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A student follows the rate of the reaction when 0.2 g of magnesium, Mg reacts with excess
sulfuric acid, H.S0s at room temperature and pressure.

Ma(s) + Hz504(aq) » MgS0as(aq) + Ha{g)

What is most suitable for measuring the volume of gas produced at different times during this
experiment?

A a 50 cm® gas syringe

B aninverted 250 cm® measuring cylinder filled with water
C an inverted 50 cm? burette filled with water
D

place the apparatus on a balance and measure the loss in mass

A gas turns moist blue litmus paper red, is insoluble in water and less dense than air.

Which diagram shows a correct way of drying and collecting the gas?

A B

o ey
gas —» gas —*
e
calcium
oxide
concentrated
sulfuric acid
c D

gas —»

concentrated

calcium oxide sulfuric acid

water —f_

¥ soemo—
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3 The diagram shows apparatus used to obtain carbon monoxide. Carbon dioxide produced
reacts with charcoal according to the following equation.

CO, + C > 2CO
n lumps of
: harcoal carbon
dilute © .
hydrochloric 65 > / i / monoxide
acid 7

calcium
carbonate

aqueous sodium hydroxide water
What is the purpose of the aqueous sodium hydroxide?

A todrythe gas
B toremove hydrogen chioride from the gas
C toremove carbon dioxide from the gas

D to prevent water from being sucked back onto the hot carbon

4 A colourless substance is made in an experiment.
Which are possible methods to determine if this substance is pure?

1 Measure the melting point of the substance and compare with the reference value.
2 Measure the boiling point of the substance and compare with the reference value.
3 Test the substance using paper chromatography and a locating agent.

A 3only

B 1and2only
C 2and3only
D 1,2and3

CCKSS?BE!@HBW Yr 22



Potassium nitrate crystals can be separated from sand using the four processes shown below.

4

Which of the following shows the processes in the correct order?

A

B
C
B

filter, dissolve, evaporate, crystallise

dissolve, evaporate, crystallise, filter

dissolve, crystallise, filter, evaporate

dissolve, filter, evaporate, crystallise

An aqueous solution of calcium chioride is distilled.

Which of the following correctly describes the temperature shown by the thermometer during
distillation and the final contents in the distillation flask at the end of the distillation?

thermometer

aqueous
calcium
chloride

heat

thermometer reading / °C

final contents of the distillation flask

o 0O W >

98
100
100
98

no residue
no residue
white residue

white residue

ccm@aﬁmﬁa};&m Yrzz
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Calcium reacts with cold water to form two products:

5

a colourless gas, P. which ‘pops’ with a lighted splint

a weakly alkaline solution, Q, which forms a white precipitate when carbon dioxide is

bubbled through it

What is P and Q?

P Q
oxygen hydrochloric acid
B hydrogen limewater
C ammonia agueous ammonia
| D | carbon dioxide carbonic acid

A colourless solution X is tested separately with aqueous sodium hydroxide and with aqueous

silver nitrate.

The observations are shown.

t add aqueous sodium add dilute nitric acid followed by
est . . .
hydroxide aqueous silver nitrate
. white precipitate insoluble in . _
observations st white precipitate
What is X?
A calcium chloride
B calcium sulfate
C zinc chloride
D zinc sulfate

CCKSQGEreHangEiW Yr 22
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6
Gas Z is soluble in water. Its solution turns red litmus paper blue.
Which statement is not correct?
A A green precipitate is obtained when an aqueous solution of Z is added to aqueous

iron(II1) nitrate.

B A white precipitate is produced, which then dissolves when an aqueous solution of Z is
added to aqueous zinc nitrate.

C Gas Z could be made by warming ammonium nitrate with aqueous sodium hydroxide.

D Gas Z could be made by warming calcium nitrate with agueous sodium hydroxide and
powdered aluminium.

Element T can undergo the following physical changes.

gaseous T
boiling t
2
liquid T 4
3
1
solid T

Which process/processes involve(s) particles increasing in energy?

A 1only

B 1andZ2only
C 2and3only
D 1and4only

CCKsQamﬂe%m Yr' 22
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7

The diagram shows the arrangement of particles in a substance at different temperatures.

at-145°C -25°C

Which of the following could the substance be?

| substance | melting point / °C boiling point/ °C
! A -147 -24
i B -147 -28
! c -144 -24
{ D -144 -28

An experiment was set up to investigate the rate of diffusion of two gases P and Q.

(7 —\

/ porous pot

water

—
Bubbles of gas were observed in the beaker of water.
Which conclusion is correct?

A P has higher relative molecular mass than Q.
B P is monoatomic and Q is diatomic.

C Pisan unreactive gas and Q is a reactive gas.
D

P diffuses out of the tube faster than Q diffuses into the porous pot.

CCKSQQMHEW Yr 22
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13 The ion Q* has three complete shells of electrons.

14

15

16

What is Q7

A calcium

B magnesium
C oxygen

D suifur

The symbols for two ions are shown.

19 — 21
QF 11

Na*

Which statement is correct?

