ORCHID PARK SECONDARY SCHOOL
End-of-Year Examination 2022

h F .

|
CANDIDATE NAME i

CLASS vV 8 | INDEX NUMBER

CHEMISTRY 6092/01
Paper 1 10 October 2022
Secondary 3 Express 1 hour

40 Marks

Setter: Mr Wong YH

Additional Materials: Multiple Choice Answer Sheet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil
Do not use staples, paper clips, glue or correction fluid.

There are forty questions on this paper. Answer all questions. For each question, there are

four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the separate

Answer Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.
A copy of the Periodic Table is printed on page 19.

The use of an approved scientific calculator is expected, where appropriate.

This document consists of 19 printed pages.

PartnerinLearning
292

BP~294



BP~295

Under the same conditions, which gas diffuses at the same rate as nitrogen gas?

carbon dioxide gas
carbon monoxide gas

methane gas

o O W P

oxygen gas

Sodium hydroxide and ammonium sulfate is heated together in a setup.

sodium hydroxide and
ammonium sulfate

heat

collection and

drying of gas
F—
How can the gas produced be collected and dried?

gas collection drying agent
A displacement in water concentrated sulfuric acid
B displacement in water calcium oxide
Cc upward delivery concentrated sulfuric acid
D upward delivery calcium oxide

An impure substance P melts aver a range of —50 °C to —48 °C and boils at 60 °C to
62 °C.

What is the melting and boiling point of pure substance P?

melting point / °C boiling point / °C
A —52 58
B -52 64
C —46 58
D —46 64
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Paper chromatography was carried out on a sample of dye using water as the solvent.

3

The results are shown on the chromatogram.

solvent front ——
blue

)
lé red

yellow

Which statement is correct?

oo m

The blue dye has a Ry value close to 1.

The yellow dye has the highest solubility in water.

The sample is a pure substance as all of the spots did not overlap.

The blue dye has the lowest mass hence it travelled the furthest in water.

An isotope of uranium ion can be written as 233U3%*.

Which row indicates the number of sub-atomic particles in the uranium isotope?

protons neutrons electrons
A 92 143 89
B 92 146 89
Cc 92 143 92
D 89 146 92

The table shows four elements, W, X, Y and Z and their number of electrons.

element W X

Y

atomic number 2 4

7

Which two elements will react to form an ionic compound?

A

B
c
D

W and X
WandY
Wand Z
Xand Z
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Element Y forms a carbonate with chemical formula YCOs5.
Element Z forms a compound with hydrogen with the chemical formula HZ, that has a
boiling point of —85 °C.

What is the type of bonding and the chemical formula of the compound formed
between Y and 27

! bonding chemical formula
A covalent YZ

'B covalent _ YZ,
c ionic | Yz |
D ionic YZ;

Graphene is a form of carbon and has a two-dimensional structure.

Which statement about the properties of graphene is true?

A It is soluble in water.

B It has a low melting point.

c It has a simple molecular structure.

D It can conduct electricity in the solid state.

The table shows the electrical conductivity of some substances.

What row shows the correct electrical conductivity and the structure?

electrical conductivity structure
solid state molten state
A yes yes giant molecular structure
B no yes giant ionic structure
c yes no simple molecular structure
D no no giant metallic structure
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12

13

5

In which molecule are all the valence electrons involved in bonding?

A CcO
B CHa
c HF
D NH3

Which substance has the greatest number of atoms?

A 0.5 mole of sulfuric acid
B 1 mole of carbon dioxide
Cc 1 mole of ice

D 1.5 moles of oxygen

The equations show the reactions involved in the formation of nitric acid HNO3, starting
from nitrogen.

Step 1 Nz + 02 2 2NO
Step 2 2NO +02 = 2NO:
Step 3 4NQO;, + 2H20 + Oz 2 4HNO3

How many moles of nitrogen is needed to form 0.1 mole of nitric acid?

A 0.025 mole
B 0.05 mole
Cc 0.1 mole

D 0.2 moles

What is the mass of hydrated copper(II) sulfate crystals, CuS04.5H;0, to be dissolve
in 200 cm?® of water to form 0.1 mol/dm? copper(Il) sulfate solution?

A 25g
B 329
c 3564
D 5g

[Turn over
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15

16

In an experiment, 90 g of glucose, CsH120s, ferments to form 15 g of ethanol, C2HsOH.

