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HILLCREST HIGH SCHOOL
PHYSICAL SCIENCE
GRADE 12
PAPER 2- CHEMISTRY

TRIALS 2022
EXAMINER: J. KNOX-WHITEHEAD TIME: 3 HRS
TOTAL 150
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. Number the answers correctly according to the numbering system used in this

guestion 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.
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SECTION A
QUESTION 1: MULTIPLE CHOICE QUESTIONS

Four options are given 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 CnH2n02 is the general formula for both ...

A A ketone and an aldehyde

B An ester and an aldehyde
C A ketone and a carboxylic acid
D An ester and a carboxylic acid (2)

1.2 When butane is subjected to high temperatures and pressures, the following reaction takes place:
Butane — methane + Y
Which ONE of the following represents Y?
A CHCCHs
B CH2CHCH3
C CH3CH,CHs

D CH3CHCHCH;3 (2)

1.3 Which of the following has the highest vapour pressure?

A hexane

B butane

C propane

D ethane (2)

1.4 Three catalysts are used separately to change the rate of a hypothetical reaction. In the diagram
below, E1, E2 and Es represent the effect of each catalyst on the activation energy (Eo) for the

reaction.
r 3

Number of molecules

E1 E2 Es E Ex



1.5

Which of the following is the activation energy for the reaction with the HIGHEST rate?

A

B

C

D

Eo
E1
Ez

Es
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(2)

A hydrochloric acid solution, HC¢(aq),of concentration 1 mol.dm= is added to EXCESS POWDERED

magnesium at 25°C. Curve | below represents the volume of hydrogen gas produced during this

reaction. Curve |l was obtained under different conditions using the SAME VOLUME of hydrochloric
acid solution.

2

produced

Volume of hydrogen gas

Time

v

Which ONE of the following represents the conditions used to obtain curve I1?

CONCENTRATION

STATE (?FFI\II:I)QI;VISION OF ACID TEMP%OI(R:?TURE
(mol-dm™)
A | Ribbon 0,5 25
B | Ribbon 2 25
C | Powder 1 20
D | Powder 1 30

(2)



1.6

1.7

1.8
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Chromate ions, CrO4% (aq), and dichromate ions, Cr,07%* (aq), are in equilibrium in an aqueous
solution according to the following balanced equation:

CrOs%(ag) + 2H'aq) S Cr207%(aq + H20p

yellow orange

Which ONE of the following concentrated solutions should be added to make the colour of the
solution orange?

A NaOH
B NHs

C  Cr07?

D  H® (2)

The balanced equation below represents the first step in the ionisation of sulphuric acid in water:
H2SOse) + H20@) — H3O0%g) + HSOs (aq)
The two BASES in the above reaction are:

A H2SO0ap) + H20¢)

B H3O0%¢) + HSO4 (aq)
C H2Op) + HSO4 (aq)
D H2SOap) + H3O%p) (2)

The following equations represent two hypothetical half-reactions. The reduction potentials are
also provided:

X2 + 260 52X +1,09V
Yt+e SY -2,8V

Which one of the following substances from these hypothetical half-reactions will be the strongest
oxidising agent?

A X
B X2
C Y+

D Y (2)



1.9

1.10
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Consider the following TWO statements regarding a galvanic cell:
l. An oxidation half reaction takes place at the cathode of the cell.
Il. Positive ions move from the salt bridge to the anode of the cell.

Which of the following is TRUE for a galvanic cell?

A | only

B Il only

C Neither I nor Il

D Both land I (2)

An electrochemical cell is set up at standard conditions. The cell notation for the cell is given below:
Mg (s) | Mg**(aq) || Pb** (aq) | Pb (s)

The cell is now connected in a circuit. Which ONE of the graphs below BEST represents the
concentrations of the electrolytes after a long time.

