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INSTRUCTIONS AND INFORMATION

10.

11.

12.

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

This 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 sub questions, for example between QUESTION 2.1
and QUESTION 2.2.

You may use a non-programmable calculator.

You may use appropriate mathematical instruments.

You are advised to use the attached DATA SHEETS.

Show ALL formulae and substitutions in ALL calculations.

Round off your final numerical answers 1o a MINIMUM of TWO decimal places.
Give brief motivations, discussions, etcetera where required.

Write neatly and legibly.
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QUESTION 1 : MULTIPLE-CHOICE QUESTIONS

Various options are provided as possible answers to the following questions. Choose
the answer and write down the letter (A-D) next to the question number (1.1-1.10) in
the ANSWER BOOK, for example 1.11 D.

1.1 Consider the organic compound below:

H
H— C—H
‘ H H 0
H——C—*éw—é—*|~#—0———H
I ‘ |
H H
H— (]3 — H
H
The IUPAC name of this compound is:
A 1,2-dimethylbutanoic acid
B  3-methylpentanoic acid
C  hexanoic acid
D  1-ethyl-1-methylpropanoic acid (2)

1.2 The complete combustion of propane is represented by the balanced equation
below:

CaHg(g) + 502(g) — 3COx(g) + 4H0()
30 cm® of propane is mixed with 200 cm® of oxygen and the mixture is ignited.

What is the volume, in cm?®, of the CO; in the resulting gas mixture? (All the
volumes are measured at the same temperature and pressure)

A 230
B 140
C 120
D 90 (2)
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1.3 Consider the following diagram:
Butene I . SO,
Pt

Product X

The name of product X as well as the type of reaction taking place
respectively, are:

o ereanetx e [ Type of fedction .
A | dichlorobutene | hydration  '""
B butadiene addition

C butane hydrogenation

D butyne elimination

1.4 The Maxwell-Boltzmann distribution curves below show the number of

particles as a function of the
temperatures. The minimum

take place, is represented by E.

Number of particles

ir kinetic energy for a reaction, at four different
kinetic energy needed for effective collisions to

"4. S
LTI hii') Jie

L

Kinetic energy

Which ONE of the curves represents the reaction that takes place at the
highest temperature?

A

B
C
D

|
Il
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1.5 The reaction represented by the equation below, reaches equilibrium.

Co(H»0)6** (aq) + 4Ct (aq) = CoCly* (aq) + 6H0(f) AH>0
pink blue

Which ONE of the following changes in the reaction mixture will change the
colour from blue to pink?

A Add a catalyst.
B Heat the reaction mixture.

C Add a few drops of concentrated hydrochloric acid in the reaction

mixture.
D  Put the reaction mixture in ice. (2)
1-6 Which ONE is the conjugated acid of HC,04 ?
A C.04
B OH
C H.C,04
D HyCp04 (2)

1.7 Which ONE of the following solutions can be stored in an aluminium
container?

A CuSO4(aq)
B  ZnSO4(aq)
C NaCl(aq)
D  Pb(NO3):(aq)
1.8 In all electrochemical cells, the cathode is always the ...
A positive electrode.
B  negative electrode.
C electrode where reduction takes place.
D

electrode where oxidation takes place. (2)
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1.9 Which ONE of the following statements about the process of extraction of

aluminium in an electrolytic cell, is TRUE?

A Carbon dioxide is released at the anode.

B Aluminium forms at the anode.

C  The oxygen formed at the anode, reacts with the aluminium.

D Carbon dioxide gas is released at the cathode. (2)
1.10  The process in industry whereby nitrogen gas is prepared, is called:

A  Contact process.

B  Fractional distillation
C  Ostwald process.
D

Haber process (2)
[20]
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The letters P to U in the table below represent six organic compounds.
il

1

H H H H
l | | | o 3 kg @ C-¢ - ¢
H—C——C——=C——C—C—H Q sr%met‘hy?propamoate
R
3-methylbutan-2-ol S CH3CH.CH,CO2H
I R
H—C—H S o ol . N
H | H H H | i
H—SCIi)—L’C—?C:3—?C::—i(:3—~H U | CHsCH,CH,COCH,CHs
H l Br Br H
H—C—H

Use the table to answer the following questions:

2.1

2.2

2.3

2.4

Define the term homologous series.

