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Grade 11

MARKS: 150 EXAMINER: Ms N. Badenhorst
TIME: 3 Hours MODERATOR: Mrs J. Knox-Whitehead
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 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.

1.1 ONE mole of water (H20) and ONE mole of carbon dioxide (CO2) will have the same...
A Mass
B  Molar mass
C  Number of molecules
D Density
1.2 Which ONE of the following substances has ION-DIPOLE forces?
A  H20 ()
B CO2(9)
C NacCl (aq)
D NacCl(s)
1.3 Consider the reaction:

Mg(s) + 2HCl(aq) — MgCl2 + Hz(g)

The rate of production of MgClz, can be increased by
A Decreasing the concentration of HCI (aq)

B Increasing the volume of Hz(g)

C Increase the temperature

D Decreasing the surface area of Mg
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1.4

1.5

1.6

1.7

HHS

Which ONE of the solutions has the LOWEST pH?
A 100cm:? of a 0,2 mol.dm=3H2S04

B 100cm? of a 0,2 mol.dm- CHsCOOH

C 100cm?3of a 0,2 mol.dm —2 HCI

D 100cm? of a 0,2 mol.dm= (COOH)2

June 2023

Which indicator will be most suitable to use for the titration of sodium hydroxide (NaOH) with

ethanoic acid (CHsCOOH)?
A Methyl red

B Phenolphthalein

C Bromothymol blue
D

Universal indicator

Consider the following redox reaction:
Cr207%(aq) +Fe?*aq) + H*(aq) — Cr3*(aq) + Fe®**(aq) + H20(1)

The product of the reduction half reaction in the equation is...
A  Fe3

B Cr3
C H20
D H*

Which ONE OF the following will reduce Sn?* to Sn?
A Zn

B Ag
C Hg
D Pb
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1.8 The simplified diagram below represents an electrolytic cell used to electroplate a nickel (Ni)
coin with copper (Cu).

Nickel electrode —4“@ ——— Copper electrode
—>

Electrolyte __|

Which ONE of the following reactions takes place at the anode?
A Ni2* + 2e- — Ni
B Ni — Ni2* + 2e-
C Cu?*+2e — Cu
D

Cu —»Cu?* + 2e-

1.9 A fixed amount of gas occupies a volume of 12 dm?3 at a pressure of 2 kPa.
If the pressure increases by 15%, the new volume of the gas will be:

A 100 dm?3
B 13,64 dm?
C 11 dm?

D 10,43 dm3

1.10 According to Boyle’s law...
A p % if T is constant.
B V « Tif pis constant.
C Vx % if p is constant.

D p«xVifnisconstant.

[2 x 10 = 20]
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SECTION B

Question 2

2.1

2.2

HHS

*The chemical composition of a particular compound is:

11,79% Carbon

69,57% Chlorine

18,64% Fluorine
The molar mass of the compound is 204 g-mol-.
Determine, by calculations, the molecular formula of the compound.
When heated, lithium reacts with nitrogen to form lithium nitride.
The balanced equation: 6 Lis) + N2 () — 2 LisN (s)

12,3 g of lithium is heated with 33,6 g of No.

221 Define the term limiting reagent.

2.2.2 Determine by calculation which substance is the limiting reagent.
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(7)

(2)
(6)

[15]
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Question 3

3.1

An eggshell contains calcium carbonate (CaCOs) and impurities.

An EXCESS amount of a standard dilute acetic acid solution (CHsCOOH) of
concentration 0,5 mol-dm= and volume 250 cm?3is allowed to react COMPLETELY with
an eggshell of mass 56 g.

The equation for the reaction is given by the balanced equation shown below:

2 CH3COOH (ag) + CaCOs3(s) — Ca (CH3COO)2 (ag) + H20 1 + CO2q)......... (1)

The acetic acid that remained unreacted is neutralised by 25 cm? of sodium hydroxide
(NaOH) with a concentration of 0,968 mol-dm,

The equation for the reaction is given by the balanced equation below:

CH3COOH (ag) + NaOH (aqg) — CH3COONa (ag) + H20 ¢

3.1.1 Calculate the given number of moles of CH3COOH in reaction 1. (3)
3.1.2  Calculate the reacted number of moles of CH3COOH in reaction 1. (5)
3.1.3 Calculate the percentage of CaCOs in the eggshell (% purity) (4)
[12]
Question 4

The diagram shows the potential energy changes during the following chemical reaction:

HHS

2 H2(g) + Cl2(g) — 2 HCK (g)

679,1 kJ-mol?

