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QUESTION 1 — Multiple Choice

Answer these questions on the multiple-choice answer grid below. Make a clear cross (X)
in the box corresponding to the letter that you consider to be correct. Every question has
only one correct answer.

A|B D | Here the option C has been marked as an example
11| A | B D | 7Y
1.2 8| c | b |7
13| A | B D | VY
14| A | B 1
15| A D | VY
16| A | B D | VY
17| A D | 7Y
18] A D | VY
19| A D | VY
110 A | B D | VY

1.1

1.2

Which of the following statements is NOT correct?

A. The strongest type of intermolecular force in ammonia is hydrogen bonding.
B. The strongest type of intermolecular force in hydrogen chloride is permanent dipole-

dipole force.

O 0

Which of the following molecules has the highest boiling point?

A. hexane

B. propane

C. 2,3—dimethylbutane
D. propene

Downloaded from eduresourceza.com

The strongest intermolecular force in ethanol is permanent dipole-dipole force.
The strongest intermolecular force in water is hydrogen bonding.

(2)
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1.3 The molecular ene@y digtrivgtiericerveiepraseatsdhe vatratien i energy of the molecules

1.4

of a gas at room temperature.

proportion

molecules

]

\"'\
-‘H"-..
# T——
T T T T T

0

energy

Which curve applies for the same gas at a lower temperature?

A B
A
proportion proportion
of < of
molecules molecules
0 T T T T - O T T T T Lol
0
energy energy
C D
4
proportion proportion
of 4 of
molecules molecules
0 T 1 T 1 T 1 - 0 T 1 T 1 T T Legtll
0 0

energy energy

(@)

An acid-base indicator represented as HIn(aq), reaches dynamic chemical equilibrium when
added to water as shown in the equation below:

HIn(aq) + H20(f) = H3O*(aq) + In(aq) AH>0
Yellow Red

At chemical equilibrium the colour of the solution is orange (a mixture of red and yellow).
Which one of the following will turn the colour of the solution yellow?

The addition of NaOH.

The addition of H20.

An increase in the temperature.

The addition of HCL. (2)

©ow>»

Downloaded from eduresourceza.com Page 3 of 28



1.5 Sulfuric acid ionisep)ip\walerageerdingrie e folewing eapationsn

1.6

1.7

H2SO04(aq) + H2O(f) — HSO4 (aq) + HzO*(aq)
HSO4 (aq) + H20(f) — S04 (aq) + H3O*(aq)

Consider the following statements about the ionisation above:

(1)
(I

H20O(f) acts as a base in both reactions.
HSO4(aq) acts as an ampholyte.

()  SO42(aq) is the conjugate base of H2SO4(aq)

OO0 w»

1), (I1) and (111

The ionisation constants, Ka, for two acids X and Y are given below:

Acid | Ka
X 4x104
Y 3x10°¢

From the information given about the acids we can deduce that:

OO0 w >

X'is a weak acid and Y is a strong acid.

X and Y are both strong acids

X will ionise more completely in water than Y.
X and Y are both dilute solutions of acids.

In which of the following substances will sulfur act as the best reducing agent?

©Oow>

H2S04(aq)
H2S(g)

S

SO2(9)
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1.8 What is the structu@®fpitguet el theoeaetion ketweat bromingand the compound shown
below?

H H
|
H—C—C=C—H

H
H H Br H Br H
H—(lf—(.l‘,—é—Br H—(If—(lf—(|?—H
L N
A C.

H Br Br Br H Br
H—C—C—C—H H—C——C—H
AW Ao
B D.

1.9 Sodium aluminium hexafluoride, better known as cryolite, is added to aluminium oxide
(alumina) in the industrial process for the extraction of aluminium. What is the reason for
adding the cryolite to the reaction mixture?

A.

B.

C.

D.

It prevents the graphite electrodes from corroding due to the large electric current being
passed through the electrodes.

It helps reduce the melting point of the alumina to reduce the electrical costs of keeping
alumina molten.

It acts as a protective layer to protect the iron container from the intense heat required
during the extraction process.