6

CesH1:206 = 2C2Hs0H + 2CO;

What is the percentage vyield of ethanol?

A

B
c
D

17 %
33%
51 %
65 %

20 cm of methane burns in 20 cm? of oxygen to form carbon dioxide and water.

CH4 + 202 = CO2 + 2H:20

What is the total volume of gases remaining at room temperature after the reaction?

A

B
Cc
D

10 em?
20 cm?
30 cm?

40 cm3

Two experiments were conducted to investigate if solid X is an acid.

- r - 3
——— organic e
=4 solvent feo— water
zinc strip zinc strip
solid X solid X
test tube 1 test tube 2

Which statement about solid X can be deduced from the experiments?

A

B
c
D

Solid X is a strong acid

Solid X is a monobasic acid.

Solid X display acidic properties only in water.

Solid X is not an acid as it did not react with zinc in test tube 1.
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7

The graph shows the change in pH as an acid is added to an alkali.

14

pH

0 o
volume of acid

Which letters represents the points where both alkali and salt are present?

R only

P and Q only
Q and R only
P, Q,and R

ooOw>P
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8

0.1 mol/dm® aqueous sodium hydroxide is added to separate test tubes containing
50.0 cm? solutions of 0.1 mol/dm? of hydrochloric acid and 0.1 mol/dm? ethanoic acid.

The graphs show the changes in pH in the reactions.
14
12
10

8
pH

0 10 20 30 40 50 60

volume of 0.1 mol/dm? of NaOH (cm?)
key:
- - - - ethanoic acid
—— hydrocholoric acid

Which statement about the reactions are true?

A A strong acid has a higher initial pH.

B The salts formed in both reactions are alkaline.

C The same number of moles of products are formed in both reactions.
D

A strong acid reacts with sodium hydroxide completely, but a weak acid
only reacts with sodium hydroxide partially.

A complex salt consists of ammonium ions, iron ions and sulfate ions has the chemical
formula (NHa)2Fe(S04)a.

In an experiment, a sample of the complex salt was dissolved in deionsed water and
separated into two portions.

In the first portion, a few drops of aqueous barium nitrate were added.
In the second portion, aqueous sodium hydroxide was added drop wise till excess to
the mixture and heated until there is no further change.

Which observation would not be made?

A A white precipitate is formed.

B A dirty green precipitate is formed.

c A reddish brown precipitate is formed.
D

Effervescence of a colourless and pungent gas.
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20 Sample A consists of a mixture of aqueous copper(Il) sulfate and aqueous zinc
chloride. Aqueous ammonia was added to sample A dropwise till excess.

Which graph best represents the change in the mass of solid present in the mixture?

A mass of solid
A

>
L

volume of aqueous ammonia

B mass of solid

»
L

volume of aqueous ammonia

c mass of solid

AN

volume of aqueous ammonia

D mass of solid

»
L

volume of aqueous ammonia

21 Which pair of reagents would be most suitable to safely prepare a pure sample of silver

chloride?

A silver and dilute hydrochloric acid

B silver oxide and dilute hydrochloric acid

Cc silver carbonate and dilute hydrochloric acid

D aqueous silver nitrate and dilute hydrochloric acid
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22 Four pieces of iron are placed separately in water.

e water

—=--— iron
—==—=""  zinc

. seawater

iron

In which setup will the iron rust the slowest?

A setup W
B setup X
C setupY
D setup Z

23 The diagrams show two experiments to investigate the reactivity of metal Y.

metal Y oxide + carbon

¥ A
r \)

dilute ,_4:_23: heat )
nitric P i gas
acid g evolved
N white : :
metal’Y precipitate ="
formed in =
limewater

What can metal Y be?

A copper

B magnesium
C sodium

D zinc
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In an experiment to find the order of reactivity of some metals, three metals P, Q and
R were placed into four separate sulfate solutions containing the aqueous metal ions.

The results are shown in the table where a tick indicates

metal | ~ agueous metal ions |
P | o | rF &
P X X v
Q v X v v
R v X X v
S X X X X

v = reaction observed
X = no reaction observed

What is the order of reactivity of the metals?

lease reactive > most reactive
A Q R P S
B Q P ‘ R S
Cc S R P Q
D 1 s P | R Q

The extraction of iron from haematite involves a few reactions.

