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LimpopoDoE September 2023

INSTRUCTIONS AND INFORMATION
2 The question paper consists of nine questions. Answer ALL the questions.
2. Start EACH question on a NEW page.

3. Number your answers correctly according to the numbering system used in
this question paper.

4. Leave ONE line between two sub-questions, e.g., between QUESTION 2.1
and QUESTION 2.2.

5. A non-programmable calculator may be used.
6. Appropriate mathematical instruments may be used.
7. Show ALL formulae and substitutions in ALL calculations.

8. Round off your FINAL numerical answers to a minimum of TWO decimal
places.

9. Give brief motivations, discussions, etc. where required.

10. You are advised to use the attached data sheets.

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

Four 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), for example 1.10 E

1.1  Which ONE of the following pairs represents compounds that are isomers?

A.
B.
C.
D.

CHCI: and CHBr3

CH;OH and CH3iCH20H
CH3-CH=CHz2 and CHz2=CH-CHs
CH3COOCHs and CH3CH2COOH

1.2 Which ONE of the following organic reactions will take place only when
exposed to light?

A. CH2CH2z +Hz2— CH3CH3
B. CH3iCH3i— CHzCH2 +H:
C. CH3CHas+Clz— CH3iCH2ClI +HCI
D. CH2CHz + Cl2— CH2CICH:CI
1.3 What is the name of the reaction between an unsaturated hydrocarbon and
hydrogen gas?
A. halogenation
B. hydrogenation
C. dehydrohalogenation
D. hydration

1.4 When an alkane, containing n carbons, undergoes combustion in excess
oxygen, the mole ratio of the combusted products, CO:2 : H20, will be equal

to:

A.

O o w
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1.5 Ammonia gas NH3(g) and oxygen gas, Oz, react in a closed container at a

1.6

constant temperature according to the following equation below.
4NH3(g) + 502(g) = 4NO(g) + 6H20(g) (AH <0)

Which ONE of the combinations of pressure and temperature will result in
an increase in the yield of nitrogen monoxide NO(g)? -

Pressure Temperature
A. decrease decrease
B. decrease increase
C. increase increase
D. increase decrease

Dinitrogen tetra oxide,N204(g) decomposes to produce nitogen dioxide,

NO2(g), in a closed container according to the following balanced equation:

N20s(g) = 2NO2(g) AH = -xkJ
Consider the following statements regarding this equation:

(i): The forward reaction is endothermic.
(ii): The temperature of the container decreases.
(iii): For each mole of NO2(g) which is formed, xkJ of energy is released

Which ONE of the following statements are/is true about this reaction?
A. (i) only
B. (i) and (ii) only
C. (ii) and (iii) only
D. (i), (i) and (iii)

(2)

(2)
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4.7 Four gases, P, Q, R, and S are in equilibrium in a closed container. The
diagram below shows their relative concentrations over a period of time.
The equilibrium position is altered at t1 by the addition of more of gas Q.

Concentration

The equilibrium reaction is shown by:

A.
B.
C.
D.

P+QSR+S
Q+SSP+R
P+S=Q+R
QsSP+R+S

(2)

1.8 The ionisation constant,Kw, for pure water at 25°C is:

A.
B.
C.
D.

14
7
1x107

1x10°4

(2)

1.9 The electrode potential of the Ag*/Ag-electrode is determined with the
aid of a standard H*/H2, Pt-electrode as reference electrode. The
equation for the half-reaction which occurs at the ANODE of this cell, is:

A.

B
C.
D

Ag —Ag" +e
Ag'+e —Ag

Hz — 2H* + 2e

2H* + 2e" — H2

Copyright reserved
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An electrochemical cell, consisting of two standard half cells, is allowed
to deliver current for a period. Which one of the following combinations
best represents the change in CONCENTRATION of the two electrolytes

over the period.
YA B.

5 £1

g ©

- .6 ---- %

z 15

= O

= > > ¢
C. D.

