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INSTRUCTIONS AND INFORMATION

1. Write your examination number and centre number in the appropriate spaces
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 Iline between two subquestions, 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. Show 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.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS

DBE/November 2014

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, for example 1.11. D.

1.1 Which ONE of the following is a primary nutrient for plants?
A Oxygen
B  Carbon

C Potassium

D Magnesium

1.2 Which ONE of the following statements is CORRECT?
Alkenes ...
A have the general formula C,Hzns2.
B  are unsaturated hydrocarbons.
C readily undergo substitution reactions.

D have one triple bond between two carbon atoms.

1.3 Consider the reaction represented by the balanced equation below:

Cu(s) + 2Ag’(aq) — Cu®"(aq) + 2Ag(s)
In the above reaction, Cu(s) is the ...
A oxidising agent and is reduced.
B  oxidising agent and is oxidised.
C reducing agent and is reduced.

D reducing agent and is oxidised.

Copyright reserved
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1.4 Which ONE of the following describes the effect of a positive catalyst on the
net activation energy and the heat of reaction (AH) of a specific reaction?

NET ACTIVATION AH
ENERGY
A Increases No effect
B Decreases Increases
C No effect Decreases
D Decreases No effect (2)
1.5 The following equation represents the cracking of a hydrocarbon at high

temperature and pressure:

Ci1H24 — 2C2H4 + Y + C4Hqp
Which ONE of the following is the IUPAC name of product Y?
A  Prop-1-ene

B Propane

C  Ethene
D Ethane (2)
1.6 When 2-chlorobutane is strongly heated in the presence of concentrated

sodium hydroxide, the major product formed is ...

A but-1-ene.
B  but-2-ene.
C  butan-1-ol.
D butan-2-ol. (2)
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1.7 A hypothetical reaction reaches equilibrium at 10 °C in a closed container

according to the following balanced equation:
A(9) + B(g) = AB(g) AH <0

The temperature is now increased to 25 °C. Which ONE of the following is
correct as the reaction approaches a new equilibrium?

REACTION RATE PT'\’ISIE)?J ((:)1|':S
A Increases Remains the same
B Increases Decreases
C Increases Increases
D Decreases Decreases (2)

1.8 Which ONE of the following represents the products formed during the
hydrolysis of ammonium chloride?

A NHs(aq) and H,O" (aq)

B NH, (agq) and Ct" (aq)

C HC{(aq) and OH (aq)

D Cf (aq)and H,0"(aq) (2)
1.9 An electrochemical cell is used to electroplate an iron spoon with nickel.

Which ONE of the following half-reactions takes place at the positive
electrode of this cell?

A Fe*(aq) + 2e"— Fe(s)
B Fe(s) — Fe**(aq) + 2e~
C Ni*(aq) + 2" — Ni(s)

D  Ni(s) — Ni**(aq) + 2e~ (2)
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1.10 The following reaction reaches equilibrium in a closed container at a certain
temperature:
203(g) = 302(9)

The pressure is now decreased by increasing the volume of the container at
constant temperature.

Which ONE of the following is correct as the reaction approaches a new

equilibrium?
NUMBER OF NUMBER OF CONCENTRATION OF
MOLES OF O3(g) | MOLES OF O,(g) 02(9)
A Increases Decreases Decreases
B Decreases Increases Increases
C Decreases Increases Decreases
D Increases Decreases Increases (2)

[20]
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QUESTION 2 (Start on a new page.)
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Consider the organic compounds represented by the letters A to F in the table below.

A | 2,2,4-trimethylhexane

CH3CH2CH,CH,CHO

H Ct Br H
-
R
C—H

y

Pentan-2-one

2.1 Write down the LETTER that represents the following:

2.11
21.2
2.1.3

2.2
2.2.1
222
2.3
2.3.1
2.3.2
24
2.4.1
242

Copyright reserved

An aldehyde

A condensation polymer

A compound which has a carbonyl group bonded to two carbon

atoms as its functional group

Write down the IUPAC name of:

Compound C

The monomer of compound D

Write down the structural formula of:

Compound A

Compound F

Define the term functional isomer.

The table contains compounds which are functional isomers.

Write down the LETTERS that represent two compounds that are

functional isomers.

Please turn over
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QUESTION 3 (Start on a new page.)

3.1

3.2

3.3

3.4

Copyright reserved

Give a reason why alkanes are saturated hydrocarbons.