A  The fluoride ion contains more electrons than the sodium ion.
B The sodium ion contains more neutrons than the fluoride ion.
C Both ions contain the same number of electrons.

D Both ions contain the same number of protons.

The relative atomic mass of naturally occurring chlorine is not a whole number.

What is the reason for this?

A Chlorine atoms can have different numbers of neutrons.
B Chlorine is unstable.

C Naturally occurring chlorine cannot be obtained pure.

D The mass of the electrons has been included.

Element X forms an acidic oxide.

How many electrons could possibly be in the outer shell of atom X?

1 electron 2 electrons 6 electrons 7 electrons
A v v x x
B v x v b
C X x v v
D x v X v

ccxssﬁaavsﬁarggamm Yr 22
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17 The following are labels that describe the contents of four different bottles.

contents of bottle W |

white colour,
soluble in water

contents of bottle X

and water

when burnt in air, forms carbon dioxide |

contents of bottle Y

green colour
melts between 48 - 50°C

contents of bottle Z

when burnt in air, only water is formed

The contents of each bottle can be either elements, compounds or mixtures.

Which of the following shows the correct classification of the bottles?

b w X Y P4

| A compound mixture compound compound
B compound compound element element
| c element element mixture compound
‘ D element compound mixture element

18 Which statement(s) correctly describe(s) the properties of mixtures of iron and sulfur, and the

compound iron(1I) sulfide, FeS?

l’_ mixtures of iron and sulfur compound iron(1I) sulfide
W Iron and sulfur combine in a

1 brorrand gulfur s \.N'thout chemical reaction to form iron(1I)

chemically reacting. :
sulfide.

2 The ratio of iron to sulfur in The ratio of iron to sulfur in iron(II)
mixtures can vary. sulfide is always the same.

3 The mixtures do not have the Iron(II) sulfide has the properties of

properties of iron or sulfur. iron and sulfur.

1 only
1 and 2 only
2 and 3 only

o 0 w >

3 only

CCKSQSE!V@HEW Yr'i22
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19 The diagrams show the arrangement of particles in four substances.

20

T
& o o e 0]
- ) O
od)Q *© o é)C e 0 ° Co
O e (g)) Cn e O Qo O
CC(/ O OC}J R o o0 O
1 2 4

Which of the following shows the correct description of the substances?

molecules of | molecules of a mixture of r:::t;;e:‘gf
an element compound elements and compounds
A 2 ; 3 L
B 2 4 1 3
c 4 2 3 1
D 4 2 1 9

A molecule containing atoms of the elements X, Y and Z has the following structure.

Which is a possible combination of the elements?

X Y z
A C 0]
B N c
o 0 C C/
D N O C/

CCKsﬁaEreHamﬁwvef Yr 22
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21  What s the formula of iron(IlI) nitrate?

A FeN

B FeNs

C FeNOs;

D Fe(NOs)s

22 The diagram shows the structure of a substance.

j —

Which substance has this structure?

A silicon dioxide
potassium iodide

graphite

o 0O W

diamond

23 Which particles are responsible for the conduction of electricity through a metal?

electrons only

B electrons and positive ions
C negative ions only
D negative ions and positive ions

ccxsﬁamsﬂerﬂmm Yr 22
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24 Magnesium chioride crystallises as a hydrate, MgC/.xH20. When 20.3 g of the hydrate was

25

26

heated to a constant mass, 9.5 g of the anhydrous salt remained.

What is the value of x?
[M;: MgClz, 95.0; H20, 18.0]

2
B 6
Cc 8
D 10

On heating, the carbonate of element Y decomposes.
YCOs(s) — YO(s) + CO2(g)

6.25 g of YCO; is heated and 1.2 dm?® of carbon dioxide, measured at room temperature and
pressure, is produced.

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

A 57
B 65
Cc 125
D 150

Zinc reacts with hydrochloric acid.
Zn + 2HC! — ZnCL + H;
1.0 mol of zinc was added to 1.0 mol of hydrochloric acid.

Which of the following represents the amounts of zinc, hydrochloric acid and zinc chloride at
the end of the reaction?

Zn | HC! ZnCl>
A 1.0 mol 0 mol 1.0 mol
B 0 mol 0.5 mol 0.5 mol
Cc 0.5 mol 0 mol 0.5 mol
D 0 mol 0 mol 1.0 mol

CCKSS?SETGHBW Yr 22
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27 Iron is extracted from iron ore that contains Fe;O3 by reacting it with carbon monoxide in a

13

furnace according to the chemical equation.

Fe;0: + 3CO — 2Fe + 3CO2

600 g of iron ore produces 82 g of iron.

What is the percentage purity of iron ore ?

[A: Fe, 56.0; O, 16.0]

A

B
Cc
D

28 Turmeric is an example of a natural indicator. It forms a yellow solution in water. This solution

6.8%

13.7%
19.5%
39.0%

turns red when an alkali or base is added but remains yellow if an acid is added.

Turmeric solution is added to a sample of liquid soap, pH 8, and to vinegar, pH 3.