C+ 0z > CO:;

CO+0: > 2CO

Fe;03 + 3CO = 2Fe + 3CO:
CaCO3 -» Ca0 + CO;

CaO + SiO; > CaSiOs3

a W N =

How many of the reactions are redox reactions?

A 2
B 3
c 4
D 5

Which pair of reagents, when reacted together, do not produce a gas?

A ammonium sulfate and potassium hydroxide with heating
B aqueous copper(1l) sulfate and zinc

C potassium and water

D silver oxide and hydrogen with heating

urn over
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28

29

30
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Which is true for all metals?

A

B
c
D

They react with acids

They have a high density.

They have high melting points.
They have delocalised electrons.

Which property of Group VII elements decreases moving down the group?

A

B
c
D

melting point
number of valence electrons
oxidising power

size of the atom

Metal M is soft and can be cut easily with a knife.

Which property of metal M is true?

A

B
c
D

It reacts with air to form an acidic oxide.
The metal hydroxide can be used as a test for cations.
It reacts with chlorine to form an insoluble metal chloride.

It reacts with water violently to form a solution that turns Universal Indicator red.

Bromine vapour is passed over a sample of potassium chloride and sodium iodide.

point X point Y

bromine B aaaa TS Saaaa N
R

vapour PO e AN S

potassium sodium
chloride, iodide,
heat heat

What is the correct colour seen at point X and Y?

colour at point X colour at point Y
A reddish-brown purplish black
B reddish-brown reddish-brown
c yellowish green yellowish green
D yellowish green purplish black
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Chrysotile is a type of asbestos which is used in buildings for its flame-retarding and

insulating properties. It has the formula MgaSizOs{OH)a.

What is the oxidation state of silicon in this chrysotile?

A +1
B +2
Cc +3
D +4

In which egquation(s) is manganese being reduced?
1 2Mn(OH); + H:02 2 Mn:0; + 3H:0
2 MnO. + 4HCI = MnCl; + Cl» + 2H;0
3 Mn0,” + 8H' + 5Fe** > 5Fe* + Mn®* + 4H,0

A 1 and 2 only
B 1 and j3 only
C 2 and 3 only
D 1,2and 3

A colourless gas is passed into each of the different solutions.
The results for each solution are shown in the table.

solution result
potassium iodide colourless solution turns brown
acidified potassium manganate(Vll) purple solution remains purple

What is the property of the colourless gas?

A an oxidising agent

B a reducing agent

Cc both oxidising and reducing agent
D

neither oxidising or reducing agent

Calcium carbonate reacts with dilute nitric acid.

Which change will increase the rate of reaction by increasing the movement of the

particles?

A by adding a catalyst

B by increasing the concentration of the acid

Cc by carrying out the reaction at a higher temperature

D by increasing the surface area by using powdered calcium carbonate

[Turn over
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35 In experiment 1, 500 cm® of 1 mol/dm?® dilute hydrochloric acid is reacted with excess
magnesium

In experiment 2, 300 cm?® of 1.5 mol/dm?® dilute hydrochloric acid is reacted with excess
magnesium

The volume of hydrogen given off is plotted against time.

Which graph is correct?

A total mass of reactants / g
experiment 2
experiment 1
+ time/min
B total mass of reactants / g

experiment 2
experiment 1

M

—» time/min

C total mass of reactants / g

experiment 1

experiment 2

I}

» time/min

D total mass of reactants / g

experiment 1

experiment 2

|

» time/min
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A student conducted an experiment using hydrochloric acid and excess magnesium
powder in an open conical flask. As the reaction proceeded, he measured the total
mass of the reaction mixture over time and plotted graph A.

The experiment was repeated and graph B was obtained.

total mass of reactants / g
A

graph B

graph A

> time/min
Which change could result in graph B?
A adding a catalyst
B increasing the concentration of the acid
Cc changing to magnesium ribbon
D increasing the temperature
In which process is energy released?
A melting of ice
B photosynthesis
Cc electrolysis of dilute sulfuric acid
D reaction of magnesium and dilute nitric acid

[Turn over
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The equation for the combustion of hydrogen is shown.

16

2Hz + 02 = 2H-0

bond bond energy in kd/mol
H-H 436
O-H 463
0-0 142
0=0 498

What is the enthalpy change of this reaction?

A

B
c
D

+88 kJ/mol

+444 kJ/mol
—482 kJ/mol
—788 kJ/mol
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39 Which is the correct energy profile diagram that shows a reaction that would proceed
most rapidly?

