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1 The boiling point of water is 100 °C. The melting point of potassium chloride is
770 °C. What is the most likely boiling point of a sample of water that contains a
small quantity of dissolved potassium chloride?

A 97°C B 103°C
C 767°C D 773°C

2 20.00 cm?® of 0.50 mol/dm? dilute hydrochloric acid was added to three samples of
25.00 em? aqueous sodium carbonate of different concentrations to compare the
rate of carbon dioxide production.

Which apparatus is not required to carry out the above experiment?

A burstte B glectronic balance
C  gas syringe D  stopwailch

3 From which mixture can the underfined substance be obfained by adding water,
stirring and filtering?

barium sulfate and magnesium oxide
copper(ll} sulfate and sodium carbonate
silver chloride and ammonium chleride
zinc chloride and magnesium nitrate

ooOom»

4 Hydrogen can form both H* ions and H-ions.
Which statement about these two ions is correct?

A H*ion has more protons than a H- ion.

A H*ion has no electron in its first shell.

A H ion has one more electron than a H* ion.

A H-ion is formed when a hydrogen atom loses an electron.

oOm>

5  Whatis the number of neutrons and electrons in the ion 33Sr**?

neutrons electrons
A 52 36
B 52 38
C 52 40
2] 90 52

6 110 g of manganese reacts completely with 72 dm? of fluorine gas to form a fluoride
of manganese.

Which of the following correctly represents the reaction?

A Mn + F: 2 MnF:
B Mn + 2F; = MnFs
C 2Mn + 3F: > 2MnFs
D 4Mn + 3F: > 2Mn.F:
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7 Four iron nails were coated with different substances.
The nails were placed in an open dish filled with water and left for a week.

Which iron nail has no protection against rusting?

A B
coated with coatec_l with
grease paint
¢ b
coa_ted with coated with

vinegar Zinc

8 A sample of isotonic drink containing two water soluble vitamins was analysed using
the method of chromatography with water as a sclvent, The following chromatogram
{not drawn fo scale) was obtained.

""" -~.. Solvent
front
vitamin B; __..._,.H,O .
vitamin B -~ R 3 o

2.7 om}

. L Y start line

h isotonic drink

Which of the following statements can be deduced from the chromatogram?

1 The isotonic drink is a mixture.
2 The solvent front is at 10 cm from the start line.
3 Vitamin Bs is more soluble in ethanol than vitamin Bs.

A 1only B 3only
c 1and 3 D 1,2and 3
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9 The diagram shows the bonding in the covalent molecule, PQ..

Which row represents the electronic structures of atoms P and Q before combining
together to form the above molecule?

P Q
A 24 2.8.6
B 24 28.7
c 2.6 2.8.7
D 2.8 2.8.8

10  Aluminium saucepans oxidise on the surface to form a layer of aluminium oxide.

Which substance cannot be used to remove the layer of aluminium oxide on the

saucepan?
A nitric acid B  sodium hydroxide
C  sulfuric acid D  water

11 Lime (calcium hydroxide) is sometimes added to soil to improve crop growth,
Which statement correctly explains why lime improves crop growth?

Lime acts as a fertiliser,

Lime is an effective pesticide and protects the plants from damage.
Lime is used to reduce the acidity of the soil.

Lime is used to react with ammonium salts in the soil.

SCowm»

12  Which pair of reagents can be used to prepare a pure insoluble salt?

A calcium nitrate and sodium sulfate
B  iron(lll} carbonate and dilute sulfuric acid
c lithium carbonate and sodium sulfate
D silver sulfate and dilute nitric acid
4E5N Science (Chem/Bio) P1 Preliminary Exam 2021 Hua Yi Secondary School

PartnerinLeaming
More papers at wWhg@stpapersfree.com




13 Acidified potassium manganate(VIl) can be used to detect the presence of alcohol
vapour in the breath of a person who has consumed alcohol.

filter paper moistened with acidified
potassium manganate(VI|)

A colour change from purple to colouriess is observed if alcohol is present.
Which statement about the alcohol is correct?

It is a catalyst.

ltis a reducing agent.
it is an alkali.

H is an oxidising agent.