What colours are observed?

liquid soap vinegar
1 A red ! red
B red { yellow
Cc yellow j red
D yellow | yellow

29 An unknown metal oxide, XO, is an insoluble solid.

XO is a basic oxide.

Which row is correct?

effect of adding universal

reaction of XO with sodium

reaction of XO with

| indicator to solid XO hydroxide hydrochloric acid
| A no change v x

B no change X v

c turns blue v x

D turns blue x v

CCKSQQE!@HEW Yr 22

BP~115
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When dilute sulfuric acid is added to solid Y, a colourless solution is formed and a gas is
produced.

What is Y?

A copper(ll) oxide
B sodium oxide
C copper(Il) carbonate

D sodium carbonate

Salts are made by reacting acids with bases.
For which combination of acids and bases is the titration method of preparation suitable?

A aninsoluble acid with an insoluble base
B aninsoluble acid with a soluble base

C a soluble acid with an insoluble base
D

a soluble acid with a soluble base

When liquids R and S are mixed, a solution with a pH value of 7 is formed.

Which of the following are the pH values of the two liquids?

R S
A 5 2
B 5 12
Cc 6 1
D 14 4

Which of the following reactions could be represented by the ionic equation below in which M
is the symbol for a metallic element?

M (s) + 2H" (aq) > M* (aq) + H2(g)
iron and hydrochloric acid

lead and sulfuric acid

copper and nitric acid

o o wm »

sodium and water

CCKsS?aEmHemEW Yr 22
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Which substances produce an insoluble salt when aqueous solutions of the substances are
mixed?

A

B
c
D

barium chloride and magnesium nitrate
calcium chloride and ammonium nitrate
silver nitrate and zinc chloride

sodium carbonate and potassium sulfate

What reacts with dilute hydrochloric acid to make magnesium chloride?

o o o >

1 magnesium
2 magnesium carbonate
3 magnesium oxide

1 and 2 only

1and 3 only

2 and 3 only

1,2and 3

The table shows data for atoms or ions of the elements P, Q, R and S. The letters do not
represent the chemical symbols of the elements.

number of electrons | number of protons
P 10 11
Q 13 13
R 18 17
S 18 18

Which statement is correct?

o o0 m

P and Q are non-metallic.
P and R react to form an ionic compound.
Q and S are unreactive.

R and S would be in the same group of the Periodic Table.

CCKSﬁSEfGHEWSEmPQf Yr 22
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Arc welding is a process which uses electricity to make high temperatures to melt two pieces
of metals so that they can be joined.

Argon is blown onto the surface where the molten metals are joining.
Why is argon used?

It reacts with oxygen, releasing heat which helps the metals to melt.

B It gives off a lot of light to help the welder see what they are doing.
C Itis a good electrical conductor and so creates a high temperature.
D Itis aninert gas and so prevents the metals from reacting with unwanted substances.

An ionic chloride of element Z has the formula ZC/.

When ZCl/ is added to water and swirled, a coloured solution appears. The formula of the
coloured solution is ZCl-.

The diagram shows part of the Periodic Table.

Which letter identifies element Z?

CCKsﬁsm@HaW Yr 22
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39 Which diagram best represents the relationship between the number of valence electrons in
an atom and the number of hydrogen atoms that can combine with the atom to form a stable

compound?
A B
number of hydrogen atoms number of hydrogen atoms

& &

8. Py 8
® -
6. ® 6. ®
® *

4.4 4 4

2- 2-

0 — T T T 0 1 17
4 5 6 ¢ 8 4 5 6 7 8
number of valence electrons number of valence electrons

C D
number of hydrogen atoms number of hydrogen atoms

F 3 &
8 8
6 - 6 -

@
E ) 4 4
@
2 - kS 2 ®
® o ° o

0 T W N i 0 I I 1 ¢t*
4 5 6 7 8 4 5 6 7 8
number of valence electrons number of valence electrons

40 Element X forms an oxide of formula X20s.

In which group of the Periodic Table is X likely to be found?

A Groupll
B Grouplll
C GroupV
D Group Vil

END OF PAPER 1
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Section A

Answer all questions in this section in the spaces provided.

Al Table 1.1 shows the names and symbols of some isotopes of common elements.
Table 1.1
i?;t;p;e fluorine-19 | carbon-12 | iodine-131 | strontium-30 neon-20 carbon-14 | magnesium-24
e | F | e om0 | S | e | e | i
(a) Define the term isotopes.
.......................................................................................................... [2]
(b) Use the isotopes in Table 1.1 to answer the following questions.
(i) Name two isotopes that contain the same number of protons in each of their
atoms.
.......................................... 1215 1 [P [1]
(ii) Name two isotopes that contain the same number of neutrons in each of their
atoms.
.......................................... AR s [1]
(iii) Name two isotopes that form compounds that contain ions with a charge of +2.
.......................................... ANd oo
(iv) Name two isotopes that exist as diatomic molecules.

