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Physical Sciences P2 9 June 2023 Common Test
NSC

INSTRUCTIONS AND INFORMATION

5 Write your centre number and examination number in the appropriate spaces
on the ANSWER BOOK.

2. This question paper consists of NINE 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 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.
1. Give briéf motivations, discussions et cetera where required.

12. 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 only the letter (A-D) next to the question number (1.1-1.10) in the
ANSWER BOOK, for example 1.11 D.

14 What is the homologous series to which the following compound belongs?
CHa — C = O
|
o)
|
H
A  Ketones
B  Alcohols
¢ Haloalkanes
D Carboxyllic acids (2)

1.2 Which ONE of the following is a tertiary alcohol?

A  Pentan-1-ol
.B Pentan-2-ol
C  2-methylbutan -2 - ol
D 3 - methylbutan -2 - ol
)
13 Which of the following statements would apply to organic compounds that

belong to the same homologous series? They have the same . . .
| boiling points.
Il functional group.
Il molecular formula.
Il only

A

B landllonly
C Il and lll only
D

1, 1l and Il (2)
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14 Which ONE of the following statements is TRUE for the reaction of an
UNSATURATED HYDROCARBON with bromine water?

A The reaction is slow.

B  The bromine water decolourises quickly.

C The reaction is a substitution reaction.

D Ultraviolet light is needed for this reaction. @

1.5 The Maxwell-Boltzmann distribution curve for a reaction mixture is shown
below:

-
L

No. of particles

v

Ex

The TEMPERATURE of the reaction mixture is now DECREASED. Which
one of the following graphs shows the new distribution curve as a dotted

line?
A - B 4 .
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1.6 The mass of a catalyst was determined at intervals during a reaction.

B
3
) [7)]
w [7)]
®
£ £
. Time Time
C D
. A "r
£ @
£
Time ; Time
(2)
1.7 Each of the reactions represented below is at equilibrium in a closed
container. ;

In which ONE of these reactions will an INCREASE IN PRESSURE (by
decreasing the volume) at constant temperature favour the formation of

products?

A N204g) = 2NO29)

B PCis(g) = PCla(g) + Cla(g)
C Nag) + 3Hzg) = 2NHs(g)
D

NOz(g) + CO(g) = NO(g) + CO2(g) )

Copyright reserved Please turn over
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1.8 The expression for the equilibrium constant (Kc) for a hypothetical reaction is
given as follows:

_[RI[SP
*7 PP

Which ONEQI the following balanced equations represents the hypothetical
reaction?:.L

A 3P(s) = R(@ + 2S(g)

B 3P® = R(aq) + 2S(aq) -

C 3P(ag) + Q(s) = R(g) + SAg)

D 3P(ag) + Q(s) = R(ag) + 2S(g) 2

1.9 Which ONE of the following pairs represents the conjugate acid and the
conjugate base of HPO?2~ ?

CONJUGATE ACID I CONJUGATE BASE

A PO} H2PO;

B H2PO; POY

C H2PO : HsPO,

D HPOI . | _PO%

2

110 CH3COOH is a weak acid. Which ONE of the following statements is correct for
a 0,01 mol-dm= aqueous solution of CH3COOH?
S

There are more hydronium ions than acetate ions.

There are fewer acetate ions than unionized CH3COOH.

There are more hydronium ions than unionized CHaCOOH=

240 W 2=

There are equal quantities of unionized CHsCOOH, hydremum ions and

acetate ions.
(2)
[20]
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QUESTION 2 (Start on a new page.)
The letters A to F in the table below represent six organic compounds.
R I
3 R 1B 1 S e,
CHs CHs H
H
|
H — C — H
H H I
. .
H —-— ¢ - C — C — O — H
| | |
H H
H — C — H
I
H
' i
C | CH3sCOzH | D | CH3CO2C2Hs
E | C3HsO F | 2 - bromobutane
Use the information in the table to answer the questions that follow.
2.1  Write down the IUPAC name of: |
2.1.1 Compound A. (3)
212 Compound B. 3)
2.2  Write down the letter that represents:
221 A haloalkane. T (1)
2.2.2 Acompound that belongs to the same homologous series as
compound B. (1)
Copyright reserved Please turn over
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2.3 Compound D is produced when compound C is reacted with a primary alcohol.

