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INSTRUCTIONS AND INFORMATION

1.

10.
L7
12.

Write your name and other applicable information in the appropriate spaces
on the ANSWER BOOK.

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

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

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

Leave ONE line between two subquestions, for example between QUESTION
3.1 and QUESTION 3.2.

You may use a non-programmable pocket calculator.
You may use appropriate mathematical instruments.
Show ALL formulae and substitutions in ALL calculations.

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

Give brief motivations, discussions, et cetera where required.
You are advised to use the attached DATA SHEETS.

Write neatly and legibly.

Copyright reserved Please turn over



FS/September 2023

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 answer and write only the letter
(A-D) next to the question numbers (1.1 to 1.10) in your ANSWER BOOK, for example,

111 E

1.1 Which ONE of the following is a TERTIARY alcohol?

A
B
C

D

Butan-1-ol
Propan-2-ol
2-methylbutan-1-ol

Methylpropan-2-ol (2)

1.2  Consider the following organic compounds:

(iv)

CH3sCH(CH3)CH(CH3)CHa
CH3CH2CH2C(CH3)CH:2
CH3CH2CH(CH3)CH2CHs

CH3sCCCH(CHa)2

Which of the above are chain isomers?

A
B
C
D

(i) and (iv).
(i) and (ii).
(ii) and (iv).

(i) and ((iii). (2)

1.3 Which homologous series is the formyl group the functional group of?

A

B

Carboxylic acids
Ketones
Aldehydes

Haloalkanes (2)

Copyright reserved Please turn over



FS/September 2023

1.4  Apiece of magnesium ribbon reacts with excess hydrochloric acid according to
the following equation:

Mg(s) + 2HC! (aq) — MgCtz(aq) + Hz(g)

Which ONE of the following changes will NOT affect the reaction rate?

A Putting the reaction mixture in a hot water bath

B Using the same mass of powdered magnesium

C Increasing the volume of the hydrochloric acid

D Increasing the concentration of the hydrochloric acid (2)

1.5 Which ONE of the following statements is correct for a chemical reaction at

equilibrium?
A The concentration of reactants and products remains constant.
B The concentration of reactants is equal to the concentration of products.

C The reaction has stopped.

D The number of moles of reactants is equal to the number of moles
of products. (2)

1.6  Solid sulphur (Ss) reacts with oxygen (Oz) to produce sulphur dioxide ...
Ss(s) + 802(g) = 8S02(g)

What is the correct K. expression for the equilibrium constant for the above

reaction?
—_[S03]
A Ke [Sgl[02]
_ [s0°
B KC [Oz]a

_ [SgllO;]
C Ke = Ts07

_ 1501
D K=B (2)
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1.7  According to the Arrhenius theory, a base is ...

A

a proton donor.
a proton acceptor.
a substance that dissociates in water to form H*.

a substance that dissociates in water to form OH-.

1.8 Consider the reaction below:

HaPOa(aq) + HCO; (aq) = H2PO, (aq) + H2COs(aq)

Which ONE of the following are two acids in the above reaction?

A
B
C

D

HCO3 and H2PO;,
H3sPO4 and H,PO;5
HaPO4 and H2CO3

HCO;3; and H2CO3

(2)

()

1.9 A galvanic cell is constructed from cadmium and nickel. What is the
correct cell notation for this cell?

A

B

C

D

Cd?*| cd || Ni2*| Ni
Ni| Ni2*|| Cd?*| Cd
Cd| Cd?*|| Ni2*| Ni

Ni2*| Nil| Cd?*| Cd

(2)

1.10 Which ONE of the following half-reactions takes place at the CATHODE
of an electrochemical cell used to electroplate an iron spoon with silver?

A

B

Ag*+e — Ag
Ag — Ag"+e
Fe* +2e" — Fe

Fe — Fe? +2e

Copyright reserved
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QUESTION 2 (Start on a new page.)
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The letters A to E in the table below represent six organic compounds.