A

>

B

-
>

Pb**(aq)

Pb*’(aq)
Mg~ (aq)

Mg**(aq)

Concentration (mol-dm™)
Concentration (mol-dm™)

A 4

v

Time (s) Time (s)

/

.
.
>

Mg**(aq)

Mg**(aq)

-—

Pb2+(aq) Pb2+(aq)

Concentration (mol-dm™)
Concentration (mol-dm™)

v
v

Time (s) Time (s) (2)
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The letters A to F in the table below represent six organic compounds.

|
o T Howoow "o
| | | | g | H—C—C—C—C—H
-—C—C—C—C=C—C—H || |
|| || H H H
H H H H
H—C—H
|
H
CH;CH = CHCH,CH,CH; D Pantyl propanoate
B T
maaaneal TR
| |
H HHH H F |H—C—C=c—C—C—H
H—C—H | |
| H H
H—C—H
-

2.1 Write down the letter/s that represent/s the following:

2.1.1 Alkene

2.1.2 Aketone

2.1.3 A compound with the general formula C,Hzn-2

2.1.4 A structural isomer of octanoic acid

2.2.1 Define the term functional group.

2.2.2  Write down the NAME of the functional group of compound B.

2.2.3  Give the IUPAC name of a FUNCTIONAL ISOMER of compound B.

2.3 Write down the IUPAC name of the compound:

231 A

232 E

233 F

(2)
(2)
(2)
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2.4 Compound D is prepared by heating two organic compounds in the presence of a catalyst.
2.4.1 Why is it necessary for the heating to be done in a water bath for this reaction? (1)
2.4.2 Define the term catalyst. (2)
Write down the:
2.4.3  Structural formula of compound D (2)
2.4.4 |UPAC name of the organic acid used to prepare compound D (1)
2.4.5 FORMULA of the catalyst used in this reaction (1)
[21]
QUESTION 3

The boiling points of TWO organic compounds, A and B, were investigated.

3.1

3.2

FORMULA MOLECULAR MASS (g.mol™)
A CH3(CH2),COOH 88,1
CH3(CH2):CH,0H 88,1
State the definition of boiling point. (2)
State the INDEPENDENT variable for this investigation. (1)

The following boiling points were obtained from this investigation:

331

3.3.2

3.4.1

3.4.2

137 °C 163 °C
Write down the boiling point that is most likely to be that of compound A. (1)
Explain FULLY how you arrived at the answer to QUESTION 3.3.1. (4)

The boiling point of another compound, CH3(CH,),CH,0H, was also determined. How will the boiling point
of this compound compare to that of compound B?
Choose from GREATER THAN, LESS THAN or EQUAL TO. (1)

Explain FULLY how you arrived at the answer to QUESTION 3.4.1. (3)

[12]
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QUESTION 4

The flow diagram below shows the interconversion between alcohols, alkenes and haloalkanes. The letters
A — F represent the reactions required to convert from one compound to the other.

41.1

4.1.2

4.1.3
4.2

4.3

4.4

propene
F B
C
alcohol | »| haloalkane

) D

What type of reaction is represented by F? (1)
Use structural formulae to write a balanced chemical equation for reaction F to show the

formation of the major product. (3)
Is the major product formed in reaction F a PRIMARY, SECONDARY or TERTIARY alcohol? (1)

Reaction E is sometimes referred to as dehydration. Write down the FORMULA of the substance
eliminated during dehydration. (1)

Letter C represents the reaction of the alcohol with HBr.
4.3.1 Write down the structural formula for the organic product of this reaction. (1)
4.3.2 What type of reaction is represented by C? (1)

The haloalkane can be converted to an alcohol through reaction D, or to propene through
reaction A.

4.4.1 What type of reaction is represented by B? (1)
4.4.2 What type of reaction is represented by D? (1)
4.4.3 What condition is important for reaction B to take place successfully? (1)

[11]
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A group of Grade 12 learners uses the reaction between calcium carbonate and hydrochloric acid to
investigate one of the factors that influence reaction rate. They use the apparatus shown below.

