Il

+ —

lead electrode
5 #
aluminium anode | | dilute sulfuric
(coated with a thick layer 1 acid
of aluminium oxide)
—
Fig. 10.2

(i) Explain how the oxide layer at the anode becomes thicker.

Your answer should include a suitable equation, which supports the explanation.

(i)  Suggest why sodium hydroxide can be used to remove the layer of aluminium oxide
before anodising.

(iii)  Give one observation seen at the cathode during anodising.

17 [Turn Over
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B10 (b) (iv) The lead cathode is periodically taken out for cleaning and inserted again in the
electrolyte, dilute sulfuric acid, to ensure the efficiency of the anodising process.

Suggest a reason for this.

[Total: 10]
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EITHER

B11 Fig. 11.1 shows the types of fuel used in 1990 and 2002.

oil

1990 o,
gas
1%

nuclear

| 19% hydro
coal -, -.c.vLd and other imports
67% " fuels 2%
- 2%
RN imports hydro and
4% other fuels
1%
Fig. 11.1
Fig. 11.2 shows the relationship between the air : fuel ratio and the production of pollutants in vehicle
engines.
A
pollutant
concentration
unburnt
hydrocarbons
carbon monoxide
12:1 141 16:1 18:1 20:1  20:1 24:1
low air content high air content

air : fuel ratio
Fig. 11.2

(@) Use the information in Fig. 11.1 to describe the changes in the main type of fuel used from
1990 to 2002.

19 [Turn Over
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B11 (b) Describe and explain the trend for carbon monoxide production in Fig. 11.2.

(c) Apart from carbon monoxide and unburnt hydrocarbons, oxides of nitrogen are also air
pollutants produced by vehicle engines.

(i)  Explain how oxides of nitrogen are formed in vehicle engines.

(ii) Predict the air : fuel ratio where the concentration of oxides of nitrogen is the highest.
Explain your answer.

(d) It was observed that crops do not grow well in areas near coal-burning power stations.

Suggest an explanation for this observation.

[Total: 10]
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OR

B11 Iron rusts in the presence of oxygen and water. Rusting involves a series of reactions. One of the
components found in rust is hydrated iron(lll) hydroxide.

Fig. 11.1 shows the reactions that go on in one part of a piece of iron when it rusts.

bubbles of colourless

pieceof | oxygen
iron dissolved
electrons, in water
move in
metal

Fe® goes into solution

Fig. 11.1

Initially iron atoms lose electrons to form iron(ll) ions.
Fe(s) » Fe*(aq) + 2e~
At the same time oxygen and water molecules react to form hydroxide ions.
02(g) + 2H20(/) + 4e- —» 40H(aq)

Aqueous iron(ll) ions then react with aqueous hydroxide ions to form solid iron(ll) hydroxide.

(@) Using the equations given, write the overall chemical equation, including state symbols, for the
formation of iron(ll) hydroxide.

(b) The iron(ll) hydroxide formed then reacts with more oxygen and water to form
iron(Ill) hydroxide.

Write the equation for the formation of iron(lll) hydroxide in this process.
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B11 (c) A method of preventing rusting of underground steel pipes is sacrificial protection. A block of
magnesium is connected by a piece of copper wire to a steel pipe as shown in Fig. 11.2.

|

SOPREr steel pipe
wite block of
magnesium
Fig. 11.2

The steel in electrical contact with magnesium does not rust.
Explain why.

(d) Another method of preventing the rusting of steel is cathodic protection. A set-up showing
cathodic protection is shown in Fig. 11.3.

steel girder
(cathode) d
\%

bubbles —==0}
0]

inert titanium
rod (anode)
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B11 (d) (i) Bubbles are given off at the steel cathode.
Explain the observation.

(ii) Give two differences between sacrificial and cathodic protection in the prevention of
rusting of steel.

(iii) Suggest one advantage of cathodic protection over sacrificial protection.

