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INSTRUCTIONS AND INFORMATION

1.

10.
11.

12.
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Write your centre number and examination number in the appropriate spaces
on the ANSWER BOOK.

This question paper consists of TEN questions. Answer ALL the questions in
the ANSWER BOOK.

Start EACH question on a NEW page in the ANSWER BOOK.

Number the answers correctly according to the numbering system used in this
question paper.

Leave ONE Iline between two subquestions, for example between
QUESTION 2.1 and QUESTION 2.2.

You may use a non-programmable calculator.

You may use appropriate mathematical instruments.

You are advised to use the attached DATA SHEETS.

Show ALL formulae and substitutions in ALL calculations.

Round off your final numerical answers to a minimum of TWO decimal places.
Give brief motivations, discussions, et cetera where required.

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 1.11 E.

1.1 A compound with the general formula C,Hzn+2 is an ...

A alkane.

B  alkene.

C alkyne.

D alcohol. (2)
1.2 Which ONE of the following is a product in ALL neutralisation reactions?

A H

B HO

C OH

D NaCt (2)

1.3 Which ONE of the following pairs of products is formed during the catalytic
oxidation of ammonia?

A N02 and Hzo
B NO and H,O
C NO and NO»

D  H,O and HNO; (2)
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1.4 Consider the following potential energy diagram for a chemical reaction:
A
120
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>
2~ 804
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© £ 604
€32
Q=
5 40+
o
20+
0 >

Course of reaction

Which ONE of the following shows the values of the total energy change and
the activation energy for this reaction?

Energy change | Activation energy
(kJ-mol™) (kJ-mol™)
A 80 40
B 60 100
C 40 80
D -40 80
1.5 Which ONE of the following is a functional isomer of butanoic acid?
O
A H— O—(|3|—CH —CHg3 g |CHs— C—O—CH;—CHs
Eh
H H H O
c H—(|3—(|3—(|3—(|3—O—H D H—Cl:—C—CHz—CH3
Y |
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1.6

1.7

1.8
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In the flow diagram below P and Q represent two organic compounds.

HBr NaOH(aq)
CH;=CH, — P heat Q (major product)

Compound Q is:

A CH,CH;
B CH3CH3
C CH3CHQBF

D CH3CH,0OH

Chromate ions and dichromate ions are in equilibrium with each other in an
aqueous solution according to the following balanced equation:

2CrO% (aq) + 2H'(aq) = Cr,0% (aq) + H,O ({)
yellow orange

Which ONE of the following reagents should be added to change the colour of
the solution to yellow?

A HNOs3

B HCt

C NaOH

D CH3;COOH

Which ONE of the following is a NON-SPONTANEOUS redox reaction? Refer
to the Table of Standard Reduction Potentials (Table 4A or 4B).

A Zn(s) + 2HCI(aq) — ZnCly(aq) + H2(g)
B  Cu(s) + FeCly(aq) — CuCly(aq) + Fe(s)
C  2AgNOgs(aq) + Cu(s) — Cu(NOgz)2(aq) + 2Ag(s)

D  2As) + 3Ni(NO3).(aq) — 2AYNO3)s(aq) + 3Ni(s)

Please turn over
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1.9 In the electrochemical cell below the letters X and Y represent two metal
electrodes.
Electrode X Electrode Y

When the cell is functioning, ELECTRODE X GAINS MASS.

Which ONE of the following is the CORRECT cell notation for this cell?

A Y(s)| Y*(aq) || X*(aq) | X(s)

B X(s)|X'(aq) Il Y*'(aq) | Y(s)

C  X'(aq) | X(s) I Y(s) | Y*"(aq)

D Y*(aq)| Y(s) Il X(s) | X"(aq) (2)

1.10 Graph Q (the solid line) below was obtained for the reaction of 100 cm® of a
0,1 mol-dm™ HC! solution with excess magnesium powder.

Which graph (A, B, C or D) most probably represents the reaction of 100 cm®
of a 0,1 mol-dm™ CH3COOH solution with excess magnesium powder?

A A

—
——
—_——

. o —

Volume H;gas
produced (cm®)

v

Time (s)

(2)
[20]
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QUESTION 2 (Start on a new page.)

Consider the organic compounds A to F below.