2.3.1 Define the term functional group. (2)

2.3.2 Write down the NAME of the FUNCTIONAL GROUP of the homologous
series. Io:whlch compound C belongs. ° (1)

2.3.3 Write d@m the structural formula of the functional group of the
homologous series to which compound D belongs. (2)

234 Write a balanced equation using MOLECULAR FORMULAE to
represent the reaction that takes place. 5)

2.3.5 Write down the NAME or FORMULA of the substance that can be used
to accelerate the above reaction. (1)

2.3.6 . Write down the IUPAC name of the primary alcohol used in this reaction. (2)

2.4 Define the term functional isomer. (2)
25 Write down the STRUCTURAL FORMULA of the straight chain FUNCTIONAL

ISOMER of compound D. (2)

[25]

QUESTION 3 (Start on a new page.)

3.1 XandY are two saturated hydrocarbons with the same molecular formula. Both
X and Y have 4 carbons each. X has a lower boiling point than Y

3.1.1 Define boiling point. e e d @)

3.1.2 Fully explain the difference in"the boiling points of these two
compounds. 3)
3.1.3  Write down the STRUCTURAL FORMULA for compound X. (2)

3.2 In an experiment the boiling points of alcohols are compared to that of the
carboxylic acids. The boiling point of pentan — 1 — ol is found to be 138 °C.

3.2.1  Write down the IUPAC name of the carboxylic acid that must be used in
this experiment to ensure that the comparison is fair.
Give a reason for the answer.

3.2.2 Wil the boiling point of the carboxylic acid be LESS THAN, ﬁQqAL TO

@)

or GREATER THAN 138 °C? (1)
3.2.3 Fully explain the answer to QUESTION 3.2.2. (3)
: [14]
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QUESTION 4 (Start on a new page.)

In the flow diagram below, 1, 2, 3, and 4 represent organic reactions. P and Q
represent organic-compounds. Q is a HYDROCARBON.

4.1

4.2

4.3

4.4

45 .

Copyright reserved

pentan - 2 - ol
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Q
2 (major product)

CsHiz =~ |e

Consider REACTION 1:

4.1.1  Name the type of reaction that takes place. Choose from

SUBSTITUTION, ELIMINATION or ADDITION. (1

4.1.2 Write down the structural formula of Q. (2)
N\

4.1.3 Apart from heat, state one other reaction condition (2)
REACTION 2 is an example of an addition reaction.
421 Write down the TYPE of addition reaction represented here. (1)
422 Write down the NAME or FORMULA of the inorganic reactant required

for this reaction. _ (1

!

4.2.3 Name ONE reaction condition for reaction 2. (1)
Bromine is used as an inorganic reactant in REACTION 3.
4.3.1 Name the type of reaction that takes place. (1)
4.3.2 State the reaction condition for this reaction. (1)
4.3.3 Write down the structural formula of compound P. 2)
Consider REACTION 4:
4.4.1 Apart from heat, state one other reaction condition. (1)
442 Using condensed structural formula, write a balanced jeqtiation to

represent the reaction that takes place. L (3)
Compound P can be converted directly to compound Q in an elimination
reaction. Write down the TYPE of elimination reaction taking place. (1)

[17]
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QUESTION 5 (Start on a new page)

Calcium carbonate chips are added to excess dilute hydrochloric acid solution in a
flask placed on a bg!gnce as illustrated below.

wool plug

Dilute
hydrochloric acid

Gas bubbles

Calcium carbonate chips

The cotton wool plug placed in the mouth of the flask prevents spillage of reactants
and products, while simultaneously allowing the formed gas to escape. The balanced
equation for the reaction that takes place is:

CaCOs(s) + 2HC(aq) — CaCtz(aq) + CO2(g) + H20(¢)

The mass of the flask and its contents is recorded in intervals of 30 seconds. The
results obtained are shown in the table below.