A

Butane B

CH3CH2CCCH3s

H

H HHH H T
H—C—‘C—C—(IJ—C—‘Q—H LI

H

H

Butanoic acid

2.1

2.2

2.3

24

Write down the letter(s) representing:

2.1.1 A compound with the general formula CnH2n-2
2.1.2 Aketone

2.1.3 Acompound that can be used as fuel

2.1.4 An unsaturated hydrocarbon

For compound E, write down the:

2.2.1 NAME of the functional group

2.2.2 Structural formula of its FUNCTIONAL ISOMER
Write down the IUPAC name of:

2.3.1 Compound C

2.3.2 Compound D

Write down the IUPAC name of the functional isomer of D.

Copyright reserved
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2.5  Write down the structural formula of:

2.5.1 ACHAIN ISOMER of compound A (2)
2.5.2 Compound E (2)
[19]

QUESTION 3 (Start on a new page.)

3.1 The vapour pressures of two organic compounds at a specific temperature are

compared.
MOLAR MASS
COMPOUND (g-mol)
A Butane 58
Methylpropane 58
3.1.1 Define the term vapour pressure. (2)

3.1.2 Which ONE of the two compounds has the highest vapour pressure?
Write down only A or B. (1)

3.1.3 Fully explain the answer to QUESTION 3.1.2 (3)

3.1.4 Give a reason why the above comparison can be considered fair. (1)

3.2 The compounds propan-1-ol and propanone are compared. Which
compound has a higher boiling point? Fully explain the answer. (4)

3.3 The table below shows the results of an investigation regarding the melting
points of organic molecules.

Organic compound Boiling point (°C)
A 2,2-dimethylbutane 50
B 2,3-dimethylbutane 58
3-methylpentane 63
3.3.1 Write down the independent variable for this investigation. (1)
3.3.2 Explain the trend in boiling points of the above investigation. (3)

[15]
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QUESTION 4 (Start on a new page.)

The flow diagram below shows the preparation of different organic compounds from
CH3CH:CHs. x, y and z represent organic reactions.

CH3CH2CHz3

Br2

NaOH

An alkene

Y

Compound A

y H2S04

A J

Compound B
(Secondary
alcohol)

4.1  Write down the type of reaction represented by reaction:
411 x (1)
412 y (1)
413 z (1)

4.2 Reaction x takes place in the presence of a strong base. Write down the:

4.2.1 IUPAC name of compound A (2)
4.2.2 Balanced equation for the reaction x, using STRUCTURAL
FORMULAE (4)
4.2.3 IUPAC name of the alkene produced (2)
4.3 State TWO differences in the reaction conditions for x and y. (2)

44 Compound B is a secondary alcohol. Define the term secondary alcohol.  (2)
[15]
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QUESTION 5 (Start on a new page.)

5.1  Glucose is metabolised in the human body through the following simplified
equation.

CeH1206 + 602 — 6CO2 + 6H20

The graph below shows the energy changes for the above reaction.

A

>

Potential energy
(kJ-mol ")

O

A

Course of reaction

5.1.1 Is this reaction ENDOTHERMIC or EXOTHERMIC? Give a reason
for the answer. (2)

5.1.2 Express the following in terms of the energy values A, B and C
shown in the graph:

(a) The energy of the activated complex (1)
(b) The activation energy for the reverse reaction (2)
(c) AH for the forward reaction (2)
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5.2 Inan investigation of the rate of reaction, an EXCESS 200 cm? solution of HCE,
concentration 0,5 mol-dm™ reacts with zinc powder at STP. The following
spontaneous reaction takes place:

Zn(s) + 2HCE (aq) — ZnClz(aq) + Hz(g)

The volume of hydrogen gas produced is measured at regular time intervals
and the following graph is drawn:

o

8 A

3

P

£

-4

s

M)

€

3

S

Time(s)

5.2.1 Define the term concentration. (2)
5.2.2 Write down the limiting reagent for the above reaction. (1)
5.2.3 Calculate the mass of the zinc used. (5)

5.2.4 The same mass of zinc granules is used instead of zinc powder.

(a) How will this affect the rate of reaction? Choose INCREASES,
DECREASES or STAYS THE SAME. (1)

(b) Use the collision theory to explain the answer to
QUESTION 5.2.4(a). (3)

5.2.5 Asuitable catalyst is added to the reaction mixture.
Redraw the graph above in your ANSWER BOOK and label the

given curve as A. On the same set of axes, sketch the curve that
will be obtained if a catalyst is added. Label this as curve B. (2)

[21]
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QUESTION 6 (Start on a new page.)