2.1

2.2

2.3

DBE/2016

| )
CH3 H
A ~Sc—c H—C—C=C—C—H
CHs™ ~CHs, I I
H CH3

C | CH3CH,CH,CH,0OH 2,2-dimethylpropane

Toon T
E H—(|;—O—C—(|3—C|)—H CH3CHC(CH3)2

H H H

Write down the LETTER that represents a compound that:

2.1.1

2.1.2

2.1.3

Has a carbonyl group

Is an alcohol

Is a CHAIN ISOMER of CH3(CH3)sCHj

Write down the:

2.21

2.2.2

2.2.3

IUPAC name of compound B

Structural formula of compound F

IUPAC name of a POSITIONAL isomer of compound A

Compound E is formed when a carboxylic acid reacts with another
organic compound.

Write down the:

2.3.1

2.3.2

2.3.3

Homologous series to which compound E belongs

NAME or FORMULA of the catalyst used for the preparation of

compound E

IUPAC name of compound E

Copyright reserved
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QUESTION 3 (Start on a new page.)

The relationship between boiling point and the number of carbon atoms in straight
chain molecules of alkanes, carboxylic acids and alcohols is investigated. Curves P, Q
and R are obtained.

GRAPH OF BOILING POINT VERSUS NUMBER OF C ATOMS

A
500 | —-¢Curve R
S Jaamum 1 H-CHeCurve Q
400 - A
o 1
< = BEBHC T=ums "_aCurve P
E . =
o = -t 1
o [ &
> 300 =
£ = di
2 pe
200 rz
100 >
1 2 3 4 5 6 7
Number of C atoms
3.1 Define the term boiling point. (2)
3.2 For curve P, write down a conclusion that can be drawn from the above
results. (2)
3.3 |dentify the curve (P, Q or R) that represents each of the following:
3.3.1 Alkanes (1)
3.3.2 Carboxylic acids (1)

3.4 Explain the answer to QUESTION 3.3.2 by referring to the:

e Types of intermolecular forces present in alkanes, carboxylic acids and
alcohols

Relative strengths of these intermolecular forces
e Energy needed (5)

[11]
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QUESTION 4 (Start on a new page.)

The flow diagram below shows how prop-1-ene can be used to prepare other organic
compounds.

B
compound X D, prop-1-ene _Cc .
(major product) “Br ‘

alcohol
(major product)

E
F
4.1 Write down the type of reaction represented by:
4.1.1 A (1)
4.1.2 D (1)
413 F (1)
4.2 Write down the:
4.2.1 NAME or FORMULA of the catalyst needed for reaction A (1)
422 NAME or FORMULA of the inorganic reagent needed for
reaction B (1)
423 Type of addition reaction represented by reaction C (1)
424 IUPAC name of compound X (2)
4.3 Use structural formulae to write down a balanced equation for reaction B. (5)
4.4 Both reactions D and E take place in the presence of a strong base.
State TWO conditions that will favour reaction D over reaction E. ﬁ;]
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QUESTION 5 (Start on a new page.)

The reaction between dilute hydrochloric acid and sodium thiosulphate (Na;S,0z3) is
used to investigate one of the factors that influences reaction rate. The balanced
equation for the reaction is:

Na,»S,03(aq) + 2HCY(aq) — 2NaCl(aq) + S(s) + H,0(f) + SO4(g)

The hydrochloric acid solution is added to the sodium thiosulphate solution in a flask.
The flask is placed over a cross drawn on a sheet of white paper, as shown in the
diagram below. The time that it takes for the cross to become invisible is measured to
determine the reaction rate.

flask
Na,S203(aq) + HC{(aq)

white paper

\r@ T

Four experiments, A to D, are conducted during this investigation. The volumes of
reactants used in each of the four experiments and the times of the reactions are
summarised in the table below.

Volume of Volume of Volume of
Experiment Naz(Sczr(:;,)(aq) H,0(€) (cm?) HCe(aq) (cm®) Time (s)
A 25 0 5 50,0
B 20 5 5 62,5
C 15 10 5 83,3
D 10 15 5 125,0
5.1 State TWO factors that can influence the rate of the reaction above.
5.2 Write down the NAME or FORMULA of the product that causes the cross to
become invisible.
5.3 Give a reason why water is added to the reaction mixture in experiments B
to D.
5.4 Write down an investigative question for this investigation.
5.5 In which experiment (A, B, C or D) is the reaction rate the highest?
5.6 Use the collision theory to explain the difference in reaction rate between
experiments B and D.
5.7 The original Na,S,03; solution was prepared by dissolving 62,50 g Na;S,03

Copyright reserved

crystals in distilled water in a 250 cm?® volumetric flask.

