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Instructions
1. Answer ALL the questions.
2. This question paper consists of TWO sections:
3. SECTION A (20)
SECTION B (130)
Answer SECTIONS A and B in the ANSWER BOOK.
4. Non-programmable calculators may be used.
5. Appropriate mathematical instruments may be used.
6. Numb_er the answers correctly according to the numbering system used in this
question paper.
7. Data sheets and a periodic table are attached for your use.
8. Give brief motivations, discussions, et cetera where required.
9. Numbers must be rounded off to two decimal places.



SECTION A
QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A — D) next to the question number
(1.1 -1.10) in the ANSWER BOOK.

1.1 The percentage oxygen in CuSO4-5H20 is:

A. 40.13%
B. 25.65%
C. 43.13%
D. 57.72%
1.2 The boiling points of three compounds are given in the table shown below.
Compound Boiling point (K)
Gtz 238
Br2 332 |
2 457

The increase in boiling point from top to bottom of the table is due to an
increase in the strength of ...

London forces.

B ion-dipole forces.
C dipole-dipole forces.
D hydrogen bonds.

1.3 Atlow temperatures, a real gas will liqguefy while an ideal gas will not. What property of the
real gas is responsible for this difference in behaviour?

The real gas molecules have spaces between them.

The real gas molecules are in continuous motion.

The real gas molecules do have their own volume.

The real gas molecules exert forces of attraction on each other.

oo wp

1.4  Which graph correctly shows how a real gas will deviate from ideal gas behaviour?




1.5The following substance can NOT act as an ampholyte:

H20
PO4%
HSO4
HPO4%

oo >

1.6 The shape of the PCls molecule is...

A. Pentagonal

B. Tetrahedral

C. Trigonal planar

D. Trigonal bipyramidal

1.7 Consider the reaction represented by the following balanced reaction:

A2(g) + B2(g) — 2AB(g)

The activation energy for the forward reaction is 180 kJ and that of the reverse

reaction is 200 kJ.

The heat of reactio{AH) for the forward reaction is:

—-20kJ
+ 20 kJ
— 380 kJ
+ 380 kJ

00w

1.8 The oxidation number of sulphur (S) in HSOx'...

-2
+6
+1
+4

00w



1.9 Consider the reaction represented by the following balanced reaction:
Zn(s) + 2HCI (aq) — ZnCl2 (aq) + Hz (g)
The reaction is allowed to run to completion.

Which ONE of the following graphs of volume against time best represents the
formation of hydrogen gas?

>
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1.10 Which ONE of the following CANNOT act as a reducing agent?

Mg

Br -
MnOgs~
Fe?*

00w

[2 X 10 = 20]



Section B

Question 2

A laboratory analysis of a compound shows that it has the following chemical
composition:

Carbon: 72 % Hydrogen: 12 % Oxygen: 16 %

211

212

Use the information to determine the empirical formula of the
compound. (4)

If the molar mass of the compound is 300 g-mol“, determine the
molecular formula of the compound. (2)

22 14 g of iron reacts with 11.70 g of water during a corrosion reaction to form
Fe30s and Hz, according to the following balanced equation.

221
222
223

224

3 Fe +4 H,0 - Fe;04 + 4H;
What is meant by ‘reagent in excess'? (2)
Determine which substance is in excess. Show all calculations. (6)
Calculate the number of H2 molecules that will form in the above reaction. (5)

It is found that during the reaction, 5.60 dm” of H; is collected at STP.
Calculate the percentage yield of the reaction. (4)

[23]



Question 3

The diagram shows the potential energy changes during the following chemical
reaction:

3.1

3.2

33

34

2 H2(g) + Clz(g) — 2 HCl (g

679,1 kJ-mol!

Potential energy (kJ-mol-')

Define activation energy.
Is the reaction EXOTHERMIC or ENDOTHERMIC?
Give a reason for the answer.

Calculate the activation energy of the reverse reaction.

What effect will the addition of a catalyst have on the value 184,7 kJ-mol1?
Write down only INCREASE, DECREASE or NO EFFECT.

Give a reason for the answer.

(2)

(2)
()

(2)
(8]



Question 4

The following apparatus was used by a group of learners in an investigation to find out
how surface area alfects the rate of the reaction.

In both experiments, magnesium with the same mass (25g) were used.

In EXPERIMENT |, small pieces were used. In EXPERIMENT Il, one big piece was
used.

100 cm®of a 0,1 mol-dm™ hydrochloric acid solution was used in both experiments.

During the reaction, the gas that formed, was collected in the gas syringe which
measures the volume of gas produced.