— J\ —

? ?

o | .- o by ’

""" >t > t
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QUESTION 2 (Start on a new page.)

The table below shows six organic molecules A to F

A ' B.

butane CH»-CH2-OH

CH3;COOH

methanal

21 Define the term homologous series.
22 Write down the:

2.2.1 Structural formula of compound C

2.2.2 IUPAC name of compound D

2.2.3 Homologous series to which F belongs

2.2.4 Structural formula of the functional group of E
23 For compound A, write down:

2.3.1 The general formula.

2.3.2 The balanced equation for the oxidation reaction.
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NSC
Compound B reacts with another organic compound from the table to
form an ester.

2.4.1 Write down the LETTER of the other organic compound that reacts

with B. (1)
2.4.2 Write down the NAME of the ester that forms. (2)
[16]

QUESTION 3 (Start on a new page.)

The table below shows data collected for four organic compounds, represented
by the letters A, B, C and D, during a practical investigation:

31
3.2
33

34

3.5

Organic compound B°'“F%)P°|m
A propane 42
B pentane 36
¢ 2-methylbutane 27.8
D pentan-1-ol 137
Define the term vapour pressure. @)

Which ONE of the compounds A or B has the higher vapour pressure? (1)

Consider compound C.
3.3.1 Is compound C a SATURATED or UNSATURATED

hydrocarbon? (1)
3.3.2 Give a reason for your answer in QUESTION 3.3.1. (1)

3.3.3 Which type of intermolecular forces are mainly present
between these molecules? (1)

Compounds B and C are structural isomers of each other.
3.4.1 Define the term structural isomer. (2)
3.4.2 Refer to structure, intermolecular forces, and energy in your
explanation to explain why B has a higher boiling point than C
@)
Explain the difference in the boiling points of B and D. Refer to

intermolecular forces and energy in your explanation. (4)
[15]



QUESTION 4 (Start on a new page.)

The flow chart below shows the preparation of various organic compounds using
but-1-ene as starting material.

W
NaOH
Reaction 1
A CHiCHzCHCHz
Heat X HBr
< but-1-ene
Reaction 3
Reaction 2
Substitution Secondary alcohol
3 Y
H20

41 Using STRUCTURAL formulas, write down a balanced chemical
equation for Reaction 1 (4)

Write down the:
42. Name of the type of the reaction that occurs when but-1-ene is
converted to compound X (1)

43 Write the structural formula and IUPAC name of the secondary alcohol,
Y, that forms. (3)

44 Name the type of substitution reaction that occurs when compound X is
converted to the secondary alcohol Y (1)

45 But-1-ene can be converted directly to the secondary alcohol, without
the formation of the intermediate product X, with the help of a catalyst.

4.5.1 Except but-1-ene, write the NAME of the reactant needed for this (1)
reaction.

4.5.2 Write down the FORMULA of the catalyst that can be used. (1)

4.5.3 Name the type of reaction that will occur during this direct
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)

conversion.
46 Instead of using water as a reactant in reaction 2 , concentrated sodium
hydroxide is used, and the mixture is heated.
46.1 Write down the IUPAC name of the compound W that forms. (1)
4.6.2 Name the TYPE of reaction that occurs. (1)
(14)

QUESTION 5 (Start on a new page.)

5.1 The collision theory can be used to explain how different factors affect
the rate of a chemical reaction.

5.1.1 Name TWO conditions that determine whether a collision
between two molecules will lead to a chemical reaction. (2)

5.1.2 In terms of the collision theory, explain why the rate of a
chemical reaction increases with increasing temperature. (2)

52 Curve R represents the Maxwell-Boltzman distribution curve for gas in a
closed container at a certain temperature. Curve Q and S represents the
curves of the same molecules at different conditions.

