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INSTRUCTIONS AND INFORMATION

10.

11.

12.

Write your name and other information in the approprlate spaces on the ANSWER
BOOK.

The question paper consists of SEVEN questions. Answer ALL the questions in the
ANSWER BOOK.

Start EACH question on a NEW page in the ANSWER BOOK

Number the answers correctly accordlng to the numbenng system used in this question
paper.

Leave one line between two sub-questions, for example between QUESTION 2.1 and
QUESTION 2.2.

You may use a non-programmable pocket calculator. |
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 where
applicable.

Give brief motivations, discussions, et cetera where required.

For Question 5.6 a graph sheet is provided. Submlt the graph sheet together with your
answer book.

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. Write only the letter A, B, C or D next to
the question number (1.1 — 1.5) in your ANSWER BOOK.

1.1

1.2

1.3

1.4

Copyright Reserved

Which one of the following salts, when dissolved in water, will give a solution
with a pH less than 77

A K2SO4
B KC!t
C NH4Ct

D CH3;COONa
Consider the following reaction:
Mg(s) + 2HCE (aq) — Ha(g) + MgCt: (aq)

The rate of the reaction increases when more magnesium is added.
This change is caused by the ...

A increase in surface area

B addition of a catalyst

C increase in concentration of reactants
D change in nature of the reactants

The following equilibrium constant expression is given for a particular reaction.

. [H.0]' [co, T

= e o

For which one of the following reactions is the above K. expression correct?

CsHg(g) + 502(g) = 4HO() + 3CO4(g)
4H,0(g) + 3COx(g) = CsHs(g) + 502(9)
2C3Hg(g) + 702(g) = 8HxO(g) + 6COx(g)
CsHs(g) + 50(g9) = 4H20(g) + 3CO2(g)

OO w>

Which of the following organic compounds has the molecular formula CsH400,?

ethyl ethanoate
butyl ethanoate
ethyl propanoate
propy! butanoate

OO w>
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1.5 The functional group of heptanoic acid is:

O

|1
A -C-C-C-

B -C-H
Al
O .
¢ R-0-H
D _c_o-n
I
o
Copyright Reserved

June 2016 Common Test

()
[10]

Please turn over




Physical Sciences/P2 5
NSC

QUESTION 2 (Start on a new page.)

June 2016 Common Test

Consider the following representation of organic molecules A to E listed in the table

below to answer the following questions:

A Tl) B

-~ C—H

CH3CH20OH

c CHz — CH = CHz — CH,
I l l D
CHs Ct CHs,

4-methylpentanoic acid

E | pentanoic acid

2.1 Write down the
2.1.1 IUPAC name of compound B.

2.1.2 IUPAC name of compound C.

2.1.3 STRUCTURAL FORMULA of the substituent (side chain) of

compound D.

2.1.4 IUPAC NAME of the simplest molecule of which A is the

functional group.

2.2  Compound B reacts with E. Write down the

2.2.1 Structural formula of the organic product formed.

2.2.2 IUPAC name of the organic product formed.

2.2.3 Name or formula of the catalyst used in this reaction.

Copyright Reserved
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QUESTION 3 (Start on a hew page.)

The diagram below shows the conversion of certain organic compounds to other organic
compounds. -

But-1-ene : Haloalkane J
Dilute NaOH
"REACTION 3 ‘
| REACTION 2
Butan-2-ol o \(
3.1~ Write down the IUPAC name of Haloalkane J. v (2)
32  Use STRUCTURAL FORMULAE and write down the balanced equation
for Reaction 3. (4)
3.3  Explain why no H>O must be present ‘during Reaction' 1. (2)

3.4  Alearner wanted to convert Haloalkane J to Butan-2-ol (reaction 2).
However, instead of using dilute NaOH, the learner used a
concentrated NaOH solution in ethanol.

Write down the:
3.4.1 structural formula of the major organic prodUct formed. , (2)
3.4.2 formula(e) of any inorganic product(s) formed. ' (1)

3.5  Susan is given Butan-2-ol, concentrated H,SO, and Cl, gas. Explain
how she could use these chemicals o produce 2,3-dichlorobutane. (4)
| | [15]
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QUESTION 4 (Start on a new page.)

Haloalkanes can be made from alcohols. The following tables provide the boiling points of
some haloalkanes and alcohols.