.......................................... ANG oot 2

[Total : 6 m]

cexEarathl Aoy 22
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A2  Ephedrine and insulin are both drugs that are banned for use by athletes. One way that
athletes can be tested for the banned drugs is by chromatography of urine samples. Fig. 2.1
shows a chromatogram for ephedrine and insulin, and the urine samples from four athletes.

solvent front
e &
L]
e °
® o
[ ]
® ® 2
e
start line X T M—" -
@ = ~- o m <t
€ 3 2 2 2 @9
B 2 2 2 ¢ 2
= = € £ £ £
o T ® ® ®
@
Fig. 2.1

(@) What does the chromatogram show about the drugs used by each of the athletes?

.......................................................................................................... 2]

(b) A similar test was carried out on the urine of a fifth athlete. This diagram shows the
chromatogram for the fifth athlete.

solvent front

start line =

Show, by using Ry values, if this athelete had consumed any drugs.

[3]
[Total : 5 m]

CCK@SMMH%&?EMQY r22 [Turn Over



A3

Table 3.1 shows the melting points and boiling points of Group | and Group VIi elements.

Table 3.1

. element : melting point/ °C : boiling point/ °C
o lithium 180 1330

Group | sodium 97.8 890
= | potassium 64 774 |
; j chiorine -101 =35
i Group VII | bromine -7 59
| | iodine 114 184

(a) The trends in melting points and boiling points for elements in Group | differ from those
in Group VII.

Describe the trends down each group.

.......................................... e (2]

(b) An experiment was carried out by adding halogens A, B and C to each of the halide
solutions. The results of the experiment are shown in Table 3.2.

A tick (v') indicates a reaction. A cross (x) indicates no reaction.

Table 3.2
halide solution of A | halide solution of B | halide solution of C
A [ ‘
B
c |

(i) Based on the results, arrange A, B and C in increasing order of reactivity.

(ii) Identify halogens A, B and C from Table 3.2.

A coisssinssaisasesess B cuscsmnmanmm s B svsnnsasinis axasis v [1]

CCKQSMH%RZ%‘MQ;*
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(c) Sea water contains potassium bromide.

Name an element that can be added to sea water to produce bromine and write a
balanced chemical equation for the reaction.

[Total : 6 m]

A4  Industry transforms millions of tons of air, natural gas and mined ores into products based
on the three essential plant nutrients nitrogen, phosphorus and potassium.

(a) The bags of ammonium nitrate fertiliser have the following printed on them.

Do not add fertiliser to soil that
has been recently treated with
any calcium hydroxide

Give reasons why it is important not to add ammonium compounds to soils that have
been recently treated with calcium hydroxide.

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

(b) Phosphate ions, PO.*, are present in the waste water from the factory. One way of
treating the water to remove these phosphate ions is by adding calcium ions.

The calcium ions react with the phosphate ions to form a precipitate.

(i) Write an ionic equation, with state symbols, to show the reaction between
calcium ions and phosphate ions.

................................................................................................... [2]
(ii) The waste water also contains nitrate ions.
Explain why nitrate ions cannot be removed by precipitation reactions.
................................................................................................... 11
[Total : 5 m]

ccxgsmmdn%ﬁgmmwzz [Turn Over
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A5

Silver dichromate, Ag.Cr20>, is a red insoluble salt.

Silver dichromate can be made by reacting silver nitrate solution with ammonium dichromate
solution. The chemical eguation for the reaction is shown.

2AgNO: (aq) + (NH4)2Cr207 (ag) = AgzCr207(s) + 2NH4NO3 (aq)

(a) The salt was prepared from solid samples of silver nitrate and ammonium dichromate.

The apparatus shown was set up.
d/ solid
: ammonium dichromate

solid silver nitrate \_#. :

=
water

Fig. 5.1

(i) Determine the formula of the dichromate anion.

................................................................................................... [1]
(ii) Explain why the red solid appeared along the line marked S on Fig. 5.1.

................................................................................................... [2]
(iii) The experiment was repeated at a higher temperature.

What effect would this have on the time taken for the red solid to appear?

Explain your answer.

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

(b) Describe how you could obtain pure dry solid silver dichromate from the reaction

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

[Total : 6 m]

ccxﬁ@@@ﬂ@g§ﬁww¥mw
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A6 Dilute ethanoic acid and dilute hydrochloric acid were reacted with sodium carbonates
separately.

(a) (i) Describe one similarity in the observations in both reactions

Explain your answer.

(ii) Describe one difference in the observations in both reactions.

Explain your answer.

................................................................................................... 2]

(b) Fig. 6.1 describes some of the substances that result from the chemical reactions of
dilute hydrochloric acid.

dilute
hydrochloric
acid
black
metal oxide A lead(IT) oxide
B no visible
blue solution reaction
excess aqueous
ammonia
C
Fig. 6.1

(i) Suggest the identity of substances A and B.

B o [2]

(ii) Describe what will be observed at C.

BP-~127
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(ili) Explain why there is no visible reaction when lead(Il) oxide is added to
hydrochloric acid.

