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Section A — Multiple Choice Questions [10 marks]

Four possible answers (A, B, C, and D) are given for each question. Choose the most
appropriate answer and record your answer in the OMR form provided.

1 Which of the following cannot be used to distinguish between aqueous lead(Il) nitrate and
aqueous aluminium chloride?

silver nitrate solution
potassium iodide solution
aqueous ammonia
sodium sulfate solution

ooOow>»

2 X is a white powder. Upon heating, it gives off a colourless gas. The gas dissolves in water
to give a solution which turns blue litmus red. The residue dissolves in dilute hydrochloric
acid to form a colourless solution.

Which of the following substances is most likely to be X?

aluminium nitrate
sodium carbonate
lead(IT) carbonate
zinc carbonate

ooOow>»

3 The following list shows reactions in which copper(Il) sulfate is either a reactant or a
product.

addition of magnesium to aqueous copper(Il) sulfate

addition of barium nitrate solution to aqueous copper(I1) sulfate
reaction of copper(Il) oxide with dilute sulfuric acid

electrolysis of aqueous copper(IT) sulfate using copper electrodes

o W

In which reactions are there no change in the oxidation state of copper?

1 and 4 only
2 and 3 only
3 and 4 only
2 and 4 only

ooOw>»
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Use the following information to answer questions 4 and 5.

Experiments were carried out on reactions of metals P, Q, R and S with cold water and

dilute hydrochloric acid. The results are tabulated below.

Experiment P Q R S
Reaction with No change No change Reacts violently Reacts very
cold water observed observed slowly
Reaction with No change Reacts slowly Reacts Reacts readily
dilute observed explosively
hydrochloric
acid

Which of the following statements is correct?

ooOw>»

P reacts with steam.
Q does not react with steam.

R displaces S from its salt solution.

S displaces potassium from its salt solution

If metal S can only be extracted from its oxide by electrolysis, which of the metal above can
only be extracted by electrolysis?

A P

B P and Q only
C QandRonly
D R only

Four electrolytes were electrolysed using platinum electrodes. Which set of data is correct?

Product at
Electrolyte Anode Cathode
A Na,SO,(aq) oxygen hydrogen
B KC/(aq) chlorine potassium
Cc NaH(¢) oxygen hydrogen
D ZnBry(¢) zinc bromine
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7 A simple cell is set-up as shown. What are the observations seen at the two electrodes?

—V
L

[

. silver
magnesium ~a—— "

magnesium sulfate solution

Magnesium Electrode Silver Electrode

A Magnesium dissolves in the magnesium Effervescence of a colourless gas is
sulfate solution. seen.

B Magnesium dissolves in magnesium A grey solid is deposited.
sulfate solution.

Cc Effervescence of a colourless gas is Effervescence of a colourless gas is
seen. seen.

D Effervescence of a colourless gas is A grey solid is deposited.
seen.

8 Aqueous potassium sulfate is electrolysed using carbon electrodes. Which of the following
gives the correct pH values of the solutions around the cathode and the anode after some

time?
pH of solution around the cathode pH of solution around the anode
A 12 2
B 2 12
Cc 12 12
D 2 2
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9

10

The enthalpy change of combustion (AH) of alcohol is the amount of heat given out when

one mole of alcohol is completely burned in oxygen.

The enthalpy changes of combustion of some alcohols are given below.

Alcohol Formula AH / kJ mol™

methanol CH3;0OH -750
ethanol C,Hs0OH -1380
propanol C;3H;OH -2010
butanol C4HoOH -2640

How many carbon and hydrogen atoms would there be in the formula of an alcohol that has

an enthalpy change of combustion of -4530 kJ mol™'?

number of carbon atoms

OO w>

The conversion of diamond into graphite is exothermic (AH

place readily.

N~NO O

number of hydrogen atoms

13
14
15
16

-3 kJ mol™) and it does not take

Which energy profile diagram below best represents this conversion?

A A B
>
>
()]
[ =
()]
graphite
diamond
reaction pathway &
C 11 D
>
=
[0
=
(0
graphite
diamond

reaction pathway =

End of Section A
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Section B [35 Marks]

Answer ALL questions and write your answers in the spaces provided.

B1 A student carried out a qualitative analytical test on an unknown solution R and drew the
reaction scheme shown below:

(g) added to acidified
solution R | KMnOy,

purple solution
turns colourless

(e) add Ba(NOs3)2 (aq)
(a) add NaOH(aq)

green precipitate forms white precipitate forms (h) add NaOH(aq)

. (f) add dilute
(d) Filter to HNO3(aq)

(b) excess remove residue.
NaOH(aq) Warm the filtrate
gently.
precipitate
does not
green dissolve
precipitate gas evolved
does not turns moist
dissolve red litmus
blue
v
Observations

(c) on standing

green

precipitate
turns
brown
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B2

Answer the following questions based on the reaction scheme.

(@) Solution R contains two cations and one anion. Write the formula of the three ions
presentin R.
............................................................................................................... [3]

(b) Fillin the blank with the expected observation for step (h).

(1]

(c) (i) Which ion in R is responsible for the colour change in step (g)?

....................................................................................................... [1
(i) In step (g), manganate(VII) ions, MnOy, in the presence of hydrogen ion, H”,

are reduced to manganese(ll) ions, Mn?*. The other product of this reduction

reaction is water.