The balanced equation for the reaction is:

Mg(s) + 2HCl(aq) — MgCl:(aq) + Ha(g)

MG
100 cm? of
0,1 mol-dm™

Magnesium ( Ei%v j—— hydrochloric acid

The learners performed the experiments and plotted a graph of their results for
EXPERIMENT I, which is represented below.
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4.1

4.2

43

4.4

4.5

46

Write down the dependent variable for this investigation. (1)

Besides the mass and the concentration of the reactants, give ONE other
variable that must be kept constant during this investigation. (1)

Use the graph to calculate the average rate of the reaction (in dm?®.s™) for the
first 30 seconds. (3)

Predict how the gradient of EXPERIMENT Il would compare to that of
EXPERIMENT | plotted in the graph. Choose from GREATER THAN, LESS
THAN or EQUAL TO. (1)

Use the collision theory to explain how the increase in surface area of the
magnesium affects the rate of the reaction. (3)

Calculate the mass of magnesium that emains after the reaction has been
completed. (6)

[15]



Question 5

5.1 A monoprotic acid HY ionises completely when dissolved in water. The hydroxide ion
concentration [OH] in the solution is 1 x 10! mol-dm=3.

5.1.1 Define an acid in terms of the Bronsted-Lowry theory.
5.1.2 Define the term monoprotic acid.
5.1.3 Is acid HY a WEAK or STRONG acid? Give a reason for your answer.

5.1.4 Calculate the following:

a) The concentration of hydronium ions [HzO*] in the solution.

b) The pH of the solution.

(2)

(@)

(2)

®3)

®3)

5.2 7,5 g IMPURE sodium hydroxide pellets, NaOH(s), is added to a flask containing 700 cm?3

of a 0,15mol.dm sulphuric acid solution, H2SO4(aq). The balanced equation for the

reaction is:

H2SO0a4(aq) + 2NaOH(s) — Na2S0a4(aq) + 2H20(1)

5.2.1 Calculate the number of moles of sulphuric acid in the flask.
5.2.2 The percentage purity of the sodium hydroxide pellets used is 80%.

Calculate the pH of the solution in the flask after the addition of the NaOH(s).

©)

(7)

[22]



Question 6

Consider the following molecules and answer the questions.

H2S: CO2, BF3, NH3

6.1 BFs and NHs both contain 3 bonds around the central atom. The BFs molecule is
non-polar while the NHs molecule is polar. Account for this difference between the
two compounds using the VSEPR theory. 4)

6.2 Determine with the aid of a calculation, whether the C — O bond on the CO2 molecule
is POLAR or NON-POLAR. (2)

6.3  The boiling point of H2S is —60°C and that of COz2 is —78°C. Explain why the boiling
point of H2S is higher than that of CO2 by referring to the types of intermolecular forces
and energy. (4)
6.4  NHs forms a dative covalent bond with the H* ion to form NH4™.
6.4.1 What is a dative covalent bond? (2)

6.4.2 Use lewis dot structure to show the bonding in the NH4* ion. (2)

6.4.3 Write down the FORMULA of another compound that has a molecular shape similar
to the NH4* ion. (2)

[15]



Question 7

7

71
72

1.3
74

The table gives the melting points of the diatomic molecules of
group VIl elements.

ELEMENT MOLAR MASS | MELTING POINT
(g.mol”) (‘C)
F2 38 -223
ce; 71 -102
Br; 160 -7.3
Iz 254 113

In what phase, liquid or gas, does Br; exist at 25°C.
Define the term melting point.
How do the melting points of the molecules change on going from F;to 1,?

Explain the trend in melting points from F; to |, with reference to the forces
between the molecules and the energy needed to weaken the intermolecular

forces.

(1)
(2)
(1)

(4)
(8)



Question 8

Kathy fills a weather balloon to a volume of 300 dm® with helium gas at sea level, where the
temperature is 18 °C and the pressure is 101,3 kPa. She then releases the weather balloon to a
height of 10 000 m above sea level. At this height, the pressure in the air balloon decreases to

10.3 kPa, and the temperature is -37 °C.

81 Name two conditions under which real gas behaviour deviates from that
an ideal gas. (2)

82 Calculate the volume of the weather balloon at 10 000m above sea level. (5)

83  Assume that the helium gas behaves as an ideal gas. Calculate the mass of

helium gas used to fill the balloon at sea level. (8)
[13]



Question 9

A standard electrochemical cell is set up, using silver and an unknown
electrode, D, as shown in the sketch below,. The initial reading on the

voltmeter is 2,46 V. After the cell was connected for some time, the
mass of the silver electrode increased.

9.1

92

9.3

94

95

96

m2.46 \
NS

What process takes place at the silver electrode? Choose from
OXIDATION or REDUCTION.

Define an oxidising agent in terms of electron transfer.

Write down the NAME of a solution which can be used in
beaker A.

Do electrons move in the external circuit from D to the silver
electrode or from the silver electrode to D?

Determine the standard electrode potential for electrode D and
identify D from the standard potential table.

Write down the cell notation for this cell.

