education

DEPARTMENT: EDUCATION
MPUMALANGA PROVINCE

NATIONAL
SENIOR CERTIFICATE

GRADE 12

PHYSICAL SCIENCES: CHEMISTRY P2

SEPTEMBER 2019

MARKS: 150

TIME: 3 hour

This question paper consists of 15 pages and 4 data sheets.

Copyright reserved Please turn over




Physical Sciences/P2 2 MDE/September 2019
NSC

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.

g. 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

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,
111 E.

1.1 Consider the following statements regarding organic compounds belonging to
the same homologous series.

I They have the same boiling point.
Il They have the same functional group.
I They have the same molecular formula.

Which of the above statements is/are TRUE?

A llonly

B  landlonly

C llandlilonly

D L Uandlll (2)

1.2 Which ONE of the following organic compounds is a haloalkane?
A Methane
Tetrachloromethane

B
G Methyl methanoate
D  Methanal (2)
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1.3  The organic compounds shown in the table below have the same molar mass

(60 g-mol™).
Compound Structural formula Boiling point (°C)
X T
H—C—C—C-—0-H 97
.
H H H
O
Y T
H—(ID--C—O-H ?
0 H
Z I [
H—C-O-—(|3-—H 32
H

Which ONE of the following is most likely to be the boiling point (in °C) of

compound Y7

A 24
B 40
Cc 090
118

1.4

AHCH(g) + O2(g) = 2Ck(g) + 2H20(g)

The reaction represented below reaches equilibrium in a closed container.

AH <0

Which ONIEE of the following changes in equilibrium conditions will result in an
INCREASE in the value of the equilibrium constant (K¢)?

A  Decreasing the pressure by increasing the volume
B  Decreasing the temperature
C Increasing the pressure by decreasing the volume
D Increasing the temperature

Copyright reserved
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1.5 Four different solutions, each with concentration 0,1 mol-dm™, are prepared.
Which ONE of the solutions will have the lowest pH?

A NH4NO4

B N32C03

C KNQO;3

D KOH @)

1.6 Atable of acid-base indicators and the pH ranges over which they change colour
are given below. Which ONE of these indicators is most suitable for use in the
titration of ethanoic acid with sodium hydroxide?

Indicator pH range

Bromophenol blue 3,0-4,6
Litmus 45~-8,3
Bromothymol blue 6,0-7,6
Cresolphthalein 8,2-9,8

O O @ »

(2)

1.7 Two hypothetical half-reactions and their respective standard reduction
potentials are given below.

X, + 26 =2X +1,09V
Y v+ e =2 Y 2,8V
Which ONE of the following has the greatest tendency to donate electrons?

A X
B Xo

cC Y

D Yt (2)

1.8 Which ONE of the following cell reactions will be spontaneous?
A Sn®(aq) + Zn*'(ag) — Zn(s) + Sn**(aq)
2H*(aq) + Cu(s)— Cu®*(aq) + Ha(g)

B
C  Cd(s) + 2Co**(aq) — Cd*(aq) + 2Co**(aq)
D  2Ct(aq) + 2Fe®*(aq) — Ch(g) + 2Fe®*(aq) (2)
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1.9 The diagram below represents a cell used to electroplate a key with silver metai.

Pure silver electrode

AgNO3(aq)

— Kev'

Which ONE of the following combinations represent the CHANGE in mass of the
silver electrode and the concentration of the AgNO3 electrolyte during

electrolysis?

Mass of silver Concentration of
electrode AgNO; (ag)
A Decreases Increases
B Decreases No change
C Increases No change
D Increases Increases

(@)

1.10 Which combination of fertilisers will best address the following needs of a crop?

Enhance root | Assist with ripening
growth of fruit
A K>S0, HaNCONH;
B KCE Caz(H2PO4)o
C Cas(H2PO4)2 KCt
D NH4NO3 Cas(H2PO4)2

Copyright reserved
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QUESTION 2 (Start on a new page.)