Write down the LETTER(S) that represent(s) the following:

(A compound/ letter may be used more than once)

2.2.1 A ketone.

2.2.2 A carboxylic acid.

2.2.3 A compound with the general formula CyH2;,

2.2.4 Two compounds that are FUNCTIONAL ISOMERS.

Write down the IUPAC name of compound:

234 7T

232 U

Write down the STRUCTURAL FORMULA of compound:

241 Q

242 R
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QUESTION 3 (Start on a new page)

A leamer received four bottles containing different organic compounds. He took a
sample from each bottle and determined the boiling point of each under the same
conditions. The results are shown in the table below.

— [ Compound | Molecular | Molecular mass | Boiling point
e formula | Cgmoll) ol (0C) i
A | Ethane CoHg 30,0 -89
B | Chloroethane C,HsCt 64,5 12
C | Ethanol C2HeO 46,0 78
D | Ethanoic acid CoH402 60,0 118
1 Define the term boiling point.
32 For this experiment write down the:
3.2.1 Independent variable.
322 The variable that was controlled during the investigation.
B From the table, write down the letter (A, B, C or D) of a compound that will be in
gas phase at 10 ° C.
3.4 Write down the type of intermolecular force (Van der Waals force) between the
molecules of each of the following compounds:
3.4.1 Compound A
3.4.2 Compound B
3.5 Which ONE of compound A or B, will have the higher vapour pressure at
a given temperature? Refer to the data in the table and explain your answer.
3.6 Explain the difference in the boiling points of compounds C and D.
3.7 How will the boiling point of the ester, methyl methanoate compare to that of

compound D? Choose from HIGHER THAN or LOWER THAN.
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QUESTION 4 (Start on a new page)

The flow diagram below shows how alcohols react to form other organic compounds.

Secondary Reaction A | Compound X
alcohol CH3;CHCICH;

+ concentrated KOH

Reaction C Reaction B

Alkene

Reaction D | + Hs

L

Alkane
4.1 Write down the type of reaction represented by reaction:
411 A (1)
412 B (1)
413 D (1)
4.2 In reaction B, compound X is converted to an alkene. Write down the:
4.2.1 IUPAC name of compound X. (2)
4.2.2 Balanced equation for the reaction B, using structural formulae. (4)
4.3 Reaction C takes place in the presence of a strong acid.
4.3.1 Explain the term secondary alcohol. (2)
4.3.2 Write down the IUPAC name of the alcohol used. (2)

[13]
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QUESTION 5 (Start on a new page)

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

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

In EXPERIMENT I, small pieces were used. In EXPERIMENT lI, one big piece was
used.

100 em?® 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) + 2HCt(aq) — MgCla(aq) + Ha(9)

=111

100 cm?® of
0,1 mol-dm™
hydrochloric acid

Magnesium

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

A
RANEENENYRENINEANNERUBENE ? UBEnamnuak ANNARNEHREARNNUNRMRRIROAUEE HHH
80 __'“M‘ﬁm - o . 41
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5.1

2.2

5.3

5.4

5.5

56

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]
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QUESTION 6 (Start on a new page)

The reaction represented by the equation below, reaches equilibrium in a closed
container at a certain temperature.

CSs(g) + 3Cla(9) = S,Cla(g) + CCla(g) AH<0

6.1 Is the above equilibrium a HOMOGENEOUS or a HETEROGENEOUS
equilibrium? (1)

6.2 Give a reason for thel answer in QUESTION 6.1. (2)

6.3 |Initially 1,2 moles of CS»(g) and 4 moles of Cly(g) are injected into a 2 dm°
sealed container. Analysis of the equilibrium mixture shows that 138,6 g of
CCl4(g) is present. Calculate the equilibrium constant (Kc) at this
temperature. (8)

6.4 More S:Cl is added to the equilibrium mixture at a constant temperature
and pressure. How will this change the following?
Choose from: INCREASES, DECREASES or REMAINS THE SAME.