(1)
(1)
(1)

(1)

(4)
3)

[11]



Question 10

Consider the following redox reaction:

Cr.04 + 3S0O, + 2H' — 2Cr** + H,O + 3S0.*

orange green

10.1.1 Write the oxidation half reaction for the above reaction. (2)
10.1.2 Write the reduction half reaction for the above reaction. (2)
10.1.3 Determine the oxidation no of Chromium in Cr,O7?2 (1)
10.1.4 State whether chromium oxidised or reduced during the reaction. (1)

State whether the following reactions would be spontaneous on non-spontaneous:

(only write the terms spontaneous or non-spontaneous)

10.2.1 Fe + CuSOq4 (1)
10.2.2 MgSOs4 + Ni (1)
10.2.3 Pb + CuSO4 (1)
10.3 Determine the oxidation number of sulphur in the following compounds
10.3.1 SO (1)
10.3.2 S04 (1)
1033 S (1)
10.3.4  SOs \ (1)
[12]

Total 148



Increasing oxidising ability/ Toenemende oksiderende vermoé

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

Half-reactions/Halfreaksies E€(v)
Fa(g)+2e- = 2F +287
Co™+e = Co* +1,81
H202 +2H +2e- = 2H.0 +1,77
MnO; +8H +5e- = Mn* +4H,0 +1,51
Cla(g)+2e~ = 2Cr +1,36
Cr,02” +14H +6e- = 2C*+7H,0 | +1,33
O2(g)+4H +4e- = 2H,0 +1,23
MnO,+4H +2e= — Mn* +2H,0 +1,23
Pt +2e Pt +1,20
Bra(f) + 2e” 2Br- +1,07
NO; +4H +3e° = NO(g)+2H,0 | +0,9
Hg® +2e — Hg(®) +0,85
Ag'+es = Ag +0,80
NO, +2H +e~ = NO2(g)+H20 | +0,80
Fe*+e = Fe* +0,77
Oz(g)+2H +2e~ = H:0; +0,68
l+2e = 2 +0,54
Cu+e = Cu +0,52
SO, +4H +4e~ — S+2H,0 +0,45
2H,0+ 0, +4e~ — 40H" +0,40
cu*+2e = Cu +0,34
SO +4H +2e= = SO0i(g)+2H,0 | +0,17
Cu*+e = Cu' +0,16
Sn*+2e7 = Sn* +0,15
S+2H +2e~ = H2S(g) +0,14
2H"+2¢” = Halg) 0,00
Fe*+3e~ = Fe -0,06
Pb>*+2e- = Pb -0,13
Sn*"+2e = Sn -0,14
Ni¥+2e~ = Ni -0,27
Co¥+2e = Co -0,28
Cd*+2¢ = Cd -0,40
ct+e = C* -0,41
Fe*+2~ — Fe -0,44
C+3 = Cr -0,74
In*+2e = Zn -0,76
2H,0+2e~ = Ha(g) +20H" -0,83
cr*+2e = Cr -0,91
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 — Cs -292
K+e = K -2,93
Lif+es = Li -3,05

Increasing reducing ability/ Toenemende reduserende vermoé
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD- REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies E€(v)
Lif+e- = L -3,05
e = K -2,93
Cs'+e = Cs -2,92
Ba®*+2 - Ba -2,90
Sr*+2e = Sr -2.89
Ca*+2¢ = Ca -2,87
Na*+e~ = Na -2
Mg> +2e- = Mg -2.36
A +3e = AL -1,66
Mn*+2~ = Mn -1,18
C+2 = Cr -0,91
2H0+2e" = Ha(g)+ 20H" -0,83
In*+2e = Zn -0,76
Cr*+3e = Cr -0,74
Fe*+2e~ = Fe - 0,44
Ct+es = OF - 0,41
Cd®*+2¢ = Cd ~040
Co™+2e = Co -0,28
Ni*+2e~ = Ni -0,27
Sn**+2 = Sn -0,14
Pb*+2e~ = FPb -0,13
Fe**+3e~ = Fe -0,06
2H*+2e= = Ha(g) 0.00
S+2H +2e- = H.S(g) +0,14
Sn*+2e — Sn” +0,15
cu+e = Cu +0,16
SO +4H"+2e" = SOi(g)+2H,0 | +0,17
Cui**+2 = Cu +0,34
2H,0+ 02 +4e” = 40H +0,40
SO, +4H +4e~ — S+2H.0 +0,45
Cu*+e = Cu +0,52
l2+2 = 2 +0,54
0x(g)+2H +2e = H202 +0,68
Fe¥*+e — Fe* +0,77
NO; +2H +e" = NOx(g)+H.0 | +0,80
Ag'+e = Ag +0,80
Hg** +2e- = Ha(®) +0,85
NO; +4H" +3e- = NO(g)+2H.0 | +0,9
Bro(f) +2e= = 2Br +1,07
PE*+2e = Pt +1,20
MnO, +4H*+2e= — Mn*" +2H.0 +1,23
O2(g) +4H +4e” = 2H20 +1,23
Cr:02 +14H" +6e" = 2Cr"+7H.0 | +1,33
Cli(g)+2e- = 2CC +1,36
MnO, +8H +5¢ = Mn®" +4H.0 +1,51
H,0, +2H +2e- = 2H.0 +1,77
Co¥+e = Co* +1,81

Falg)+2e- = 2F +287

Increasing reducing ability/Toenemende reduserende vermoé



NAME/NAAM . SYMBOLISIMBOOL VALUE/WAARDE |
B o 602X 10 mol’
ek :
T , 1013 10°Pa
e "

TABLE 2: FORMULAE/TABEL 2: FORMULES

m N
n =M n= NA
n _m_ v
c=V or/of c=MV n=Vp
CaVa =N pH = -log[Hz0"]
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