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NC/September 2025

INSTRUCTIONS AND INFORMATION

Write your name in the appropriate space on the ANSWER BOOK.

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

3. Start EACH question on a NEW page in the ANSWER BOOK.

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

5. Leave ONE line between two subquestions, e.g. between QUESTION 2.1 and
QUESTION 2.2.

6. You may use a noen-programmabile calculator.

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.

s Write neatly and legibly.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS
Various options are provided as possible answers to the following questions. Each
question has only ONE correct answer. Choose the correct answer and write only the
letter {A—~D) next to the question numbers (1.1 to 1.10) in the ANSWER BOOK, e.g.
1.11E.
1.1 Which of the following reactants is used to prepare ethyl propanoate?

A Ethane and propanoic acid

B Propanol and ethanoic acid

C  Ethanol and propanoic acid

D  Ethene and propanol

1.2 The structural formula of an organic compound is given below.
C|H3 B|r CHa
\
CH; — CH— (13H —CH —CH2 — CH — CHs
CH2CHs

The IUPAC name of this compound is ...

A 4-bromo-3-ethyl-5,6-dimethylheptane.
B 4- bromo-5-ethyl-2,6-dimethylheptane.
C  3-ethyl-4-bromo-2,6-dimethylheptane.
D  4- bromo-3-ethyl-2,6-dimethylheptane.

1.3 Which ONE of the following reaction types may be used to prepare ethene from
pentane?

A Addition
B  Cracking
C  Substitution
D

Hydrolysis
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Which ONE of the following combinations of values of activation energy (Ea)

and heat of reaction (AH) CANNOT be obtained for any
reaction?

Ea (kJ-mol) AH (kJ-mol-)
A 60 -120
B 60 +120
C 120 +60
D 120 -60

Consider the following reaction that reaches equilibrium in a beaker:

2Cr04%(aq) + 2H*(aqg) = Cr207%(aq) + H20(¥)
A few drops of concentrated HCl(aq) are now added to the beaker.
Which ONE of the following combinations correctly identifies the

DISTURBANCE ON THE SYSTEM and the SYSTEM'S RESPONSE to the
disturbance?

RIATHE S et T SYSTEM'S RESPONSE
A [HT] increases Forward reaction favoured
B [H*] decreases Reverse reaction favoured
c [CrOZ ]increases Forward reaction favoured
D [CrO% ] decreases Reverse reaction favoured

Which ONE of the descriptions below is TRUE for a chemical reaction in
equilibrium?

CONCENTRATIONS OF RATES OF FORWARD
REACTANTS AND PRODUCTS AND REVERSE
REACTIONS
A Remain constant Equal
B Remain constant Not equal
C Equal Equal
D Not equal Not egual
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1.7 The pH of a solution of Hz3POs is 4,5. Which ONE of the following relations is
CORRECT for the HzPO4 solution?

A [OH ]=[H:07]

B [HO*]>[H]

C [HsO*] <[OH]

D [OH]<[H30"] (2)
1.8 When sulphuric acid is titrated with ammonia, ammonium sulphate ((NH4)2SO04)

is produced. Which ONE of the combinations is correct for the indicator used in
this titration and the pH of (NH4)2S04?

INDICATOR pH

A Methyl crange pH < 7

B Phenclphthalein pH > 7

e Phenoiphthalein pH < 7

D Bromothymol blue pH = 7

@)

1.9 Which ONE of the following is a NON-SPONTANEOUS redox reaction? Refer
to the Table of Standard Reduction Potentials (Table 4A or 4B).

A Zn(s) + 2HCHaq) — ZnClz(aq) + Hz(g)
B Cu(s) + FeCl(aq) — CuClz(aqg) + Fe(s)
C  2AgNOs(ag) + Cu{s) — Cu(NOz)z(aq) + 2Ag(s)

D 2Al(s) + 3Ni(NOs)e(aq) — 2AHNOs)s(aq) + 3Ni(s) @)
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1.10 The following characteristics may be used to describe an electrochemical cell:
I  The chemical reaction is spontaneous
Il The reaction requires energy from an electrical source.
lll The anode is the positive electrode of the cell.