2.1

2.2

Copyright reserved

The structural formula of an unsaturated hydrocarbon is given below.

2.1.1

2.1.2

H H H
H—-(:3—(|3—-(|3:(|3—([3——~H
H H H
H—-C—H
!

Define the term unsaturated hydrocarbon.
Write down the IUPAC name of the above compound,

Write down the IUPAC name of a positional isomer of the above
compound.

The hydrocarbon above reacts with bromine water.

2.1.4

2.1.5

2.1.6

Use structural formulae and write down a balanced equation for the
reaction.

Write down the name of the type of reaction that takes place.

What colour change will be observed during this reaction?

Butanoic acid is a functional isomer of methyl propanoate.

2.2.1

2.2.2

2.2.3

2.2.4

22.5

22.6

2.2.7

Define the term functional isomer.
Draw the structural formula of butanoic acid.
Draw the structural formula of methyi propanoate.

Wiite down the IUPAC name of the alcohol used to prepare methyl
propanoate.

Write down TWO reaction conditions needed for the preparation of an
ester.

Which one of BUTANOIC ACID or METHYL PROPANOATE will have the
higher boiling point?

Explain the answer in QUESTION 2.2.6.

@)
(@)

(2)

(1)

(4)
[25]
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QUESTION 3 (Start on a new page.)

Consider the organic reactions (A to F) represented in the flow diagram below.

Polymer Z
F
A
H
Saturated CH,CHCHs Br o X
hydrocarbon E B
-,
F D
4 C
Alcohol
3.1  Write down the type of reaction represented by:
311 A (1)
312 C (1)
3.2 Using structural formulae, write down the balanced equation for reaction D. (4)
3.3  Write down the [UPAC name of compound X. (2)

3.4 Write down the NAME or FORMULA of the reagent that is needed in reaction F. (1)

3.5 What TYPE of addition reaction is represented by reaction E? (1)
3.6 Using MOLECULAR formulae, write down the balanced equation for the

complete combustion of the saturated hydrocarbon formed in reaction E. (4)

[14]
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QUESTION 4 (Start on a new page.)

The boiling points of four organic compounds are given in the table below.

Compound Boiling point (°C)
A | Ethanol 79
B | Propan-ti-ol 98
C | Butan-1-ol 117
D | Pentan-1-ol 138
4.1 Write down the NAME of the functional group of the compounds A to D. (1)
4.2 Is butan-1-ol a PRIMARY or a SECONDARY alcohol? (1)
4.3 Define the term boiling point. 2)
4.4 Use the table to explain the difference in boiling points of compounds A to D. (3)
4.5 Which one of compounds, A or B, has the higher vapour pressure? Give a
reason the answetr. (2)

[9]

Copyright reserved Pleasa turn over



Physical Sciences/P2

QUESTION 5 (Start on a new page.)

10
NSC

MDE/September 2019

Learners use the reaction of Na>S:03(aq) and HCl(aq) to investigate different factors
which influence reaction rate. The balanced equation for the reaction is:

NaS20a(aq) + 2HCEaq) — HaO(f) + SOx(g) + 2NaCl(aq) + S(s)

Equal volumes of the two solutions are mixed and the time taken for a certain amount
of sul.hur to form is measured.

5.1

5.2

he reaction conditions used and the results obtained during the first
investigation are recorded in the table below.

Concentration | Concentration .
Te“";’fg;“”"e of Na;S:04 of HCE TE:.;E
(mol-dm™) (mol-dm™)
Experiment 1 20 0,6 0,5 40
Experiment 2 20 0,9 0,5 25
Experiment 3 20 1,4 0,5 15

Use the information in the table to answer the following questions.

For this investigation, write down:

5.1.1

51.3

514
answer.

One controlled variable

The independent variable

The conclusion that can be drawn from the results

The limiting reactan: (Na»xS;03 or HCY) in Experiment 1. Explain the

The reaction conditions used and the results obtained during a second
investigation are recorded in the table below.