It acts as a catalyst to help speed up the extraction process. (2)

1.10 Fourtin (Sn) cans are each filled with a different solution as shown by the labels on the cans
in the diagrams below. Each solution has a concentration of 1 mol-dm at 252C. Which one

of the tin cans will undergo oxidation? (2)
SSSE——
\________ —
\_____ — ot —
o= .o =
S e
S\Fe(Noa)z(aq) . [
_—/ =
=
Srem i~
A B C D

[20]
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QUESTION 2 Downloaded from edures @eaptesipa Iguynause 2022 and Crawford Prelim 2021)

2.1 From the list given below select only the one chemical substance that best fits the
description given. Substances can only be used once and not all need to be used:

CO2 NaF Pb H20 CBr4 SiO2 Hg I2

2.1.1 A giant molecular crystal held together by covalent bonds.
SiO2 vv/

(2)
2.1.2 A non-polar molecule with polar bonds that has van der Waals forces between the
molecules in a liquid.
CO2 vv OR CBrs

(2)
2.1.3 Atoms held together by metallic bonds in the solid state.
Pb v'v OR Hg

2.1.4 A non-polar molecule with non-polar bonds that is found as a solid at room

temperature due to weak London forces.
Lvv

2.1.5 A polar molecule held together in the liquid state by hydrogen bonds.
Ho0 vv/

(@)

2.2 The following reaction is used to produce SF4 which is involved in the production of CFCs
that were used as coolants in refrigerators.

2S(s) + 20F2(g) — SO2(g) + SFa(g) AH =-320 kJ-mol

2.2.1 Define intramolecular bonding.

bonding which occurs between atoms within molecules v'v/

2.2.2 Name the specific type of intramolecular bond in SOz.

Polar covalent v'v/ 1 mark for covalent
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2.2.3 What volume of SO2 will be produced at STP if 1 kg of S completely reacts with

excess OF2?

m 1000
n(S) T 3 31,25 mol

n(50,) = "2 = 22 = 15,63 molv

V(S0,) =n XV, = 15,63 X 22,4v = 350,11 dm3v" or 350

(3)

The reactants started with a potential energy of 530 kJ-mol-! and the activation energy for
the reaction represented above is 75 kdJ-mol.

2.2.4 Define activation energy.

the minimum energy required to start a chemical reaction v'v/

OR the energy required to form the activated complex

(@)

2.2.5 Sketch the energy profile for the above reaction. The energy profile must include
the following labels:
e Energy of reactants (Ereactants)
e Energy of products (Eproducts)
e Activation Energy (Ea)
e Heat of Reaction (AH)

The following values should also be included on the energy profile:
e Energy of products
e Energy of activated complex (6)
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Potential
energy
(kJ.mol )

Reactants AH<0

21D, o R -
Products

Reaction Progress

e Correct labels on axes v'(the x-axis label can also be course of
reaction/reaction pathway

e  FEreactants and Eproducts correctly labelled v/

e Eaand AH correctly labelled v

« Exothermic shape v

e E of activated complex = 605 kJ-mol! v/

®  Eproduct = 210 kJ-mol' v

2.3 A catalyst could be used during the manufacture of SFa.

2.3.1  Define the term catalyst.

a substance that increases the rate of the reaction but remains unchanged at the

end of the reaction v'v/

(2)
2.3.2 How will a catalyst change the energy profile you drew in Question 2.2.5?
The energy of the activated complex would be lower v/
(1)
2.3.3 State the effect that a catalyst will have on each of the following. (write ONLY
INCREASE, DECREASE OR NO EFFECT)
a. The heat of the reaction
No effect v/
(1)
b.  Energy of the products
No effect v/
(1)
[32]
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QUESTION 3 Downloaded from eduresourceza.c o nyadapted from Crawford Prelim 2021)

Several large pieces of calcium carbonate with a total mass of 12 g are placed in an open
vessel. Enough hydrochloric acid is added to completely cover the lumps, 200 cm? with a
concentration of 3 mol-dm=3, and the mass of the flask determined every two minutes. A graph

of the results is shown below.
The balanced chemical equation for the reaction taking place in the flask is:

CaCOs(s) + 2HCE(aq) — CaClz(aq) + CO2(g) + H20(f)

A plot of loss of mass vs time for the reaction of
calcium carbonate with hydrochloric acid
3.5
—
3
2.5 7
= /
g 2
G 1.5 /
2 /
S ) .4
v/
0.5 /
/'4
0
0 2 4 6 8 10 12 14 16
Time (minutes)