SOmpP

14 Which graph shows how the temperature changes as ammonium chloride is added to
water and the resulting solution is than left to stand?

A B
temperature / °C temperature / °C
foom room
temperature T temperature |
time /s time /s’
c D
temperature / °C temperature / °C

room room |

temperaturg " temperature p_-

time/s time/s

15 The reaction between magnesium and hydrochloric acid can be represented by the
ionic equation below.
Mg(s} + 2H*(aq} — Mg**(aq) + Hz(g)

Which statement about this reaction is true?

A Magnesium is oxidised because it gained electrons.
B  Magnesium is oxidised because it lost electrons.
C  Magnesium is reduced because it gained electrons.
D Magnesium is reduced because it lost electrons.
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16 The diagram shows a part of the Periodic Table.

The letters are not symbols of elements.

[ ]

W Y

X

Which of the following is correct?

W has a lower melting point than X.

W and Z form a compound with a formula of WZa.
Z has a higher boiling point than Y.

Z reacts more vigorously with W than with X,

ogoOm>

17  The diagram shows part of the carbon cycle.

carbon dioxide in
the air

power station using
wood chips as fuel

Which row correctly identifies P, Q and R as exothermic or endothermic reactions?

P Q R
A endothermic exothermic exothermic
B exothermic endothemic endothermic
C exothermic endothermic exothermic
D exothemic exothermic exothermic
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18  Approximately 40% of all iron and steel is produced by recycling.
1 Iron, when obtained by a recycling process produces less carbon dioxide
than the blast fumace process.
2 Scrap steel contains a higher percentage of iron than iron ore.
3 Scrap metal, if not recycled, would cause environmental problems due to
its disposal by landfill.
Which statements are correct reasons for recycling iron?
A 1and 2 B 1 and 3
C 2and3 D 1,2and 3
19 Dry air is passed over hot copper until all the oxygen has reacted.

dry air copper

heat

The volume of gas at the end of the reaction is 120 cm?3.

What is the starting volume of dry air?

A 96cm? B 120 cm?

C 150cm? D 240 cm?
20 The diagrams represent different arangement of atoms.

Which diagram represents an alloy?
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Colours of Some Common Metal Hydroxides

calcium hydroxide white

copper(Il) hydroxide light biue
iron{I1} hydroxide green

iron(I1I) hydroxide red brown
lead hydroxide white
zinc hydroxide white
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Section A (45 marks)
Answer all questions.

Write your answers in the spaces provided on the question paper.
The following shows a list of elements.
fluorine
bromine
magnesium
nitrogen
iron
oxygen
zinc
(2) Choose from the above elements to answer the questions.
Each element may be used once, more than once, or not at all.
Which element

(i} can displace chlorine from its salt solution,

............................................................................................................ [1]
(i) forms an oxide that can react with both acid and aikali,

............................................................................................................ 11
(ili) reacts with water to form an alkali?

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

{b) (i) One of the elements, chlorine, consists of two isotopes, 33C/ and 3C/,
Define the term ‘isofope’.
............................................................................................................ 1]
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(ii) Three students each made a statement about one of the isolopes, FCL.
student A: it has the same physical properties as the isotope *¥Cl.
student B: It has similar chemical properties to the isotope 3CL
student C: It has different chemical and physical properties to the isotope *CL

Comment on the accuracy of the sfudents’ statements.

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

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

............................................................................................................ [2]
Total: 6]
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2

Table 2.1 shows the melting and boiling points of four substances.

(a}

(b)

Sketch a graph of temperature versus time to show the change in temperature when

Table 2.1
substance meiting point /°C boiling point /°C
w -90 230
X ~79 40
Y 30 621
z B8 920

substance W is heated from -100 °C to 150 °C.

()

(i)

Suggest a suitable method to separate a mixture of W and X at room

temperature and pressure.

Explain your answer to (b)(i}.

12

............................................................................................................ [1]
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Table 3.1 shows some properties of four Group I elements.

BP-~153

Table 3.1
element melting point /°C relative thermal atomic radius/ nm
conductivity
lithiurn 181 84 0.157
sodium 142 0.191
potassium 63
rubidium 39 0.320

(a} (i} Complete the table by estimating:

e the melting point of sodium,

¢ the atomic radius of potassium.