Hydrogen lodide (HI) is allowed to decompose in a 5 dm? closed container at a
temperature of 425 °C, according to the following balanced equation:

2HI(g) = Hz(g) + 12(9)

When the mixture reaches equilibrium at 425 °C, it is found that 0,02 mol of Hz is
present in the container. The equilibrium constant for this reaction at 425 °C is 0,016.

6.1 Define the term closed system. (2)
6.2  Calculate the initial number of moles of HI in the container. (8)

6.3 How will EACH of the following changes affect the amount of H2(g)
produced? Write down only INCREASES, DECREASES or REMAINS

THE SAME.
6.3.1 More I2(g) is added at 425 °C (1)
6.3.2 The pressure is increased (1)

6.4 At 325 °C, the equilibrium constant (Kc) for the reaction above is 0,014.
Is the reaction EXOTHERMIC or ENDOTHERMIC? Fully explain the
answer. (4)
[16]

QUESTION 7 (Start on a new page.)

7.1  Two grams (2g) of magnesium hydroxide is reacted with 30 cm? sulphuric acid
solution of concentration 1,5 mol-dm, according to the following balanced
equation:

H2S04(aq) + Mg(OH)z(aq) — 2H20(f) + MgSOas(aq)
7.1.1 Why is H2SO4 considered a STRONG ACID? (2)
7.1.2 Calculate the concentration of the final solution. (8)

7.2  Adilute HCI solution has a concentration of 0,15 mol-dm=. This dilute
solution reacts with a concentrated solution of Na2COs.

7.2.1 Define the term dilute acid. (2)
7.2.2 Calculate the pH of the HCE solution. (3)

7.3  Asolution is made by dissolving Na2COs (s) in water.

7.3.1 Is the solution of Na2CO3 ACIDIC or BASIC? (1)
7.3.2 Write down a balanced chemical equation that explains the answer

to QUESTION 7.3.1. (3)

[19]
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QUESTION 8 (Start on a new page.)

An electrochemical cell is set up under STANDARD CONDITIONS.

(V)
L
Cu—> Ag
¥ I N
X
8.1  Write down ONE function of the part labelled X. (1)
8.2  Which electrode of the cell is the anode? Write down only Cu or Ag. (1)

8.3  Write down the name or formula of the electrolyte in:

8.3.1 The copper half-cell (1)
8.3.2 The silver half-cell (1)
8.4  Write down the balanced net (overall) equation for the above cell. (3)
8.5 Calculate the emf of the cell. (4)
8.6  State the standard conditions under which this cell operates. : 1(%;
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QUESTION 9 (Start on a new page.)

The simplified diagram below represents an electrochemical cell used for the
purification of copper.

|
Electrode B ——
—— Electrode A

CuCl: >
9.1 State the energy conversion that takes place in this cell. (2)
9.2 Define the term electrolyte. (2)
9.3  Which electrode contains impure copper? Write down Electrode A OR

Electrode B. (1)
9.4  Write down the half-reaction which takes place at electrode B. (2)
9.5 Is electrode A the ANODE or the CATHODE? (1)

9.6 The two electrodes are replaced with CARBON RODS.
9.6.1 Write down what will now be observed at electrode A. (2)
9.6.2 Write down a relevant half-reaction that explains the observation
made in QUESTION 9.6.1. (2)
[12]

TOTAL: 150
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DATA 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
ol gy P’ 1,013x 10 Pa
mg!g:e? ggsj’v?;urzfea;ysg ?D Vi 22,4 dm*mol
Siandaatohieiuir 7 273K
s ikt e 16x107C
Avogadro's constant Na 6.02 x 10% mol

TABLE 2: FORMULAE / TABEL 2: FORMULES

m N
T n=N—A
n
‘Tv
OR/OF n=%
m
c= v
ke pH = —log [H;0*]

K, = [H30%][OH™] = 1x10~* at/by 298 K

8 _ b 8
Eceu = Ecathode . Eanode
OR

8 _ p@ )
Eceu = Ereductian - onr’dation

OR

8 _ @ 2]
Er:eu = onidt'sing agent Eredusing agent

OF

OR

8 _ @ ]
Ese! = Ekatode S Eanode

8 _ 8
Eset — Ereduksie =

8 _ p# 7]
Esel i Eoksideermidde! - Ereduseermidde!