3.1 What is meant by a closed system?

one in which mass is conserved inside the system but energy can enter or leave the

system freely v'v'

(2)

3.2 Use your answer in 3.1 to explain why reversible arrows are not used in the equation above.

System can’t reach equilibriumv” as it is an open system as the carbon dioxide
escapesv’

(@)
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3.3 Calculate the numigenef fielesieftdlcivm earbensieun @siZgsample.

m 12

n= v =
M~ 40+ 12+ 3(16)

v’ = 0,12 molv’

3.4 Which reagent was excess? Show all working.

n(CaC03) = 0,12 mol

n(HCl) =cxV =3x0,2v"=0.6molv

CaCO03:HCl=1:2 -~ 0,12:0,24v

0,24 < 0,6 - HClinexcessv’

3.5 Compare the rate of reaction between 0 and 3 minutes with the rate between 3 and 6
minutes.

0-3 mins lower rate than 3-6 mins v" OR 3-6 mins in higher than 0-3

3.6 Give one possible reason for the difference in rates described in Question 3.5.

The reaction is exothermic v' so an increase in temperature v'increases the initial
reaction rate

OR A catalyst was added at 3 minutes

OR The investigators only started heating at 3 minutes
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3.7 Compare the rate ghreactiondepiveantaed § reigutgs withdheyate between 10 and 12

minutes.

4-8 mins at a higher rate than 10-12 mins v/

(1)

3.8 Explain the difference is rates described in Question 3.7 in terms of the Collision Theory.

e As the reaction proceeds the concentration of HC# decreases v/
e This means fewer particles per unit volume v/
o Fewer effective collisions per unit time v/
e Which results in a lower reaction rate v/
OR
e As the reaction proceeds the surface area of the calcium carbonate lump decreases
e This means a lower surface area at which effective collisions can take place
o Fewer effective collisions per unit time
e Which results in a lower reaction rate

3.9 What is the final mass of carbon dioxide produced?

3,259 v

3.10 Determine the percentage yield of carbon dioxide.

n(CaC03) = 0,12 mol

n(C0,) = n(CaC03) = 0,12 mol v

m(CO,) =nxM=0,12% (12+2x16)v' =528 g+

actual 3,25
100 = ——x 100v"= 61,55% v~

0/o7i - 7
voyield 1,“heoretical>< 5,28

(3)
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This reaction is now repgatag nEnNsdoebraweaied ealeium-earhongie and 200 cm? of 3

mol-dm-2 hydrochloric acid.

3.11 What effect (if any) will this have on:
3.11.1 the gradient of the graph between 4 and 8 minutes?

Steeper v

3.11.2 the final mass of carbon dioxide produced?

No change v

(@)
[27]
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QUESTION 4 Downloaded from eduresourcezaaaesgfrom St Mary's DSG Kloof Trial 2022)

4.1 A small quantity of cobalt chloride powder is dissolved in ethanol resulting in a blue solution.
When a few drops of water are carefully added to the blue solution the colour changes to
light pink. The following equilibrium has been established:

CoCt2(aq) + 6H20(f) = Co(H20)e62*(aq) + 4Ct-(aq)
blue pink

To investigate some of the factors which affect this equilibrium, the following experiments
are performed.

e Experiment 1: A small quantity of concentrated HC! is added to the solution.

e Experiment 2: The beaker with the solution is cooled by immersing it in ice water where
the colour of the solution becomes more pink.

e Experiment 3: A small quantity of silver nitrate is added to the solution.

411 Explain what is meant by the term dynamic chemical equilibrium.

refers to a reversible reaction in which the forward and the reverse reactions are

taking place at the same rate, and hence the concentrations of reactants and

products are constant v'v’

4.1.2 What was observed after experiment 1 was performed?

solution turned blue v/

(1)

4.1.3 Explain your answer to Question 4.1.2 in terms of how the rates of the forward and
reverse reactions are affected.

Adding HC! increases the CI ion concentrationv’. The reverse reaction is
favouredv to use up the Ctf ions. The rate of the reverse reaction is therefore

greaterv than the rate of the forward reaction.