(2}

(i) Use the information in the table to suggest why it is difficult to predict the relative

thermal conductivity of potassium.

{b} Sodium is a metal.

State one physical property of sodium which is different from most other metals.

(c} Hydrated sodium iodate(V) has the formula NalOs.xHzO.
It has a relative formula mass of 288.

Calculate the value of x in this formula.

[Relative atomic masses: A:: H, 1; O, 16; Na, 23; 1, 127]
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4

Copper{Il} chloride is a soluble salt produced from the reaction between copper(II) oxide and
hydrochloric acid.

{a) A student performed some experiments on copper{lI} chloride crystals.

In experiment 1, he heated some copper(l) chloride crystals until he obtained molten
copper(Il) chloride.

EEE——)

molten
crystal of copper(IT) chioride

copper(ll) chioride i 4o start of at the end of
experiment 1 experiment 1

In experiment 2, some copper(ll} chloride crystals was placed at the bottom of a beaker
containing water. Af the end of the experiment, the crystal had dissolved and copper(1I)
chloride solution was obtained.

water ———
crystal of copper(Il) chloride
copper(ll) chloride X solution
at the start of at the end of
experiment 2 experiment 2

{i}y Using the kinetic particle theory, explain the changes in the arrangement and
movement of particles in copper(IT) chioride in experiment 1.
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(i) Complete the table to compare the substances present in the beaker at the end of
experiment 1 and 2.

substance in beaker at the | substance in beaker at the
end of experiment 1 end of experiment 2

Is the substance an
element, compound or
mixture?

What process can be used
to obtain sofid copper(II)
chioride from the
substance? 21

(b) (i) Apartfrom copper(Il) oxide, suggest another substance that can react with
hydrochloric acid to form copper(II) chloride.

............................................................................................................. [1]
(iiy Expiain, using structure and bonding, why the melting point of copper(1l) chioride
is high.
............................................................................................................. [2]
[Total: 8]
Use the following information to suggest the steps needed to prepare pure lead({Il) sulfate by
precipitation, starting from powdered lead(II) oxide.
s lead(Il) sulfate is insoluble in water
» lead(Il) oxide is insoluble in water
» lead(lI) nitrate is soluble in water
............................................................................................................................ [31
[Total: 3]
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6 Fig. 6.1 describes some of the reactions of solid P and its aqueous solution.

acidic gas which is an atmospheric poltutant

solid P

Y

colourless gas Q which relights a glowing splint

heat

dissolved in

white oxide R
water

A 4

solution of P add water

aqueous sodium solution of $

hydroxide
carbon dioxide
bubbled into the
white ppt 8§ insoluble in solution
excess agueous .
sodium hydroxide white ppt U

add aluminium foil
and warm

F

gas T turns damp red
litmus paper blue

Fig. 6.1

Suggest the identity of substances P, Q, R, §, Tand U.

(2) P e L
Qo B 1P
- T Ul e [6]

(b) Write a balanced chemical equation for any one of the reactions in Fig. 6.1,

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

[Total: 7]
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In an experiment, 16.8 g of magnesium carbonate were added to an excess of 1 mol/dm? of
dilute hydrochloric acid in a conical flask. The carbon dioxide gas released was collected
using the downward displacement of water method.

MgCQ; +2HCI > MgClL + COz + H20
(@) (i} Calcutate the number of moies of 16.8 g of magnesium carbonate.

[Relative atomic masses: A: C, 12; O, 16; Mg, 24]

number of moles of magnesium carbonate = ................eie 1

(i) Calculate the volume of carbon dioxide gas collected.

volume of carbon dioxide = ..........coovveeinin dm?® [1]

(iii) Calculate the volume of the 1 mol/dm? hydrochloric acid that reacted completely
with 16.8 g of magnesium carbonate.

volume of hydrochloricacid = ......................... dm®  [2]
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10

(b) The experiment was repeated with modification made to the original experimental
conditions.

The volume and concentration of 1 mol/dm? hydrochiloric acid used was the same as
the first experiment.