Write down the structural formula of:

3.2.1 The functional group of alcohols

3.2.2 A tertiary alcohol that is a structural isomer of butan-1-ol

Learners investigate factors that influence the boiling points of alkanes and

alcohols. In one of the investigations they determine the boiling points of the
first three alkanes.

3.3.1 Write down an investigative question for this investigation.
3.3.2 Fully explain why the boiling point increases from methane to
propane.

The learners find that the boiling point of propan-1-ol is higher than that of
propane.

Explain this observation by referring to the TYPE of INTERMOLECULAR
FORCES present in each of these compounds.

Please turn over
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QUESTION 4 (Start on a new page.)

The flow diagram below shows the preparation of an ester using prop-1-ene as a
starting reagent. P, Q, R and S represent different organic reactions.

4.1

4.2

4.3

4.4

4.5

Prop-1-ene P » Propane Q » Haloalkane
Ct,

R

\ 4
Propan-1-ol

S

\ 4

Ester

Write down the type of reaction represented by:

411 Q

4.1.2 R

For reaction P write down the:

421 Type of addition reaction

422 Balanced equation using structural formulae

Write down the structural formula of the haloalkane formed in reaction Q.
In reaction S propan-1-ol reacts with ethanoic acid to form the ester.
For this reaction write down the:

4.41 Name of the reaction that takes place

44.2 FORMULA or NAME of the catalyst needed

443 Structural formula of the ester formed

444 IUPAC name of the ester formed

The propan-1-ol formed in reaction R can be converted to prop-1-ene. Write
down the FORMULA or NAME of the inorganic reagent needed.

Copyright reserved Please turn over
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QUESTION 5 (Start on a new page.)

5.1 Define the term reaction rate in words.

DBE/November 2014

Learners use the reaction between IMPURE POWDERED calcium carbonate and
excess hydrochloric acid to investigate reaction rate. The balanced equation for the

reaction is:

CaCOg(s) + 2HCt(aq) —» CaCt,(aq) + H,O(f) + CO2(g)

They perform four experiments under different conditions of concentration, mass and
temperature as shown in the table below. They use identical apparatus in the four

experiments and measure the volume of gas released in each experiment.

EXPERIMENT
1 2 3 4
Concentration of acid (mol-dm™) 1 0,5 1 1
Mass of impure calcium carbonate (g) 15 15 15 25
Initial temperature of acid (°C) 30 30 40 40
5.2 The results of experiments 1 and 3 are compared in the investigation.
Write down the:
5.2.1 Independent variable
522 Dependent variable
5.3 Use the collision theory to explain why the reaction rate in experiment 4 will

be higher than that in experiment 3.

The learners obtain graphs A, B, C and D below from their results.

!

R

Volume CO; (cm®)

s —
Y —

Time (s)

v

54 Which ONE of the graphs (A, B, C or D) represents experiment1? Fully
explain the answer by comparing experiment 1 with experiments 2, 3 and 4.

5.5 When the reaction in experiment 4 reaches completion, the volume of gas
formed is 4,5 dm>. Assume that the molar gas volume at 40 °C is equal

to 25,7 dm?.

Calculate the mass of the impurities present in the calcium carbonate.

Copyright reserved

Please turn over

(2)

(6)

(5)
[18]



Physical Sciences/P2 11 DBE/November 2014
NSC

QUESTION 6 (Start on a new page.)

A certain amount of nitrogen dioxide gas (NOy) is sealed in a gas syringe at 25 °C.
When equilibrium is reached, the volume occupied by the reaction mixture in the gas
syringe is 80 cm?®. The balanced chemical equation for the reaction taking place is:

2NO2(g9) = N204(9) AH <0
dark brown colourless

6.1 Define the term chemical equilibrium.

6.2 At equilibrium the concentration of the NO»(g) is 0,2 mol-dm™. The equilibrium
constant for the reaction is 171 at 25 °C.

Calculate the initial number of moles of NO2(g) placed in the gas syringe.

6.3 The diagram below shows the reaction mixture in the gas syringe after
equilibrium is established.

..(III[IIII|II_I|IIII|||II||ZI|Z||||I|||I LI i
80 cm®

The pressure is now increased by decreasing the volume of the gas syringe
at constant temperature as illustrated in the diagram below.