CaCOs;

HCl(aq)

The reaction that takes place is represented by the following chemical equation:

5.1

CaCOs(s) + 2HCL (aq) — CaCl(aq) + X(g) + H20(¢)

Identify the gas X.

AH<O

(1)

Two experiments were conducted using the apparatus shown above. The conditions for each experiment

are given in the table below.

5.2

53

5.4

5.5

5.6

Mass of State of Concentration Temperature of
Experiment division of of HCI P o
CaCoOs(s)(g) CaCOs(s) (mol-dm) HCl(aq)(°C)
1 4 lumps 0,2 40
2 4 lumps 0,4 40

Define, in words, the term reaction rate in terms of THIS investigation.

From the table above, write down the independent variable for this investigation.

In which reaction would you expect the learners to have observed a HIGHER reaction rate?
Choose from EXPERIMENT 1 or EXPERIMENT 2.

Use the Collision Theory to explain your answer to QUESTION 5.4.

Assume that CaCOs is the LIMITING REAGENT.

5.6.1 Refer to experiment 2 and calculate the volume of hydrochloric acid (in cm?3) that reacts with

CaCOs(s).

5.6.2 After 14,8 minutes no more bubbles of gas X are observed in the water. Calculate the average
rate of reaction in g.min%,
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QUESTION 6
6.1 State Le Chatelier’s principle. (2)
6.2 10 moles of NO2(g) is injected into a 2 dm3 container at 330 K. The container is then sealed. The

6.3

following reaction takes place:

2NO2(g) S N204(g)
brown colourless

The concentration-time graph for the two gases is drawn below.

A
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g ° E

"E '

8 2 [T AR

o '

©c |\ '
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t1 t2
Time (min)

6.2.1 Explain what happened at time t1. (1)
6.2.2 ldentify the external change that was made at time t,. (1)
6.2.3 State what colour change will occur in the container after t,. (1)
6.2.4 Use Le Chatelier’s Principle to explain the colour change in QUESTION 6.2.3. (3)

Initially excess NH4HS (s) is placed in a 5 dm? container at 218°C. The container is sealed and the
reaction is allowed to reach equilibrium according to the following balanced equation:

NH4HS(s) S NHs(g) + H2S(g) AH>0

6.3.1 What effect will each of the following changes have on the amount of NHz(g) at equilibrium?
Write down only INCREASES, DECREASES or REMAINS THE SAME.

6.3.1.1 More NH4HS(s) is added (1)
6.3.1.2 The temperature is increased (1)

6.3.2 The equilibrium constant, K, for this reaction at 218°C is 1,2x10%. Calculate the minimum
mass of NH4HS(s) that must be sealed in the container to obtain equilibrium. (6)

