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INSTRUCTIONS AND INFORMATION

1.

10.

11.

12.

Write your centre number and examination number in the appropnate spaces
on the ANSWER BOOK.

This question paper consists of TEN questions. Answer ALL the questions in
the ANSWER BOOK.

Start EACH question on a NEW page in the ANSWER BOOCK.

Number the answers correctly accarding to the numbering system used in this
question paper.

Leave ONE line between two subquestions, for example between
QUESTION 2.1 and QUESTION 2.2.

You may use a non-programmable calculator.

You may use appropriate mathematical instruments.

You are advised to use the attached DATA SHEETS.

Show ALL formulae and substitutions in ALL calculations.

Round off your final numerical answers to a minimum of TWO decimal places.
Give brief motivations, discussions et cetera where required.

Write neatly and legibly.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Various options are provided as possible answers to the following questions. Choose
the answer and write only the letter (A-D) next to the question number {1.1-1.10) in the
ANSWER BOOK, for example 1.11 D.

1.1 Which ONE of the following organic reactions below involves the bonding of
manomers by a dehydration process?

A Halogenation.

B  Dehydropolymerisation.

C  Addition polymerisation.

D  Condensation polymerisation. (2)
1.2 A compound with the molecular formula CsHioO could be . . .

(I) an ester.

(Il) a ketone.

(1) an aldehyde.

A () only.

B () and (II) onty

G (ll) and (1) only

D (1), (IN and (IN) (2)
1.3 A catalyst will change the . . .

A time required to reach equilibrium.

B amount of products present at equilibrium.

C  amount of reactants present at equilibrium.

D  length time for a reaction remains at equilibrium. (2)

1.4 The difference between the potential energy of the products and the potential
energy of the reactants in a chemical reaction is equal to the . . .

A rate of the reaction.

B  enthalpy of the reaction.

C enthalpy change of the reaction.
D

total potential energy of the particles. (2)
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1.5 Which ONE of the following represents the products formed during the
hydrolysis ot soedium ethanoate, NaCH.COO?

A
B
Cc

D

Na‘(aq) and OH(aq)

Na*(aq) and CHaCOO(aq)

H3O*(aq) and CHsCOO{aq)

CH3COOH(aq) and OH-(aq) (2)

1.6 The reaction, Hz(g) + I{g) = 2HI(g), AH < 0, reaches equilibrium at a
temperature of 445 °C in a sealed container.

Which ONE of the following change/s will INCREASE the CONCENTRATION
of Hi{g)?

| adding a catalyst
Il decreasing the temperature
Il increasing the pressure by reducing the volume of the reaction container

A
B
C
D

only li

only IlI

I and Il only

Il and lll only (2)

Copyright reserved Please tum over
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1.7 Leamers set up an electrochemical cell, shown in the simplified diagram
below, using magnesium and lead electrodes.

String dipped in
KNOs(aq)

Mg Electrode Pb Electrode

Electrolyte ++——CElectrolyte

Half-cell A Half-cell B

Which of the following changes will INCREASE the reading on the voltmeter?
(i) Decreasing the initial concentration of the electrolyte in half-cell A.

(i) Decreasing the initial concentration of the electrolyte in half-cell B.

(i) Increasing the initial concentration of the electrolyte in half-cell A.

(v) Increasing the initial concentration of the electrolyte in hali-cell B.

A (i) Only

B (i) only

C (i) and (iii) only
D

(i) and (iv) only (2)

Copyright reserved Please tum over
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1.8 The balanced equation for the net{overall) cell reaction that occurs during the

electrolysis of a concentrated sodium chloride solution is:

2 H20(f) + 2 Ct — Cla(g) + Ha(g) + 20H (aq)

Which ONE of the following statements conceming the above electrolysis IS
TRUE?

A The reaction is exothermic.
B  The reaction is spontaneous.

C chiorine gas is formed at the anode.