[Total : 9 m]
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A7

A student carried out a titration between dilute sulfuric acid and sodium hydroxide solution
to determine the concentration of dilute sulfuric acid. Fig. 7.1 shows his results from the
experiment.

Titration
| Chemical Equation:
2NaOH(aq) + H2SOsaq) > Na:SQsagq) + 2H0()
Concentration of sodium hydroxide — 2.00 mol/dm?®
Method

Step 1 - Pipette 25.0 cm?® of 2.00 mol/dm? sodium hydroxide solution into a conical flask. ‘
Step 2 - Add 2 or 3 drops of screened methyl orange indicator. [
Step 3 - Add dilute sulfuric acid into a burette, record the initial volume of dilute sulfuric
acid in the table below.

Step 4 - Add dilute sulfuric acid from the burette into the sodium hydroxide solution until
the reaction is complete. Record the final volume of dilute sulfuric acid in the table below.

Results
|
Final volume of dilute 19.10 i
sulfuric acid / cm?® ’
Initial volume of dilute 0.40
sulfuric acid / cm? '

Fig. 7.1

(a) Calculate the volume, in cm?, of dilute sulfuric acid used.

(b) Calculate the concentration, in mol/dm?, of dilute sulfuric acid.

concentration = ...............ceeeinnnn. mol/dm?® [2]

ccxgsmmmgegmmr’zz [Turn Over
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(c)

(d)

10

Explain why washing the burette with deionised water before Step 3 will result in a
larger volume of sulfuric acid needed for the reaction to be complete.

Sodium hydroxide is a strong alkali that contains a hydroxide ion. The hydroxide ion
contains a covalent bond between the oxygen and hydrogen atoms. Both atoms in the
ion have a full valence shell of electrons because the ion also has an overall negative
charge.
[O-HI"
hydroxide anion

(i) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer shell electrons
in a hydroxide anion.

(1]

(ii) State and explain the electrical conductivity of sodium hydroxide in solid and
aqueous states.

ccx?&Mﬂ%ﬁgEﬂmr'zz
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volume
/dm?
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Section B

Answer all questions.
Write your answers in the spaces provided.

Ideal and Real Gases

An ideal gas is a hypothetical gas composed of many randomly moving gas particles that
do no exert any intermolecular forces of attraction between each other. While no gas on
Earth behaves completely like an ideal gas and are therefore called “real gases”, the ideal
gas concept is an important assumption to make in order for scientist to predict various
properties of gases.

One such property is the molar volume of gases. The molar volume of an ideal gas at
room temperature and atmospheric pressure is 24.0 dm®. This volume is derived based
on Charles's law, which describes how the volume of one mole of ideal gas changes with
respect to temperature.

The molar volume of an ideal gas at temperatures between —215 °C and —180 °C is shown
in Fig. 8.1. At the same temperature, the volume of real gases deviates from ideal gases.
The volume of one mole of hydrogen gas, nitrogen gas and chlorine gas at different
temperatures are also shown in Fig. 8.1.

| | ' || [ [ | L1 | |
i . b e  EE N S .
PP% % e
= 1
L~ T [ 41 ]
T |
//
~ ]
1
,/
~
i L~
AR
— A -ideal gas e
P B - hydrogen gas |
<l — ~+——+——+——+ C - nitrogen gas =
1D | —+—{—+—— D - chlorine gas -
-
-215 -210 -205 -200 -195 -180 -185 -180
temperature / °C
Fig. 8.1
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(a)

(b)

(c)

12

(i) Based on Fig. 8.1, describe the relationship between temperature and the molar
volume of an ideal gas.

................................................................................................... 1]
(i) Explain, in terms of kinetic particle theory, the relationship described in
part (a)(i).
................................................................................................... [1]
Identify one difference between an “ideal gas” and a “real gas”.
............................................................................................................ 1
Some students analysed Fig. 8.1 and made these statements.
Jean: ‘The stronger the intermolecular forces present in the real gas, the

larger the difference between the volume of that real gas and an ideal
gas at the same temperature.’

Beth: ‘The extent that the volume of the real gas differs from an ideal gas
depends on the number of covalent bonds present in each real gas
molecule.’

Does the information in Fig. 8.1 support the statements made by Jean and Beth?

Based on your understanding of the structure and bonding present in chiorine gas,
nitrogen gas and hydrogen gas, explain your reasoning.

CCKQQEEH@Q?EMM@zz
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(d) (i) Acolourless gas, R, contains 52.2% carbon, 13.0% hydrogen and 34.8% oxygen
by mass.

Deduce the empirical formula of gas R.
Show your working.

empirical formula= ... [3]
(ii) The molecular formula and empirical formula of gas R is the same.

Using Fig. 8.1, predict the volume of one mole of gas R at —200°C.

VOIUMB = ..o e ssismiivaminsoasssenannn dm® [1]

[Total : 11 m]
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B9 Graphene and graphane are two modern materials that are being heavily researched on due
to their useful properties.