A ~ ENnergy
reactants
> progress of reaction
B 4 energy
products
reactants
> progress of reaction
energy
Cc

reactants

» progress of reaction

D 4 energy

products

» progress of reaction

. [Turn over
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40 The energy profile diagram shows the energy changes that occur as a reaction takes
place.

Which energy profile diagram is correct for an endothermic reaction?

A 4 energy

» progress of reaction

products

-

AH
reactants

» progress of reaction

c 4 €nergy
| _reactants |
> progress of reaction
D 4 energy

reactants

» progress of reaction

--- End of Paper ---
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A1

A2

The table shows the properties of particles A, B, C, D, E, F and G.

2

Section A

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

Use the letters to answer the questions.

particle no. of no. of nuclecn
protons electrons number

A 10 10 20

B 19 18 39

c 12 12 24

D 8 8 16

E 7 7 14

F 19 19 39

G 8 10 18

(@)

(b)

(c)

(d)

()

Which particle is a cation?

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

State the most efficient separation techniques to obtain the desired compounds from
its mixtures.

sodium chloride

mixture desired most efficient
compound method
(a) silver chloride and water silver chloride
(b) iron(1I) sulfate and water iron(Il) sulfate
(c) ammonium chloride and sodium chloride
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A3 Study the reactions in the diagram.

Dissolve in water. Add aqueous
sodium hydroxide, then
aluminium foil, warm carefully
white solid A e — colourless gas F

heat

|

white solid B + brown gas + colourless gas

l

| dilute
| hydrochloric

l acid

colouress solution € aqueous silver nitrate white precipitate D

excess aqueous
ammonia

white precipitate E

(a) Write the chemical formula of the following substances.

substance | chemical formula
A
B
C
F
(4]
(b) Write a balanced chemical equation for the formation of substance D.
................................................................................................... [1]
(c) Write an ionic equation for the formation of substance E.
................................................................................................... [1]
[Turn over
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4
The table shows some properties of the oxides formed from the unknown elements W,
X, YandZ.
element  chemical chemical | meiting périod in Periodic Table |

‘ formula of property point
|  oxide
‘ w W0 basic oxide high period 2
[

X X:0 neutral oxide low period 1

Y | vo ampliotenic. |, riod 3

e oxide 9 pe
Z Z0: acidic oxide High period 3

(a) Deduce and name the unknown elements W, X, Y and Z.

element

name

w

X

(b) By using the actual identity of the elements, draw the ‘dot and cross'

diagram of

i) X0

PartnerinLearning
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(i) Y03

(2]
(c) By using the actual identity of the elements, explain
(i) the low melting point of X20,
................................................................................................... [2]
(ii) the high melting point of ZO-.
................................................................................................... [2]
[Turn over
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6

Chromium is a transition metal found in period 4 of the Periodic Table with the chemical
symbol Cr.

Iron(1T) chromite ore has the chemical formula FeCr,04 and is insoluble in water. It can
be heated with sodium carbonate in the presence of oxygen to produce carbon dioxide
and a solid mixture of sodium chromate salt and iron(III) oxide.

4FeCrz0. (s) + 8Na;CO; (s) + 702 (g) — 8COz(g) + 8Na.CrO; (s) + 2Fe20s (s)

In a reaction, 5.3 grams of sodium carbonate reacted with 1080 cm® of oxygen and
excess iron(Il) chromite ore.

(a) Find the limiting reactant.

(3]

(b) The sample of sodium chromate salt obtained is contaminated with the excess
iron(II) chromite ore and iron(IIT) oxide.

Briefly describe how a pure and dry sample of sodium chromate can be
obtained from the mixture.

................................................................................................... 3]
(c) Complete the table.
oxidation state of chromium in FeCr204
oxidation state of chromium in Na;CrO.
Is FeCr,0, oxidised or reduced
[2]
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7
Hydrogen peroxide decomposes into oxygen gas and water.
2H;0: (aq) - Oz (g) + 2H:z0 ())
In an experiment, 50.0 cm® of an unknown concentration of agueous hydrogen
peroxide, H.0,, was placed in a conical flask together with one spatula of
manganese(!V) oxide powder. It was observed that the conical flask felt hot during the

reaction.

The gas produced was collected and recorded every 30 seconds and the results were
recorded in a table.