D  hydrogen gas is formed at the anode. (2)
1.9 Which ONE of the following reactions DOES NOT occur during the Contact

Process?

A S+ 02— S50

B 2802+ 02—+ 280;

C S0s + H20 — HaS04

D S03 + H2S04 — H2S207 | (2)
1.10 Phosphorous rich fertiliser . . .

A improves the quality of fruit and flowers.

B is used to stimulate root growth in plants.

C is produced industrially by the Ostwald process.

D is essential for growing plants with strong stems and healthy green

leaves. (2)
[20]
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QUESTION 2 (Start on a new page.)

The letters A to G in the table below represent seven organic compounds.

T —

A | propanoic acid | B | CHsCH2CH2COCH:CH3

- m—n

r
|
|
|

1€ H O H D
|| | I | o

|
. | | CHs — C — O — CHe

I
I

—

' E | CH:CCCH(CHs)CHa F | ethene

[
i G | CH3(CHz)aCHs 1
| |

2.1 Using the information in the table, write down the:

2.1.1  IUPAC name of compound B.

2.1.2 Name of the FUNCTIONAL GROUP of the homologous series to which

compound A belongs.
2.1.3  Structural formula of compound E.

2.1.4 The type of polymerisation where F is the monomer.

215 |UPAC name and structural formula of the polymer formed from

compound F.

2.1.6 Letter that represents a compound that is a chain isomer of
2,2 — dimethylpropane.

2.2 Compound C, in the table is the product of the reaction between an alcohol and

a carboxylic acid in the presence of concentrated sulphuric acid.

Write down the:

2.2.1 Homologous series to which compound C belongs.

222 IUPAC name of compound C.

5043 Stuctural formula of the carboxylic acid required 1o prepare

compound C.

224 Function of concentrated sulphuric acid in the above reaction.

Copyright reserved Please tum owver
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2.3 Compound C, in the table, has isomers.

2.3.1  Define the term functional isomer. (2)
2.3.2  Write down the IUPAC name of the straight chain functional isomer of
compound C. (2)
[20]

QUESTION 3 (Start on a new page.)

Consider the organic compounds represented by the letters M and N below:

I
I

|
{|3 — {13 — CHs
H CHa

An investigation is performed to determine which compound; M or N has a higher
vapour pressure.

3.1 Define vapour pressure. (2)
3.2 For this investigation write down:
3.2.1 The independent vanable. (1)

3.2.2 A controlled variable. &)

Copyrighl reserved Please tum over
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3.3 This investigation is carried out at an atmospheric pressure of 100 kPa.

The temperature at which the vapour pressure of compound N equals 100 kPa is
27,80 °C.

3.3.1 Atatemperature, T, the vapour pressure of compound M equals
100 kPa. Is T, GREATER THAN, EQUAL TO or LESS THAN 27,80 °C? (1)

3.3.2 Reler to structure, intermolecular forces and energy to explain the
answer to QUESTION 3.3.1. (3)

3.4 Which compound M or N has the HIGHER vapour pressure? (1)
(9]

QUESTION 4 (Start on a new page.)

REACTION | and REACTION Il below are organic reactions in which 2-bromobutane
is reacted with solutions of KOH.

2 - bromobutane

REACTION | REACTION I

Q + KBr R + KBr + H20

Q and R are the major organic products formed in REACTION | and REACTION I

respectively.
Q and R represent different organic compounds.

4.1 State TWO reaction conditions for:

4.1.1 REACTION |. (2)

4.1.2 REACTION I (2)
4.2 What type of reaction (SUBSTITUTION, ADDITION or ELIMINATION), takes

place in REACTION 17 n
4.3  Use structural formulae to write down a balanced equation for the reaction that

takes place in REACTION II. {4)
4.4 Is R saturated or unsaturated? Give a reason for the answer. (3)
4.5 inathird reaction, R is converted to Q. Name the type of addition reaction that

takes place during this conversion. (2)

[14]

Copyright reserved Please tum over
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QUESTION 5 (Start on a new page)

Powdered calcium carbonate reacts with hydrochloric acid according to the following
balanced equation.

