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INSTRUCTIONS AND INFORMATION

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

2. This question paper consists of TEN 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 sub questions, for example between QUESTION 2.1
and QUESTION 2.2.

6. You may use a non-programmable calculator.

7. You may use appropriate mathematical instruments.

8.  You are advised to use the attached DATA SHEETS.

9. Shgw ALL formulae and substitutions in ALL calculations.

10. Round off your final numerical answers to a MINIMUM of TWO decimal places.
11. Give brief motivations, discussions, et cetera where required.

12.  Write neatly and legibly.

. se tum
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OUESTION 1 : MULTIPLE-CHOICE QUESTIONS
Four 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 number (1.1 — 1.10) in the ANSWER BOOK , for
example, 1.11 E.
1.1 Consider the reaction represented by the equation below:
CH3;CH.CH2Br + HoO — CH3CH2CH20OH + HBr

This reaction is an example of ...

A Hydrogenation

B Halogenation

C  Hydration

D  Hydrolysis (2)
1.2 CnyH2nO: is the general formula for...

A Both an ester and a carboxylic acid.

B An ester only.

C A carboxylic acid only.

D Both an alcohol and an ester. (2)
| 1.3 The compound CHsCOOCH,CHjs is formed by the reaction of ...
A Ethanol and methanoic acid.

Methanol and ethanoic acid.

B
C Ethanol and ethanoic acid.
D

Ethanol and an oxidizing agent. (2)
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1.4 The following equilibrium is established in a closed container at constant
temperature.

2 NO(g) + 2 Ha(g) = Na(g) + 2 HeO(@)  AH <0
The conditions under which the yield of N will be the highest, are when:
A Pressure is decreased and the temperature is decreased.
B Pressure is increased and the temperature is increased.
C Pressure is decreased and the temperature is increased.
D Pressure is increased and the temperature is decreased. (2)
1.5  Given the reaction Na(g) +O2(g) — 2 NO(g)

The activation energy for the forward reaction is 181,5 kJ and for the reverse
reaction is 192,8 kJ. What is the heat of reaction for the forward reaction?

A -374,3kJ

B  +374,3kJ

c -11,3kJ

D +11,3kJ 2)

1.6  Consider the following reversible reaction:
Ha(g) + l2(g) = 2 HI(g) AH<O

Which ONE of the following statements is correct if the temperature is
increased?

A Only the rate of the forward reaction is increased.
B The rate of both the forward and the reversed reaction are increased.
C Only the rate of the reversed reaction is increased.

D The rate of the forward and reversed reactions won't change. (2)
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1.7  The reaction represented by the equation

X2Ya(g) = 2 XY2(g) AH>0

is initially at equilibrium.

The situation is represented by the graph below.

4 ! : :
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£ : 1\ '
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Bl XNl
5 | | s
< ; : ! .
b b ta time(s)

The value of Kc at BOTH TIMES t; and t3 is 0,25.

Which ONE of the following BEST explains the change that occurred

at tz?

A

B

C

D

X2Y4 was added to the reaction mixture.
The pressure increased without any change in temperature.
The temperature was lowered.

A catalyst was added to the reaction mixture. (2)

1.8 A solution of ethanoic acid (acetic acid) is titrated against a standard sodium
hydroxide solution. Which ONE of the following indicators would be the most
suitable for this titration?

Indicator pH range of the indicator
A Phenolphthalein 8,3-10
B Methyl orange 3,1-44
C Bromothymol blue 6,0-7,6
D Universal indicator Changes colour over a wide
range of pH values (2)
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1.9 The reactions below take place in two different electrochemical cells, X and Y.

NSC

Cell X: CuCtx(aq) — Cu(s) + Clz

MDE/September 2017

Cell Y: Zn(s) + CuSOs4(aq) — Cu(s) + ZnS04(aq)

Which ONE of the following represents the product that is formed at the
CATHODE of each cell correctly? »

Cell X Cell Y
A Clo(g) Cu(s)
B Cu(s) Cu(s)
C Cla(9) ZnS04(aq)
D Cu(s) ZnS04(aq)

110 Which ONE of the following primary nutrients is obtained from BONE

MEAL?