Concentration

Concentration

Temperature | of NS, ofHce | Time
(mol-dm™) (mol-dm™)
Experiment 4 20 0,5 0,5 40
| Experiment 5 30 0,5 0,5 20
Experiment 6 40 0.5 0,5 10

5.2.1

Which ONE of the three experiments (4, 5 or 6) has the highest rate of
reaction?

6.2.2 Explain the answer in QUESTION 5.2.1 in terms of the collision theoty.

Copyright reserved
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QUESTION 6 (Start on a new page.)

6.1

6.2

~ Copyright reserved

Potassium chromate (KoCrQy) is dissolved in water. In solution, the chromate
ions (CrO4%) reach equilibrium with the dichromate ions (Cr.0;%) according to
the following balanced equation:

2 CrO4Z (aq) + 2H'(aq) = Cr07 (aq) + H0(0)
yellow orange

6.1.1 A reagent is now added to the orange solution. Which reagent,
NaOH(aq) or HNOgs(aq), will result in a colour change from orange to
yellow?

6.1.2 Which ion, CrOs*(aq) or CrQO;*(aq), will be present in higher
concentration at a low pH?

When the temperature is gradually increased, it is observed that the colour of
the solution changes to yellow,

6.1.3 Is the forward reaction ENDOTHERMIC or EXOTHERMIC?

6.1.4 Explain the answer in QUESTION 6.1.3 by referring to Le Chatelier's
principle.

5 moles of hydrogen gas, Hx(g), and 5 moles of iodine vapour, 15(g), are sealed

in a 2 dm® vessel at a temperature of 600 K. The reaction reaches equilibrium
according to the following balanced equation:

Ha(g) + l2(g) = 2HI(g)

6.2.1 Calculate the concentration of the hydrogen iodide (H1) at equilibrium if
the equilibrium constant, K, for the reaction at 600 K is 0,36.

6.2.2 The pressure on the system is now changed. The graph below shows
the change in concentrations of the reactants an products as a result of

this change.
| _——— - [Hzland [l3]
L [HI

t1 time(s)

concentration
(mol-dm™®)

Was the pressure INCREASED or DECREASED at t1? Explain the
answer.

(8)

(3)
[16]
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QUESTION 7 (Start on a new page.)

7.1 Reactions A and B below represent the ionisation of two acids, HF(aq) and
HBr(aq) respectively. The ionisation constants (K;) for the two acids are given at
25 °C.

Reaction A: HF(aq) + H20(f) = Hs;O™(aq) + F(aq) K.=6,6x 10"
Reaction B: HBr(aq) + HoO(l) = HsO*(aq) + Br™ (aq) Ka=1,0x10°

711 Write down the NAME or FORMULA of the conjugate base of HF(ag). (1)
7.1.2  Define the term weak acid. 2
7.1.3  Which acid, HF(aq) or HBr(agq), is stronger? Explain your choice. (3)
7.1.4  Water can act as an ampholyte. Define the term ampholyte. (2)

7.2 7,5 g IMPURE sodium hydroxide pellets, NaOH(s), is added to a flask containing
700 cm® of a 0,15 mol-dm™ sulphuric acid solution, HoSO4(aq). The balanced
equation for the reaction is:

H-S04(aq) + 2NaOH(s) — NasSO4(aq) + 2H.0(f)
7.2.1 Calculate the number of moles of sulphuric acid in the flask. (3)
7.2.2 The percentage purity of the sodium hydroxide pellets used is 80%.
Calculate the pH of the solution in the flask after the addition of the (7)

NaOH(s).
[18]
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QUESTION 8 (Start on a new page.)

8.1  Aniron nail, which has been thoroughly cleaned, is placed in a beaker containing
a 1 mol-dm™® copper(ll} sulphate solution. The beaker is allowed to stand
overnight. The next morning it is observed that a reddish brown precipitate formed
on the iron nail.