Graphene is a two-dimensional layer of carbon atoms only (Fig. 9.1) while graphane is a
two-dimensional layer of carbon and hydrogen atoms. Graphane has a similar structure to
graphite, except that it has one hydrogen atom attached to each carbon atom as shown in

Fig. 9.2.
i | | I
c C. _C. _C._
| | |
C

() hydrogen atom

. carbon atom

Fig. 9.2

(a) Explain, based on structure, why graphene is able to conduct electricity but graphane
is unable to conduct electricity.

CCK@SMH};@WEZZ
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(b} Both graphene and graphane are extremely strong and flexible material.

Explain, based on bonding, why both graphene and graphane are very strong
materials.

(c) Scientists found that graphene is an excellent material for hydrogen storage. When
graphene is reacted with hydrogen, it forms graphane.

2(graphene) + H2 — 2(graphane)
Most hydrogen-powered cars carry 5000 g of hydrogen gas but in order to decrease
the volume needed to store the hydrogen gas, hydrogen gas needs to be stored under
extremely high pressures. Graphene and graphane allows for hydrogen gas to be
stored under normal pressures.

(i) Calculate the volume occupied by 5000 g of hydrogen gas under room
temperature and pressure.

volume = ..o dm® [2]

(i) Graphene has a very low density of 2267 g/dm?.
Calculate the mass of graphene required to react with 5000 g of hydrogen gas
and hence determine the volume of graphene required to react with 5000 g of

hydrogen gas.
[1 mol of graphene is 12.0 g]

volume of graphene = ... dm® [2]

[Total : 9 m]
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2022 Sec 3 EQY Chemistry Examination

Paper 1
i 2 3 4 5 8 7 5 9 10
B B C D D L B A D
i1 12 i3 i4 15 16 17 18 19 20
B A A £ A » D B C B
21 22 23 24 25 26 27 28 29 30
D B A B B C C B B D
31 32 33 34 5 36 37 38 | 39 40
D B A o D B D B C C
Paper 2
Section A (45 marks)
‘General Comments

Students perform well of questions that have been well rehearsed during lessons.
Students will need to always furnish their answers with a greater level of

specificity and details e.g. substances travel faster vs ions diffuse faster

Students will also need to be more flexible when it comes to questions that
incorparate muliple topics and novel contexts. all calculations should be
expressec in decimals and never in fractions

Al{a}

(b))
(i)

Isotopes are atoms having the same number of protons
and different number of neutrons

Commen mistakes involve students forgetting that
isotopes can only be defined by comparing more than one
atom and therefore atoms is an essential part of the
definition

accept: proton numbers atomic number

reject: an atom, amount of protons/neutrons (penalise
only once), nucleon number, mass number.

Carbon — 12 and carbon — 14

Fluorine -19 and neon — 20

common error is to mention that magnesium-24 and
carbon-12 have the same number of neutrons. it shows
that it will be beneficial to always annotate quesfions with
their thinking, instead of keeping it mentally in their minds

All 3 - 2m
Any 2—1m

BP~138



Students either got the fuli 3 marks or left the question
blank for this straightforward question. Students should
also iry to remember that Rf vaiues are given to 2.d.p and
that precision should be accounted in Science, i.e. a
difference of 0.001 would not account for a significant
difference.

Students who did not prepare themselves with the
appropriate stationery for an exam usually show incorrect
ways of determining the Rf despite knowing the formula
for calculating Rf value.

1 - for showing
calculations
and a
conclusion

PartnerinLearning
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(iii) | Strontium — 90 and magnesium — 24 4 pt-2m, Bl
- ' 3,2pt-1m, f
(iv) | lodine — 131 and fluorine-19 ' 1,0pt - Om
{iii} and (iv) are surprisingly poorly done by some students
who lack a very fundamental understanding of ions and
diatomic molecules.
Total: 6m

A2(a) | Athlete 1 took ephedrine. All 4 -2m
Athlete 3 took ephedrine and insulin. 3,2-1m
Athlete 2 did not take drugs. 0,1 -0m
Athlete 4 did not take drugs.

Students who perform poorly in this question did not
understand the command word as well as the requirement
of this question. Many students were also not
conscientious enough to describe for al! athletes in the
question.

(b) Rf ephedrine 1 - for showing
=1.9cm/4.8cm understanding
=0.40 (2 dp) of how to

calculate Rf
Rt fifth athlete
=0.8cm/2.0cm 1 - for showing
=0.40 (2dp) accurate
measurements
He took ephedrine. with a ruler
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A3(a) ; The melting and boiling points in Group | decrease down the

(b)(i)
(ii)

(c)

group.
The melting and boiling points in Group Vi increase down the

roup.

B,A C

allow for ecf and B.O.D from (b)(i)

A: Bromine, B: lodine, C: Chlorine

(any 3 halogen in the correct reactivity)

This question was surprisingly badly done! Students were either
not able to arrange elements in increasing order of reactivity or
they did not know the relative reactivity of halogens. There were
even some students who do not know what 2 “halogen” is.