A Phosphorous

B Nitrogen
C Potassium
D Suiphur
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QUESTION 2 (Start on a new page)

Consider the ofganic compounds represented by the letters A to H in the table below:

H
H—C/ H H _CHs
A N\ B H,C=C
C—C—C—H
/1] CHg
H H H
C CH;CH,CH,COOH D But-2-ene
CHg
E Methyl propanoate F
H3C—C=—CH—CHj
T T ﬁ T H H H O
!
G H—C—C—C—C—H H H—(IJ——C|J—CIJ—-—C—-H
Vo oH
2.1 Define the term structural isomer.
2.2 Write down the LETTER that represents ...
2.2.1 A chain isomer of compound A.
2.2.2 A functional isomer of compound G.
2.3 Write down the ...
2.3.1 IUPAC name of compound B.
232 Structural formula of the functional group of compound E.
2.3.3 Name of a weak, monoprotic acid.
23.4 Name of the homologous series to which compound H belongs.
2.4 Is compound A SATURATED or UNSATURATED? Give a reason for your
answer.
2.5 Use molecular formulae to write down a balanced equation for the complete

combustion of compound A.
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2.6 Compound E is the product of an esterification reaction.
For compound E, write down the:
2.6.1 STRUCTURAL FORMULA of the alcohol from which it is synthesized. (2)
2.6.2 The two reaction conditions that are needed for the reaction to take
place. (2)
[18]
QUESTION 3 (Start on a new page)

The boiling points of compounds A, B and C were determined during a practical
investigation and recorded in the table below.

COMPOUND CONDENSED BOILING POINT
STRUCTURAL FORMULA (°C)
A CH30OH 78
B CH3CH,CH-0OH ‘ 97
C CHsCt 39,6
3.1 Define the term boiling point. ' (2)

3.2  Write down the type of intermolecular force that is responsible for the difference
in the boiling points of compound A and B. (1)

3.3  Explain the difference in the boiling points of compound A and C by referring to
the TYPE and STRENGTH of intermolecular forces. (3)

3.4  Compound C (CH3Ct), is prepared under standard conditions (STP) by the
reaction between methane and chlorine as shown by the equation: :

CHa(g) + Clz(g) — CH3Cl(g) + HCt

3.4.1 Write down the NAME of the type of reaction that leads to the formation

of compound C. (1)
3.4.2 In the reaction, 12,8 g of CHy4 produces 0,035 kg CH3CL. Calculate the
percentage yield in this reaction. ' (5)
[12]
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QUESTION 4 (Start on a new page)

4.1 3-chloro-2-methylpentane can either undergo ELIMINATION or SUBSTITUTION
in the presence of a strong base such as potassium hydroxide. The flow diagram
below, represents the two different reactions.

Concentrated KOH Product X
3-chloro-2-methylpentane "1 (Major product)
Diluted KOH
Y
Product Y

4.1.1 Which reaction will preferably take place when 3-chloro-2-methylpentane
is heated in the presence of CONCENTRATED potassium hydroxide?
Choose either SUBSTITUTION or ELIMINATION. (1)

4.1.2 Write down the IUPAC name of product X. (2)
4.1.3 Using STRUCTURAL FORMULAE write down a balanced equation for the
reaction that takes place when 3-chloro-2-methylpentane reacts with

DILUTE potassium hydroxide. (3)

4.1.4 Write down the IUPAC name of the organic compound formed in
QUESTION 4.1.3. (2)

4.2 Petroleum companies use an elimination reaction to break longer hydrocarbons
into shorter, more usable hydrocarbons.
An example of such a reaction is given:
CgHig = CeHis + X

4.2.1 Name the type of elimination reaction referred to in the equation above. (1)

Molecules of compound X can undergo polymerisation.