Time /s 30 60 90 120 150 180
Volume of gas 180 280 350 400 420 420
/ cm?®

(a) Calculate the unknown concentration of the aqueous hydrogen peroxide.

(3]

(b) Draw an energy profile diagram to represent the decomposition of hydrogen
peroxide.

(2]

rn ove
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8
(c) (i) Sketch the graph of ‘volume of gas’ collected vs ‘time’.

Label this graph as Expt 1.

Volume of gas / cm?®

A

Time/s

\ 4

(1]

(ii) Draw on the diagram above, the graph you would expect if the
concentration of hydrogen peroxide was changed to 0.8 mol/dm?
instead.

Label this graph as Expt 2.
(1]
(d) What is the purpose of adding manganese(IV) oxide powder?

Explain using ideas of colliding particles.
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An unknown transition metal M is found in period 4 of the Periodic Table.

Metal M reacts with chlorine gas to form a metal chloride. An experiment was carried

out to determine the unknown metal M by using precipitation reaction.

The following mixtures were prepared in 7 different test tubes using 0.2 mol/dm?® of

aqueous metal chloride and 0.1 mol/dm?® of aqueous sodium hydroxide.

test volume of 0.2 mol/dm?® volume of 0.1 mol/dm?
tube metal chloride (cm®) sodium hydroxide (cm®) |

1 10 20

2 10 30

3 10 40

4 10 50

5 10 60

6 10 ] 70

7 10 80

After the reaction, the mass of the precipitate formed in each of the test tubes were

measured and the results are plotted in the graph below.

mass of
precipitate / g

1 1 1 1 1 1
T T T Ll T

20 30 40 50 80 70 80

1
1

A 4

volume of sodium hydroxide added / cm®

(a) State one property of metal M which are usually not found in other

non-transition metals.

(b) (i) What is the volume of aqueous sodium hydroxide that resulted in the
complete reaction of the 10 cm?® of aqueous metal chloride?

(i) Hence, calculate the number of moles of aqueous sodium hydroxide
that reacted completely with 10 cm?® of aqueous metal chloride.

PartnerinLearning
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(c)

(d)

(e)

(f

(9)

10

Calculate the number of moles of metal chloride used in each of the tests.

[1]

Hence, using your answer in part (b) (ii) and part (c), deduce the mole ratio of
sodium hydroxide to the metal chloride in the reaction.

(1]

Balance the following three equations.

Equation 1 ceeeee NAOH + MC/> ....... NaC/+ ........ MOH
Equation2  ....... NaOH + ....... MClL > ........ NaC/+ ........ M(OH);
Equation3 ....... NaOH + ....... MCL > ....... NaC/+ ........ M(OH)a

(2]

Using your answer in part (d) and (e), deduce and circle the correct chemical
formula of the metal chloride.

MC/ MC/> MC/s 1]

Given that the metal chloride solution contains 0.325 g of the metal chloride,
determine the unknown metal M.

(2]
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The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8

1
Section B

Answer all three questions in this section.

Salts

A salt is a compound formed when the hydrogen ion in an acid is replaced by a metallic
ion or an ammonium ion. Common acids used in the laboratory are dilute hydrochloric
acid, dilute sulfuric acid and dilute nitric acid.

Some other less common acids are hydroicdic acid, perchloric acid and boric acid.

)] Hydroiodic acid dissociates in water to form hydrogen ions and iodide ions.
Hi(aq) - H*(aq) + 1~ (aq)

« alliodide compounds are soluble, except for silver iodide and lead(ll) iodide

(i Perchloric acid dissociates in water to form hydrogen ions and perchlorate ions.
HCIO4(aq) — H*(aq) + Cl0;(aq)

e all perchlorate compounds are soluble

(Ill)  Boric acid dissociates in water to form hydrogen ions and borate ions.
HsBQu(aq) — 3H*(aq) + BO3~(aq)

¢ all borate compounds are insoluble except for sodium borate, potassium
borate and ammonium borate

. [Turn over
PartnerinLearning

322

BP-324



12

Applications of salts in buildings

(a)

(b)

Crushed calcium carbonate is first heated strongly. During this process, one of
the products formed is caicium oxide, which is slightly soluble in water.

Cement is a mixture of calcium oxide, clay and other substances. Cement is
usually used with sand to form concrete.