Chlorine/ Fluorine (reject: chloride and fluornide)

Ch + 2KBr — 2KC/ + Br2 OR

F2 + 2KBr — 2KC/ + F2

Although this was explicitly taught and tested several times.
some students were still unable o give proper chemica:
formulas for the halogens znd their salts. Students are also
reminded that they should refrain from giving state symbols

| when not required as incorrect state symbols e.g. Brz (g)/Bra(s)

will usually resuit in a deducticn of marks. in this assessment

! 1

1

1
K
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138

BP~140



BP-~141

(b)(i)

(i)

Ad(a) e ammonium nitrate reacts with calcium hydroxide.

e Calcium hydroxide will not be able to raise the pH of the
soil / to neutralize acidic soil / adjust soil pH.
e ammonia gas is released and
! e soil will not receive nitrogen content
| Although this was explicitly taught and tested many times in
student tests and WAs, this question was surprisingly badly
done. Students showed some worrying weaknesses.
1.Students were not specific enough to say that it was the
removal of calcium hydroxide that resulted in the soil
pH not being able to be adjusted and only made general
statements.
2.Ammonium nitrate and calcium hydroxide will not give
calcium nitrate and ammonium hydroxide.
3.Neutralisation reactions are restricted strictly for reaction
of acids and alkalis to give sait and water. acid and
carbonate, alkali and ammonium sall reactions are not
neutralisation reactions.

3Ca?(aq) + 2POs4* (aq) — Ca3(POs)2 (s)
formula of calcium phosphate - 1pt
all 3 state symbols — 1pt
balanced equation - 1pt
1.We spent quits some time in Salt and QA discussing about
precipitation reactions so students should have no issues
knowing that precipitation involves the addition of two
aqueous solutions (aq) to obtain a precipitate (s).
2.In chemical formula and chemical bonding, students
should know how to derive a formula of an ionic
compound with 2 cation with 2+ charge and a anion with
3- charge.
3.Several students did not balance the equation.

All nitrate salts are soluble and will not be able to form
precipitates.

accept: any salt that contains nitrate ions are soluble,
reject: nitrate icns are soluble

This question revealed a very glaring misconception in students
understanding. Solubility is a property that is given to a salt and
not an ion. If a free nitrate ion exist, it would definitely mean that
it is dissolved in water and therefore the phrase “all nitrate ions
are soluble” would be meaningless.

Students should take care of their language in remembering
solubility rules by saying that “all chioride salts are soluble
except...” instead of saying “all chlorides are soluble except...”

in order o ensure that such misconceptions do not arise again.

PartnerinLearning
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(i

(i)

(iii)

(b)

A5(a) | Cr207>

? Many students did not give the charge of the anion. STudents
| must always remember that ions are charged particles and
| therefore possess a charge.

Since the molar mass of silver ion (108) is lesser than the molar
mass of dichromate ion (216)

And as silver ions diffuse faster

Therefore both ions meet nearer to the ammonium dichromate
to react to form the insoluble salt.

accept: comparing silver nitrate and ammonium dichromate
accept: getting the molar mass wrong but stil! stating that molar
mass of the silver ion/silver nitrate is lesser than the dichromate
ionfammonium dichromate

accept: molecular mass, relative molecular mass

reject: mass of silver ion

reject: travel/move (it is impertant for students to know how (o
use scientific words in their explanations)

reject: anything about solubility

Time taken will be shorter
diffusion/movement is faster at higher temperatures.
reject: dissolve fasier/react faster
1.time cannot be faster, time moves at the same speed for
everyone, my 24 h is moving at the same speed as your
24 h.
Filter the mixture and
wash with distilled water and dry the residue
Wrong method - max 1m
Contradicting statements will also not be given any marks.
Students will need (o praciise more careful and close reading of
the question. Students only needed to describe how to remove
an insolubie solid from a suspension (like obtaining sand from
sea water) and ensure it is dry and pure. Some students
describe a whole salt preparation process and this shows that
they are merely memorising their work. Students who gave

PartnerinLearning
140

BP~142



A6(a) | Both reactions produce bubbles. acid reacts with metal 1
| (i) ' carbonates to produce carbon dioxide 9
' Most students miss out the bubbles and only state carbon
| (i) dioxide. i1
‘ ' Hydrochloric acid react faster/bubbles faster/bubbles more

 vigorously/ shorter time taken 1
- Ethanoic acid ionises partially to form lesser hydrogen ions
- whereas hydrochloric acid completely ionises.
Most students mention faster reaction but did not explain 2
further on strong and weak acid.
(b)(i) | A — copper(ll) oxide / CuO B — copper(ll) chloride / CuClk | 1
Well - done 1
(ii) ecf from part(i)
Blue precipitate 1
dissolves to form a dark blue solution.
Students miss out dissolve or soluble in excess.

(iii) salt formed is insoluble and will coat the metal oxide
preventing further reaction with the acid.
Some thought that lead or lead oxide is unreactive so no
reaction.

e = __ Total 9m

A7(a) | 19.10-0.40

=18.70 cm® 1

(b) n(NaOH}

=0.025x 2

= 0.05 mol 1
| n(H2S04)
[=0.05mol/2

= 0.025 mol

¢(H2804)

=0.025/0.0187

= 1.34 mol/dm?® 1

(c) residual water will dilute sulfuric acid in burette/decrease 1

concentration

larger volume required for same number of moles for 1

neutralization

Most are able to state lower concentration but none is able

to state the same number of moles reacted in larger

volume.