4.2.2 Name the TYPE of polymerisation that will take place. (1)
423 Use STRUCTURAL FORMULAE to write down a balanced equation for

the polymerisation reaction. (2)

2]
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QUESTION 5 (Start on a new page)

5.1

5.2

5.3

Copyright reserved

20 °C. The molar gas volume at 20 °C is 24,04 cm®. (5)

Define the term reaction rate. 2

A student investigates the rate of reaction between magnesium and sulphuric
acid. The balanced equation for the reaction taking place is:

Mg(s) + H2S0a4(aq) —MgS04(aq) + Ha(g)

The results are shown in the table below:

Concentration of sulphuric acid | Rate of reaction
(mol-dm™) (cm®s™)
1,6 17,0
0,8 8,5
0,4 4,2

5.2.1 State ONE variable that must be controlled during this investigation. (1)
5.2.2 What conclusion can be drawn from the results obtained. (2)
5.2.3 What will happen to the rate of the reaction if lumps of magnesium
are used instead of magnesium powder? Choose from INCREASE,
DECREASE or REMAIN THE SAME. (1)
5.2.4 Explain the answer for QUESTION 5.2.3 using the collision theory. (3)

5.2.5 The following diagram shows the distribution curve of the reaction at
20°C.

[
»

Ty

Number of particles

Kinetic energy

Redraw the graph in your answer book. Label this graph Ti. Draw a second
graph to show how a higher temperature will affect the shape of this graph. (2)

Label it To.
Calculate the mass of magnesium needed to produce 100 cm?® of Hy(g) at

[16]
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QUESTION 6 (Start on a new page)
The reaction below represents the catalysed step in the Haber process.
Na(g) + 3 Ha(g) = 2 NHa(g)  AH<O
The reaction takes place in a closed container and reaches equilibrium at 427 °C.

6.1 What will the influence of a drop in temperature be on the following:
Choose from INCREASES, DECREASES or REMAIN THE SAME.

6.1.1 The rate of the forward reaction. ) (1)

6.1.2 The yield of NHa(g). (1)

6.1.3 Explain the answer in QUESTION 6.1.2 by using Le Chatelier’'s (3)
principle.

6.2 The reaction is investigated on a small scale in the laboratory. Initially 4 mole
N2(g) and an unknown mass, x, of Hx(g) are sealed in a 2 dm®-flask and allowed
to reach equilibrium at a certain temperature.

At equilibrium, the concentration of NH3(g) present in the flask is 1,5 mol-dm™.

Calculate the initial mass of Hx(g) present in the flask if the equilibrium constant

(K¢) at this temperature is 1,8. (8)
[13]
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QUESTION 7 (Start on a new page)
7.1 Given the equation
HPO,2 + HO = HzO* + PO,

7.1.1 By referring to the Brgnsted-Lowry theory, explain why the HzO*
ion is regarded as an acid. (2)

7.1.2  Select another acid from the equation. (1)
7.1.3  Give a single term for a substance which can act as both an acid
and a base. - (1)
72  In a reaction, 25 cm® of a Ba(OH) with a pH of 13,6 are added to 40 cm?® of
0,15 mol-dm™ H;S0,. The following reaction takes place:
H,SO4(aq) + Ba(OH). (aq)— BaSOa4 (aq) + 2 H20 (f)

7.2.1 Calculate the concentration of the solution of Ba(OH), used in the

reaction. (4)
799  Calculate the number of moles of Ba(OH)z used in the reaction. (3)
723  Calculate the pH of the final solution. (7)

7.3  The salt BaSO, undergoes hydrolysis.
7.3.1 Define the term hydrolysis. (2)
7.32  Will an aqueous BaSOy, the solution be ACIDIC, NEUTRAL or BASIC. (1)

[21]
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QUESTION 8 (Start on new page)
8.1 A silver’ ring is placed in a 1 mol-dm™ copper sulphate solution.

)

‘U'um'll“wm

Copper sulphate
solution

Silver ring

Use the table of standard reduction potentials to determine whether or not a
spontaneous reaction will take place by refering to the strengths of the reducing
agents present in the test tube.

(2)
8.2  The diagram below represents a standard electrochemical cell.
A saturated potassium chloride (KCt) solution is used in the salt bridge.
8.2.1 Which electrode is the cathode? Give a reason for the answer. (2)
8.2.2 Write down the oxidation half-reaction. (2)
8.2.3 Write down the reduction half-reaction. (2)
8.2.4 Calculate the emf of the cell. (4)
8.2.5 Write down the cell notation for this cell. (3)
8.2.6 Which ion will increase in the Ox/H,0 half-cell while the cell is operating?
Choose from: K*, Ct' or H*. (1)
[16]
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QUESTION 9'(Start on a new page)

The diagram below shows a cell that is used to extract aluminium metal.