By referring to the relative strength of reducing agents, explain why a reddish
brown precipitate formed on the iron nail. (3)

8.2 A galvanic cell is set up under standard conditions as shown in the simplified
diagram below.

O,

«— O

Cu > d \ ‘ Cr
.. @ " L
2 3
Cu** cr*
8.2.1  State ONE function of the component labelled Q. (1)
8.2.2  Which electrode (Cu or Cr} is the cathode of this cell? (1)
8.2.3  Write down the overall (net) balanced cell reaction that takes place in this  (3)
cell.

8.2.4  Calculate the initial emf of this cell. (4)

8.2.5 A similar cell is now set up using 2 mol-dm™ Cu®*(aq). All other conditions
stay the same. How will the initial emf of this cell compare to that
calculated in QUESTION 8.2.47 Choose from HIGHER THAN, LOWER
THAN or EQUAL TO. Explain the answer. (3)

8.2.6 How will the initial reading on the voltmeter change as the cell reaction
approaches equilibrium? Choose from INCREASES, DECREASES or
REMAINS THE SAME, (1)

[16]
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A simplified diagram of an electrochemical cell, used for the production of chlorine gas,

is shown below.

Electrode A Electrode B
X

9.1 Define the term electrolyte. (2)
9.2 Write down the NAME of electrolyte X. (1)
9.3 Write down the half-reaction which takes place at the positive electrode. 2)
9.4 Which electrode, A or B, is the ANODE? Give a reason for the answer. (2)

9.5 Litmus added to the electrolyte turns blue around electrode B. Explain this
observation with the aid of the relevent half-reaction. (3)
9.6 Give a reason why platinum can be used as electrodes. (1)
[11]
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Two processes in the fertiliser industry are summatrised as in the flow diagram below.

10.1 Use the information above and write down:

10.1.1 NAME of Process 1

10.1.2 NAME or FORMULA of compound Y

Air Process 1; Nitrogen
Haber
process Compound Y
Methane
gas * Hydrogen
Sulphur Process2: S0, (—»] H2S0O4 >
A 4
Fettiliser Z

10.1.3  Write down a balanced chemical equation for the preparation of fertiliser

Z

(3)

10.2  Calculate the number of moles of nitrogen in a 5 kg bag of fertiliser with a ratio

7:1:3(22).

Copyright reserved
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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
Standseradi P’ 1,018 10° Pa
Molo gasvolume by STD Vo 224 ot
Standsrdemperaiu Tﬂ 273K
Avogadro's constant Na 6,023 x 10% mol!

TABLE 2: FORMULAE/TABEL 2: FORMULES

n=m N
M N
=" OROF ¢ = — n=v-
Vv MV V.
Ny _ G Vi pH = -log[Hs0"]
A

Ky = [HsO*JJOH] = 1 x 107" at/ by 298 K

Egell = Egathode - Egnode [ E

o 0
= Ekatode - Eanode

OR/OF

Egeli = E?educ!ion - Egn‘dalion ge! = E?eduksia - Eg}sidasie

OR/OF

Egen = Egﬁdisingagenl - E?educingagem / Egel = Egkeideermidde! - E?eduseermi}dal
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD-REDUKSIEPOTENSIALE

17
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Half-reactions/Halfreaksies EB v)
Falg) +207 . 2F +2,87
Co*+e . Co* +1,81

H:0z + 2H' +2¢- _ 2H:0O +1,77
MnO ; + BH' 4 R Mn* +4H,0 + 1,51
Chlg) + 2~ . 2CGU +1,36