[16]
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QUESTION 7
7.1.1 Define a weak acid. (2)
7.1.2 What can be said about the value of the equilibrium constant, Ka, for a weak acid?
Choose from Ka=1 OR Ka <1 ORKa > 1. (1)
7.2 Ammonium chloride, NH4Cl, is an example of a salt that can undergo hydrolysis.
7.2.1 Use chemical equations to show the hydrolysis of ammonium chloride. (3)
7.2.2 Methyl orange is red in an acidic medium and yellow in an alkaline medium. What will
the colour of methyl orange be in an ammonium chloride solution? (1)
7.3 Milk of Magnesia has been used over the ages to relieve acid indigestion caused by excess
stomach acid. The active ingredient in Milk of Magnesia is magnesium hydroxide, Mg(OH)..
A group of learners prepare a solution of magnesium hydroxide.
7.3.1 What mass of Mg(OH), must be dissolved in distilled water to prepare 500 cm3 of a
solution with a concentration of 0,20 mol.dm3? (4)
7.3.2 The pH of any medicine safe for human consumption must lie between pH =4 and pH = 9.
Will the solution that the learners prepared in QUESTION 7.3.1 be safe for human
consumption? Assume 100% dissociation of magnesium hydroxide in water. Show all
calculations. (5)
7.4 A learner adds a sample of calcium carbonate to 50,0 cm? of sulphuric acid. The sulphuric acid is in
excess and has a concentration of 1,0 mol.dm™3. The reaction is allowed to proceed until all the
CaCOs is used up, as shown in the balanced equation:
Reaction 1: CaCOs3 + HyS0O4 — CaS04 + CO; + H0
The H3S04 left over from this reaction is now neutralised by 28,0 cm?® of a 0,5 mol.dm= sodium
hydroxide solution. The balanced equation for this reaction is:
Reaction 2: H2SOs4 + 2NaOH — NaSOs4 + 2H;0
Calculate the initial mass of calcium carbonate in the sample in Reaction 1. (9)
[25]
QUESTION 8
A pupil sets up an electrochemical cell based on the following reaction:
Al(s) + Cu®*(aq) = AL3*(ag) + Cu(s)
8.1 Identify the type of electrochemical cell represented by this reaction. (1)
8.2 Represent this cell using cell notation. (3)
8.3 Do the electrons in the external circuit flow from the A¢ to the Cu electrode or from the Cu to
the A¢ electrode? (1)
8.4 Write down the half reaction that takes place at the ANODE. (2)
8.5 Calculate the initial emf of the cell under standard conditions. (4)



Page 12 of 16

8.6 Give the standard conditions relevant to this electrochemical cell. (2)

8.7 If 1,05 g mass is lost from the anode, calculate the maximum mass that will be gained by the
cathode. (4)

8.8 5 g of ALCLs is now dissolved in the aluminium half-cell of the standard cell.

8.8.1 What will be the effect on the cell potential?

Choose from INCREASES, DECREASES or REMAINS THE SAME. (1)
8.8.2 Explain your answer to QUESTION 8.8.1. (3)
[21]
QUESTION 9

The apparatus below is used to demonstrate the electrolysis of a concentrated sodium chloride solution.
Both electrodes are made of carbon. A few drops of universal indicator are added to the electrolyte. The
equation for the net cell reaction is:

2NaCl(aq) + 2H,0() — Clx(g) + Ha(g) + 2NaOH(aq)

Power
source

Electrode Y — — Electrode X

<«—— NaCt(aq) and universal
indicator

Initially the solution has a green colour. Universal indicator becomes red in acidic solutions and purple in alkaline

solutions.

9.1 Write down the energy conversion that takes place in this cell. (1)
9.2 Is this reaction ENDOTHERMIC or EXOTHERMIC? (1)
9.3 Define the term electrolyte. (2)

When the power source is switched on, the colour of the electrolyte around electrode Y changes from green to
purple.

9.4 Write down the:

9.4.1 Half-reaction that takes place at electrode Y. (2)
9.4.2 NAME of the gas released at electrode X. (1)
9.5 Refer to the relative strengths of the oxidising agents to explain why hydrogen gas, and not sodium metal,
is formed at the cathode of this cell. (2)
[9]

TOTAL 150
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CAPS
INFORMATION FOR PHYSICAL SCIENCES GR 12
PAPER 2 (CHEMISTRY)

TABLE 1: PHYSICAL CONSTANTS

NAME/NAAM SYMBOL/SIMBOOL VALUE/WAARDE
Slndardessis , 10135 10°pe
ol gas ke T 2
Slandars emperare .