6.4.1 Concentration of CCla(9). (1)
6.4.2 Number of moles of Cta. (1)
6.4.3 Value of the equilibrium constant (K¢). (1)
6.5 Use Le Chatelier's principle to explain the answer in QUESTION 6.4.2. (3)

The graph below shows the change in the rate of reaction after further changes
were made to the above equilibrium mixture.

™
LY
[
N

t J— -
1

oA :.

2 '.

E | ) e A

Iy Forward reaction

% Reverse reaction =77 77777
G: —t

o 5 10 15 22

Time (minutes)

6.6 Write down a possible disturbance, other than temperature, responsible for
the sudden change in reaction rate in the 5™ minute. (1)

6.7 If the change in reaction rate at the 15™ minute is due to a change in

temprature, did the temperature INCREASE or DECREASE ? (1)
6.8 Refer to the graph and explain the answer in QUESTION 6.7. (1)
[20]
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QUESTION 7 (Start on a new page)

7.1  Give a reason why sodium hydroxide is classified as a strong base. (2)
7.2 Determine the pH of a 0,2 mol-dm™ solution of H,SO;4 at 25°C. (3)
7.3 Calculate the concentration of a NaOH solution with a pH of 13. (3)

7.4 A few crystals of sodium carbonate (Na,COgz) are added to water in a test
tube.

7.4.1 s the solution in the test tube ACIDIC, BASIC or NEUTRAL? (1)
7.4.2 Use a balanced equation to explain your answer in QUESTION 7.4.1.  (2)

75 A 25 g sample of impure sodium carbonate (Na;COs) is treated with
EXCESS dilute sulphuric acid.

The balanced chemical equation for the reaction is:
NayCOs(aq) + H2S04(aq) — NaxS04(aq) + H2O(f) + CO2(9)

During the reaction, 4,48 dm? of carbon dioxide gas is collected at STP.
Calculate the percentage purity of the sodium carbonate. (5)

[16]
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QUESTION 8 (Start on a new page)

A galvanic cell is set up based on the reaction represented by the equation below. The
reaction takes place under standard conditions.

Fe® + Ti = Fe + T

Fe e
Fe* (aq) — 1 — 1T— T (aq)
8.1 Define the term oxidation in terms of oxidation number. (2)
82  State TWO functions of the salt bridge. (2)

8.3  Write down the:
83.1 Half-reaction that takes place at the cathode. (2)
8.3.2 Cell notation for this cell. (3)

8.4  The initial reading on the voltmeter is 1,67 V.
Calculate the standard reduction potential of the Ti electrode. (4)

8.5 Write down the value of the reading on the voltmeter when the cell reaction
reaches equilibrium. (1)

[14]
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QUESTION 9 (Start on a new page)

High purity silver is obtained by electrolysis using a thin, pure silver cathode and an
acidified solution of silver sulphate.

+H battery |=
F 3
" C
I :
1 l' -".’],. Ar =
P Q 8
(0]
©
<
S
Ags(504) i
©
- | =
H(A)
9.1 Define the term electrolysis. (2)
9.2 Write down the:
9.2.1 Half reaction that takes place at the anode. (2)
9.2.2 Nett cell reaction that takes place in the cell. (2)

9.3 State the relationship between CURRENT and the MASS DEPOSITED
depicted by the graph. (1)

9.4 When a constant current flows for 60 min, 17 g of pure silver is deposited at
one of the electrodes.

9.4.1 At which electrode, P or Q, will the silver be deposited? (1)
9.4.2 Would the mass loss at the other electrode be LARGER THAN,

SMALLER THAN or EQUAL TO 17 ¢g? (1)

9.4.3 Calculate the number of moles of silver deposited. (2)

9.4.4 Calculate the number of electrons transferred. (2)

[13]
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QUESTION 10 (Start on a new page)

10.1

The flow diagram below represents the processes used to manufacture
fertilizer A. Both the Haber and the Ostwald processes are part of the total
process.