CaCQais) + 2HCl(aq) — CaClz(aq) + CO2(qg) + H20(l)

The mass of the CaCOs after every 10 s from the start of the reaction is indicated in the

table below:
Time in seconds 0 [10] 20304050 60]70 BET_I
Mass of CaCOa in grams X |74 [63 |54 |46 |42 | 40 | 40 | 40

The initial mass of the CaCOsis X g.

5.1

52

5.3

5.4

5.5

According to the data in the table above, which substance, calcium carbonate or
hydrochloric acid is in excess? Give a reason for the answer.

The average rate of the reaction in the first 30 s is 1,07 gs™'.

52.1 Define reaction rate, in words.

5.2.2 Calculate the initial mass, X, of calcium carbonate.

What volume of COz is produced between 60 and 80 seconds?

Use the collision theory to explain why the average rate of reaction between
powdered calcium carbonate and the given hydrochloric acid solution decreases
with time.

How will the rate of the above reaction be atfected if the initial mass of carbonate

was doubled? (Only write down, INCREASES, DECREASES or REMAINS THE
SAME)

Copyright reserved Please turn over
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QUESTION 6 (Start on a new page)

Study the reversible reaction represented by the balanced equation at a fixed
temperature below:

CHa(g) + Hz20(g) = CO(g) + 3H2(g) AH = +226 kJ

Initially, 2,2 moles of CHa(g) and 1,8 moles of H20(g) were mixed in a sealed 2 dm’
container.

The graph below shows the relationship between the number of moles of CO(g) and
time in minutes.

L R R EEE R fE R NI SRR RN AR IS S FEEREREEY
S 06l S
O Bt HHEHHHT
n il ;
& ITITITT EEEETTEETT b b E e
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g i |
8 .
E : .
i | T it e i B sty i &
Z i L | I

t Time (minutes)
6.1  State Le Chatelier's Principle. (2)

6.2 What information about the reaction can be deduced from the graph after t
minutes? (2)

6.3 Calculate the value of the equilibrium constant, Kc, at the fixed temperature used
in the reaction. )

6.4 Draw a graph (not to scale), on the special answer sheet provided showing the
changes in the number of moles of CHa4(g) as the reaction proceeds. Indicate the
initial number of moles of CH«(g) and the number of moles of CHai(g) at

equilibrium, on the graph. (4)

6.5 The initial number of moles of CHi{g) is now doubled in the same 2 dm3

container.
How will this change affect the following? (Choose from INCREASES,

DECREASES or REMAINS THE SAME)?

6.5.1 The amount of Hz(g) at equilibrium. (1)

6.5.2 Value of the equilibrium constant(Kc). (1)

6.6 Explain the answer to QUESTION 6.5.1 by referring to Le Chatelier's Principle. (3)
[20]
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QUESTION 7 (Start on a new page.)

7.1 A dilute solution of suiphuric acid has a concentration 0,012 mol.dm?

7.1.1  Deline an acid according to Arrhenius theory.

7.1.2 s the above solution of sulphuric acid a strong or weak acid?
Explain the answer.

7.2 Aleamer adds 24 cm? of a solution of sulphuric acid of concentration 0,25 mol.dm?
to an unknown volume, X cm?, of a solution of sodium hydroxide of concentration

0,15 mol.dm™. The balanced equation for the reaction is:
H2504 + 2NaOH — Na2804 + 2H20
The pH of the resulting solution is 0,65.

7.2.1  Calculate the concentration of the sulphuric acid solution after it has
reacted with the sodium hydroxide solution.