(3)
4.1.4 From the results of Experiment 2 determine the sign of AH for the forward reaction.

negativev' v’ (only one mark for saying AH<0)

(@)
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4.1.5 Explain in termg of baddhatetiens pringirie bowangdavby the equilibrium was
affected in Experiment 3.

AgNOs would react with the Cl" v' ions and form a precipitate of AgCLv'.
By removing Ct ions, the forward reaction is favouredv’ to make more Ct{ ionsv’

and the solution appears pink.

(4)

4.2 The colourless gas nitrogen monoxide is reacted with oxygen in a closed container to form
the red-brown gas, nitrogen dioxide. At equilibrium the mixture of gases is a pale red-brown
colour.

2NO(g) + O2(g) = 2NO2(g)
colourless red-brown

When the above equilibrium mixture is heated the red-brown colour becomes much darker.

4.2.1  Which reaction, FORWARD or REVERSE, was favoured when the equilibrium
mixture was heated?

Forward v/

(1)

4.2.2 Write down the equilibrium constant expression, Kc, for this equilibrium reaction.

. _ NP
* T INOT[0;]
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4.2.3 Initially 3,375 mol of NO and 2,063 mol of Oz are inserted in a flask of volume

0,75 dm3. At equilibrium the concentration of NOz2 is 1,5 mol-dm- at 45°C. Calculate
the value of the equilibrium constant at this temperature.

Using concentration:

NO (07} NO:2
R 2 1 2
lconc 4,5m 2,75va 0
C -1,5v'm -0,75v'a
Econc 3 2 1,5

Using moles:

NO 02 NO:2
R 2 1 2
Imol 3,375 2,063 0
C -1,125v°  -0,5625v
Emol 2,25 1,5 1,125vv
Econc 3 2 1,5
=29 _ 01257

¢ (322

(5)

4.2.4 This reaction is in equilibrium in a closed flask at a fixed temperature and pressure.
Att =10 s more NO2 was added to the flask which was then resealed.

a. Complete the amount vs time graph for NO between t = 10s and 30s. (2)

Vv

Amount (mol)

~—» Time (s
5 (s)
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b. Complete the reaction rate vs time graphs betweent =1 s and 30s.

NOTE: solid line = forward reaction and dashed line = reverse reaction (3)

VvV

Reaction Rate

*>Time (s)

[25]

(Adapted from Trinityhouse Prelim 2022)

QUESTION 5
5.1 Phosphoric acid (H3sPOs) is a weak, polyprotic acid.

51.1 Define the term weak acid?

an acid that only ionises partially in an agueous solution v'v/

5.1.2 Give a reason why phosphoric acid is referred to as a polyprotic acid.

able to donate more than one proton/ hydrogen ion/ H*v'v/
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5.2 A pupil needs to determine the concentration of a phosphoric acid solution. She decides to

titrate the phosphoric acid against a standard sodium hydroxide solution. The balanced
chemical equation is given below:
HsPO4(aq) + 3NaOH(aq) — NasPOs(aq) + 3H20(f)

5.2.1 Define the term standard solution.

as a solution of known concentration v'v/

(2)
5.2.2 Calculate the mass of NaOH needed to make up 500 cm? of a 0,22 mol-dm= NaOH

solution.
c="2 v
MV

m=cxMXxV=022x(23+16+1)v'x05v=44gv

(4)

5.2.3  During the titration she found that 15 cm?3 of the 0,22 mol-dm2 NaOH solution
neutralises 20 cm? of the phosphoric acid solution. Calculate the concentration of
the phosphoric acid

Ca _ 1y
cpVp 3

CoVp _ 0.22Xx15 v _
0 = 2L = = 0,055 mol - dm™3v
3%V, 3%x20 v~

5.2.4 What is meant by “hydrolysis of a salt’?

a reaction of an ion (from a salt) with water v'v/

(@)
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5.2.5 Which one ptiainsicataisfiisied beloweshoulgde used im this titration? Briefly

explain your answer by referring to the hydrolysis of NazPOa.
Include one or more equations with your answer.