6.3.1 IMMEDIATELY after increasing the pressure, the colour of the
reaction mixture in the gas syringe appears darker than before.
Give a reason for this observation.

After a while a new equilibrium is established as illustrated below. The colour
of the reaction mixture in the gas syringe now appears lighter than the

initial colour.
n(||||||||‘||||' IO !
6.3.2 Use Le Chatelier's principle to explain the colour change observed

in the gas syringe.

6.4 The temperature of the reaction mixture in the gas syringe is now increased
and a new equilibrium is established. How will each of the following be
affected?

6.4.1 Colour of the reaction mixture

Write down only DARKER, LIGHTER or REMAINS THE SAME.

6.4.2 Value of the equilibrium constant (K.)
Write down only INCREASES, DECREASES or REMAINS THE
SAME.

Copyright reserved Please turn over
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QUESTION 7 (Start on a new page.)
71 Nitric acid (HNO3), an important acid used in industry, is a strong acid.
7.1.1 Give a reason why nitric acid is classified as a strong acid. (1)

7.1.2 Write down the NAME or FORMULA of the conjugate base of

nitric acid. (1)
7.1.3 Calculate the pH of a 0,3 mol-dm™ nitric acid solution. (3)
7.2 A laboratory technician wants to determine the percentage purity of

magnesium oxide. He dissolves a 4,5 g sample of the magnesium oxide in
100 cm?® hydrochloric acid of concentration 2 mol-dm™.

7.2.1 Calculate the number of moles of hydrochloric acid added to the
magnesium oxide. (3)

He then uses the apparatus below to titrate the EXCESS hydrochloric acid in
the above solution against a sodium hydroxide solution.

Retort stand —————»

Q

Sodium hydroxide solution

Erlenmeyer flask

< ) .,--4‘: Hydrochloric acid

7.2.2 Write down the name of apparatus Q in the above diagram. (1)
7.2.3 The following indicators are available for the titration:
INDICATOR pH RANGE
A 3,1-4,4
B 6,0-7,6
(03 8,3-10,0

Which ONE of the above indicators (A, B or C) is most suitable
to indicate the exact endpoint in this titration? Give a reason for
the answer. (3)
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7.2.5

7.2.6

Copyright reserved

13 DBE/November 2014

NSC

During the titration, the technician uses distilled water to wash any
sodium hydroxide spilled against the sides of the Erlenmeyer flask
into the solution.

Give a reason why the addition of distilled water to the Erlenmeyer
flask will not influence the results.

At the endpoint of the titration he finds that 21 cm® of a
0,2 mol dm™® sodium hydroxide solution has neutralised the
EXCESS hydrochloric acid.

Calculate the number of moles of hydrochloric acid in excess.

The balanced equation for the reaction between hydrochloric acid
and magnesium oxide is:

MgO(s) + 2HC{(aq) — MgCt,(aq) + 2H,O(f)
Calculate the percentage purity of the magnesium oxide. Assume

that only the magnesium oxide in the 4,5 g sample reacted with
the acid.

Please turn over
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QUESTION 8 (Start on a new page.)

A standard electrochemical cell is set up using a standard hydrogen half-cell and a
standard X|X2+ half-cell as shown below. A voltmeter connected across the cell, initially
registers 0,31 V.

(V)
+ U/
_r\
Hydrogen gas —— Q _

S|
Platinum ——°P>l 1" i
-

1 mol-dmH*(aq) +«—— X*'(aq)
» \ J

8.1 Besides concentration write down TWO conditions needed for the hydrogen

half-cell to function under standard conditions. (2)
8.2 Give TWO reasons, besides being a solid, why platinum is suitable to be used

as electrode in the above cell. (2)
8.3 Write down the:

8.3.1 NAME of component Q (1

8.3.2 Standard reduction potential of the X|X** half-cell (1)

8.3.3 Half-reaction that takes place at the cathode of this cell (2)
8.4 The hydrogen half-cell is now replaced by a M|M?* half-cell. The cell notation

of this cell is:
M(s) | M**(aq) || X**(aq) | X(s)

The initial reading on the voltmeter is now 2,05 V.

8.4.1 Identify metal M. Show how you arrived at the answer. (5)
8.4.2 Is the cell reaction EXOTHERMIC or ENDOTHERMIC? (1
8.5 The reading on the voltmeter becomes zero after using this cell for several
hours. Give a reason for this reading by referring to the cell reaction. (1)
[15]
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QUESTION 9 (Start on a new page.)