Calculate the mass of sulphur, S, that will form in experiment D if Na;S,03 is
the limiting reactant.
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(7)
[17]



Physical Sciences/P2 11 DBE/2016
SCE

QUESTION 6 (Start on a new page.)

Carbon dioxide reacts with carbon in a closed system to produce carbon monoxide,
CO(g), according to the following balanced equation:

COy(g) + C(s) = 2C0O(9) AH>0
6.1 What does the double arrow indicate in the equation above? (1)
6.2 Is the above reaction an EXOTHERMIC reaction or an ENDOTHERMIC
reaction? Give a reason for the answer. (2)

Initially an unknown amount of carbon dioxide is exposed to hot carbon at 800 °C in a
sealed 2dm® container. The equilibrium constant, K., for the reaction at this
temperature is 14.

At equilibrium it is found that 168,00 g carbon monoxide is present.

6.3 How will the equilibrium concentration of the product compare to that of the
reactants? Choose from LARGER THAN, SMALLER THAN or EQUAL TO.

Give a reason for the answer. (No calculation is required.) (2)
6.4 Calculate the initial amount (in moles) of CO2(g) present. (9)

6.5 State how EACH of the following will affect the yield of CO(g) at equilibrium.
Choose from INCREASES, DECREASES or REMAINS THE SAME.

6.5.1 More carbon is added at constant temperature. (1)

6.5.2 The pressure is increased. (1)

6.5.3 The temperature is increased. (1)
[17]
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QUESTION 7 (Start on a new page.)
7.1 Hydrogen carbonate ions react with water according to the following balanced
equation:
HCOj;(aq) + H20(f) = H2COs(aq) + OH (aq)
7.1.1 Define an acid according to the Lowry-Bregnsted theory. (2)

7.1.2 Write down the FORMULAE of the two acids in the equation

above. (2)
7.1.3 Write down the formula of a substance in the reaction above that
can act as an ampholyte. (1)
7.2 During an experiment 0,50 dm® of a 0,10 mol-dm™ HC! solution is added to

0,80 dm® of a NaHCO; solution of concentration 0,25 mol-dm™. The balanced
equation for the reaction is:

NaHCOs(aq) + HC!(aq) — NaCk(aq) + CO(g) + H,O(¥)

Calculate the:

7.2.1 Concentration of the hydroxide ions in the solution on completion of
the reaction (8)
7.2.2 pH of the solution on completion of the reaction (4)

[17]
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QUESTION 8 (Start on a new page.)

Magnesium (Mg) reacts with a dilute hydrochloric acid solution, HC{(aq), according to
the following balanced equation:

Mg(s) + 2HCl(aq) — MgCtz(aq) + H2(9)
8.1 Give a reason why the reaction above is a redox reaction. (1)
8.2 Write down the FORMULA of the oxidising agent in the reaction above. (1)
It is found that silver does not react with the hydrochloric acid solution.
8.3 Refer to the relative strengths of reducing agents to explain this observation. (3)

The reaction of magnesium with hydrochloric acid is used in an electrochemical cell, as
shown in the diagram below. The cell functions under standard conditions.

)
N\
_ I
hydrogen gas Q
| g
~ -
(=] ° ~.0
platinum ———= B ]5'9 ||
1 mol-dm™®H*(aq) —+— +«———Mg**(aq)
L J \ J
half-cell A half-cell B
8.4 What is the function of platinum in the cell above? (1)
8.5 Write down the:
8.5.1 Energy conversion that takes place in this cell (1)
8.5.2 Function of Q (1
8.5.3 Half-reaction that takes place at the cathode (2)
8.5.4 Cell notation of this cell (3)
8.6 Calculate the initial emf of this cell. 4)
8.7 How will the addition of concentrated acid to half-cell A influence the answer
to QUESTION 8.67 Choose from INCREASES, DECREASES or REMAINS
THE SAME. (1)

[18]
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QUESTION 9 (Start on a new page.)