Which ONE of the following combinations are specific to an electrolytic cell?

A Onlyl

B Onlyll

C landlll

D landlll (2)

[20]
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The letters A to F in the table below represent six organic compounds.

A CH3{CH2)+CO2H 4-methylpentan-1-ol
H o H
I I
H—C—0—C—C—H H H
| |
B H H—C—C=Cc—C—H
H—C—H | |
| H CHs
H—(I:—H
H
Cc C3HsO (CH3)2CC(C2H5)CH2CH3

Write down the:

LETTER of the compound that represents an aldehyde

STRUCTURAL FORMULA of the functional group of compound A

LETTERS of the compounds that represent unsaturated hydrocarbons

IUPAC NAMES of the TWO compounds represented by C

LETTER of the compound that has a hydroxyl group as a functional group

SA EXAM PAPERS

21

22

23

24 STRUCTURAL FORMULA of compound D
25 General formula for compound E

2.6

24 LETTER of the compound that represents an ester
2.8

29 NAME of the functional group of the ketones
210 IUPAC NAME of compound B
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QUESTION 3 (Start on a new page.)

An investigation was carried out to determine the various factors affecting the boiling
point of different alcohols A to C, shown in the table below:

A CH3CH(OH)CHs
B | CHsCH.CH(OH)CHs
C CH3CH2CH2CH2CH(OH)CH3

3.1 Which ONE of the compounds (A, B or C) has the highest boiling point?
Explain the answer.

3.2 Write down the type of alcohol represented by compound A.
Choose from PRIMARY, SECONDARY or TERTIARY.

Give a reason for the answer.

Consider compounds D to G, shown in the table below.

COMPOUND MOLECULAE MASS
(g-mol™’)
D CH3CH2CH2CH2CHs 72
E CH3CH2CH2CH20H 74
F CH3CH2CO0OH 74
G CH3CH200CH 74
3.3 Which ONE of compounds E, F or G has the lowest vapour pressure?

Fully explain the answer.

34 Compounds F and G are isomers.
Identify the type of isomerism they represent.

Give a reason for the answer.

3.5 Write down a balanced equation, using MOLECULAR FORMULAE, for the
combustion of compound D in excess oxygen.
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QUESTION 4 (Start on a new page.)

Study the flow diagram of various organic reactions and answer the questions that follow:

Reaction Il
2-flucrobutane » Compound B
Reaction |
Reaction Il
Reaction IV
Compound A |« Compound C

4.1 For Reaction |, write down the:

41.1 NAME of the substitution reaction

41.2 STRUCTURAL FORMULA for compound A
4.2 Compound B is formed in the presence of water. Write down the:

4.2.1 NAME of the substitution reaction
42.2 IUPAC NAME of organic compound B
4.3 Reaction lll is an elimination reaction. Write down the:
4.3.1 NAME of the elimination reaction
4.3.2 ONE reaction condition
4.3.3 [IUPAC NAME of the organic product formed

43.4 Balanced equation for the above reaction using CONDENSED
STRUCTURAL FORMULAE.

4.4 Reaction IV takes place in the presence of a catalyst. Write down the:
44.1 Name of the catalyst

44.2 Type of reaction

| SA EXAM PAPERS
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4.5 In another reaction, the position isomer of compound B reacts with methanoic
acid in the presence of a catalyst.

Write down the:

45.1 Name of this reaction (1)
45.2 Balanced equation using STRUCTURAL FORMULAE (5)
[21]
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QUESTION 5 (Start on a new page.)

10 g of aluminium powder reacts with a limiting amount of sulphuric acid according to
the following balanced equation:

2Al(s) + 3H2S504(f) — Al2(S0a)3(aq) + 3H2(g)

Aluminium is in excess.