Eﬂ

oksidasie

Copyright reserved

Please turn over



19A0 uIn} aseald

pantasal ybuAdon

8¢2 A4
7T |ON|[PWN |wd|s3 |0 (39 | woy|wy nd | dN | n | ed | ylL
€0L | 20L | LOL | OOL 66 86 16 96 66 ¥6 £6 Z6 16 06
GLL | €41 | 69L | 29 | S91 | €9L | 6SL | ZSL | 2ZSL | oSl vl | WL | OvL
N7 | QA {wLl | 43 (o4 | AQ | qL (PO | N3 WS | wd|PpPN | Id | 2D =
b 0L 69 89 L9 99 9 ¥9 £9 29 19 09 65 8% oy ey S| 44 S
68 88 18
60Z (L0Z |v0Z |L0Z |l6L |S6L |Z6L |06k (98, |v¥8L [18L |6LL | 6SL LE) ecl
uy v odfligslads al s bH (nv |id | SO 84 | M el |JH &/ B eg 3/SO 3
98 68 v8 £8 Z8 18 08 6. 8L LL 9. GL 122 €L ZL LS 95 GG
beL (2L (8ZF |zZZL |ekL [SLL [ZLL [s0L |90k [goL |10t 96 Z6 16 68 88 98
9X | | HleLXaSjusS o ul I{POSBY S PR UNRNYNOLL/ONGIAN [4Z 3] A R4S 2 aY ©
vs €S 4] LS 0S (34 8y Ly op 14 4 4 ev v (R (114 6¢ 8¢ 18
v8 08 6. SL £ 0L §9 [Ss't9 | 6§ 65 95 GS 4] LS 8Y St ov 6¢
WM |18 5[9S RSV 5|09 (eD 5 UZ 5/ ND S| IN /00 %94 4|UN% 1D 5 o/ WL &9 4|ed 2| M &
9¢ G¢ ye X% z¢ X o¢ 62 82 12 9z Sz vz £2 A4 (¥4 0z 6l
ov m,mn P25 x> 8z 1z ESSeWwoole amalje[al apiapeuag vz €z
Iy p %) .M S mz_. d® IS .ﬂ '/ .m__. sSew Jlwoje aAnje|al ajewixoiddy mE .N eN ,”w
8l Ll 9l Sl 14" €l . 4 Ll
[e] P LBl ik -l
°N s 0 % ° - o 83 .._M“_mewlv ND % [*— Auanebauosyoalg °g 4/ M 2
0l 6 8 L 9 S 62 L4 €
4 * b
~N
°H pysbisooyy I3LNITSIAIN H =
d Jaquinu J1woly L
1TV A (1729 A (7,9 S VY R V.Y') B {1)] an )]
gk b 9, S vb g b MO B 8 L ° g ¥ ¢ z )