7.22  Calculate the initial volume(X) of the sodium hydroxide solution. Assume
that the volume of the sclution after the reaction is (X + 24) cm3.
QUESTION 8 (Start on a new page.)
A standard galvanic cell is set up using a zinc and an unknown metal, X. The graph

below shows the change in mass of the metal, X whilst the cell is in operation.
&

Mass (g)

t Time in minutes

8.1 Define an electrolyte.
8.2 Wrile down the half reaction that takes place at the anode of this cell.

8.3 The initial emf of this cell under standard conditions is 0,63 V.

8.3.1 Write down TWO standard conditions required for the initial emf fo be

063V
8.3.2 Identify the metal X, by calculating the standard reduction potential of X.
8.4 Write down the cell notation for this cell.

8.5 Write down the value of the emf at time t, shown on the graph.

Copyright reserved Please turn over
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(4)

(7)
[16]
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QUESTION 9 (Start on a new page.)

An electrolytic cell is set up using two carbon rods, P and Q and a concentrated
copper(ll) chloride solution as an electrolyte.

Electrode P » J ____ Electrode OQ

CuClA{aq)

When the cell is functioning ONE of the carbon electrodes is coated with a reddish
brown layer.

9.1  Write down the energy conversion that takes place in this cell. (1)
9.2 Which electrode, P or Q is coated with the reddish brown layer? (1)

9.3 Write down a half reaction that takes place at the electrode that is coated with
the reddish brown layer. (2)

9.4 The carbon rods in the above cell are NOW replaced with copper rods.
9.4.1 Describe the observation that will be made at electrocde Q. (2)

9.4.2 Refer to relative strengths of reducing agents to explain the observation
made at electrode Q. (3)

The cell can be used to electroplate a tin medal with a thin layer of copper.

9.4.3 Which electrode, P or Q must be replaced with the tin medal? (1)
[10]
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QUESTION 10 (Start on a new page.)

10.1 The unbalanced equations below represent various steps in the Ostwald process.
STEP | A(g) + Oz(g) — B(g) + H20(l)
STEPII B(g) + O=z(g) — NO2(g)
STEP Il NO2(g) + H20(f) — C(aq) + NO(g)
10.1.1 Write down the name of the industrial process that produces gas A. (1)
10.1.2 Write down the name or formula of gas B. (1
10.1.3 Name the catalyst that is used in STEP |. (1)

The product, C, from STEP Il mixes with reactant A from STEP | to produce a
fertiliser.

10.1.4 Write a balanced equation to illustrate this reaction. (3)

10.2 Consider the fertiliser in the bag illustrated below:

FERTILISER

3:2:3(2)

20 kg

The only phosphorous containing compound used in the production of this
fertiliser is (NH4)}sPQOa

11,95 kg of {(NH4)3PO4 was used in preparing the feriliser illustrated above.

Calculate the value represented by the letter Z, in the above illustration. (6)

12}
TOTAL MARKS: 150
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SPECIAL ANSWER SHEET FOR QUESTION 6.4

Physical Sciences/P2
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DETACH THIS ANSWER SHEET AND SUBMIT WITH YOUR ANSWER BOOKLET
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies | g° (v