2. ~ 20+ 7H.0 | +1,33

Cro0- +14H + B2~ T

Oulg) + 4t 146 . 2H,0 +1.23
MnQOz+ 4H" + 287 . M + 2H,0 +1,23
P 120 _ Pt +1,20

Bro{t) +2e” . 2Br + 1,07

NG : caa = NO(g} +2H:0 | +0,96
Hg+2¢~ _ Hg{®) +0,85
Agt+e _ Ag + 0,80

NO; O r e = NO:(g) + H20 +0,80
Fe¥+o . Fe* +0,77

Oufg) + 2H + 26 . HoOs +0,68
b+2e” _ 21 + 0,54

Cut+e _ Cu 40,52

SO, +4H +4e° . S+2H0 + 0,45
2H0 + Op+ 487 .. 40H + 0,40
Cu**+2¢ _ Cu +0,34

S0 ﬁ* c A e oe = SO (g) + 2H0 | + 0,17
cire . Ou +0,16
sn*+2¢” _ 8p™ +0,15
S+2H +2e° _ H:S(q) +0,14
2H' +2¢° L Hafg) 0,00
Fe¥+3s _ Fe - 0,06
Fb**+2¢ _ Pb ~0,13
Sn?+2" _ Sn —0,14
Ni**+20° _ Ni -0,27
Co®*+2 _ GCo -0,28
Cd*+2¢0 _ Cd ~0,40
cr*+e . CF ~0,41
Fe**+20° _. Fe - 0,44
crte+3e” o Or 0,74
In**+2¢ L ZIn -0,76
2H0+ 26" . Hag) + 20H ~ 0,83
C*+20° . Cr ~0,91

Mn® +2e _ Mn 1,18

At 13e L AL -1,86
Mg™+20 . Mg —-2.36
Na*+e . Na 2,71
Ca®*+2¢" _ Ca _ 2,87
S**+20° _ Or 2,89
Ba®+2¢ . Ba ~2,90
Cs*t+e _ GCs -2,92

K+e _ K 2,93

Lit+ e Li -3,05

MDE/September 2019
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies E6
v)
Lit+e _ L - 3,05
K'+er . K -2,93
Cs*t+e . OCs -2,92
Ba®*+2¢ _ Ba -2,90 4
Sr*¢2e . Sr 2,89
Ca®*+2 . Ca - 2,87
Na*+e _ Na -2,71
Mg®t+2e" . Mg - 2,36
gy A +307 . AL ~1,66 -
g Mn**+2¢° _ Mn -1,18 g
5 C+2¢" _ OCr -0,01 5
= 2H:0 + 2" . Hy(g) +20H | —-0,83 >
O 24 — QO
'g nt+2¢ . In -0,76 ]
@ Crt+3e . Cr ~-0,74 @
< Fe**+2 _ Fe - 0,44 2
E ctie . CF ~0,41 3
0 Cd*+2e" . Cd - 0,40 2
3 Co®+2¢ _ Co -0,28 %
& NE*+26" . Ni ~0,27 5
E Sn®*+2¢” . Sn ~0,14 E
5 Pb* +2¢~ _ Pb -0,13 S
A Fe**+3s” _ Fo - 0,06 °
B 2H* +2e7 . Hifg) 0,00 S,
= S+2H" 12 .  HaS(g) +0,14 E
© Sn'ts2e” L S0 +0,15 B
2 c¥+e . Cu" +0,16 2
2 S027 sairroe = oAt +oi7 g
'g Cu®+2 _ Cu +0,34 'g
o 2H 0+ 0+ de” . 40H + 0406 o
% S0z +4H' +40 _ S+2H0 +0,45 (%
3 Cu+e _ Cu + 0,52 s
5 42 . 2 + 0,54 h
= Oafg) + 2H' +20° . H:02 +0,68 £
Fe'*+e L Fe™ +0,77
v l\lng SoHEaa NOz(g} + H:O | + 0,80
Ay +e L Ag + 0,80
Hg®* +2¢~ _ Hg() +0,85
M 0; oA e = NOSg) +2H0 | +0,96
Bra(fy+2e~ _ 2Br + 1,07
PP*+2e _ Pt +1,20
MnO:+ 4H  +2¢° . M +2H,0 | +1,23
Celg) +4H + 4= . 2H:0 + 1,23
2- . = 26 +7HO | +133
Cra0 7 + 144 +
Clhig) +26° _ 2Ct + 1,36
- . . = M*14H0 | +151
MnO 4 +8H +5e
HaOz 4+ 2H 420 . 2HO +1,77
Co*+e _ Co* +1,81
Folg) +26 . 2F + 2,87
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