The volume of carbon dioxide gas produced was measured at regular intervals.
A graph for the measurements obtained was drawn.

Study the graph and answer the following questions.

volume of carbon dioxide / dm?3

10 i l | i 1 | 1
H 1 | | 1 1 +
T t T L 1
N -
] J.
t
8
i 1
T I T
=
4 - ;
PON - i ; y
1 :_‘ I 1 1]
T N 1
6 l ; T
H ) 1
l"' B -+ 1 [ R I . BREE
11T T
f -
4 —F
—1
=i .
= + -
2 H P
. 1 ! -
+ e s
1
i " t
| H 1 ) - H T
1 1 1 | ] L : 1 i 11 L 1
0 1 2 3 4 5 5

time / min

(i} Calculate the average speed of reaction in dm?/ min for the first two minutes of
the reaction.

average speed of reaction = ........................ dm?/min [1]

(i) Suggest the possible modification made to the original experimental conditions.
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11

(¢} In order to obtain dry carbon dioxide, the carbon dioxide is passed through a drying
agent. However, it is advised not to use calcium oxide as the drying agent. Explain why.
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tn December 2018, there was an exceptionally dense fog caused by pollution in a small city,
city Y. The graph in Fig. 8.1 shows the concentration of sulfur dioxide in the air in city ¥, and
the number of peopie who died, between 1% and 15" December that year.

o0 | 409

perday 700 0T camtation!
00 ~+ Q.6  parts per million
500 + 0.5
400 ~t 04
300 -+ 0.3
200 T B2

0 5 1 15 20
date in December
Fig. 8.1

(a) State the number of deaths on the day when the concentration of sulfur dioxide hit 0.74
parts per million.

..................................................................................................................... [1]
(b) Using information from the graph, state the refationship between the sulfur dioxide
concentration and the number of deaths.
..................................................................................................................... 1]
(c) State one man-made source of sulfur dioxide and an effect of sulfur dioxide on human
health.
o LR Y U SOOI
7= Yo U T U U PN [2]
[Total: 4]
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Section B {20 marks)
Answer any two questions only.
Write your answers in the spaces provided.
Titanium is being increasingly used in our modern society.

Titanium is extracted from titanium dioxide in a two stage industrial process. The process is
done at high temperature in an atmosphere of the noble gas argon.

Stage 1: TiOz + 2C + 2G4 — TiCls +2C0
Stage 2: TiCly + 4Na — Ti + 4NaCl

(a) Suggest one safety concern associated with Stage 1.

..................................................................................................................... (1]
(b) S_uggest why the reaction in Stage 2 is carried out in an atmosphere of argon and not in

air.

..................................................................................................................... (1]
(c) What can you infer about the comparative reactivity of sodium and titanium from the

equation in Stage 27?

..................................................................................................................... [1]
(d) in Stage 2, 40 g of titanium chloride was added to 20 g of sodium.

Identify the limiting reactant. Show your working.

[Relative atomic masses: A Na, 23; Cl, 35.5; Ti, 48]

limiting reactant: ..........oooin i [3}
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(e) Explain, in terms of oxidation state, why the extraction of titanium in Stage 2 is a redox
reaction.

..................................................................................................................... [2]
() Draw a 'dot and cross’ diagram to show the arrangement of electrons in sodium
chloride. Show only the valence electrons.
[Proton {atomic) number: Na, 11; C/, 17]
(1
{g) Draw a ‘dot and cross' diagram to show the arrangement of electrons in chlorine gas.
Show only the valence electrons.
{Proton (atomic) number: Ci, 17]
(1]

[Total: 10]
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15

{(a) Table 10.1 shows the results of tests performed on metals R, S, T and U.

Table 10.1
metal reaction with reaction with reaction with

key: water steam dilute
+; reaction hydrochloric acid

R X v v
X: no reaction ) X X N

T v v \

U X X X

(i) Place the metals in order of decreasing reactivity.