Chargeon et :
Avegads contn "

TABLE 2: FORMULAE

m N
n=— n=—o

M N,
c=1 OR c=£ H=L

V MV Vin
CaVa Do H = -log[Hs0"
cV, N pH = -log[H307]

Kw = [H30'][OH] = 1 x 10" at 298 K

6 _ o ]
Ece!l - Ecathode - Eanode
8 _ o 0
Ecell - Ereduction - onidation
6 _ 0 0
Ecel] - onidisingagent - Ereducing agent




Page 14 of 16

CAPS

8ez 782
T [ON|PN |wd|s3 |30 |8 |wy|lwy|nd |dN | n | ed | ul
coL | zoL | 1oL | ooL | €6 826 16 9 | ¢6 | v6 | 8 | z8 16 06
GIL | €21 | 691 | 91 | 691 | €91 | €SV | ZSL | 2SL | 0§l vrL | LWL | OFL
N |gqA|wl|J3 |oH|AQ|qL | pD | n3 |ws | wd|PN| Id | 8D 972
1L 0.l 69 89 19 | 99 | 59 | 9 g9 | 29 19 | 09 | 6§ 85 oy ey £/ 44 ©
68 88 18
60z |20z [voz |10z [16L |s6L |zelL [o06L |98L [v8L |18k [eZL |efL [ZSL | gl
uy [V SlodBlig glad |2l s|BH |[nv |1d Il [|sO (8 |M [el [IH 3| e eg 3| SO
98 g8 8 £8 Z8 18 08 6l 81 I |91 |s1 |#L ¢l 4] 1§ 95 g5
ler [zz1 [8zL [zzL [ebL [stb [z [soL [9oL [c2oL [io1 96 zZ6 16 68 88 98
9X | BlaLBlasjus o ul 3(po3 By pd BUM BN RIOLLONEAN [4Z 3| A &l 1S 2/ay £
s £g rd 1S 0s 6 |8y | |9 |st |vb |eb | Zb R o (3 ge e
8 08 61 Gl ¢l 0L 69 [5t9 | 6§ 65 |95 [es |25 1S 8 Gb o 6¢
M [1g £|8S R|SY B89 L(eD S| UZ &/ ND S| IN &(00 %[04 H|UNZ 1D 2| A 2| 1L &9 &(eD 3| M &
9e ge 12> £e ze 1g 0g 62 8z |22 |9z |sz |+¥z 4 44 ¥4 0z 3!
or |56t | 2t T 8z 12 ESSEWUIOO)E d9M3E[R] apJapeuag vz €z
Iy (302l s dNiszave SSeW JJwwoje aAne|al ajewnxoiddy B = eN £
8l Il 9l 51 2 el e 4} L
0z 6L |9L |vL |2t | 1L 6'e9 JeympeBaucayarg € L
N |4 O NEOHaSB Moquits*| N9 % [ Auanebouondop °9 4l N 3
oL 6 g L 9 g 67 4 ¢
¥ 0 l
aH [erebuiooyy H®
. JequInu SwoYY TALNTTSIAIM F
(mA) WA A W ) (o) () n
8. I 9 6 ¢ g v MW W 6 8 L 95 & ¥ ¢ z )