TABLE 1 TABLE 2
Name Formula | Boiling Name Formula | Boiling
point (°C) point (°C)
chloromethane CH3Cl -24 .1 fluoromethane CHsF -78,3
dichloromethane CH,Cl> 40,1 chloromethane CH»CI -24 1
trichloromethane CHCI3 61,8 bromomethane CH3Br -5,3
tetrachloromethane CCly 76,6 iodomethane CHsl 42.5
TABLE 3
Name Condensed Formula | Boiling point
(°C)

propan-1-ol CsH;,OH 98

propane-1,2-diol CH3;CHOHCH,OH 189

propane-1,2,3-triol | CH,OHCHOHCH,OH 290
4.1  Define the boiling point of a liquid. (2)
4.2 s chloromethane a solid, a liquid, or a gas at 25°C? (1)

4.3  Describe and explain the trend in the boiling points illustrated by
4.3.1 Table 2. (3)
4.3.2 Table 3. (3)

4.4  Identify the compound in Table 1 that has

4.4.1 the lowest vapour pressure. (1)
4.4.2 the highest melting point. (1)
[11]

Copyright Reserved Please turn over



Physical Sciences/P2 8 June 2016 Common Test
NSC

QUESTION 5 (Start on a new page.)

Sodlum thiosulfate reacts with dilute hydrochloric acid to produce a sulfur precipitate.
N328203(aq) + 2HCl(aq) — 2NaCl(aq) + S(s) + SOz(g) + H2O(l)

The formation of the precipitate is used to measure the rate of this reaction.
An investigation was conducted to determine the relationship between concentration
and reaction rate. :

Water was added to different volumes of the same Na;S,0;3 solution as indicated in the
table below.

Each flask is placed on a dark cross against a white background, and the time taken

for the cross to disappear is recorded for each experiment. The results are indicated in the
table below.

Exp no. | Exp no. | Exp no. | Exp no. | Exp no.
1 2 3 4 5
Volume HC2 (cm®) 20 20 20 20 20
| Volume Na,S,0; (cm®) 25 20 15 10 5
Volume of H,0(cm®) | 0 5 | 10 15 20
Concentration of
Na;$,0; (mol.dm™) 0,5 0,4 0,3 0,2
Time (s) 20 28 32 50 100
—t,me (s 0,050 | 0036 | 0031 | 0020 | 0,010
5.1  Define reaction rate. (2)
5.2  ldentify TWO variables that must be controlled in this inve-stigation.' (2)
5.3  Why was HyO added to the Na;S,0;3 in-each experiment? (1
5.4  Calculate the concentration of the Na;S203 in experiment 5. ‘ (3)
5.5  Explain why ?r":]—e is taken to be the reaction rate for each experiment. (3)
i ,

5.6 Use the graph paper provided to draw a graph of reaction rate against
concentration. @

57  State the mathematical relationship between reaction rate and concentration.. (1)
5.8 Explain the relationship in question 5.7 in terms of the molecular collision theory. (3)

[19]
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QUESTION 6 (Start on a new page.)

5 moles of NO,(g) is injected into a 2 dm? container at 330 K. The container is then
sealed. An equilibrium position is attained after time t1. The following reaction takes
place:

2NOx(g) = N2O4(9)
(Brown) (Colourless)

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

g [rommmrom e
—~ 5
£
©
:g: 4
g N02
S
€ :
8§ 2 [T P
O t
O |
1 " NOs
0 ! >
t1 t2 t3
Time (min)
6.1 Calculate the equilibrium constant (Ko) at 330 K. (3)
6.2 ldentify the external change that was made at time t,. )
6.3 State what colour change occurs in the container from t; to t,. &)

6.4 Use Le Chatelier’s Principle to explain the colour change in question 6.3.
A new equilibrium position is attained at time ts. (3)

6.5 Comment on the colour of the gas mixture after time ts. (1)

6.6 Calculate the concentration of the N,O4 at this new equilibrium position,
if the change in QUESTION 6.2 was the only change made to the system. (8)

[17]
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QUESTION 7 (Start on a new page.)

5,3 g of sodium carbonate (Na2CQs) is dissolved in excess pure water.

7.1 Write down the:
7.1.1 balanced reaction for the hydrolysis of {he sodium carbonate in water. (3)
7.1.2 conjugate acid-base pairs in QUESTION 7.1 -.11 » | (2).

7.2  The sodium carbonate solution is now neutralized by 200,00 cm? of a solution
of an acid HZ according to the equation:

Na,COs(g) + 2HZ(g) — 2NaZ(aq) + COy(g) + H,O(C)
‘Calculate the concentration of the HZ solution. | (7)

7.3  NaOH is a strong base. Solid NaOH pellets are dissolved in water to make a
standard solution of concentration 0,20 mol-dm™.