Steel - ]
container
Carbon
electrodes
Molten Purified aluminium oxide dissolved
aluminium in molten cryolite (NasALFs)
4 e Drain

9.1 Write down all the ions which will be present in the aluminium oxide.
9.2  Define the term electrolyte.

9.3  Give a reason why the aluminium oxide is dissolved in cryolite?

9.4  Write down the half-reaction that occurs at the anode.

9.5 The anode corrodes during the operation of the cell. Write an appropriate
equation for the reaction that takes place.

Copyright reserved Please turn over
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QUESTION 10 (Start on a new page)

10.1 The flow diagram below shows the most important steps in the industrial
preparation of two important solid fertilisers.

Air —ﬁ' Nitrogen | | Hydrogen 'G—' Methane

Haber process

Fertiliser C

: Process Y ———
Ammonia (NHg) . — NO —».{Brown gas

Fertiliser D ' Liquid E
Write down the:
10.1.1 Balanced equation for the formation of the brown gas. (3)
10.1.2 Name of process Y. (1)
10.1.3 FORMULA of liquid E. (1)
10.1.4 FORMULA of fertiliser C. | (1)
10.1.5 NAME of fertiliser D. (1)

10.1.6 Name of the process that takes place when excess fertiliser D ends up
in the rivers. (1)

10.2 The diagram below shows a bag of fertiliser with an unknown NPK ratio. After
analysing the fertiliser, it is found that the percentage of nitrogen is 18,75%.

ATRRTIRER 4

5:2:X (30) . :

Calculate the value of X in the N:P:K ratio. . [(1‘2]
GRAND 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
Standard pressure 8 5
Standaarddruk P 1,013 x 10" Pa
Molar gas volume at STP 3 o1
Molére gasvolume by STD Vm 22,4 dm™mol
Standard temperature 8
Standaardtemperatuur T 213K
Charge on electron -19
Lading op elektron © 16x107°C
TABLE 2: FORMULAE/TABEL 2: FORMULES
m n N
n=— =
M N,
n m vV
C=— C=—v n=—
Vor/oF MV V.
cV n
=l pH = -log[H;0"]
¢V, n,
Kw = [H;0J[OH]=1x 10" at298 K
Egell = Egathode - Egnode / Egel = Eekatode - Egnode
] 8 ] ] ] ]
Ecell = Ereduction - onidation / Esel = Eneduksie - Eolsidasie
8 8 ] 8 8 ]
Ecell = onidisin@gent - Ereducingagent / Esel = Eoksideermiddel - Ereduseermiddel

Copyright reserved
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Increasing oxidising ability/ Toenemende oksiderende vermoé
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TABLE 4A: STANDA

CTION POTENTIALS
TABEL 4A: STANDAARD REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies E9 V)
Ey(g) +2¢” 2 2F +2.87
Co +e = Co* + 1,81
H,O0, + 2H* +2e” = 2H,0 +1,77
MnO; P8 45 © Mn* +4H,0 | + 1,51
Cly(g) + 2e” = 2Ce +1,36
0 2 U e = 207THTHO | 4133
Oy(g) +4H" + 4e” 2 2H,0 +1,23
MnO, + 4H* + 2¢” 2 Mn*+2H,0 |+1.23
Pt + 2¢” 2 Pt +1,20
Bry(8) + 2e 2 2Br +1,07
NO? + 4H" + 3¢~ 2 NO(g) +2H0 | +096
Hg™ +2¢” =2 Hg) +0,85
Agt+e = Ag +0,80
NO3 + 2H+ re = NOz(g) + H20 + 0,80
Fe** +¢ =2 Fe? +0,77
Oy(g) +2H" +2¢” = H0, +0,68
L +2¢ 2 2 +0,54
Cu"+e¢” 2 Cu +0,52
SO, +4H" + 4e” = S+2H,0 +0,45
2H,0 + Oy + 4¢” = 40H + 0,40
Cu®* +2e” 2 Cu +0,34
soi T AH 420" SOy(g) +2H;0 | +0,17
Cu* +¢ = Cu* +0,16
Sn** +2e” = Sn* +0,15
S +2H" +2¢” 2 H,S(g) +0,14
2H* + 2e” = Hyg) 0,00
Fe** +3e” = Fe - 0,06
PbZ* +2e” = Pb - 0,13
Sn** +2¢” 2 Sn -0,14
Ni%* +2¢” =2 Ni -0,.27
Co* +2¢” 2 Co -0,28
Cd* +2e” =2 Cd - 0,40
Crt+e =2 o - 0,41
Fe®* + 2¢” = Fe - 0,44
Crt +3e = Cr -0,74
Zn* +2¢” = Zn -0,76
2H,0 +2¢” 2 Hyg)+20H | -083
Cr** +2e” 2 Cr - 091
Mn? +2e” 2 Mn -1,18
AL +3e” 2 Al - 1,66
Mg +2e” = Mg -2,36
Na*+e” = Na 2,71
Ca®* +2¢” 2 Ca -2,87
Sc?t+ 2e” 2 Sr -2,89
Ba?* +2e” =2 Ba -2,90
Cs*+¢ 2 GCs -292
K*+e 2 K -293
Li*t+e = Li = 3,05