1]
E
2 b A
E
L)
=
s 1 TSNS
- >
P Kinetic energy
5.2.1 Write down the NAME of the energy represented by P. (1)

5.2.2 Write down the change in the condition(s) which results in:
(a) Curve Q (1)
(b) Curve S (1)

Copyright reserved Please turn over
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53 A teacher uses the reaction between magnesium ribbon, Mg(s) and
nitric acid, HNO3 (aq), to investigate ONE of the factors that influence
reaction rate. The balanced equation of the reaction between Mg(s) and
HNO:s (aq) is given below.

Mg(s) + 2HNO1(aq) — Mg(NOs)z(aq) + Hz(g)

5.3.1 Write down an investigative question for this investigation. (3)

The results obtained when using DILUTED nitric acid are shown on the
graph below.

A
1,0

Amount of magnesium
(gram)

% Time (s)

5.3.2 Which compound, Mg or HNO3, is in excess, and give a
reason for your answer using the information on the graph. (2)

5.3.3 Calculate the average reaction rate (in grams per second)
during the first 30 s. (5)

5.3.4 Copy the above graph in your answer book.
On the same set of axes, use a DOTTED LINE to show the
curve that will be obtained when CONCENTRATED nitric acid
was used.
No numerical values are required. (2)

[19]
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(Start on a new page.)

6.1 The graph below shows the effect of the temperature on the value of Kc
for the following reaction taking place in a closed container.

6.1.2

6.1.3

6.1.4

6.1.5

N204(g) = 2NO2(g)

Equilibrium constant (Kc)

A4

Temperature (K)

Write down the effect of increasing temperature has on the
amount of NO2z (g) formed. (1)

Which reaction was favoured due to an increase in temperature?
Write only FORWARD or REVERSE. (1)
State Le Chatelier's Principle. (2)

Is the forward reaction EXOTHERMIC or ENDOTHERMIC?
Explain your answer. (4)

Write down TWO changes, that can be introduced to decrease
the rate of the forward reaction

(2)

6.2 1 mol SOz (g) and x mole Oz (g) is initially placed in an empty 2dm?
container and sealed at a specific temperature. At equilibrium 6 mole
S0s(g) was present in the container. If the value for the following
equilibrium at this temperature is 9, calculate x, the initial quantity Oz (g)
that was placed in the container. (6)

Copyright reserved
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2803(g) + O2(g) = 2S0s(g) [16])

QUESTION 7 (Start on a new page.)

71 Define an acid according to Bronsted and Lowry

7.2 Explain the difference between a WEAK ACID and a DILUTE ACID.

7.3 When 500 cm? of sodium hydroxide solution, NaOH(aq) is added to 500
cm? of 0,25 mol dm of hydrochloric acid solution HCI(aq), the
temperature: rises and the pH of the solution changes to 2,3. The
reaction between NaOH(aq) and HCI (aq) is as follows:

NaOH(aq) + HCI (aq) — NaCl(aq) + Hz0 ()

(2)

(2)

7.3.1 Is the reaction between NaOH (aq) and HCI (aq) EXOTHERMIC (1)
or ENDOTHERMIC?
Calculate the:
7.3.2 Final concentration of the hydronium ions, H3O*(aq) ions. (3)
7.3.3 Initial concentration of the NaOH (aq) solution in 500cm? (8)
[16]
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QUESTION 8 (Start on a new page.)

An investigation to compare the relative reducing ability of copper, Cu(s) and
zinc, Zn (s) is carried out. The two metals are reacted with dilute sulphuric acid
and the experiment set up as shown below.

S

p——
L J

°€1—H,S0,(aq) | | <~ H:50,(aq)

© |

Zn powder Cu powder

8.1 In test tube A, bubbles of gas are observed whilst in test tube B no

bubbles are observed.
8.1.1 Write down the name of the gas produced in test tube A (1)

8.1.2 Refer to the relative reducing abilities of Cu and Zn to explain why
no bubbles of gas are produced in test tube B

@)

8.1.3 Use the STANDARD REDUCTION POTENTIAL TABLE to write
down a balanced equation of the reaction which takes place in

test tube A (3)
8.2 An electrochemical cell is set up using a redox reaction given below.
Mg(s) + 2AgNO3(aq) — Mg(NOs)(aq) + 2Ag(s)

8.2.1 Write the cell notation of this cell. (3)

Copyright reserved Please turn over
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8.2.2 Write down the conditions needed for the cell to operate under

standard conditions.