184,7 kJ-mol?

Potential energy (kJ-mol?)

\ 4
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4.1  Define activation energy. (2)

4.2 Is the reaction EXOTHERMIC or ENDOTHERMIC?

Give a reason for the answer. (2)
4.3  Calculate the activation energy for the reverse reaction. (3)
4.4  Determine the energy released by the bond formation of the HC{ molecule. (3)

4.5  What effect will the addition of a catalyst have on the value 184,7 kJ-mol-1?
Write down only INCREASE, DECREASE or NO EFFECT.

Give a reason for the answer. (2)
[12]

Question 5

5.1 The graph below shows the change in potential energy for the reaction where limestone is
changed into lime. The balanced equation for this reaction is:

CaCOs(s) — CaO(s) + CO2(g)

e - N OO
[=]
E aof————-----m-f----F --
B
5
[
g
=]
o
Reaction coordinate g
5.1.1 Is the forward reaction exothermic or endothermic? (2)
5.1.2 Calculate the heat of reaction for the forward reaction. (2)
5.1.3 Calculate the activation energy for the reverse reaction. 1)
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5.2  The following graph represents the number of particles against a specific amount of kinetic
energy of the molecules. The data for samples R and S was obtained at different temperatures
which affects the rate of reaction.

R

8

2 S T

m

=3

°

o

=

E

=

=

Kinetic energy of the molecules

5.2.1 Define the term rate of reaction. (2)
5.2.2 What does the area to the right of line T represent? (1)

5.2.3 Which sample was at a higher temperature? Write down on SAMPLE R or SAMPLE S. (1)

5.2.4 Explain the answer to QUESTION 5.2.3 by using the collision theory. (3)
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5.3

11 g of magnesium ribbon reacts with a 0,25 mol.dm2 hydrochloric acid solution at a

temperature of 25 °C according to the following balanced reaction:

Mg(s) + 2HCI(aq) — MgClx(aq) + Hz(g)

.

A table of the results is given below:

53.1

5.3.2

5.3.3

534

HHS

Time elapsed Volume of Hzg
(minutes) (cm?)

0 0
0.5 17

1.0 25

1.9 30
2,0 33
2,5 35
3,0 35

Plot a graph of these results in your answer booklet. (2)

Use the graph and explain what happened with the reaction between 2 minutes and 3 minutes.
1)

In a second experiment, the concentration of the hydrochloric acid changed from

0,25 mol.dmto 1 mol.dm=.

Draw a new curve on the same graph paper to show what effect it will have. Label the new

curve X. (2)

Assume molar gas volume at 25°C is 24,47 dm3. Calculate the volume of acid that was
used in the experiment when the reaction was completed. 4)
[20]
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Question 6

Carbonic acid (H2COs) ionises according to the following equation:

H2COs(aq) + H20(l) — H3O*(aq) + HCOs@q)

6.1 Is carbonic acid, H2COs(aq), a strong acid or a weak acid?

Give a reason for your answer. (2)

Two beakers A and B contain the acid and a strong base respectively.

Beaker A: 0,5 dm? of carbonic acid, H2COs(aq) of concentration 0,10 mol.dm™

Beaker B: 0,75 dm? of sodium hydroxide, NaOH (aq) of concentration 0,25 mol.dm

When a 0,10 mol.dm-3 solution of H2COsis prepared, it is found that the concentration of H3O" ions
is 0,012 mol.dm-3 at 25°C

6.2 Calculate the number of moles of H3O*(aq) ions present in H2COs3 solution in beaker A. (3)

The contents of beakers A and B are added together in beaker C. The solution in beaker C has an

unknown pH.
m /—\
— C —
/ N
A B
0,10 mol.dm-* 0,5dm? Unknown pH 0,75dm* | 0,25 mol.dm
H2COs(aq) “1NaOH(aq)
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The balanced equation for the reaction is:

H2COs(aqg) + NaOH(aq) —NaHCOs(aq) + H20(l)
6.3  Calculate the

6.3.1 Number of moles of hydroxide (OH-) ions in beaker B. (3)
6.3.2 pH of the solution at the completion of the reaction in beaker C. (7)
[15]

Question 7

The galvanic cell represented in the diagram below consists of a Ba electrode dipped into a Ba (NOs)2
solution, and a Cu electrode dipped into a Cu (NOs3)2 solution. Assume that the cell operates under
standard conditions.

o ) =
LY -
\\--._.---"”Irl
KN =
Half-cell A Half-cell B
7.1  State TWO standard conditions under which this cell operates. (2)
7.2  Which half-cell, A or B is the cathode? Write only A or B. Q)
7.3  Write down the half-reaction that takes place in half-cell A. (2)
7.4  Write down the cell notation for this cell. 3)
7.5 Calculate the emf of this cell. (4)
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7.6  The volume of the electrolyte in each standard half-cell is 40 cm?.
Calculate the maximum mass loss that can occur at the anode. (5)

[17]
Question 8

The diagram below represents an electrochemical cell that is used for the refining of copper.