The rate of the reaction between aluminium powder and sulphuric acid is investigated at
20 °C. Hydrogen gas is collected in a syringe, and the volume of hydrogen gas is
measured at different time intervals.
The following results were obtained:

TIME (minutes) Hz VOLUME (dm?®)
0 0
2 1,2
4 2,4
6 3,6
3 4,2
10 4,5
12 4,5
51 Define the term reaction rate.
5.2 Calculate the average reaction rate, in dm®-min™', during the first 10 minutes.
53 Use the data in the table to draw a graph of the volume of hydrogen gas
collected versus time on the attached GRAPH SHEET.
54 Use the collision theory to explain the change in the reaction rate over time.
Assume that the temperature remains constant.
5.5 Calculate the mass of aluminium powder that was left at the end of the reaction.
The molar gas volume at this temperature is 24 dm?®.mol™"
5.6 A change in reaction conditions will affect the sketch drawn on the GRAPH
SHEET in QUESTION 5.3.
On the same GRAPH SHEET sketch graphs for the following changes:
5.6.1 The temperature is increased to 40 °C. Label this graph B
5.6.2 10 g aluminium granules are used. Label this graph C
| SA EXAM PAPERS
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QUESTION 6 (Start on a new page.)

Consider the following balanced equation for a reversible reaction in a closed system
below:

4NHs(g) + 502(g) = 4NO(g) + 6H20(g)
6.1 Define the term dynamic equilibrium. (2)

The sketch graph below shows the relationship between the value of the equilibrium
constant (Kc) and the temperature for this reaction.

3

Kc

v

Temperature

6.2 Write down the sign of the heat of reaction (AH) for the above reaction. Choose
from POSITIVE or NEGATIVE.

Explain the answer. (3)
6.3 The pressure on the system is decreased at constant temperature.

Use Le Chatelier's principle to explain how this change affects the yield of
NO(g). (3)

6.4 1,4 mol of ammonia gas (NHs) and 0,8 mol of oxygen gas (O2) are placed in a
250 cm? container at 1 000 kPa and allowed to reach equilibrium at 800 °C. At
this temperature and pressure, the amount of water vapour present is 12,6 g.

6.4.1 Calculate the value of the equilibrium constant (Kc) (7)

6.4.2 More ammonia gas is now added to the equilibrium mixture. How will
this change affect the yield of NO(g)?

Choose from INCREASES, DECREASES or REMAINS THE SAME. (1)
[16]
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QUESTION 7 (Start on a new page.)

71

72

Copyright reserved

Hydrogen iodide (HI) reacts with water according to the following balanced
equation;

Hl(aq) + Hz20(f) = HsO*(aq} + I(aq)
The Ka value for Hl is 3,2 x 10 at 25 °C.,

7.1.1 Is hydrogen iodide a weak or a strong acid? Give a reason for the
answer.

71.2 Write down the formulae for the TWO bases in the reaction above.

60 cm® of a hydrogen iodide (HI) solution reacts with an unknown quantity of
magnesium hydroxide (Mg(OM},) according to the following balanced
equation:

Reaction 1: 2HI(aq) + Mg(OH)z(s) = 2H20({) + Mglz2(aq)

The EXCESS hydrogen lodide is then neutralised with 18 cm® NaOH with a
concentration of 0,3 mol.dm- according to the following balanced equation:

Reaction 2: Hi(ag) + NaOH(aqg) — Nal(aq) + H20({)
2l Calculate the pH of the excess hydrogen iodide.
Calculate the initial mass of magnesium hydroxide used in
7.2.2 Reaction 1 if the initial concentration of hydrogen iodide was
0,4 mol.dm™.
Bromothymol blue is used as an indicator. Explain why it is the

1.2.3 most suitable indicator by referring to the pH at the equivalence
point.
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QUESTION 8 (Start on a new page.)