Name of indicator pH range of
indicator
Methyl orange 3,1-44
Bromothymol blue 6,0-7,6
phenolphthalein 8,4-10,0

The PO43 ion from the salt reacts with water as shown:

PO4* + H20 = HPO4* + OH v

[OH] increasesv’, pH increasesv’

Phenolthalein changes colour in the basic regionv’

5.3 Solution A is ethanoic acid of concentration 0,05 mol-dm-3
Solution B is hydrochloric acid of concentration 0,05 mol-dm3
Solution C is hydrochloric acid of concentration 0,5 mol-dm-

Which solution/s (A, B or C?) would you expect to have....

5.3.1 the higher pH?

AvYv

5.3.2 the lowest Ka value?

AVvv

5.3.3 the greater electrical conductivity?

Cvv

Downloaded from eduresourceza.com

(@)
[26]
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QUESTION 6 Downloaded from eduresourcez@daatsgifiom Brescia House September 2022)

The cell notation of a standard galvanic (voltaic) cell containing an unknown metal electrode is
shown below:

X(s) | X**(aq) || Pb**(aq) | Pb(s)
6.1 Give the energy conversion taking place in this galvanic cell.

chemical to electrical v'v/

6.2 State two standard conditions that are applicable to the Pb?*(aq) | Pb(s) half-cell.

Temperature = 25°C v

Concentration of Pb?* ions is 1 mol-dm v (initially)

6.3 Name the component of the cell which is represented by ||.

Salt bridge v

(1)

6.4 Describe how the component identified in Question 6.3 performs its function in this specific
cell.

To keep both half cells neutral

Positive ions move into the lead half cell v

Negative ions move into the X half cell v/

6.5 The initial reading on a voltmeter connected across the electrodes of this standard
galvanic cell is 1,53 V. Determine the identity of the unknown metal.

Eocell = Eocathode - annode v

1 ,53 = -0,1 3 - annode

E%node = -1,66 V v don’t need unit
X = Al (aluminium) v/

(3)
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6.6

6.7

6.8

Write down the balgngeghpnigcesydtiermtiegresesting thecchgmisahreaction occurring in the
galvanic cell. Use the symbol of the unknown metal in the equation, in place of X.

2 AL(s) + 3 Pb2*(aq) > v 2 A3 + 3 Pb(s) v balanced v* Phases not needed.

(3)

How will the initial voltmeter reading be affected if the concentration of the electrolyte in
the X(s) | X3+(aq) half-cell is increased?

6.7.1  Write down INCREASES, DECREASES or REMAINS THE SAME.

Decreases v

6.7.2 Briefly explain your choice of answer to Question 6.7.1.

Increasing the concentration of Ag3* ions favours the reverse reaction.v’
(favouring reduction in the anode which is not possible).

This increases the cell potential of the A2/AL3+ half-cell OR as predicted by Le
Chatelier’s Principle.v’

(@)

The surface area of both electrodes is increased equally, allowing them to have the same
but larger surface area.

6.8.1 How does this affect the initial reading on the voltmeter? Write down INCREASES,
DECREASES or REMAINS THE SAME.

No change (It does not affect the reading; reading remains the same)v’

(1)

6.8.2 Briefly explain how increasing the surface area of the electrodes affects how this
cell operates.

Greater surface area of the electrodes lowers increases the rate of reactionv’
The cell can supply a greater current.v’

()
[19]
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QUESTION 7 Downloaded from eduresourceza.@dspad from Sommerset September 2022)

Chlorine gas is an important chemical for many industrial processes. It is produced on large
scale using a membrane cell and brine as a reactant.

Chlorine Hyd rogen
1 Anode Cathode

[ ?

-

Bring e Cly

L

<@ Water

H
s X 1
T H ,0
-
depleted salt ‘
SOIUION e -
--— l = ¥ —_—7
membrane

7.1 What is a brine solution?

a concentrated solution of sodium chloride v ( must have concentrated)

7.2 Write the formula of the species, X, that passes (to the right) through the membrane.

Na* v

(1)

7.3 Why do the chlorine and hydrogen gas that are produced during the reaction need to be
separated?

They react explosively leading to factory damage v'v/

7.4 The diagram shows that H20O produced hydrogen gas and substance Y. Select the
appropriate half-reaction from the Table of Reduction Potentials that illustrates this
reaction.