£20Z Jequialdes/sH

SIN3IN3T3 40 21A0Id3d 3HL € 3719VL



Increasing oxidising ability / Toenemende oksiderende vermoé
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions / Halfreaksies E® (v)
F2g) +2e- = 2F +2,87
Co**+e = Co? +1,81
Hz202 + 2H* +2e- = 2H:0 +1. 77T
MnO, +8H"+5e = Mn?* + 4H.0 +1,51
Cl(g)+2e- = 2Ct +1,36
Cr03” +14H*+6e = 2Cr* +7H0 +1,33
Oz2g) +4H"* +4e- = 2H0 +1,23
MnOz+4H* +2e- = Mn?* +2H20 +1,23
Pt?*+2e- = Pt +1,20
Brz(f) +2e- = 2Br +1,07
NO, +4H*+3e- = NO(g)+2H:0 | +0,96
Hg?* +2e~ = Hg(l) +0,85
Agt+e = Ag + 0,80
NO, +2H'+e- = NOz(g)+Hz0 +0,80
Fed*+e- = Fe?' +0,77
Oz(g) + 2H* +2e = H0; +0,68
lo+2e = 2° +0,54
Cut+e = Cu +0,52
SO:+4H"+4e = S+2H0 +0,45
2H:0+02+4e = 40H" +0,40
Cu**+2e- = Cu + 0,34
SOZ +4H'+2e- = SOz(g)+2H:0 | +0,17
Cu**+e- = Cu' +0,16
Sn*+2e = Snp* +0,15
S+2H*+2e- = H2S(g) +0,14
2H*+2e- = Hag) 0,00
Fe*+3e- = Fe - 0,06
Pb?*+2e- = Pb -0,13
Sn**+2 = Sn -0,14
Ni*+2e~ = Ni -0,27
Co**+2e- = Co -0,28
Cd**+2e- = Cd - 0,40
Cr*+e- = Cr - 0,41
Fe**+2e = Fe - 0,44
Cr*+3e = Cr - 0,74
Zn**+2e = 2Zn -0,76
2H0 +2e~ = Ha(g) + 20H -0,83
Cr**+2e = Cr -0,9
Mn% +2e- = Mn -1,18
AP +3e- = Al - 1,66
Mg®*+2e- = Mg -2.36
Na*+e- = Na -271
Ca?*+2e = Ca -2,87
Sr*+2e- = Sr -2,89
Ba?*+2e- = Ba -2.90
Cs*+e = GCs -2,92
Kr+e = K 293
Lit+e” = Li - 3,05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions / Halfreaksies E® (v)
Lit+e = Li - 3,05
K'+e = K -293
Cst+e = GCs -292
Ba’*+2e- = Ba -2,90
Sr2*+2e- = Sr -2,89
Ca**+2e = Ca -2,87
Na*+e = Na -2,71
Mg®* +2e~ = Mg -2,36
AP*+3e- = Al - 1,66
Mn?*+2e- = Mn -1,18
Cr2*+2e- = Cr -0,91
2H:0+2e~ = Hx(g)+20H | -083
Zn**+2e- = 2Zn -0,76
Crt+3e- = Cr -0,74
Fe*+2e- = Fe -0,44
Ct+e = Cr* - 0,41
Cd*+2e- = Cd -0,40
Co?*+2e- = Co -0,28
NiZ*+2e- = Ni -0,27
Sn**+2 = Sn ~0.14
Pb?*+2e- = Pb -0,13
Fe**+3e = Fe -0,06
2H*+2e- = H2(g) 0,00
S+2H"+2e = H2S(g) +0,14
Sn**+2e- = Sn* +0,15
Cu**+e = Cu* +0,16
SO2” +4H*+2e- = SO2g)+2H0 | +0,17
Cu*+2e = Cu +0,34
2H0+02+4e- = 40H +0,40
SO2+4H*+4e- = S+ 2H0 + 0,45
Cu*+e = Cu +0,52
l2+2e = 2I + 0,54
O2(g) +2H* +2e- = H20: +0,68
Fe*+e = Fe* +0,77
NO, +2H*+e- = NOz(g)+H0 | +0,80
Ag*+e Ag +0,80
Hg?* +2e- = Hg(f) +0,85
NO, +4H'+3e- = NO(g)+2H0 | +0,96
Bra(f) +2e- = 2Br +1,07
Pt*+2e = Pt +1,20
MnOz+ 4H* +2e- = Mn?* + 2H:0 +1,23
Oz(g) + 4H* +4e- = 2H0 +1,23
CrzO?' +14H*+6e- = 2Cr* + 7H20 +1,33
Clz(g) + 2e” 2Ct +1,36
MnO, +8H"+5e = Mn2* + 4H20 + 1,51
H202 + 2H* +2 e~ = 2H0 +1,77
Cott'+e”l = Co% +1,81
) 2el |5 2k R T
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