The simplified diagrams below represent two electrochemical cells, A and B.
A concentrated copper(ll) chloride solution is used as electrolyte in both cells.

ELECTROCHEMICAL CELL A ELECTROCHEMICAL CELL B
I , [
A l B J_
R T
Carbon— — Carbon [ ] |
Copper——» <«+— Copper
I I
Concentrated CuCfz(aq) Concentrated CuCfz(aq)
9.1 Are A and B ELECTROLYTIC or GALVANIC cells? (1)
9.2 Which of the electrodes (P, Q, R or T) will show a mass increase? Write down
a half-reaction to motivate the answer. 4)
9.3 Write down the NAME or FORMULA of the product formed at:
9.3.1 Electrode P (1)
9.3.2 Electrode R (1)
94 Fully explain the answer to QUESTION 9.3.2 by referring to the relative
strengths of the reducing agents involved. (3)
[10]
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QUESTION 10 (Start on a new page.)

10.1 The flow diagram below shows the processes involved in the industrial
preparation of fertiliser Q.

Haber Ostwald :
Reactants > R
process Product A DroCess Main product B
A 4
Fertiliser Q

Write down the:

10.1.1 NAMES or FORMULAE of the reactants used in the Haber process (2)
10.1.2 Balanced equation for the formation of fertiliser Q (3)

10.2 The diagram below shows a bag of NPK fertiliser.

Calculate the mass of nitrogen in the bag. (4)

[9]

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
Sandars s ; 1015 x10°Pa
ol g ke T 2
Siandard emporare v

Chargeon clecion :
Avogacels constn NA

TABLE 2: FORMULAE/TABEL 2: FORMULES

= M NA
\
c=1 or/of c= n=——
Vv MV V.
a¥s Mo H = -log[H3;0"
CyVp n, pH =~ Og[ 3 ]
Ky = [H3O*J[OHT = 1 x 107 at/by 298 K
ESell = Egathode - Egnode /Egel = Esatode - Egnode
or/of
ESell = E?eduction - Ece)xidation/EgeI = E?eduksie - Egksidasie
or/of
Egell = ngidisingagent - Ereeducingagent /Egel = Egksideermiddel - Ereeduseermiddel
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TABLE 3: THE PERIODIC TABLE OF ELEMENTS
TABEL 3: DIE PERIODIEKE TABEL VAN ELEMENTE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
(1) (I1) an (V) (V) (V) (Vi) (Vi)
Atomic number
1 KEY/SLEUTEL Atoomgetal 2
~ H He
1 29 4
3 4 Electronegativity | o, 5, |«Symbol 5 6 7 8 9 10
S Li | Be Elektronegatiwiteit | ~ 63.5 Simbool SBIECISNSIIO S Ne
7 9 ’ 1 12 14 16 19 20
11 12 T 13 14 15 16 17 18
2 Na & Mg Approximate relative atomic mass CAL2SIig PSS 2Ce Ar
23 24 Benaderde relatiewe atoommassa 27 28 31 32 35,5 40
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
= >CalZ2Sc2Ti 2 SCriZMn2Fe|2Co|2 Ni |2Cul2Zn|2Ga|2Ge|cAs |3 Se |z Br| Kr
39 40 45 48 51 52 55 56 59 59 63,5 65 70 73 75 79 80 84
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
sRb|Z2Sri2 Y 22Zr| Nb|IZ2MoZ2TcJRU|GRh|GPd|ZAg(=Cd=In |2Sn|2Sb|5xTe |d | Xe
86 88 89 91 92 96 101 103 106 108 112 115 119 122 128 127 131
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
= Cs |2 Ba La 2 Hf| Ta| W| Re| Os Ir Pt Au| Hg|2 T€ |2 Pb |2 Bi g Po|q At| Rn
133 137 139 179 181 184 186 190 192 195 197 201 204 207 209
87 88 89
N [<})
s Fr|s 52% Ac 58 | 59 | 60 | 61 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
Ce | Pr Nd | Pm |Sm | Eu | Gd | Tb | Dy  Ho | Er | Tm | Yb | Lu
140 141 144 150 152 157 159 163 165 167 169 173 175
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa| U | Np | Pu|Am Cm | Bk | Cf | Es | Fm | Md | No | Lr
232 238
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARDREDUKSIEPOTENSIALE

Half-reactions/Halfreaksies EC (V)
Fa(g) +26° = 2F +2,87
Co®+e = Co* +1,81
H,0; + 2H" +2e” 2H,0 +1,77
MnO, +8H'+5e° = Mn” +4H,0 +1,51
Cla(g) + 2" 2Ct +1,36
Cr02 +14H" +66 = 2Cr" +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
Bro(f) +2e° — 2Br +1,07
NO, +4H" +3e” NO(g) + 2H,O | +0,96
Hg* +2e” = Hg() +0,85
Ag'+e Ag +0,80
NO,; +2H"+e = NOz(g)+H20 | +0,80
Fe*+e -~ Fe* +0,77
O2(g)+2H +2e° = H20; +0,68
l+2e = 2I +0,54
Cui+e = Cu +0,52
SO, +4H +4e” ~ S+2H0 +0,45
2H,0 + Oy +4e” — 40H +0,40
Cu®* +2e Cu +0,34
SO2 +4H'+2e = SOa(g)+2H:0 | +0,17
Cu*+e = cCu +0,16
Sn*"+2¢ ~ Sn* +0,15
S+ 2H" + 2e” H2S(g) +0,14
2H*+2e~ ~ H2z(g) 0,00
Fe*" +3e- - Fe -0,06
Pb®* +2e ~ Pb -0,13
Sn*+2e ~ Sn -0,14
Ni®*+2e~ = Ni -0,27
Co®*+2 = Co -0,28
Cd*+2 -~ Cd - 0,40
c+e - CF -0,41
Fe** +2e - Fe - 0,44
cr*+3e -~ Cr -0,74
Zn""+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 -2,71
Ca®*+2¢ - Ca -2,87
S*"+2e =~ Sr -2,89
Ba®* +2¢ -~ Ba -2,90
Cs'+e - OCs -2,92
K'+ee - K -2,93
Li* + e Li -3,05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARDREDUKSIEPOTENSIALE

Half-reactions/Halfreaksies EC (V)
Lif+e = Li -3,05
K'+ee = K -2,93
Cs'+e = Cs -2,92
Ba®* +2¢ ~ Ba -2,90
S*"+2e -~ Sr -289
Ca®*+2 - Ca -2,87
Na*+e = Na -2,71
Mg* +2e = Mg -2,36
AP +3e —~ AL -1,66
Mn* +2e = Mn -1,18
Cr*+2e" = Cr - 0,91
2H,0 +2e" = Ha(g) + 20H" -0,83
Zn”"+2e -~ Zn -0,76
cr*+3e -~ Cr -0,74
Fe** +2e - Fe - 0,44
crff+e -~ o - 0,41
Cd*+2e - Cd - 0,40
Co®*+2e = Co -0,28
Ni®*+2e" = Ni -0,27
Sn*+2e =~ Sn -0,14
Pb®* +2e ~ Pb -0,13
Fe**+3e" - Fe -0,06
2H" + 2¢” H2(9) 0,00
S+2H"+2e" ~ HyS(g) +0,14
Sn*+2¢ -~ Sn* +0,15
Cu®+e cu’ +0,16
SOZ +4H' +2¢ SO,(g) + 2H,0 | +0,17
Cu**+2 = Cu +0,34
2H,0+ Oy +4e” = 40H +0,40
SO, +4H +4e” —~ S+2H0 +0,45
Cu+e = Cu +0,52
lp+2e = 2I +0,54
O2(g)+2H +2e° = H20; +0,68
Fe’* +e Fe? +0,77
NO,; +2H"+e = NO2(g)+H20 | +0,80
Ag'+e = Ag +0,80
Hg** + 2e Hg(f) +0,85
NO, +4H"+3e" = NO(g)+2H,O | +0,96
Bra(f) +2e” = 2Br +1,07
Pt?*+2e = Pt +1,20
MnO,+4H" +2e” ~ Mn® +2H,0 +1,23
O2(g) +4H +4e” ~ 2H,0 +1,23
Cr0% +14H" +6e = 2Cr"+7H,0 | +1,33
Cly(g) +26 = 2CU +1,36
MnO, +8H'+5e° = Mn” +4H,0 +1,51
H,02 +2H +2e” ~ 2H,0 +1,77
Co®+e - Co* +1,81
F2(g) + 2e” 2F +2,87
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