PartnerinLearning
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- molten/aqueous state conduct electricity

- solid state, ions are held in fixed posiiicns/ in place, no
mobile ions

- molten/aqueous state, ions are mobile and move
throughout liquid

4pt—2m, 3-2 pt— 1m, 1-Opt — Om

Most students only mention no mebile ions in solid state
instead of ions in fixed positions. They also used mobile
electrons instead of ions

(d)(i) - ' 1
| X
e O H
Ca
éécept even if all electrons are same symbol
Most are unable to draw correctly. Students either miss
out electrons or charge or simply draw Hz0 instead.
(d)(ii) | - solid state does not conduct 2

Section B (20 marks)

move further apart

(reject: gas expands (macroscopic observation))

Many studenis did not mention that the particles move
further apart, instead they describe the intensity of the
movement. They were many attempts to use other terms
to describe further apart which was accepted e.g spaces
increase, the space further. Students are advise to avoid
such terms as they could be penalize.

B8(a) | As temperature increases, the molar volume increases 1
(i)

Well dene. A small number of students did not use the

term 'molar’ and this was not penalize for this paper only
(ii) As temperature increases, particles gain more energy and | 1
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(b)

' Real gases have intermolecular forces between molecules
| while ideal gases have no intermolecular forces.
OR
Volume of real gases is smaller than ideal gases at the
same temperature.
' Most did not use the term at the same temperature. This
was not penalize for this paper only.

There were several confusing answers that discuss the
type of particles present in real and ideal gases or the
trends of the graphs.

(c)

Agree with Jean. Disagree with Beth.

Chlorine gas the strongest intermolecuiar force as it has
the highest molecular mass (71) as compared to nitrogen
(28) and hydrogen (2).

Nitrogen has the greatest number of covalent bonds /
more covalent bonds than hydrogen and chlorine however
the difference from an ideal gas is the greatest for chlorine
instead

OR

Hydrogen and chlorine has cne covalent bond / single
bond / same number of covalent bonds however the
difference from an ideal gas is not the same or greatest for
chlorine

(reject if student gets molecule/atom/ion mixed up)

Poorly done. Common misconception
1. Strength of intermolecular attraction of gas
motecules are due to the charge of the ions / the
distance of the valence electrons from the nucleus
2. The number of bonds is related to the number of
valence electrons
3. Chicrine forms 2 covalent bonds
There were also several students who rewrote Jean and
Beth’s statements without any supporting evidence. They
were also several confusing interpretations of the question
that was difficult to understand the thought process behind
their answers.

Total 4
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@[] c H 0
[% [522 13.0 1348
Ar 12 1 |16
52.2 13.0 34.8
(A) =435 | (B)——=13.0 | (() 7= =215
435 B0 _ o | 2175
2175~ ° 2175 | 2175
Ratio | 2 6 K
(A), (B), (C) — Any 2 for 2m Z
CzHsO 1
Well done by several students.
Those who did poorly mostly either
1. Divide atomic mass by percentage
2. Use Hz and Oz
(ii) between 4.8 dm3 and 5.8 dm* 1

ECF from (d)(i)

| N'B'Q‘('a) Each of the carbon atoms in graphene uses 3 of its 4
valence / outer electrons to form covalent bonds and

hence 1
there is one maobile electron that can move to conduct
electricity. 1

In graphane all of its valence / outer electrons is involved
in covalent bonding.

FPoorly done.

Students did not use the term valencefouter electron. If
the students use the term valence/outer electrons
correctly once they will be given credit if they miss the
terms at the other parts of their answers.

Wrong concept:
They were many students who wrote ‘one carbon atom not
used in bonding’ to explain the conductivity.

No credit given:

Students who discuss the number of bonding the carbon
atoms formed without using the term valence/outer
electron.

Students who use the term delocalise electron instead of
mobile electron.

A few students did not attempt the question.

PartnerinLearning
144



(b)

' All the atoms are held by strong covalent bonds that
| requires a lot of energy to overcome.
Well done.
! They were several students who use the term
intermolecular attraction to explain the strength, no
' credit was given.
Accept when students use both intermolecular attraction
and covalent bonds to explain the strength.

—_—

(e)(i)

n(Hz)
=5000/2
=2500 mol

v(H2)

=2500 x 24

=60 000 dm?

Poorly done, with many students who use the mass of one
H atom. No ECF was awarded within the question.

(i)

n(graphene)
=2500x 2
= 5000 mol

mass(graphene)
=5000x 12

=60000g

volume(graphene)

=60000 / 2267

=26 dm3

Foorly done.

Students were very confused with the density given and
attempted several calculations that does not make any
sense. They were also several atltempts to assume
graphene is a gas.

Several students did not attempt the question.
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