(2)

8.2.3 Calculate the initial emf of the cell under standard conditions

This cell is now connected to a light bulb which is marked 3 V; 6 W.

In theory, the bulb should glow, but in practice it doesn't.

8.2.4 Without any calculation, give an explanation for this.

(4)

(1

The volume of the electrolyte in each standard half-cell is 0,4 dm>.

8.2.5 Calculate the maximum loss of mass that can occur at the

anode.

(6)
(23]
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QUESTION 9 (Start on a new page.)

The electrolytic cell shown below is used to purify IMPURE copper.
Copper sulphate solution, CuSQOas(aq), is used as the electrolyte. Electrode B contains

95,7% Cu by mass.
Power
source
B
Cu(s) — 95,7% Cu(s)
CuSO0s4(aq)
9.1 Is electrode A, the POSITIVE or NEGATIVE electrode?
9.2 Pure copper is used to make eledﬁcal wires. Give one reason why the
copper must be purified first before it is used in electrical wires.
9.3 Will the mass of electrode B INCREASE or DECREASE when the cell is
operating?
Write down the relevant half-reaction to support your answer.
94 If 2 moles of electrons are transferred from the anode to the cathode
during electrolysis, calculate the mass of the IMPURE copper sample.
TOTAL: 150
Copyright reserved
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

Hall-reactions/Halfreaksies g® v)
Flp)* 20 o« 2F + 2087
Co"+a « Co" + 1,01
MO ¢ 21" 420 » 2M,0 1,77
MAO, +BH s 50« Mn" 41,0 1.5
Clyg) * 20 « 2Ct + 1,96
CrO) + 14 s00 » 2C™ ¢ 1H0 | + 1.3
Ofg) + 4H" s 40 = 2M0 v 1.23
MO, ¢ 4l + 20 &+ Mn"" + 2H,0 +1.23
4 M 42 = M +1.20
Bty » 20 & 28¢ + 1,07
NO, *4H"+30° & NO(g)+2M,0 | +0.96
Hg™ +20 = Mg +0.85
Ag'te = Ag +0.80
NO, +2H ' +e « NO,g)+H,0 | +0.80
Fo” +0 = Fe" . 0.77 5
O:g)+2H"+2¢ = H,0, +0.68 E
b+2e = 2 +0,54
: Cu'+e = Cu +0,52 a
SO;+4H" +4¢ = S+ 2H;0 +0.45 -§
2H,0+0; +4e = 4OH + 0,40
s Cu"+2¢ = Cu +0.34
SO] +4H'+2¢° @ SO4g)+2H,0 | +0,17 g
Cu"+e = Cu +0.16
Sn* +20° = Sa" +0.15
S+2H'+20 = H,S(g) +0,14
2H ' +2¢" w» Hyg) 0,00 =~
= Fe' +3e = Fe - 0,06 £
'§. Pb™* +2¢ = Pb -0.13 z
= Bn:’ +2a = Sn -0,14 =
o N +2¢ = Ni -0
4 Co™+2 = Co - o_’g: £
£ Cd"+2¢ = Cd - 0,40 E
2 ve = CF - 0,41 H
2 Fo™ +20° = Fe - 044 =
(=] C™”+3e w Cr -074 E
Zn" +2¢ = 2n -0,76 =
2HO +2e = Hy(g)+20H | - 083 e
Crfr"+2¢ = Cr - 0,01 g
m}u + 2. o Mn _ 1.'5 —_
£ A s 30 = Al - 1,60
Mg +200 = Mg - 2,36 ’
Na'+e « Na -2
Ca+2¢ # Ca - 2.87
8" +20 « S 2.89
Ba +2¢ » Ba . 2,80
Cs'+0 » Cs .2.02
K'+e « K - 293
Li'se = LU - 3,08