The diagram below represents an electrochemical cell operating under standard
conditions, featuring tin (Sn) and an unknown metal, Z.

Sn

Sn*(aq) ——— Z'(aq)

8.1 It is found that the mass of electrode Z increases whilst the cell is functioning.
For this cell, write down:
8.1.1 The electrode that acts as the ANODE. Choose from Sn or Z.
Give a reason for the answer. (2)

8.1.2 How will the concentration of Sn?* change while the cell is in operation?

Choose from INCREASES, DECREASES or REMAINS THE SAME. (1)

8.1.3 The reduction half-reaction (2)

8.1.4 In which direction (A or B) will CATIONS move in the salt bridge? (1)

8.1.5 The cell notation (3)

8.2 The initial emf of this cell is 0,94 V. Identify metal Z by means of a calculation. (5)

A stronger reducing agent is now used with the same oxidising agent under the same
conditions.

8.3 How will this affect the initial emf of the cell?

Choose from INCREASES, DECREASES or NO EFFECT. (1)
[15]
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The diagram below represents the cell used for electroplating an iron spoon with copper.

Electrode

Power

|_ source —|

g— Iron spoon

—— Cu(NOs)2(aq)

91 Define the term efectrolyte. (2)
9.2 What type of power source is used to drive the reaction in this cell? Choose
from AC or DC.
Give a reason for the answer. (2)
9.3 Define the term reduction in terms of electron transfer. (2)
9.4 Write down a half-reaction that takes place at the ANODE. (2)
9.5 Write down ONE observation that can be made after the cell has been
operating for some time. (1)
9.6 Name the metal that is labelled 'Electrode’. (1)
9.7 How will the concentration of the copper (Il) nitrate solution change while the
cell is in operation?
Choose from INCREASES, DECREASES or REMAINS THE SAME.
Give a reason for the answer. (2)
[12]
TOTAL: 150
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QUESTION 5.3
Hand in this GRAPH SHEET with your ANSWER BOOK.

Graph of volume versus time
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INFORMATION FOR PHYSICAL SCIENCES GRADE 12
PAPER 2 (CHEMISTRY)

GEGEWENS VIR FISIESE WETENSKAPPE GRAAD 12
VRAESTEL 2 (CHEMIE)

TABLE 1: PHYSICAL CONSTANTS/TABEL 1: FISIESE KONSTANTES

NAME/NAAM SYMBOL/SIMBOOL VALUE/WAARDE
S 5 1013 10°pe
Py "
Al i v

TABLE 2: FORMULAE/TABEL 2: FORMULES
n :m nzl
M N,
C=£ or/of C =T ”=i
V W i
Cava na
c,v, = E pH = -log[H30"]

Kw = [H30*J[OH] = 1 x 10 at/by 298 K

Ezeit = Egatl-u:de - Egnode /Egel = EEatode - E?u’:ode
or/of
Ece:eu = E?Bdl.lclion = Eceuichtionngel — Egreduksie = Egksidasie
or/of
8 6 8
Ecel\ = onidisingagent - Ereducingageﬂt / E29| = Egksmﬂe.-mum; — :dusaerwddm
: ‘ . >
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Increasing strength of oxidising agents/Toenemende sterkte van oksidermiddels

TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies EB )