SINIW3T3 40 3719VL JIAOR3d 3HL -€ 3718V




Increasing oxidising ability

Page 15 of 16
CAPS

TABLE 4A: STANDARD REDUCTION POTENTIALS

Half-reactions E® (V)
Fa(g) + 2e = 2F +2,87
Co+e& 2 Co +1.,81
HzOz +2H" +2&” = 2H,0 1,77
MnO; +8H +5¢° = Mn" +4H,0 | *151
Cla(g) + 2e” = 2cr +1,38
Cr03” +14H'+6e” = 20" +7H,0 | 133
Oafg)+4H +4e” =2 2H.0 +1,23
MnO.+ 4H" + 2" = Mn"+2H:0 | +123
P + 2o- = Pt +1,20
Bra(l) + 2e = 2B +1,07
NO; +4H'+3e = NO(g)+2H.0 | +0.86
Hg® + 2e- = Hg(h +0,85
Agt+e = Ag +0,80
NOj +2H +e° = NO,(g)+H,0 | +0.280
Fe¥ +e- = Fe* +0.77
Osig)+2H"+2e = H:Op +0.68
Iz +2e = 2r +0,54
Cu +e = Cu +0,52
50; +4H" +42” = S5+2H0 +0.45
2H,0 + O + 42 = 40H +0.40
Cu® +2e = Cu +0,34
SOF +4H"+2e- = S0(g)+2H;0 | *0.17
cu® +e° = Cu +0,18
Sn* + 2e = Sn° +0,15
S+2H" +2e” = H:S(g) +0,14
ZH" + 2e” = H;lg) 0,00
Fe™ +3e” = Fe -0,08
Ph*" + 2e" = Pb -0,13
Sn +2e = 5n -0.14
Ni** + 22" = Ni -027
Co* + 2e” = Co -028
Cd™ + 2e” = Cd —-040
c s = cr - 041
Fe™ +2e" = Fe - 0.44
cr + 3o = Cr -0,74
Zn" +2e" = Zn -0,76
2H20 + 2a” = H:(g)+20H | -083
Cr'+2e = Cr -091
Mn®" + 2e” = Mn -1,18
AP 430 = Al - 1,66
Mg™" +2e = Mg -238
Na® +e = Na =271
Ca™ +2e = Ca —287
ST+ 2™ = 5r -2.89
Bal'+2e = Ba -200
Cs +g = [Cs -282
K'+e = K -203
L' +e” = L -3,05

Increasing reducing ability/
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CAPS

TABLE 4B: STANDARD REDUCTION POTENTIALS

Half-reactions E® (V)
'|_i+ + g = Li -3,05
K'+e = K —2.83
Cs"+ e = Cs -262
Ba™* + 2e = Ba =290
Sr**+ 2e” = &r —-2.20
Ca™ + 2e” = Ca -2.87
Na'+ & = Ma —-2.71
Eﬁ” +2e = Mg -2.38
"+ 32 = Al - 1.65
Mn** + 2e” = Mn -1.18
Cr* +2e” = Cr -0.91
2H;0 + 2" = Hig)+20H | -0.83
Zn'' + 2" = Zn -0.78
Cr' + 3¢ = Cr - 0.74
Fe'* +2e = Fe - 0.4
Cr e = cr - 0.41
Cd™ + 2e” = Cd -0.,40
Co™ + 2&” = Co -0.28
Ni** + 2e” = Ni - 0,27
Sn°' + 2" = 5n -0.14
Pb** + 2e = Pb -0.13
Fe™ + 3¢ = Fe - 0,08
2H' + 2e” = Ha(g) 0,00
S+2H +2e” = H;S(g) +0.14
Sn** +2e = 5n° +0,15
Cu™t + e = Cu' +0,16
SO: +4H" + 2e" = 5SO0:(g)+2H:0 | +0,17
Cu™ + 2" = Cu +0,24
2H,0 + O, + 42" = 40H" +0,40
SOz + 4H" + 4e” 2 5+2H,0 +0,45
Cu'+e = Cu +0,52
l2 + 2” = or +0,54
0‘;';9} +2H" + 2e" 2 H20:z +0,88
Fe”" +e” = Fe” +0.77
NO+2H" + e = NO,{g)+H,0 | +0.280
Ag +e” = Ag +0.80
Hg”" + 2e- = Hg(l) +0,85
MO +4H" +2e = NO{g)+2H,0 | +0.96
Br—%m +2e” = 2Br +1,07
Pt +2e = Pt *+1.20
MnO +4H" + 2~ = Mn"+2H0 | +1.23
Oz(g) +4H" + 42 = 2H.0 +1,23
Cr;0Y +14H'+ 8¢ = 2C7" +7H,0 | +133
Clz(g) + 2e” = 2Ccr +128
MnOj +8H"+5e° = Mn"+4H,0 [ +151
H:Qs +2H' +2 &~ = 2H-0 +1,77
Cﬂ:h*‘ c = Cgi' + 1,81
Fa(g) + 2&~ = 2F +287

Increasing reducing ability