Time in seconds (s) Mass of the flask and its contents in grams (g) |
0 217,50
30 215,00
60 ‘ 212,95
90 211,05
120 209,20
150 207,40
180 X
210 203,95
240 203,95
270 Y ?E]
51 Define reaction rate. E% ()
5.2 Write down the evidence from the table that suggests that the réfﬁf the above
reaction DECREASES with time. (2)

5.3 Use the collision theory to explain why the rate of the reaction decreases with
time. Assume that the temperature remains constant. (3)

Copyright reserved Please turn over
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5.4 How will an increase in the volume of the hydrochloric acid used affect the rate
of this reaction? Choose from INCREASES, DECREASES or REMAINS THE

SAME (1)

5.5 The aver: ate of the reaction for the first 180s is 6,58 x 102 g.s™". Calculate
the value jof X in the table. (4)

56 Write don#%\e mass, in grams, represented by Y. Give a reason for the answer. (2)

5.7 Calculaté “the total volume of carbon dioxide gas produced during the above
reaction at S.T.P. 6)

5.8 It is observed that when a catalyst is added to the above reaction, the reaction
reaches completion in a shorter time.
Use the collision theory to explain the observation. - ©)

5.9 The CaCOs chips are replaced with an equal mass of CaCO3 powder. How will
each’ of the following be affected by this change? (Choose from INCREASES,
DECREASES or REMAINS THE SAME)

5.9.1  The mass in grams represented by Y. (1)
592 Time taken to reach the mass represented by X. (1)
| ' [25]
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QUESTION 6 (Start on a new page)

6.1 An investigation is performed to determine the effect of TEMPERATURE.
PRESSURE and CONCENTRATION on equilibrium in the production of
ammonia in a/sealed container. The volume of the container is kept constant.

The balanced -€quation below represents the reaction that takes place in the
sealed container.

Nz(g) + 3Hz(g) = 2NHi(g) AH<O

The graph below represents the results obtained:

r 3
T
£
S
2N K_—k---_:(
g / b T, g
£ PR
8 NHS i/ .."'t--.--.n-l: ..‘. .....llIl.Illlll
: ..‘ ..
=] ful T T
O
0 t te ts %

Time in minutes

6.1.1  What information about the reaction does the graph provide between
0 and t4? (2)

6.1.2 Wil the Kc value for this reaction between 0 and t; be
GREATER THAN 1, EQUAL TO 1 or LESS THAN 1? (1)

6.1.3 At which time, t1, t2 or ts was the concentration of a reactant increased?
Give a reason for the answer. (2)

6.1.4 State Le Chatelier's principle. @)

6.1.5 Which ONE of the factors, TEMPERATURE, PRESSURE or

CONCENTRATION was changed at t3? (1)
6.1.6 Was the factor identified in QUESTION 6.1.5 INCREASED or

DECREASED?

Explain the answer by referring to Le Chatelier’s principle. (4)

Copyright reserved ' Please turn over
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6.1.7 A partial graph of reaction rate versus time is drawn below. The dotted
line represents the reverse reaction

Y

1/

Reacﬁ_oumh

v

B8 ts t2 ts ts
Time in minutes

Copy the above graph in your answer book. Complete the graph for
each of the time periods period till ts. Use the solid line for the forward
reaction rate and the dotted line for the reverse reaction rate.

6.2 The equation below represents the reversible reaction that takes place when
sulphur dioxide gas, SOz, and oxygen gas, Oz, are allowed to react in a sealed
container. _

2 SO2(g) + O2(g) ®2S03(g) AH<O

6.2.1 Write down the meaning of the term reversible reaction.

6.2.2 The activation energy for the FORWARD reaction is compared to the
activation energy of the REVERSE reaction. Which reaction, FORWARD
or REVERSE, will have a higher activation energy?