Fz2(g)+2e = 2F + 2,87
Co*+e = Co* +1,81

HoO2 + 2H" +2e~ 2H20 +1,77
\ MnO, +8H*+5e- = Mn? +4H0 +1,51

Ch(g)+2e- = 2COC +1,36

CtO > +14H*+6e- = 20r+TH0 | +133

Oxg) +4H" +4e- = 2H:0 +1.23

MnQ2z + 4H* + 2e- Mn2® +2H,0 +1,23

Pt?*+2e ~ Pt +1,20

Brz(f) + 26 = 2Br +1,07

NO, +4H" +3e" NO(g)+ 2H20 | +0,96

Hg?* + 2e- Hg(f) +0,85

Agt e - Ag +0,80

NO, +2H"+e . NOzg)+H0 | +0,80

Fe* +e- .. Fe® +0,77

Oxg)+2H*+2e = H0:2 +0,68

[p+2e = 2I +0,54

Cut+e = Cu +0,52

SO+ 4H +4e- - S+ 2H:0 + 0,45

2H2 O+ Oz +4e -  40H + 0,40

Cu® + 2e- Cu +0,34

S0; +4H'+2e- = SOx(g)+2H:0 | +0,17

Cu* +e = Cu' +0,16

Sn**+2e- = Sn* +0,15

S+2H"+2e -~ HaS(g) +0,14
2H* + 2e- Hz(g) 0,00

Fe¥*+3e .~ Fe -0,06

Pb®* +2e- = Pb -0,13

Sn? + 2e” Sn - 0,14

Ni2* + 2e = Ni -0,27

Co?* + 2e- Co -0,28

Cd*+2 -~ Cd ~ 0,40
Cr¥+e Cret - 0,41

Fe?*+2e- _ Fe - 0,44

Cr*+3e = Cr -0,74

Zn?t + 2e- Zn -0,76

2H20 + 2¢- Ha(g) +20H- | -0,83
Cr*+2e- =~ Cr -0,91

Mn2 +2e Mn -8

Al 4 3e- AL - 1,66

Mg® +2e- — Mg ~2,36
Na'+e = Na -2,71

Ca**+2e = Ca - 2,87

Sr2t + 2e- Sr —2,89

Ba?* + 2e- Ba ~2.90
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD-REDUKSIEPOTENSIALE

MnO4 +8H" + 5e

Half-reactions/Halfreaksies Ee V)

Lit+e- = L -3,05
Kr+e = K -293
Cs*+e —~ OCs -292
Ba>*+2e -~ Ba -2,90
Sr2* + 2e- Sr -2,89
Ca*+2e = Ca - 2,87
Na*+e = Na -2,
Mg® +2e- —~ Mg -2,36
AP + 3¢ Al —1,66
Mn2 +2e- ~ Mn -1,18
Cr*+2¢e = Cr —-0,91
2H:0 + 2e° Ho(g) + 20H- | -0,83
in*+2 . Zn -0,76
Cr*+23e = Cr -0,74
Fe2*+2e- . Fe ~044
Cr*+e = Cr® -0,41
Cd>*+2e° L Cd -0,40
Co*+2e - Co -0,28
Ni2t + 2e Ni -0,27
Sn*+2¢ ~ 8n —-0,14
PL?* + 2e- Pb -0,13
Fe**+3 . Fe - 0,06

2H* +2e- = HuAg) 0,00
S+2H"+2e- — HzS(g) +0,14
Sn** + 2e- Sn? +0,15
Cu® +e Cu* +0,16
SO; +4H'+2e = SOxg)+2H:0 | +0,17
Cu*+2e = Cu +0,34
2H:0+02+4e” = 40H +0,40
SOz+4H*+4e - S+ 2H:20 +045
Cut+e = Cu +0,52
lz+2e- = 2 +0,54
O2(g) + 2H* + 2e- H20: +0,68
Fed*+e - Fe” +077
NO, +2H"+e NO2(g) + Hz0 +0,80
Agt+e = Ag + 0,80
Hg?* +2e~ = Hg(f) +0,85
NO; +4H"+3e” NO(g)+ 2H20 | +0,96
Bra(t) + 260 — 2Br +1,07
Pt*+2e = Pt +1,20
MnOz+ 4H" +2e~ —~ Mn? +2H20 =123
Oz(g) + 4H* + 4e- 2H:0 +1,23
Cr20$_ +14H* +Be- = 2Cr* +7H20 +1,33
Clzg)+2e -~ 2Ct +1,36

-~ Mn? +4H,0 +1,51
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