My 1 HZ’UOS —»

Nitrogen

Haber proces

/ Ammonia » A
Hydrogen k\

Nitric acid

Ammonia }

Step 1 of the Ostwald process » NO»

Oxygen

10.1.1 Write down the name of a suitable catalyst used in the Haber process.

10.1.2 Write down the FORMULA of the compound represented by A.

10.1.3 Write down a balanced chemical equation for Step 1 of the Ostwald process.

10.2

You want to start a vegetable garden in your community. You obtain the

following bags of fertilisers as described below. ,
o v, e GaUsT 3l AR

g -9 qus = 037,

B k= ;;lxs\ 21,290

x: 165 (43)
Y. 15:3:3 (51) wzar sl R4 P gyrsiz 1A%k

10.2.1 From fertilisers X and Y, choose a fertiliser which is most suitable for
the growth of tomatoes.

10.2.2 Give a reason for the answer in QUESTION 10.2.1.

10.2.3 Calculate the mass of potassium in a 20 kg bag of fertiliser Y.

TOTAL:

Copyright reserved Please turn over

(1)
(1)
(3)

(1)
(1)

[10

15



Physical Sciences/P2

17
NSC

September 2018

DATA FOR PHYSICAL SCIENCES GRADE 12

PAPER 2 (CHEMISTRY)

GEGEWENS VIR FISIESE WETENSKAPPE GRAAD 12

VRAESTEL 2 (CHEMIE)

TABLE 1: PHYSICAL CONSTANTSI/TABEL 1: FISIESE KONSTANTES

NAME/NAAM SYMBOL/SIMBOOL VALUE/WAARDE
SR p’ 1,013x 10° Pa
mgig;eggzgfg?ur?neeagysgiﬂ Vin 22,4 dm*mol
Standsardmperaluo P 273K
E:jirng; o?on ;:ael?t}rgonn ¢ -16x10™¢C
Aogidretbastnts Ny 6,02 x 107 mol

