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Section A — Multiple Choice Questions [10 marks]

There are 10 questions in this section. Answer all questions. For each question, there are four
possible answers (A, B, C, and D). Choose the most appropriate answer and record your choice

on the OMR answer sheet.

1. The dissolving of a salt in water is an endothermic process. Which graph shows the
temperature changes that occur when the salt is stirred with water until no further change in

temperature is observed?
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2.  In the manufacture of iron by the blast furnace, which are the main gases that escape from
the top of the blast furnace?

nitrogen, oxygen and steam

oxygen, carbon dioxide and sulfur dioxide
nitrogen, carbon dioxide and carbon monoxide
carbon monoxide, carbon dioxide and hydrogen

oowm»

3. Which of the following reactions involves a positive change in enthalpy?

ZnCO; 2 Zn0O + CO;

2CsHs + 150, 2 12C0; + 6H0
2AgNOs + Fe = 2Ag + Fe(NOas).
H2S04 + 2KOH = K250, + 2H,0

cCowm>

4. Some carbonates decompose on heating to produce metal oxides and carbon dioxide gas.
Which one of the following shows the correct order of temperature needed for decomposition?

lowest temperature P highest temperature
A MgCQs CuCOs ZnCO;3
B CuCO3 ZnCO3 MgCQs
C ZnCO; Mg003 CuCQO3
D ZnCO; CuCOs MgCQOs

3 [Turn Over]
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5. In the experiment shown, steam is passed over a heated solid D. Gas E is produced and

collected.
mineral wool ’ /D E
saturated with
water\E\ ‘Z
heat
water
What are substances D and E?
D E

A lead oxygen
B silver oxygen
C zinc hydrogen
D copper hydrogen

6. An iron key is to be electroplated with copper using aqueous copper(li) sulfate as the
electrolyte. Which of the following correctly shows the materials used for the electrodes and
the half equation at the cathode?

cathode anode half equation
A iron key copper Cu? (aq) + 2e = Cu (s)
B iron key copper Fe (s) 2> Fe* (aq) + 2e
C copper iron key Cu (s) 2 Cu* (aqg) + 2e
D copper iron key Fe® (aq) + 2e -> Fe (s)
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7.  The set-up shown below was used to compare the reactivities of four metals P, Q,Rand §
with metal X.

filter paper
soaked with
agueous sodium
chloride

In each case, the voltmeter was recorded as follows:

metal under test direction of electron flow voltage recorded / V
P PtoX +0.87
Q XtoQ -1.20
R Rto X +1.58
S StoX +0.36

What is the correct order of decreasing reactivity of metals P, Q, R and §?

» A
"waO W

DO DT
DwITP
u v w

gow>r

8.  Which of the following statement is true about the reactions of an element that lies between
zinc and lead in the reactivity series?

The metal reacts with sodium oxide when heated.

The metal liberates hydrogen when reacted with dilute nitric acid.

The metal displaces calcium from an aqueous solution of a calcium salt.
The metal forms an oxide which decomposes back to the metal on heating.

oo w>r

5 [Turn Over]|
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9.

10.

In the Haber Process, nitrogen and hydrogen gases are combined to form ammonia gas
under high temperature and pressure.

N2 + 3H2 2 2NH;

The relevant bond energies under the above conditions are provided below:

bond type N=N N=N N-H H-H
energy (kJ/mol} 410 994 390 436

What is the enthalpy change for the reaction?

-38 kJ/mol
-622 kd/maol
+260 kJd/mol
+1132 kd/mol

oOm>

During electrolysis, 0.015 moles of chromium metal is deposited on the cathode when 0.090
moles of electrons is passed through a molten electrolyte containing chromium.

Which of the following substances can be the electrolyte?