When set or hardened, concrete is slightly porous. If there are cracks in the
concrete beam, rainwater can soak through the concrete, and a small amount
of the solid calcium oxide can dissolve in the rainwater to form aqueous calcium
hydroxide. Carbon dioxide in the air can also diffuse into the cracks and creates
a difference in pH inside the beam.

The diagram shows the variation in pH in the cross-section of a concrete beam
after raining.

inside
of beam = pH13
cracks '
pH9
surface of beam pH7

Outside air

In highly polluted cities with high sulfur dioxide pollution, the sulfur dioxide can
react with rainwater and oxygen to form sulfuric acid, resulting in acid rain.
The acid rain will result in historic monuments made of concrete to be
damaged over time when the rainwater seeps through the micro cracks in
these structures.

To protect the monuments, a thin coating of aqueous barium hydroxide solution
is applied over the surface of the concrete monuments. When acid rain falls, a
chemical reaction will occur that will better prevent the concrete monument to
be corroded by acid rain over time.

The table shows the solubility of some compounds at 25 °C

substance CaS0, BaS0,
solubility
R 0.045 0.0000094
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(a) Complete the table to identify two reactants that can be used to react to obtain
a pure and dry sample the following salts.

| name of salt reactant 1

~ reactant 2

(i) copper(II)

iodide i
?

(i) sodium
perchlorate

(iii) silver
borate

(3]

(b) What is the name of the chemical reaction to obtain calcium oxide by heating
crushed calcium carbonate strongly?

................................................................................................... [1
(c) Write a balanced chemical equation with state symbols for the reaction

between rainwater and calcium oxide.

................................................................................................... [1]
(d) If there are cracks in the concrete beam, carbon dioxide in the air can diffuse

n.

Using a balanced chemical equation, explain why the pH is much higher on the
inside of the beam.

................................................................................................... [3]
(e) Write a balanced chemical equation for the formation of sulfuric acid from
sulfur dioxide.
................................................................................................... [1]
[Turn over
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() With the aid of a suitable ionic equation, explain how the barium hydroxide

solution will help to better prevent the concrete monument from being corroded
by the acid rain.

The table shows the results when small pieces of different metals were added to the
chloride solutions containing different metal ions.

w chromium nickel iron cobalt zinc
solutions
chromiqm(ll) B no visible no visible | no visible S?L'::::n [
chloride change change change eoilisesriens
nicke!(lI) solution B s?lljt::]ign solution S?L"I’_:ign
chloride turns blue yellow turns red saldiiilass
iron(m) solution no visible _ no visible 5?3‘;:2”
chloride turns blue | change change aoloiles
cobalt(I1) solution | no visible s?lljt::gn B S?ll:::n
chloride turns blue change yellow caloutass
sinc diloade:| ™ visible | no visible no visible no visible _
change change change change
(a) What is the order of reactivity of the five metals?
Most reactive ...
Leastreactive ...
[2
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15

Complete the table to show the colours of the metal chloride solutions.

‘ metal chioride - colour of solution

chromium(Il) chloride

cobalt(IT) chioride l

(2]

From the results of the experiment, suggest what method would be used to
extract chromium form its ores.

Using structure and bonding, explain the electrical conductivity of cobalt and
cobalt(II) chloride.

urn over
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B10 Steam is passed over a sample of iron powder and heated. A gas is formed and the
silver powder turns black. When the black solid is left to stand in air, the black solid
slowly turns reddish brown.

(a)

(b)

()

(d)

(e)

steam —»

Explain the colour changes observed.

Write a balanced chemical equation with state symbols for the reaction
between steam and iron to form the black solid.

State and explain the observations if the reaction is repeated using copper
powder instead.

The hulls of the ships are usually made of iron.

Explain why zinc sheets are usually added to the iron hulls of the ships.
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(f) An iron compound contains 23.5 % sulfur and 35.3 % oxygen.

Find the empirical formula of the compound.

(3]

urn over
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OR

B10  Hydrogen is used as a fuel in some space rockets. It is also a green fuel as only water
is produced when hydrogen is combusted.

2H2 (g) + Oz2(g) = 2H:0(/) AH = —484 kJ/mol

(a) Explain why the reaction is exothermic.

(b) Calculate the energy change when 1 kg of hydrogen is being combusted.

(3]

(c) Using Kinetic Particle Theory, explain why liquid hydrogen is usually carried by
the space rockets instead of hydrogen gas.