The diagram below shows an electrochemical cell used to purify copper. A solution that
conducts electricity is used in the cell.

A—] —B
9.1 Write down:
9.1.1 ONE word for the underlined phrase above the diagram (1)
9.1.2 The type of electrochemical cell illustrated above (1)
9.2 In which direction (from A to B or from B to A) will electrons flow in the
external circuit? (1)

9.3 Which electrode (A or B) is the:

9.3.1 Cathode (1)
9.3.2 Impure copper (1)
9.4 How will the mass of electrode A change as the reaction proceeds? Choose

from INCREASES, DECREASES or REMAINS THE SAME.

Give a reason for the answer. (2)

[7]
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QUESTION 10 (Start on a new page.)

A chemical company produces ammonium sulphate, (NH4)2SOq, starting from the raw
materials P, Q and R, as shown in the flow diagram below.

P Q R
SO2(g)
\ 4 A\ 4
nitrogen hydrogen *
Ig Y Ig S0s(g)
| reaction 1
A 4
process 1 oleum
compound X compound Y
(NH4)2SOq4

10.1 Write down the NAME of raw material:

1011 P (1)
1012 Q (1)
10.1.3 R (1)

10.2 Write down the:

10.2.1  NAME of process 1 (1)
10.2.2 NAME of compound X (1)
10.2.3 FORMULA of compound Y (1)
10.2.4 Balanced equation for reaction 1 (3)

10.3 The company compares the nitrogen content of ammonium sulphate with that
of ammonium nitrate, NH4NOs.

10.3.1  Determine, by performing the necessary calculations, which ONE of
the two fertilisers has the higher percentage of nitrogen per mass. (4)

10.3.2 Write down the name of the process that should be included in the
flow diagram above if the company wants to prepare ammonium
nitrate instead of ammonium sulphate. (1)
[14]
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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

DBE/2016

NAME/NAAM SYMBOL/SIMBOOL VALUE/WAARDE
S ; 1013x10°Pa
B e e e "
Sinderd omporare v

Charge o dlecn :
Avegai’sconin .

TABLE 2: FORMULAE/TABEL 2: FORMULES

n:m nzl
M N,
c:ﬂ- orfof c=—— n:lL
v Vi
Cava na +
C.v, = E pH = -log[H307]

Kw = [H30*J[OHT = 1 x 10™ at/by 298 K

cell oxidisingagent

reducing agent sel

[} [} [} 0 [} ¢}
EceII = Ecathode - Eanode/EseI = Ekatode - Eanode
or/of
5] (5] [} (5] (5] [}
EceII = Ereduction - onidation/E = Ereduksie - Eoksidasie
or/of
E, =E° - ES JE®, = E° - E°

oksideermiddel reduseermiddel
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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) (1) _ am @av) (V) (Vi) (Vi) (Vi)
Atomic number
1 KEY/SLEUTEL Atoomgetal 2
~ H He
1 4
29
3 4 Electronegativity | o, Cu <« Symbol 5 6 7 8 9 10
S Li | Be Elektronegatiwiteit | ~ 63.5 Simbool I < p e 0|3 Ne
7 9 ’ 11 12 14 16 19 | 20
11 12 T 13| 14| 15| 16| 17| 18
= Na & Mg Approximate relative atomic mass CALESIi S PSS (SCel 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
g K2Cal2Sc2Ti| 2 SCriZMn2Fe|ZCo|2 Ni |2Cu|ZZn |2Gal2Ge|gAs |3 Se|sBr| Kr
39 40 45 48 51 52| 55| 56| 59| 59| 635/ 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
SRb2Sr®Y TZr| Nb2ZMo2Tc|dRU|SRh|IPd|2Ag|=Cd=In 2Sn|2Sb|xTeld | | 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
S Cs2Ba| La2Hf| Ta|] W| Re| Os| Ir| Pt| Au| Hg|2Te 2Pb|2 Bi [SPo |2 At| Rn
133| 137 139| 179| 181 184| 186| 190| 192| 195| 197| 201| 204| 207 | 209
87 88 89
N~ o
s Fr i3 ;Rz% 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: STANDAARD-REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies EC (V)
Fa(g)+2e = 2F +2,87
Co™+e ~ Co* +1,81
H,0; + 2H" +2¢~ 2H,0 +1,77
MnO, +8H +5e = Mn” +4H,0 +1,51
Cly(g)+2e = 2CU +1,36
Cr0% +14H +6e” = 2Cr" +7H0 | +1,33
Ou(g)+4H +4e” = 2H20 +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.0 | +0,96
Hg* +2e~ = Hg() +0,85
Ag' +e Ag +0,80
NO, +2H" +e NOx(g) + H.O | +0,80
Fe*'+e - Fe” +0,77
O2(g)+2H +2e” —~ H20; +0,68
l+2e = 2 +0,54
Cu"+e = Cu +0,52
SO, +4H" +4e” ~ S +2H,0 +0,45
2H20 + Oz +4e” — 40H" +0,40
Cu®* +2e Cu +0,34
SO2” +4H"+2¢ = SOa(g)+2H0 | +0,17
Cu¥*+e = Cu' +0,16
sn*+2e - sn® +0,15
S+2H " +2e” —~ H2S(g) +0,14