Write the half equation, with state symbols, to show the reduction reaction of

manganate(VII) ions.

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

(d) Write an ionic equation for one of the reactions from either step (a) or (e) in the
reaction scheme.

(1]

Manganese(Il) sulfate is typically added to manganese-deficient soil as a fertilizer. It

dissolves in water to form a pale pink solution. Manganese(Il) sulfate can be made by

treating manganese dioxide with sulfur dioxide as shown in the equation below.
MnOy(s) + SO,(g) — MnSO4(s)
(@) Write the oxidation states of the underlined elements in the boxes below.
Reactants Oxidation Product Oxidation
Number Number
MnO, MnSO,
SO, MnSO,
(2]
(b) Identify the reducing agent and explain your answer in terms of oxidation states.
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(c) When a piece of aluminium foil is added to a solution of manganese(II) sulfate, the
mass of aluminium decreases over time.

(i)  Write the chemical equation for the reaction above.

......................................................................................................... [
(ii) A piece of manganese metal reacts with dilute nitric acid to give off a gas that
extinguishes a lighted splint with a “pop” sound.
Predict two observations when manganese metal is placed in a solution of
copper(Il) sulfate.
......................................................................................................... [2]
B3 Aluminium is one of the most common element on Earth.
(@) Give a reason why the recycling of aluminium is necessary for sustainable
development.
................................................................................................................. [1

(b) Aluminium is extracted by the electrolysis of molten aluminium oxide. Suggest why
cryolite is added to the electrolytic cell in the extraction of aluminium.
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(c)

A student carried out a series of experiments to deduce the order of reactivity of four
metals: iron, metals X, Y and Z.

Reaction 1: A yellowish brown solution was formed when iron was placed in a
colourless salt solution of X.

Reaction 2: On heating the metal carbonate of Z, a gas that formed a white
precipitate in limewater was evolved. There was no observable change on heating
the metal carbonate of Y.

Reaction 3: Z cannot be extracted from its oxide by reduction using carbon.

(i)  Arrange the four metals in decreasing reactivity.

................................................................................................ (1]
(ii)  Suggest a possible identity for metal Z.
................................................................................................ [1]
B4 The diagram below shows the stages involved in the extraction of zinc from mined zinc
sulfide ores.
Zinc Impure Impure
sulfide }fsbed zinc Stage 2 zinc Saged Pure Zinc
i ona | EE—
(ZnS) ore Heating in oxide sulfafte :
the solution Electrolysis
presence
of air
(@) The zinc sulfate solution obtained in Stage 2 includes ions of other metals. Besides
zinc ions, suggest a possible metal ion which could be also discharged in Stage 3.
Explain why.
................................................................................................................. [2]
(b) Suggest another method to convert zinc oxide to zinc metal.
................................................................................................................. 1
(c) In Stage 3, electrolysis is carried out on zinc sulfate solution using inert electrodes to

extract zinc metal. Write the half equation for the reaction occurring at the anode.

30 [o]e [ MU S TSN, &0 NI SIS o0 DU S JENPIN SIF e IRRP-N, AP S o B ) SN [1]
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B5 The diagram below shows the Hofmann’s voltameter that is used to electrolyse dilute
sulfuric acid.

dilute sulfuric acid

oxygen - +— hydrogen

(a)

During the reaction, 12.3 cm® of oxygen was collected at the anode. Calculate the
mass of oxygen collected at room temperature and pressure.

[2]
(b)

Deduce the volume of hydrogen collected at the cathode. Explain your deduction
using the overall equation of the reaction.

Volume of hydrogen & ... ..
B QUAt ON: L. e

0] =1 F= 1T o
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B6 The enthalpy change or heat change during the combustion of butane, C4;H:c can be
determined with the setup of the apparatus shown below.

~ j ~
I | | __———thermometer
s ——"‘/
clamp — [ | | . e
‘ [ ———water
—

/\

shield \ N

‘/‘butane

During combustion of butane, heat is given out. The quantity of heat given out can be
measured by heating water. The quantity of heat given out to heat the water can be
calculated using the following formula:

The quantity of heat given = mcAT
m is the mass of water in grams, g.
c is the specific heat capacity of water, which is 4.2 J g' K™
AT is the change in temperature in Kelvin, K.
Note: Specific heat capacity of water is defined as the amount of heat required to raise the

temperature of one gram of water by one Kelvin.

(@) (i) When 1.45 g of butane, C4H1o, was burned to heat a beaker of 250 g of water,
the temperature of the water increased by 40.0 K. Calculate the quantity of
heat absorbed by the water.

[1]
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(b)

(ii)

(iii)

Calculate the number of moles of butane in 1.45 g of butane.

[1]

Hence, calculate the enthalpy change from burning 1 mole of butane. Express
your answer in kJ mol™.

[1]
State one assumption made in this experimental method.
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(c) The enthalpy change of burning 1 mole of butane could also be determined by
calculating the energy change in bond breaking and bond forming using the following
equation:

CsHio + % O, 2 4C0O, + 5H,0

The table below shows the bond energy in some bonds.

Bond Bond Energy/ kJ mol”
C-H 410
C-C 350
C-O 360
C=0 740
O-H 460
0-0 150
0=0 496

The structural formula of butane is:

S
GG
H HHH

Using the relevant bond energies, calculate the enthalpy change when 1 mole of
butane is burned completely. Express your answer in kJ mol™.

[3]
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End of Paper
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