(d) Hydrogen can be produced from the electrolysis of water.
2H20(/) > 2H2(g) + Oz(g) AH = +484 kJ/mol

A student commented that although the electrolysis of water to form hydrogen
gas requires electrical energy, the same amount of energy is given out when
hydrogen gas is combusted, hence it does not require any net energy to
produce and use hydrogen gas a fuel.
Do you agree with the student?
Explain why.
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(e) (i) Hydrogen and sodium are both elements found in the Periodic Table.

State one similarity between hydrogen and sodium.

(ii) Sodium reacts with water to form hydrogen gas.

Write a balanced chemical equation with state symbols for the reaction.

(iii)  Which substance is reduced in the reaction in part (ii)?

Explain your answer using oxidation states.

--- End of Paper ---
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Ala B |
A1b D ar |
Alc E
Ald A
Ale DorG
| A2 Filtration _ :
AZb Crystallisation [1]
] A2¢c Sublimation  [1]
A3a A AKNDs): i1
B Ai-C3 1
c AICH [11
F NHz i
A3b AICIH + AgNO3 > AgC/ + AIINOg)s (7]
A3c Al**(ag) + 30H (ag) — AL{OH). 1]
Ada v fithium [0.5]
w hydrogen [0.5]
X aluminium [0.5]
Zz [G.9]
Adbi
» (1]
Adbii -
| O
_ , [11[1]
Adci Little energy is needed to overcome [0.5] the weak intermolecular forces of attraction [0.5] between
the simple water moecules [0.5] in the simple molecular structure j0.5]
AAcii A large amount of energy is required to break [0.5] the strong covalent bonds [0.5] between all the
atmos [0.5] in the 3 -dimensional the giant molecuiar iatlice structure. [0.5]
A5a No. of moles of Na;CO3; = —- jm = 0.05 moi [1]
No . of moles of Oz = -:i = {1,045 mol (1
Mole ratio:  Na;CO: ; O3
8 : 7
For 0.05 mol , 0.04375 mol needed
0.045 mol present, in excess
NagCO; is limiting reactant i1
ASb Add water to the mixture and dissolve the sodium chromate. [0.5]
Filter to obtain sodium chromate solution as filtrate [6.5]
Heat the filirate until saturated [0.9]
Let it cool and crystallise [0.9]
Filter io obtain sodium chromate crystals as residues i0.5]
Wash with a litile cold deionised water and dry between sheets of filier paper [0.5
ASC FeCrz04 +3 I
NazCrOs +6 [
FeCra04 is oxidised
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} Aba l No. of moles of Oz= _izzﬂ = 0.0175 mal [1] |
| i Mole ratic:  O: H20; !
, 2 f
| | 0.0175: 0.035 mo ! |
I |‘ [ o ot
i_ ABb \‘ A \';’u n baer
| | f
l Energy
| |
Koo N |
>
Progress of reaction
Label activation energy correctly [0.5]
Label AH correctly [G.5]
Label axis correctly [0.5]
Correct shape [0.5]
ABci
ApeE Volume of gas / cm®
A
F . |
M Expf¥ [1]
Time/ls
A6d MnO> acts as a catalyst [0.5], and provides an alternative pathway for the reaction with lower
activation energy [0.5]. More particles have energy equal or greater than
the activation energy [0.5], leading to more frequent effective collisions [0.5] and a higher speed of
reaction
AT7a Metal M forms ions with different oxidation states. [1]
Metal M forms coloured compound
Metal M and its compounds are good catalysts
A7bi 60 cm® [1]
ATbii No. of moles of sodium hydroxide =0.1x0.06 [0.5]
=(0.006 mol  [0.5]
ATc No. of moles of metal chioride = 0.2 x 0.01 [0.5]
=0.002 mol _ [0.5]
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AT7d Mole ratio: sodium hydroxide : metal chloride
0.006 : 0.002
3 : 1 [1]
"A7e |[1) 1 NaOH+1MCI> 1 NaCl+ 1 MOH
2) 2 NaOH + 1 MC/lz - 2 NaC/ + 1 M(OH);
3) 3 NaOH + 1 MC/z > 3 NaC/+ 1 M(OH); [2] Minus 1 mark for each mistake
T
ATf Correct chemical formula:  MC/ MC/, w [1]
A7g Molar mass of MC/3 = g-’-g%é [0.5]
=162.5 [0.5]
A: of M = 162.5 — 3(35.5)
=56 [0.5]
M is iron [0.5]
B8a copper(ll) CuCOs3 HI [0.5] [0.5]
iodide Reiject Cu
sodium HCIO s NaOH [0.5] [0.5]
perchlorate eieci Na
silver AgNO; Na:BO3
borate Kz:BO3 [0'51 [0'5]. ;
NH. 1-BO. Reject acid reactions
(NH:);BOs due to insoluble coating
B8b Thermal decompositicn [1]
8c CaO(s) + H2O() = Ca{OH); (aq) [1]
8d CO: + Ca(OH)> - CaCO; + H20 [1]
Carbon dioxide is an acidic oxide [0.5] which reacts with calcium hydroxide which is a base [0.5]
At the inside of the beam, the concentration of carbon dioxide is lower [0.5] as less carbon dioxide
can diffuse in deeply. resulting in less calcium hydroxide reacting [0.5] hence a higher pH as
compared to the outside of the beam
8e 280; + 2H,0 + O3 = 2H,S0. [1]
8f Ba?*(aq) + SO%~ (ag) — BaS0,(s) [1]
Aqueous barium hydroxide reacts with sulfuric acid to form the (insoluble) barium sulfate [0.5],
which has a very low solubility of 0.0000094 mol/dm?[0.5]. It is less soluble [0.5] than calcium
sulfate[0.5], which is formed when calcium oxide/calcium hydroxide reacts with sulfuric acid.
Note: No marks given for neutralisation explanation as only a thin layer of alkali is used.
B9a Zinc, chromium, iron, cobalt, nickel [1] 1m for zinc most reactive and nickel least reactive