Increasing reducing ability/ Toenemende reduserende vermoé
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Increasing oxidising ability/ Toenemende oksiderende vermoé
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TABLE 4B: STANDAR
TABEL 4B: STANDAARD REDUKSIEPOTENSIALE

CTION POTENTIALS

Half-reactions/Halfreaksies Ee W)
Lit+e = Li -3,05
K'+e =2 K -2,93
Cs* + e 2 Cs -2,92
Ba™ + 2¢” = Ba -2,90
Sr** +2e” 2 Sr -2,89
Ca** +2¢” 2 Ca -2,87
Na* +¢” 2 Na -2,71
Mg +2¢” =2 Mg -2,36
AL 43¢ =2 At - 1,66
Mn?* +2e” 2 Mn -1,18
Cr* +2¢” 2 Cr -0,91
2H,0 +2¢” 2 Hy(g)+20H |-083
Zn* +2e” 2 Zn -0,76
Crt+3e” 2 Cr -0,74
Fe®* +2¢” 2 Fe - 0,44
Crt+e 2 Cr* -0,41
Cd?* +2¢” 2 Cd - 0,40
Co® +2¢” 2 Co -0,28
Ni** + 2¢” 2 Ni -0,27
Sn** + 2¢” 2 Sn -0,14
Pb?* + 2¢” = Pb -0,13
Fe** + 3e” =2 Fe - 0,06
2H + 2¢” 2 Hyg) 0,00

S +2H" +2¢ = HyS(g) +0,14
Sn** + 2¢” =2 Sn* +0,15
Cu™* +¢” =2 Cuo +0,16
S04 4 M s F SOA&)+2H0 | +017
Cu** +2¢” 2 Cu +0,34
2H,0 + O, + 4¢~ 2 40H +0,40
SO, + 4H" + 4¢” 2 S+2H,0 +0,45
Cu" +e 2 Cu +0,52
L +2e” 2 +0,54
Oz(g) +2H" +2¢” = HO, + 0,68
Fe** +¢” 2 Fe¥ +0,77
NO? +2H" 4 - NO,(g) + H,0 | +0,80
Agt+e 2 Ag +0,80
Hg? + 2¢~ = Hg®) +0,85
NO? 4+ 4H" + 36" = NO(g) +2H0 | +0,96
Bry(8) +2¢” = 2Br +1,07
Pt*+2¢ = Pt +1,20
MnO, + 4H* + 2¢” 2 Mn*+2H,0 |+123
O,(g) + 4H" + 4e” 2 2H,0 +1,23

-

CLO7 + 14H" 4+ Ge 20+ TH,0 | +1,33
Cly(g) +2¢” = 2Ct” + 1,36
MnO4 +8H* 4+ 56 = Mn™+4H,0 [ +1,51
H,0, +2H' 42 ¢~ 2 2H,0 +1,77
Co* +e 2 Co* +1,81
Fy(g) + 2¢~ 2 IF +2,87

Increasing reducing ability/Toenemende reduserende vermoé