TABLE 2: FORMULAEITABEL 2: FORMULES

filD =N
= v N,
n m Vv
C=— orlof C=—o P
Vv MV Vm
] H = -log[Hs0"
C,Vy Ny PH = -log[Hs0']
K = [HsO'J[OH] = 1 x 10" at/by 298 K
E:e" = Egaihode - Egnode IE:ei = E:a!ode - Egncde
or/of
E:en = E?eduction - ngidaiionl E:el = Ereeduksia - EgksidasIeJ
or/of
Egell = ngidislngagen! - E?educingagenl IE:eI = Egksideermiddel - E?eduseermiddel
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies E (V)
Fa(g) + 26 = 2F + 2,87
Co¥+e - Co¥ +1,81
H202 + 2H' +2e= = 2H20 +1,77
MnO, +8H' +5e° = Mn® +4H20 +1,51
Cix(g) +2e~ = 2CU + 1,36
Cro0%” +14H" +6e” = 20" +7H0 | +1.33
Ox(g) +4H" +4e~ = 2H;0 +1.23
MnO2 + 4H' + 2~ = Mn”" +2H.0 +1,23
A PP +2e” _ Pt + 1,20
Bra(f) + 26 = 2Br +1,07
NO; +4H'+3e” = NO(g)+2H,0 | +096 i
Hg* +2e- = Hg(t +0,85 g
9 Ag'+e = Ag - +0.80 §
g NOj; +2H +e~ . NO(g)+H20 | +080 @
2 Fe* +e- =~ Fe¥ +0,77 2
.g Oz(g) +2H" +2e~ = H20; + 0,68 %
% Il +2e = 2I + 0,54 g
G Cu'+e” = OCu +0,52 =
-'-g SOz +4H +4e~ = S+ 2H,0 +0,45 =
s 2H;0 + 0z +4e” = AOH™ + 0,40 ’g
® Cu”+2 = Cu +0,34 o
-g SO iﬁ +4H" +2e- = SO02z(g) + 2H:0 + 0,17 QE)
g Cu+e” = Cu +0,16 §
2 sn* +2e° = sn* +0,15 =
b3 S+2H +2e — HaS(g) +0,14 2
& 2H' +2¢" = Ha(g) 0,00 =
= Fe* +3e” .« Fe - 0,06 d
'.‘b; Pb* +26~ =~ Pb -0,13 B
st Sn’"+2e = Sn -0,14 g
£ Ni** +26° = Ni -0,27 o
:g’; Co”+2e = Co -0,28 ;,
" Cd*+2e" = Cd - 0,40 c
g crrre o~ CY -0.41 3
£ Fe** +2¢ ~ Fe - 0,44 o
12) 3+ - O
od Cri+3e = Cr, -0,74 £
g Zn* +2e = Zn -0,76
S 2H20 +2e° = Ha(g) + 20H" -0.83
C*+2e¢ ~ Cr - 0,91 v
Mn® +2e" = Mn ~-1,18
AP +3e0 -~ AL - 1,66
Mg® +26° = Mg -2,36
Na"+e~ = Na -2,71
Ca’*+2 .. Ca - 2,87
S*'+2e" = Sr - 2,89
Ba” +2¢” .. Ba ~2.80
Cs'+e = Cs -2,02
K+e - K -2.03
Li"+e” = Li ~3,05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 48: STANDAARD-REDUKSIEPOTENSIALE
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Half-reactions/Halfreaksies ET(V)
L +e = Li - 3,05
K'+eo = K -2,93
Cs'+e = Cs -2,92
Ba’ +2e- = Ba - 2,90
Sr**+2e” . Sr — 2,89
Ca’+2e = Ca - 2,87
Na*+e” = Na -271
Mg** +2e” = Mg -2,36
AP +3e” o~ Al - 1,66
Mn® +2e” = Mn —~1,18
ct+2e = Cr - 0,91
2H,0 + 28" .= Ha(g) + 20H" -083
zZn® + 20" = Zn -0,76
cr**+3e = Cr - 0,74
Fe?'+2¢- = Fe, — 0,44
cr*+e- « CF -0,41
Cd** +2e" = Cd - 0,40
Co®* +2e- = Co -0,28
Ni?* + 26~ ~ Ni -0,27
sn?*+2e = Sn —-0,14
Pb?*+2e” =~ Pb -0,13
Fe**+3e~ = Fe - 0,06
2H' + 26 <« Ha(g) 0,00
S+2H +2e” = H25(9) +0,14
sn™ +2e- = Sn* +0,15
Cut+e = Cu +0,16
SO2™ +4H' +2e~ = S02(g)+2H20 | +0.17
Cu®*+2e- = Cu +0,34
2H,0 + Oz + 48" = 40OH" + 0,40
SO, +4H " +4e~ = S+ 2H20 + 0,45
Cu'+e = Cu +0,52
I +2° = 2I° +0,54
Oa(g) +2H  +2¢~ = H202 + 0,68
Fe** +e- = Fe” +0,77
NOjZ +2H" +e” « NOg(g)+H20 +0,80
Ag'+e = Agd + 0,80
Hg® +2e~ = Hg(®) + 0,85
NO; +4H" +3e” = NO(g)+2H,0 | +0,96
Brao(t) + 2e” = 2Br- + 1,07
P*+2e = Pt +1,20
MnOz + 4H® + 2e~ = Mn®" +2H,0 +1,23
O2(g) + 4H" + 4e~ . 2H20 +1.23
Cra02 +14H' +6e” = 20 +7H0 | +133
Cla(g) +2¢° = 2CU + 1,36
MnOj +8H' +5e° = Mn® +4H;0 +1,51
Ho0, +2H ' +2e” = 2H20 +1,77
Co*+e . Co* +1,81
Fa(g) +2¢~ = 2F° + 2,87
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