Copyright reserved Please turn over
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 48: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Hallreakslos E% v
U+e » U - 3,08
K'+e = K - 2,93
Cs'+a = Cs -292
Ba’ +20 » Ba - 2,90
S™"e2e = S -2,89
Ca+2 w» Ca - 2,87
Na'+e = Na -2
Mg 420 = Mg -236
A +30 = AL - 1,66
Mn™ +2¢ = Mn -1,18
Cf'e2e = Cr - 001
2H;0+20° = Hlg) + 20H - 0,83
Zn"+2¢ = 2Zn - 0,76
C™+3e = Cr -0.74
Fe* +2¢° » Fe - 0,44
C''+e = C™ - 0,41
Cd"+2 = Cd - 0,40
Co™+2e = Co -0,28
N +2e = NI -0,27
Sn"+2° # Sn ~0,14
Pb™ +20° = Pb -0,13
Fe* +3e" = Fe - 0,08
2H'+2¢" = Hyig) 0,00
S+2H'+2e¢ = H,;S() +0,14
Sn* +2¢" = Sn" +0,15
+e = Cu' +0,16
SO +4H"+20° = SOyg)+2H,0 | + 017
Cu+20c = Cu +0,34
2H;040;+4e” = 40OH +040
SO, +4H +4e° = S+2H,0 +045
Cu'+e = Cu +0,52
he2e = 2 + 0,54
Oy(g)+2H" +2¢° = HO, +0568
Fe*+e = Fe* +0,77
NO; +2H' +e = NOg)+H,O | +080
Ag'+e » Ag + 0,80
Hg' +2¢" = Hg() +0.85
NO, +4H" +3e" w NO(g) +2H,0 | +0,96
Bry()+2¢" = 2Br +1,07
‘420 =w Pt +1,20
MnO;+4H +20° = Mn" +2H,0 | +123
Oxdg) *+4H" + 40 = 2H,0 +123
CrO} +14H' ¢80 = 2C" +7TH,0 | +1,33
Clilg) +2¢" « 2CU +1,38
MnO, +8H' +5a = Mn™ +4H,0 + 1,51
MO; +2H 420 = 2 1,77
Co*+e = Co" + 1,81
Fig)+2e = 2F +2.87

Increasing reducing ability/ Toenemende reduserende vermoé
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GEGEWENS VIR FISIESE WETENSKAPPE GRAAD 12
VRAESTEL 2 (CHEMIE)
DATA FOR PHYSICAL SCIENCES GRADE 12
PAPER 2 (CHEMISTRY)

TABLE 1: PHYSICAL CONSTANTS/TABEL 1: FISIESE KONSTANTES

NAME/NAAM SYMBOL/SIMBOOL | VALUE/WAARDE
23232132;‘?;2{‘; Na 6,02 x 102 mol*
s porria e 1610 C
sl me 9,11 x 10 kg
i kg 8 Vi 22,4 dm®mol"
i o pe 1,013 x 10° Pa
g:zg:;dn;teemmg:z:::r Liy 273K

TABLE 2: FORMULAE/TABEL 2: FORMULES

m N
n= n=_._
M NA

n m Vv
=— or/of =— -0
i =W n-V...

K, =[H,O'][OH 1=1x10" at/ by 298K

pH= -log[H30"]

o 0 0 0 _po _po
Ecet = Ecanode = Eanode | Evet = Evaode =~ Eanode
or/of

0 o 0 0 _ o Rt
Eﬂ‘" - Emrln( B Eﬂlm\ftﬂl / E!t‘f = Eﬂ'lhl.\k' Eﬂhi«.hm'

fion
orlof

0 0 0 9 _ o AL
Ereﬂ‘ g onidising agent = Em.lu;ing agent /Ewl = Enlmhmulld 1‘:.(5.:1“'»:.-.!.!.-(

_
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