............................................................................................................ [1]
(i) Which metal, R, §, T or U, could be zinc?
............................................................................................................ [1]
{b) The ease of extracting a metal from its ore is related to the metal’s position in the
reactivity series.
Compare and contrast the extraction methods and the energy needed to exiract iron
and sodium from their ores.
..................................................................................................................... (3]
(¢) Name an ore of iron.
..................................................................................................................... [1]
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(4} Explain, including chemical equations, how iron is extracted from the ore.

[Total: 10]
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(a) (i) Ethanol can be made in a laboratory at room temperature.

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

.................................................................................................... [8]
(i) State why the temperature of the reactants must not be allowed to rise much
above 45 °C.
.................................................................................................... (1]
{b) An organic acid is formed when propanol, an alcohol, is left open to the air. Draw the
structure of propanol, showing every atom and every bond.
Suggest the formula of the organic acid. Explain, with reasons, whether the propanol
has been oxidised or reduced.
4]

[Total: 10]

End of Paper
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Colours of Some Common Metal Hydroxides

calcium hydroxide white
copper(Il) hydroxide light blue
iron(II) hydroxide green
iron(IIl) hydroxide red-brown
lead({IT) hydroxide white
zinc hydroxide white
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4E5N Science Chemistry Preliminary Examination 2021

Marking Scheme

Paper 1 [Total 20]

MCQ

1. B 1. C
2. B 12. A
3. C 13. B
4. B 14. B
5 A 15. B
6. C 16. C
7. C 17. C
8. A 18. D
9. C 19. C
10.D 20. D
4ES5N Sci(Chem} Prefim 2021 1
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Paper 3
Section A [45 marks]
1(a) | (i) fluorine 1
(ii) zinc 1
(iii) magnesium 1
{b) (i} Isotope are atoms (of the same element) that contain the same number of 1
protons but different number of neutrons.
(i) Student B's statement is correct as the two isotopes have the same number 1
of valence electrons which determines chemical properties.
Students A and C statements are wrong as isotopes have different 1
number of neutrons/mass number which affects physical properties.
[Total: 6
2 (a) 2
teinparature! "G
FIL T,
fitaenin
A e
R, - .
s correct shape of graph —[1]
Note: timefsec is not very appropriate as the temp increase would be too
fast
s Correct axes with units and labelled points
{-100 °C, -90 °C, 150 °C) —[1]
(b) (&) Fractional distillation 1
(i) At room temperature, P and Q are liquids with different boiling points. 1
[Totai: 4]
3 (i} melting point of sodium:
{a) values between 70 °C and 170 °C (inclusive) 1
atomic radius of potassium:
values between 0.192 nm and 0.319 nm (inclusive) 1
(&) There is no trend. / The values go up and down. 1
() It is soft./ it has low density./ It has low melting point. 1
(d) Mr of NalOs= 23 + 127 + 3(16) = 198
xH,O = 288-198
=80 - 1M 1
x= 90/18
x=5 - 1M 1
[Total: 6]
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4(a)

(i)

in the solid state, the particles (are closely packed) and vibrate about fixed
positions. When the crystals are heated, the particles gain energy and
start to vibrate faster.

During melting, the particles use the energy to overcome the forces of
attraction between them and get further apart.

The (closely packed) particles are now in a disorderty arrangement and are
able to slide past each other easily.

(i)

substance in beaker at | substance in beaker at
the end of experiment | the end of experiment
1 2

Is the substance an
element, compound or compound mixture
mixture?

What process can be
used to obtain solid
copper (II) chioride
from the substance?

freezing crystallisation

Any 2 correct answers for 1 m.

4b

(M

Copper(ll) hydroxide/ copper(il) carbonate

.1

(i

Copper(ll) chioride has & giant lattice structure with strong electrostatic
forces of attraction.
Hence, a lot of energy is needed to overcome these forces of attraction.

1
1

[Total: 8]

- Excess lead(ll) oxide is added to a conical flask with dilute nitric
acid (if ‘excess’ is not mentioned until no more can dissolve)
Filter the mixture to obtain the filtrate. (filtrate; lead(ll) nitrate;
residue: excess lead(ll) oxide)

To the filtrate, add an equal volume of (aqueous) sodium sulfate
solution (accept other sulfate solution). A white precipitate of
lead()l) sulfate would be formed.