[Total: 10]

23 [Turn Over



Sec 4E

Chemistry 6092/02

CHIJ Katong Convent Prelim Exams 2020

‘("d'y1) ainssaid pue ainjessdwa) wooi je wppg st seb Aue Jo sjow auo Jo awn|oA ayL

wnouamel | wnisqou |wninsiepusw| wniwia) | wniuiisuia | wniusopes | wnysyieq | wnund | wnouswe | wniuonid | wnunidsu Em_mms E;rv...mmsa Eﬂm%: wnupe
1 ON P w4 s3 10 14 wo wy nd dn n ed yL y
€0l c0l 10} 001 66 86 16 96 S6 76 €6 76 16 06 68 spiounoe
SLL €Ll 691 L9l S91 €91 65} A1) Zsl 0S| = 144" Wl orl 6El
wnpain] | wnigiepk | wniny wnigse wniwjoy |wnisoidsAp| wniqiay | wnuopeb | wmidomns | wnuewes |wniyjawoid | wniwAposu fp d| wnuso | wnueyue|
m aA wl 13 OH kg qL PO n3 ws ud PN Id 30 g7
L 0. 69 89 19 99 S9 ¥9 €9 29 19 09 65 85 1S Spioueyjue|
wnuowsaAy| wninosaY wniolusadod |wniuaBluaosjwnipeisusep| wnuaupsw | wnissey | wnuyoq |wnifioqeas| wniugnp |wnipiopayinyg wnipes wniouey
A 14 ug By s@ W SH ug bs qa | spoupe | BY 1
oLl 147" 47" (195 1]% 60} 80! L0l 90l S0l ¥0l |€0L-68| 88 L8
= = = 60C 102 y0C 10C .61 S6l 6l 06l 98l 121 181 8Ll AN e€el
uopes aupeise | wnojod | yinwsiq pes) wnyey | Anossw plob wnuneid wnipul wniwso | wnuays | usisbuny | wnejuey | wniupey wnieq wnisaes
uy W 0d g qd 11 BH ny id I SO 3y M el JH  |spoueyue| €4 SO
98 S8 ¥8 €8 4] 18 08 6. 8L LL 9L SL 122 €L ¢l VL= 1S 95 SS
ier | 2L | eel [ zel [ el [ sk | zik [ sob | 90b | €ob [ ol - 96 €6 16 68 88 58
uouax auIpol wnun8) | Auownue un wnipul | wniwped JENT wnipejed | wnipoys | wniuayins | wniauyds) wnuspghiow| wniqoiy | wnuoosz | wnupk | wnguoys | wnipigns
ax I Gl qs us u| PO by Pd Uy ny ol O aN 1Z A 1S qy
4] €5 [4°] 1S 0S 67 8 VA4 514 S 144 154 [44 1% oy 6€ 8¢ JAS
12°] 08 6. SL €L 0L S9 ¥9 65 65 9S SS Zs 1S 1°1 S 04 6¢
uoydAuy auiwolq | wnuajes | owesie | wnuewssb| wnieb Quiz Jaddoo Bl Ieqod uoJl asauebuew | wniwoiyo | wnipeuer | wniuey; | wnipuess | wnoed | wnissejod
M g 3S sY 30 2] uz no IN 00 94 un 10 A I oS €D A
9¢ SE 14> €€ 43 1€ 0¢ 6C 8C x4 9C SC 144 €C [44 74 0¢ 6l
0]4 G'Ge 4 1€ 8C LT 124 €C
uobie auLIoyo yns  [snioydsoyd| wuooms | wniuwne wnisaubew | wnipos
Iy 19 S d IS v BN eN
8l L) 9l Sl 14 €l ¢l L
0C 6} 9l 14 cl L SSeuwl dlwoje aAle|al 6 L
uoau auony uabAxo uabonu uogied uosoq aweu wniikieq wniyy|
N E| 0 N 9 g loquiAs oluloje °g n
0l 6 8 L 9 S Jaquinu (ojwoje) uojoid 4 €
14 l Koy
wnijay uaboiphy
°H H
[4 l
0 IIA IA A Al I I |
dnolo

SJuawWa|J Jo a|qeL dIpolad ayL

24



	PathLight