Fig)+ 20 . 2F | +287

Co™sm = Co* | +181

HeOz + 2H" +28  w  2H:O | «1.77

MNO, +BH +5¢ = M+ + 4H:0 +1.5

Clig)+2e . 2Ct +1,36

Cr02 4 14H' + 68 = 20 +7HO | +133

Oug) +4H' + 40 . 2HO +1,23

MNO:z+ dH" + 28 o MR +2H0 | +123

s PP*+20 . Pl +120

Bra{l) + 28 . 2B « 1,07
NO,‘.I +4H + 30 = NOg) + 2H0 + 0,896 .3
Hg* +26 = Hgil) | +088 E
‘D Ag'+e . Ag 4080 E
E NO, +2H 48 « HNO:g)+H:O | +0.80 2
4 Fe*+o . Fe +0.77 =
.g Colgl +2H* + 28 . HiO: + 0,68 E
E he2e « 2l +0,54 4
S Cu'+se = Cu + 0,52 'g
'-‘E S0+ dH + 48 o S+ 2HO + 045 o
"é 2HXD + O+ 48 . 40H + 0,40 E
P Cu*+2e w Cu +0,34 E
E Eﬂi_ +4H + 207 = SO0l +2H0 | 047 %
E CrFree = Cu | +0.16 g
2 Sn**+2e . S0 +0,15 =
3 Se2H +2¢ . HiSig) +0.14 =
B IH' s 2¢ w Hig) 0,00 =
£ Fe+3% . Fo 0,08 )
- Pb'*+2¢ « Pb - 013 =
= S +26 . Sn 0,14 5
E Nf +2¢ . Ni - 0,27 3
] e
S Co"+20 = Co -0.28 =
- Cd+2e o Cd | -040 =
g,l Crs+a = OF | - 041 g
£ Fo*+20 = Fa - 0,44 4
2 C*e30 . O -0.74 -

e Zn*+20 w Zn 0,76

£ 2HO+20 . Hidg)+20H | 083 |

Cr*+28 = Cr | -0

Mni*+28 = Mn - 1,18

AP+ . Al = 1,66

Mg +2e0 = Mg ~-236

Na* +a - MNa -2

Ca™+2¢ = Ca - 287

S +28 = Sr | - 289

Ba*+2¢ . Ba | -290

Cs'+0 o Cs -292

K'+e » K - 283

L*+a = Li - 3.05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD-REDUKSIEPOTENSIALE

September 2019 Preparatory Examinalion

Hali-reactions/Halfreaksies | EB (V)
Li‘+e . Li | -30s5
K'+e = K | - 2,93
Cs+ 0 - Ca i 292
Ba’+20 . Ba - 290
S+20 . 5 _ 289
Ca™+20 . Ca 2,87
MNa*+@8 . Ma -2mn
Mg +2e . Mg 2,36
AP .39 . Al | =188 4
M +28 . Mn -1,18
Ce+28 . Cr -0
E 2HO + 26 = Halg) + 20H - 083
Ir*+28 = In -0,78 :g
2 C*+38 w Or -074 E
Fe*+2¢- . Fa - 044 E
E Crs+e o CF 0,41
ﬁ Ci+2e . Cd - 0,40 ﬁ
% Co+2e « GCo - 0,28 o
NP +2¢ . NI - 0,27 %
-E S +2e . Bn -0,14 5
Y Pb*+2¢ . Pb -0,13 ‘g
E Fe*+3e = Fe - 0,06 *E
g H 426 w Halg) 0,00 c
k] S+2H' +20 . H:Sig) +0,14 g
- Sn' + 2a - Sni + Q.15 g
g Cr*+e - Cu + 0,18 é
® SOZ +4H v 20 = SOsg)+2H0 | +0,17 E"
by Cu*+2¢ . Cu +0,34 %
B PHD + Qe+ e . 40H + 0,40 m
o SOz +4H + 48 = S+ 2HO + 0,45 o
5 Cuve w Cu +0,52 S
o b+2e ~ 2 + 0,54 -§
B Oaigl +2H 428 = HzD: + 068 =
o Fe*se . Fe +0,77 =]
g NO; +2H +0 = NOxg)+HO | +0.80 ®
- Ag+8 » Ag + 0,80 g
Hg* + 26 = Hg(l) +0,85 £
NO; +4H'+36 = NOg)+2HO | +0.96
Braf}+2e . 2Br + 1,07
P +28 = P | +120
MOz +d4H + 28 . Mn™ + 260 +1,23
O:g)+4H + 48 . 2HO +123
Cr0? +14H + 80 = 20 +7HO | +1,33
Cligi+2¢ - 2Ct + 1,36
MO, +84H +5¢ = Mn? + dH:0 +151
HiDz + 2H 428 o 2H:0 +1.77
Co*+a = OCo™ + 181
Fdg)+28 =~ 2F + 287
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