A CrClh

B CrBr;

C CF(N 03)5
D CraS04)s
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Section B (30 Marks)

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

B%  Use the information provided below to identify unknowns A — D.

reddish
brown
precipitate D white solid C
NaOH (aq) dilute HNO3,
AgNQs (aq)
solution Y
-3
distilled water
. gas A turns
no gas dilute HC/, brown crystals of Y blue cobalt(ll)
evolved then warm hearurtl nd chlorid_e paper
further change pink
concentrated is observed
H2S04,
then warm
e greenish-yellow
colourless and pungent » and pungent
gas evolved formed | solid MnO,, gas B evolved.
white fumes with then warm gas B ?Urned
ammonia. blue litmus
paperred and
bleached it.
A:
B:
C:
D: (4]
7 [Turn Over]
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B2 The diagrams show the electrolysis of four different electrolytes, using graphite electrodes.

(a)

(b)

cell 1 cell 3 cell 4

molten concentrated dilute sedium dilute copper{1l)
sodium sodium chioride chloride solution chloride solution
chloride solution

In which of the cells above can sodium metal be extracted? Explain your answer.

[2]

The gases produced at the electrodes in cell 2 and cell 3 are collected and their volumes
are measured.

(i} Identify the gas formed at the anode of cell 3 and describe a test to identify the gas.

Identity of gas: [1]

Test to identify gas:

[1]

(i)  Explain why the gases collected at the anode in cell 2 and cell 3 are different.

[2]
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(iii) With the aid of half-equations, explain why the volume of gas collected at the
cathode in cell 3 is twice the volume of gas collected at the anode.

Cathode: [1]
Anode: [1]
Explanation:

[1]

(c})  Explain why the reading of the ammeter in cell 4 decreases when a few drops of lead(1l)
nitrate solution are added {o the electrolyte.

9 [Turn Over|
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B3 Ethanol (C:HsOH) is manufactured by reacting ethene (Cz2Ha) with steam at high temperature
and pressure in the presence of phosphoric acid as a catalyst.

(a) Write a balanced equation for the reaction.

(1

(b)  Given relevant information on bond energies, calculate, in the space below, the quantity
of heat liberated when 1 mole of ethanol is produced.

molecule molecular structure bond bond energy
ethene H H (kd/mol)
| | C-H 410
JJ— CC 350
] | C=C 610
ey | c=C 840
ethanol C-0 360
T i C=0 740
| 0-0 150
H——C——C—0—H 0=0 496
] ! O-H 460
T L H-H 436

(3]

10
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(c) Draw a labelled energy profile diagram for the manufacture of ethanol from ethene and
steam.

energy

progress of
reaction

2]

(d)  Direct ethanol fuel cells or DEFCs are a category of fuel cell in which ethanol is burnt
directly to produce energy. The equation below describes the overall reaction that takes

place in a DEFC.
CoHsOH + 3 Oz = 2 CO2 + 3 H20 AH = -1366.8 kd/mol

Calculate the mass of ethanol required to produce 3 x 10° kJ of energy.

11 [Turn Over}
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B4

Table 4.1 below shows the standard electrode potential (E%) of some metals, measured in volts.
The more negative the value of the standard electrode potential, the more easily the metal will
ionise by losing its electrons. Generally, the more easily a metal loses its electrons, the more
reactive the metal.

metal ESIV
A -0.67

B -0.15

C -0.47

D

E

+0.43
-0.31
Table 4.1

(a) Rank the five metals given in table 4.1 in order of increasing reactivity.

[1]

(b} In an experiment, three of the metals (A, B and D) were added separately to their metal
nitrate solutions in small amounts.

The results of the reactions with A and D are shown in table 4.2.

Complete the table with observations expected for metal B.

aqueous nitrate of aqueous hitrate of aqueous nitrate of
metal A metal B metal D
metal A green solution turned | purple solution turned
colorless and grey colorless and grey
metal coated with a metal coated with a
blue solid reddish-brown solid
metal B
metal D no visible reaction no visible reaction

Table 4.2
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(c) Approximately $620 million worth of metal F was consumed in 2016. Metal F is used as
plating material on cars and bicycles to give a polished mirror finish to an alloy of metal G.
Metal F can be extracted by electrolysis of its molien ore while G is extracted by reduction
of its ore by carbon in a blast furnace.

(i) Would the alloy of metal G corrode if the coating of metal F on a bicycle is scratched?
Explain your answer.

(2]

(ii} Give two reasons why it is important to recycle metals.

-—— End of Paper -

13 [Tura Over]
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