2H"+2e~ - Haz(g) 0,00

Fe** +3e -~ Fe - 0,06
Pb** +2e" ~ Pb -0,13
Sn**+2 ~ Sn - 0,14
NiZ* +2e~ = Ni - 0,27
Co®*+2e = Co -0,28
Cd®*+2e - Cd - 0,40
crt+e -~ Cr* - 0,41
Fe* +2e -~ Fe - 0,44
Cr*+3e¢ = Cr - 0,74
Zn*+2e -~ ZIn -0,76
2H20 +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?*+2e° -~ Ca ~ 2,87
S**+2e =~ Sr - 2,89
Ba®*+2¢” - Ba - 2,90
Cs'+e - Cs -2,92
K'+e = K -2,93
Li*+ e Li -3,05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD-REDUKSIEPOTENSIALE

4

SCE

Half-reactions/Halfreaksies EC (V)
Lif+e = Li - 3,05
K'+e = K -2,93
Cs'+e = Cs -2,92
Ba®+2e - Ba -2,90
Sr**+2e -~ Sr -2,89
Ca®*+2e -~ Ca ~ 2,87
Na"+e" = Na -2,71
Mg® +2e” -~ Mg -2,36
AP +3e -~ A -1,66
Mn* +2e” = Mn ~-1,18
Cr*+2e = Cr - 0,91
2H20 +2e" = Ha(g) + 20H" -0,83
Zn*"+2e" ~ Zn - 0,76
Cr*+3e = Cr - 0,74
Fe?*+2¢ ~ Fe - 0,44
cr+e -~ Crf - 0,41
Cd**+2¢ -~ Cd - 0,40
Co**+2e = Co -0,28
NiZ* +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” = H2S(g) +0,14
Sn* +2 -~ Sn* +0,15
Cu¥*+e - CuU +0,16
SOZ +4H'+2e° — SOu(g)+2H.0 | +0,17
Cu**+2e = Cu +0,34
2H,0 + Oy +4e” = 40H" +0,40
SO, +4H +4e” ~ S+2H,0 +0,45
Cul+e = Cu +0,52
l+2e = 2 +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() +0,85
NO, +4H"+3e” —~ NO(g)+2H.O | +0,96
Bro(f) +2e° = 2Br +1,07
PP*+2e - Pt +1,20
MnO,+4H" +2e~ ~ Mn®" +2H,0 +1,23
Ou(g)+4H +4e” = 2H20 +1,23
Cr0% +14H'+6e = 2Cr" +7H0 | +1,33
Cla(g) + 2~ 2Cr +1,36
MnO, +8H +5e = Mn® +4H,0 +1,51
Ho,0, +2H +2e” = 2H20 +1,77
Co®+e ~ Co* +1,81
Fa(g)+2e = 2F +2,87

Increasing reducing ability/ Toenemende reduserende vermoé

DBE/2016



	SENIOR CERTIFICATE EXAMINATIONS
	MARKS:  150

	Standaarddruk
	Molêre gasvolume by STD
	Standaardtemperatuur
	TABLE 3: THE PERIODIC TABLE OF ELEMENTS