- Filter the mixture, and collect the residue of lead(ll) sulfate.

- Wash with distilled water.

- Dry between two pieces of filter paper.

Any 2 points for 1 m.

3

[Totak 3]

(@)

P: calcium nitrate S: calcium hydroxide
Q: oxygen T: ammonia
R: calcium oxide u: calcium carbonate

(b)

Rto S: Ca0 + H0 -2 Ca{OH):
Sto U Ca{OH): + CO2 > CaCQ0; + H0

PtoS: Ca{NOs); + 2NaOH > Ca{CH): + 2NaNOs

Any one of the equation.

[Total: 7]
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7 )] number of moles of magnesium carbonate
(a) = 16.8/ Mr of MgCO;
=16.8/84
=0.2
(i) Volume of CO: collected
=0.2 x 24 dm?
=4.8 dm?
{ii) MgCQOa: HC!
1.2
02:04
number of moles of hydrochloric acid
=04
volume of hydrochloric acid
= 0.4/1
=0.4dm?
(b) (i) Average speed =
8.4 dm¥2 min
= 4.2 dm¥min
(ii) Double the mass/amount of magnesium carbonate.
{c) Carbon dioxide is acidic and will react with calcium oxide which is basic.
[Total; 71
8 (a) 900 deaths
(b) As the sulfur dioxide concentration increases, the number of deaths
increases.
(c) source: burning of fossil fuels in power stations/factories
effect: irritate the eyes and lungs and cause breathing difficulties
[Total: 4]
9 (a) Carbon monoxide produced causes breathing difficulties/ leads to suffocation
and death.
{b) Argon is unreactive / inert / will not react with the reactants or products
( Oxygen / water vapour (from the air) would react with sodium or titanium)
(c) Secdium is more reactive titanium.
(d) Moles of reactants (1M)

motes of Na=20/23= 0.870
moles of TiCls= 40 /190 = 0.211
Both moles correct = 1M

Working/ explanation (1M}
TiCls+ 4 Na — Ti + 4 NaCl
TiCls: Na
1:4
To completely react 0.211 moles of TiCls, you need (0.211 x 4) 0.844 moles
of Na.

0.870 moles of Na is more than the 0.844 needed to fully react with the
TiCls. Therefore the TiCls is the limiting reactant.

OR
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To completely react 0.870 moles of Na you need (0.870/4} 0.2175 moles of
TiCls.

0.211 of TiClsis less than 0.2175 so there is not enough TiCls to fully react
with the Na in the reaction.

Answer (1M)
Limiting reactant; TiCls

(e)

Titanium in TiCls is reduced as the oxidation state of titanium decreases
from *4 in TiClsto 0 in Ti.

Sodium is oxidised as the oxidation state of sodium increases from 0 in Na
to +1 in NaC/

Since oxidation and reduction occurs simultaneously, this is a redox reaction.

(f

+ " y -

(9}

[Total: 10]

10(a)

(i)

TR S U

PartnerinLearning

174
More papers at www.testpapersfree.com



BP-175

{ii)

R

(0)

Sodium is extracted from its ore by electrolysis whereas iron is extracted | 3
from its ore by reduction using carbon. 1M

Sodium is higher up in the reactivity series than iron./

Sodium, being more reactive than iron;

forms a more stable ore. 1M

Thus, more energy is needed to extract sodium from its ore. 1M
OR

Iron is lower in the reactivity series. /

iron, being less reactive than sodium,

forms a less stable ore. 1M

Thus, less energy is needed to extract iron from its ore. 1M

Method — 1M
Reason with both points — 1M
Energy - 1M

()

Haematite 1

(d)

Coke/carbon burns in hot air/reacts with oxygen to form carbon dioxide. 1M 4
s C+ 0Oz = CO:

The carbon dioxide formed reacts with more coke/carbon fo produce carbon
monoxide. 1M

e CO; + C =2 2C0

Carbon monoxide reduces iron(lIT) oxide to iron. 1M

o Fex03 +3C0O = 2Fe + 3C0:

Every accurate description — 1M
Every 2 accurate chemical eqn - 1M

[Totai: 10]
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