Power source

e

.
3

4

M l¢—————— Electrode Y

b~ -
e ey

Electrode X

| ji CuCe(aq)
&

One of the electrodes consists of pure copper and the other of impure copper.

8.1  When the cell is allowed to operate, it is found that the mass of electrode X increases over time.

8.1.1 Define the term electrolyte. (2)
8.1.2 Is electrode X the CATHODE or ANODE of the cell? (1)
8.1.3 Write down a half-reaction to justify the answer to QUESTION 8.1.2 above. (2)

8.2 State whether electrode Y is connected to the POSITIVE terminal or the NEGATIVE terminal
of the power source. Q)

8.3  The impure copper contains zinc and silver. State what will happen to the:

8.3.1 Silver that is in the impure copper. (1)

8.3.2 Zinc that is in the impure copper. Q)
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8.4  Refer to the relative strength of oxidising agents to explain why zinc in the impure copper will
not be deposited on the pure copper electrode. (2)

8.5  After the purification of the impure copper was completed, it was found that 3,75x102 mol of
copper was formed. Calculate the percentage of copper that was present in the impure sample
if the initial mass of the impure copper was 4 g. 4)

Electrode X and Y are now replaced with graphite (C) electrodes.
8.6  State what will be observed at electrode Y (now graphite). (1)

8.7  Describe what will happen to the blue colour of the electrolyte as the reaction
proceeds/progresses. (2)
[17]

Question 9
Study the molecules given below and answer the questions that follow.
CCls, NHz, HCN, H2S and OF2
9.1 Define the term molecule. (2)
9.2 Use the VSEPR model to predict the molecular geometry of the following:
9.21 CCly (1)
9.2.2  NHs (1)

9.3 Draw the Lewis structures for the following molecules:

9.31 OF )
9.3.2 HCN )

9.4 Explain why it is possible for NHs to form a dative covalent bond with H* but it is not
possible for CClsto form a dative covalent bond with H*. (2)
9.5 Is the H2S molecule POLAR or NON-POLAR? Explain the answer. : (4%
14
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Question 10

The boiling points of the hydrogen halides and group 4 hydrogen compounds are compared
in the graph below.

350
< HF
= 300 I HI
s :
o 250 HBr
= . Het s
3 200 —
SEERECERCEEERRsinnty bonntt SnHa
150 CHa e SiH;,” GeHa
100 iiiiiiii..::iiii iiiiiiiiii S
2 3 4 5
Period
10.1  Define boiling point. (2)

10.2 Explain why the boiling points of the hydrogen halides are higher than those of
corresponding group 4 hydrides from period 3 to 5, by referring to the type of
intermolecular forces present in these compounds and energy involved. (4)
HF is the halide with the HIGHEST boiling point.

10.3  Write down the name of the intermolecular force present in HF responsible for the
high boiling point. (2)

[8]

Total 150
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Increasing oxidising ability/ Toenemende oksiderende vermoé

TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD- REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies E€(v)
Fa(g) +2e- = 2F +2,87
Co**+e- = Co* +1,81
H20; + 2H" +2e” 2H,0 +1,77
MnO; +8H +5¢ = Mn* +4H,0 +1,51
Cla(g)+2e” = 2Cr +1,36
Cr02” +14H +6e- = 2CF" +7H,O0 | +1,33
O2(g)+4H +4e~ = 2H,0 +1,23
MnO,+4H +2e= — Mn®* +2H,0 +1,23
PE +2e" _ Pt +1,20
Brz(f) +2e~ = 2Br +1,07
NO, +4H +3e” = NO(g)+2H,0 | +0,96
Hg* +2e = Ha() +0,85
Ag'+e” = Ag +0,80
NO; +2H"+e~ = NOz(g)+Hz0 | +0,80
Fe*+e = Fe* +0,77
Oz(g) +2H" + 2¢” — H»0, + 0,68
b+2 = 2 +0,54
Cu'+e = Cu +0,52
SO, +4H +4e- = S+2H,0 +0,45
2H,0+ 0, +4e- = 40H" +0,40
Cui"+2e = Cu +0,34
SO +4H +2e” = SOi(9)+2H,0 | +0,17
Cu**+e = Cu’ +0,16
Sn*¥+2e" = Sn* +0,15
S+2H +2e~ = H2S(g) +0,14
2H" +2¢- = Ha(g) 0,00
Fe**+3e~ = Fe -0,06
Pb** +2e- = Pb -0,13
Sn*+2” = Sn -0,14
N +2e = Ni -0,27
Co”+2 = Co -0,28
Cd*+2 = Cd -0,40
cr*+e = Cr -0,41
Fe*+2 = Fe -0,44
Cr*+3 = Cr ~0,74
Zn*+2 = Zn -0,76
2H,0+2e~ = Hy(g)+20H" -0,83
Cr*+2e = Cr -0,91
Mn*”*+2e~ — Mn -1,18
A +3e = Al -1,66
Mg® + 2e” Mg -2,36
Na*+e~ = Na -271
Ca®+2 = Ca -2,87
S*+2 = Sr -2,89
Ba* +2e" Ba -2,90
Cs'+e = GCs -292
K'+ee = K -2,93
Lif+e- = Li -3,05

]
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Increasing oxidising ability/Toenemende oksiderende vermoé

TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD- REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies EC (V)
Lit+e- — Li -3,05
K" +e K -2,93
Cs'+e = Cs -2,02
Ba®™+2e -~ Ba - 2,90
Sr+2e” = Sr -289
Ca+2e = Ca -2.87
Na®*+e~ — Na -2
Mg™ +2e = Mg -2.36
AT +3e = Al - 1,66
M2 +2e~ = Mn -1,18
Cr+2e = Cr -0,91
2H:0+2e” = Ha(g) + 20H" -0,83
Zntt+ 2 — Zn -0,76
Cr¥+3 = Cr -0,74
Fe™+2e~ = Fe -0,44
Crt +e cr’ - 0,41
Cd*+2 = Cd - 0,40
Co™+2 = Ca -0,28
Ni**+2e~ — Ni -0,27
Sn™*+2e" = Sn -0,14
Pb* + 2e” Pb -0,13
Fe**+3e~ - Fe - 0,06
2H*'+2e- — Halg) 0,00
S+2H +2e- — H.S(q) +0,14
Sn**+2 -~ Sn” +0,15
cu™ +e cu* +0,16
SO +4H'+2e" = SOa(g)+2H,0| +0,17
Cu*+2 = Cu +0,34
2H:0+ 02 +4e™ = 40H + 0,40
SO, +4H +4e- — S+2H20 +0,45
Cu*t+e = Cu +0,52
lo+2e = 21 +0,54
Oa(g) +2H + 2= = H20: +0,68
Fe™* +e Fe? +0,77
NO, +2H +e~ = NOi(g)+H:0 | +0,80
Ag'+e = Ag + 0,80
Hg®* + 2e Ha(f) +0,85
NO; +4H" +3e = NO(g)+2H:0 | +096
Bro(l) + 2= = 2Br +1,07
P +2e = Pt +1,20
MnO,+4H*+2e~ — Mn"" +2H.0 +1,23
Oa(g) + 4H + 4e 2H20 +1,23
Cr202" +14H +6e = 20" +7H0 | +1,33
Cli(g)+2e- = 2CC +1,36
MnO, +8H +5¢ = Mn®" +4H:0 +1,51
HoOo +2H +2e =  2H20 +1 77
Co™ +e Co™* +1,81
Fa(g)+2e- — 2F +2,87
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NAME/NAAM : SYMBOLISIMBOOL VALUE/WAARDE |
] " ozxiomer
kel :
s , 01910
g “
e

TABLE 2: FORMULAE/TABEL 2: FORMULES

m N
n =M n= NA

n _m_ v
c=V or/of c=MV n=Vp
CaVa=Na pH = -log[H20"]
ChVb b

Kw = [H30 JOHT = 1x 10" at/by 298 K

=E
8 g § = 8 5
Ecel catede —Eanode /E sel = Ekatode — Eanode
or/of
=E ,-E =E ,-E
&) " . 5] ) L
ECEIl reduction oxidation ."E sel reduksie cksidasie
or/of
&=E,__a - ¢ /By =E o —E .
EEE" oudising agent reducing agent el oksidearmiddel reduseemi ddled
PV, :pzvz pV=nRT
L T
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