6.3 A hypothetical reaction is represented by the balanced equation below:

2X(g) + Y(@ = 2C(g)

2,5 moles of X (g) were mixed with 1,75 moles of Y (g) in a sealed 2 dm?
container. The reaction reaches equilibrium at T °C. At equilibrium the
concentration of C (g) was 0,5 mol.dm™,

‘Calculate the value of the equilibrium constant, Kc. —

®)

(2)

(1)

(7)
[27]
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QUESTION 7 (Start on a new page.)

7.1

F -

7.3

74

Copyright reserved

Sulphuric acid, H2SOs4, ionizes in water in TWO steps as follows:
STEP I H2SOs(aq) + H20(() = HSOj(aq) + H3O*(aq)
STEPi}> HSO;(aq) + H:0(f) = SOi (aq) + HsO*(aq)
7.1.1  Define, sn acid in terms of the Arrhenius theory.

7.1.2 Write down the NAME or FORMULA of the substance that acts as an
ampholyte in the above equations. Give a reason for the answer.

The Ka value for TWO acids are as follows:

NAME OF ACID | FORMULA OF ACID | Ka VALUE
Oxalic Acid (COOH)2 56 x 102
Carbonic Acid H2CO3 43 x 102

7.2.1 Oxalic acid ionizes in water according to the following balanced equation:
(COOH)z(aq) + 2H:0() = (COO0)3 (aq) + 2 Hs0*(aq)

Write down the formula of the TWO BASES in this reaction.
7.2.2 Which ONE, oxalic acid or carbonic acid, will have a higher conductivity?
Explain the answer by referring to the information in the table.

Water is added to a 0,01 mol.dm solution of hydrochloric acid. How does the
addition of the water affect each of the following? (Choose from: INCREASES,
DECREASES or REMAINS THE SAME).

7.3.1 The strength of the solution of the hydrochloric acid.

7.3.2 The concentration of the solution of the hydrochloric acid. Give a reason
for the answer.

A solution of sodium hydrogen carbonate, (NaHCOs3) of volume _250 cmd, is
prepared by dissolving x g of sodium hydrogen carbonate in sufficient distilled

water in a volumetric flask.

20 cm® of the prepared sodium hydrogen carbonate solution neutralises
12,58 cm? of a sulphuric acid(H2S04) solution of 0,29 mol.dm,

The balanced equation for the reaction is:
H2SO04(aq) + 2NaHCOs(ag) — NazSOs(aq) + 2 H20(f) + CO2(g)

7.4.1 Define the equivalence point of a titration.

7.4.2 Calculate the concentration of the NaHCO3 solution that neutralised the
H2S04 solution. -

7.4.3 Calculate x, the mass of sodium hydrogen carbonate used to prepare the
initial solution of sodium hydrogen carbonate.

June Common Test

(2)

(2

(2)

3)

(1

2

(2)

(4)

(4)
[22]
[150]
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1

DATA FOR PHYSICAL SCIENCES GRADE 12
PAPER 2 (CHEMISTRY)

TABLE 1: PH‘I’F L CONSTANTS

NN

oyl

NAME/NAAM |1 SYMBOL/SIMBOOL VALUE/WAARDE
Standard presstire p® 1,013 x 10° Pa
Standaardd, —

Molar gas volume at STP Vim 22,4 dm*mol
Molére gasvolume by STD

Standard temperature T 273K
Standaardtemperatuur ,

Charge on electron E -16x10"°C
Lading op electron

Avogadro's constant Na 6,02 x 102 mol!
Avogadro-konstante

TABLE 2: FORMULAE

N
m

=— n=__
M N,

n ZA N ='_\L

C=V or/of C—W n v
L ALY pH = -log[H30"]
CoVp My
Kw = [H30*][OH] = 1 x 104 at/by 298 K
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