2H20 + 2 — H2 + 20H vV

7.5 Write the formula for the aqueous salt, Z, that is a by-product of the chlorine production.

NaOH v
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7.6

7.7

Downloaded from eduresourceza.com
Besides environmental and health reasons, why is it more advantageous to use the

membrane cell rather than the asbestos diaphragm cell to produce chlorine commercially?

Two of the following: v + v/

It produces a purer product (no back flow of ions)

Cheaper because less electricity is used

Cheaper because membrane is more durable and less costly than diaphragm

(@)

As the brine becomes depleted it is noted that the chlorine gas becomes contaminated
with oxygen gas. Explain fully why this occurs. Select an appropriate equation to
substantiate your answer.

the concentration of chloride ions has decreased v

water is a stronger reducing agent than chloride v/

and is thus undergoes oxidation to produce oxygen v/

2H20 — O2 + 4H* + 4e v

(4)
[13]
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QUESTION 8 Downloaded from eduresourceza.gtwgpted from Steyn City September 2022)

Study the organic molecules that belong to different homologous series labelled A-D.

A (CH2—_—Cc—CH2—CH2—CHs B CHaCH2CH2CHCH3

| |
CHs OH

C | CaH7Ct D | Propanoic acid

Use the information in the table to answer the questions that follow:

8.1 Define the term homologous series.

a series of similar compounds which have the same functional group and have the same
general formula, in which each member differs from the previous one by a single CHz
unit viv/

8.2 Write down the letter of the compound that ...

8.2.1  has a carboxyl group.
Dv

8.2.2 is a haloalkane.
Cv

8.3 Write down the...

8.3.1 IUPAC name of compound A.
2-methylpent-1-ene
v v

8.3.2 structural formula of compound D.

C. = IC. Nl =il

(2)
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8.4 Consider organic siiuplrd dabetetiBom eduresourceza.com

8.4.1 Describe the term positional isomer.

Different positions of the same functional group on the parent chain v'v/

(@)

8.4.2 Write down the condensed structural formula for one positional isomer of compound

B.

CH3CH2CHOHCH2CHs v'v OR CH3CH2CH2CH2CH20H

(2)

8.4.3 Using MOLECULAR formula, write down a BALANCED chemical equation for the
reaction of compound B with excess oxygen.

2C5H120 v+ 1502 — 10CO2 v + 12H20 v* v Balancing

(4)

8.5 Compound D gives rise to functional isomers. Draw the structural formula and give the
IUPAC name for ONE functional isomer of compound D.

Downloaded from eduresourceza.com

(4)
[20]
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QUESTION 9 Downloaded from eduresourcez@daatsgifrom Brescia House September 2022)

A flow diagram of compounds and their reactions is shown below.

Product 1 Heat under reflux in CHsCH,CHCECH;

dilute NaOH solution

REACTION A Reactant X
CaHio | Reactant ¥ CH3CHCHCH; Br | Product2
REACTION B
Y
CO; + H,0

9.1 Give the general names for reactions A and B:
A: Elimination v'v/

B: Combustion v'v" or oxidation

9.2 Give the chemical formulae of reactants X and Y.
X:HCe v

Y:H v

9.3 Give the IUPAC names and STRUCTURAL FORMULAE for products 1 and 2.

Product 1:
Name: Butan-2-ol v'v/

Structural Formula: C.O.E
H HH N v" four carbon atoms in chain

1 AN v -OH (hydroxyl) on carbon 2

(2+2)
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Product 2:

Name: 2,3-dibromobutane v'v/

Structural Formula: C.O.E

H H H M v' 4 carbon atoms in chain

H—C—C—C—C

v Bromine atoms on atoms 2 and 3
H"BrBr »

(2+42)

9.4 Cracking is the process of converting longer chain alkanes into smaller chains. The
diagram below shows a possible outcome of cracking C1sHs2.

High pressure
High temperature

9.4.1 Name the type of cracking that is shown by the diagram above.

Thermal v/

9.4.2 Give the IUPAC name and STRUCTURAL FORMULA of product Y.

Name: propene v' OR prop-1-ene

Structural Formula: C.O.E

v’ 3 carbon atoms
v'double bond on carbon atom 1

/
o
|
O—I

(1+2)
[18]
Total = 200 marks
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