7.3.1 Define a standard solution. . | (2)
7.3.2 Calculate the pH of this solution at 25°C. (4)
[18]
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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

Avogadro-konstante

NAME/NAAM SYMBOL/SIMBOOL VALUE/WAARDE
2?22332.‘155?5;? e p° 1,013 x 10° Pa
Molérs gaseolume by STD Vin 22,4 dm®mol”
Standaardiomperatuar T 273K
Crrge on slecten :
Avogadro's constant N 6,02 x 10%° mol™!

TABLE 2: FORMULAE/TABEL 2: FORMULES

m N -

ne=— N=-—ru

M N,

n m \'

= or/of =— M= ——

Y, VY VA
Cava ,__D_a“ —_ +
vab nb pH - ~Iog[H3O ]

Kw = [HsO"[OH] = 1 x 10™"* at/by 298 K

8 =6 )
E = Ecathode - Eanode

cell

or/of

or/of

0 _ =0 6 0 _
Ecell - Eraductlon - EE‘oxida\tion /Esal - Ereduksle

8 _ =6 ®
/Esel - Ekatode - Eanode

<]
- Eoksldasie

6 _ =8 0 0 _ p=0
Ecell - onldisingagent - Ereducingagenl /Esel - Eoksideermiddel

e
- Ereduseermiddel
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TABLE 3: THE _um..mmOwumO TABLE OF ELEMENTS
TABEL 3: DIE PERIODIEKE TABEL VAN ELEMENTE

T 2 4 -] 6 7 8 8 10 11 12 13 14 15 16 17 18
m a : . : gV vy (V) v (Vi
Atomic number
K KEY/SLEUTEL Atoomgetal . 2
< mm | I _.Mm
3 4 mmmo#o:wmmmﬁw<|v, » NME . Symbol 5 6 7 8 | 9 10
2 Li |2 Be Elektronegatiwiteif - Py Simbooi S B & 0 SN2 e Ne
7 g _ L i1 12 14 16 19 20
i1 12 X ., 13 14 15 16 17 18
2 Na ! Mg . Approximate wmw.mwm/,.m atomic mass 2ALRSIiT PR S gCe Ar
23 24 . Benaderde nwmmmmewm.mwoniﬁmwwm 27 28 31 32| 355 40
18 20 21 22 23 24 25 26 27 28 28 3¢ 31 32 33 34 35 36
2 KI2Cal®Sc@Ti|2VI[2Cr2Mn|2Fe|2Co2 Ni|2Cu|2Zn|2Ga2CGe|3As|3Se 3 Br| Kr
38 40 45 48 51 52 58 56 59 - 59 63,5/ 65| 70 ww 75 79 80. 84
37 38 38 49 41 42 43 44 45 46 47 48 49 50 51 52 53 54
SRb2SrY Y TZr Nb2Mo2Tc¥RulIRh|IPd2AgZCdZIn 2Sn2SkbjgTe|d | | Xe
88 88 89 S1 92 $6 101 103 105 108 112 115 118 122 128 127 131
55 58 57 - 72 73 74 75 76 . 77 78 78 80 81 82 83 84| 85 86
s Cs2Ba| La2Hf| Ta W e| Os| Ir| Pt| Au| Hg2T€ 2Pb |2 Bi |&Po 3 At| Rn
133 137 | 138 178 181 184 186 190 182 i85 197 201 | 204 207 209
87 g8 89 : ,
s Fr 3 me Ac 55 | 59 | 60 | &1 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 68 | 70 | 71
Ce | Pr {Nd | Pm |Sm | Eu |Gd | Tb | Dy Ho | Er | Tm | Yb | Lu
1460 141 144 150 4152 187 158 183 165 167 | 169 | 173 175
90 81 92 83 84 g5 g6 g7 | 98 838 100 101 162 163
Th | Pa | U |Np | PulAm Cm | Bk | Cf Es |Fm | Md | No | Lr
232 238

Please turn over

Copyright Reserved



k7
@
T
<
o
£
&
o)
O
(o]
o
(9]
]
<
S
3
Q
™ W
-z
oN
o
73} ({e] °
5 o g
o) m o
]
w p—a [0
2 . B m
ks ) 2 c
R :
= - >
x Z C &
. — o




()




1aA0 uin} esesld pantesay wbuidon

(r) » YOS%H Jo pioeoUnyns £7°¢

~ aeoueusd slAule 27T

@
(aimonus jo ysa1 Joj dtew | ‘dnold jeuopouny Joj sieud 1)
@
A H H H H H H
I I I _ | |
—90—=90—0—0 ~—~0—0— 90— 9 —H
| I I FooAll | I
H H H H O H H
1'2¢
() A jeueyisul $'1°Z
H
]
] AH—D —
|
H gz
@) A/ SUBXSUOOIYO —¢ 712
(] Aloustie 1L
Z NOLLSIND
fo1l »s+Q L
270 Pl
2,0 €1
sANY 2L
220 1L
L NOILS3ND
WAPUBIOWS-OSN
010g sunf i3] uowwon z Zd/seousog eaisAyd