1m for correct order of the other 3 metals
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B9b metal chloride colour of solution
chromium(II) chloride blue [1]
cobalt(I1) chloride red [1]
BYc Reduction / heating with carbon [1]
B9d Cobalt has a giant metallic structure. {0.5] The valence electrons in cobalt are delocalised [0.5] and
can act as charge carriers to conduct electricity
Cobalt(ll) chloride has a giant ionic structure [0.5]. In the solid state, the ions are held in fixed
positions by strong electrostatic forces of attraction [0.5]. In molten and aqueous state, the strong
electrostatic forces of attraction are overcame [0.5]. The mobile cobali(ll) ions and chloride ions
[0.5] can act as charge carriers to conduct electricity
Either
B10a The iron reacts with steam to for iron(ll) oxide that is biack. [1] The iron(li) oxide is then oxidised by
oxygen in the air to form iron(lll) oxide which is reddish brown.[1]
B10b Hydrogen[0.5]. The gas will extinguish a lighted splint with a2 pop sound [0.5]
B10c H20 (g) + Fe (s) > FeO (s) + Hz (g) [1]
B10d There is no visible change [0.5] as copper do not react with steam [0.5]
B10e Zinc is more reactive than iron [0.5]. so it will oxidised / react with oxygen in preferance of iron
0.5]. It acts as a sacrificial metal [0.5] and prevenis the iron hull from rusting [C.5]
B10f Fe S o]
Mass in 100 g 41.2 [0.5} 23.% 35.3
No. of moles | 22 _ 0773571 [0.5] 10.5] 22 = 220625 [0.5]
Mole ratio Birael 105 220625 _ o
0.73438 0.73438
X1 1 3
Empirical formula is FeSCs 1]
OR
B10a More energy is given out during bond forming [0.5] than energy taken in during bond breaking [0.5]
B10b | No. of moles of hydrogen = = = 500 mol [1]
Energy change per 1 mol of hydrogen = -‘—'3293 =242k [1]
Energy change = —242 x 500 = —121000k] 1]
B10c The particles in liquid state are closely packed[0.5], hence resulting in a lower volume [0.5] for the
same number of moles of hydrogen gas
B10d No. The energy given out is released to the surrounding [0.5 and cannot be captured.
Other sources of energy such as from combustion of fossil fuels is still needed for the electrolysis
of water. [0.5]
B10ei | Both have 1 valence electron. [1]
B10eii | 2Na(s) + 2H.0(/) 2 2NaOH(aq) + Hz(g) [1]
B10eiii | H20 is reduced to form H: [0.5], as the oxidation state of hydrogen [0.5] reduces [0.5] from +1 (in

H20) to 0 in H» [0.5]
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