SN

J2A0 WIN} 9SRS|d

\

sabed g 10 sysisuos wnpuelcwaw spy]

EDQZdEOEmE
i ﬂmﬂl y/»m’\v_km

wvoN MZDﬂ
._.wm._. ZOEEOO

paasesay 1buidon

inoyz

001

0

+ FHIL

SSMAVIN

uonesnp3 jo uswpedaq jeleN-nmzemy

YII4V HLNOS 40 2IM18Nnd3y

uofeonpg oiseg

o




-’

Physical Sciences/P2 3 Common Test June 2016 -
NSC-Memorandum
[10]
-QUESTION 3
3.1 2-chlorobutane v'v 2)
32 H H H v H H H H Y
1 bal}
By ’ T
S A A B B
|
H H H H H O H
T_m (C)]
A\V 3.3 HO will react with but - 1- ene v, using HCl as a catalyst. v 2 { .\w
3.4.1 H H H H
| | I I v
H—C —C = C— C—H
I v _
H H @
342 NaCl + H—O—HY 1)
3.5 Sfrongly heat butan-2-ol ¥ using H.SOs as a catalyst v/, to form but-2-ene.
React but-2-ene with chlorinev” to form 2,3-dichlorobutane. v/ 4
OR H,50,¢
W\Jm OI&OIAOIVOIMOIQ\D _heat CH3CH=CHCHj3 _\.l\,\w
K W/.r
CH3CH=CHCH; + Cl,v' —CH;CHCICHCICH3v
(Accept structural formulae) 18]
QUESTION 4
4.1  The temperature at which the vapour pressure of a liquid equals
atmospheric pressure. v'v 2
42 Gas. v N

4.3.1 The boiling point of a one carbon haloalkane increases v'as the atomic size

Copyright Reserved Please furn over
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of the halogen increases v. The strength of the van der Waals forces
increasesv .
&)
OR

The boiling point of a one carbon haloalkane increasesv'as molecular weight
increases v/, hence the strength of the van der Waals forces also increasesv’.

4.3.2 For the same length carbon chain, the more OH groups present v/,

the higher the boiling point v". More H bonds can form v (3)
4.4.1 tetrachloromethane / carbon tetrachloride or CCly v ()]
4.4.2 tetrachloromethane / carbon tetrachloride or CCly v/ 1)
1]
QUESTION 5

5.1 the change in corcentration of reactants {or products) per unit time. v'v*
OR the amount of reactant used / product formed per unit time. (2)

52  Volume of HCt
Concentration of HCE
Temperature (any 2) vv’ 2
Total volume of solution

5.3 To change the concentration of Na;S,03, OR To dilute the NaxS,03. v 1)

5.4 ,OA <\_ = ON <N v
05 x5 =C x25¢
~Cs =0,1moldm®v 3)

5.5 Since the same amount of S is formed in each casev’,
Reaction rate = amount of S formed v

fime
. reaction rate is inversely proportional to time. v* 3

Copyright Reserved Please turn over
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QUESTION 7

7.11 COs~ + H,O0v = HCO3; + OH v (v balancing)
OR NapCO3z+ HyO = NaHCO3 + NaOH

7.12 COs* and HCO;™ v
Hz0 and OH v
ACCEPT: NaxCOjz and NaHCO3
H,O and NaOH

7.2 n(NaxCQOz) =m
M

n(HZ) =2 x n(NayCO3) ¥
=0,1 mo!

o(HZ) = nv
A

= 2x005v
0,2
=0,5 mol.dm™ v’

OR
Cg=m/MVp v=5,2/(106 x Vg) v = 0,05/Vs
CaVa/CgVs = nali nbv’
Ca X 0.2v/(0,05/g)x(VB)] v'= 2+
Ca=0,5 mol.dm™v

Common Test June 20186

©)

)

@

7.3.1 A solution whose concentration is known v'v/ Ams.a will remain

constant for a peried of time).

0,2 mol.dm™
1x 10

7.32 TOH1]
[OH][Hs0"]

]

Copyright Reserved
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[Hs0%] = 1x10™

pH
OR
pOH
pH
Copyright Reserved

0,2v
= 5x10™ mol.dm™

il

-log [H3071 v
- log (5 x 107
=133 ¥

It

=-log [OH]
=-log (0,2) ¥
=07

= 14 —pOHY
=14-0,7
=13,3v

Common Test June 2016
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