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Section A

For each question there are four possible answers, A, B, C and D. Choose the one you 
consider to be correct.

1 Bones contain a complex mixture of calcium salts, protein and other material. When a 
bone is strongly heated in a current of air, the only residue is calcium oxide.

From a sample of 50.0 g of bone, 14.0 g of calcium oxide were obtained.

What is the percentage by mass of calcium in the bone?

A 10.0 % B 14.0 % C 20.0 % D 23.3%

2 0.35 g of A2CO3 (a carbonate of A) is found to react completely with 50 cm3 of  
0.10 mol dm–3 hydrochloric acid. 

What is the relative atomic mass of A?

A 10 B 40 C 80 D 140

3 Use of the Data Booklet is relevant to this question.

Sodium percarbonate, (Na2CO3)x.y(H2O2), is an oxidising agent found in home and 
laundry cleaning products. 

On acidification, 15.0 cm3 of 0.100 mol dm–3 sodium percarbonate produces 72 cm3 of 
carbon dioxide at r.t.p.. 

In another experiment, 10.0 cm3 of 0.050 mol dm–3 sodium percarbonate requires 12.0 cm3

of 0.0500 mol dm–3 acidified KMnO4 for complete reaction. Given that

2MnO4
– +  5H2O2 +  6H+ 2Mn2+ +  8H2O  +  5O2 

What is the ratio of 
y
x ? 

A 
3
1 B 

1
3 C 

2
3 D 

3
2

4 Which ion has more electrons than protons and more protons than neutrons?
[ HH 1

1 ; HD 2
1 ; OO 16

8 ] 

A D–

B D3O+

C OD–

D OH–
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5 Consider fixed mass of an ideal gas at a constant temperature and occupy a vessel of 
volume V at a pressure p.  

Which graph does not show the correct relationship between p and V for this gas?

                               A                                       B

C D

6 Which of the following is not a planar molecule?

A BCl3

B ICl3

C CH2=C=CH2

D CH2=CH–CH=CH2

7 Which of the following statements describes a phenomenon which cannot be explained by 
hydrogen bonding?

A Ice has a lower density than water at 0 oC.

B The boiling point of alcohols increases with increasing relative molecular mass.

C Ethanoic acid molecules form dimers when dissolved in benzene.

D Ammonia, NH3 is more soluble than phosphine, PH3 in water.

8 Which of the following is true about sodium chloride?

A It can act as an electrolyte in molten form.

B It is soluble in cyclohexane.

C It is malleable and ductile.

D It has a solid lattice where each Na+ is surrounded by one Cl–.

p

V

V

1/p

pV

V

p

1/V

www.KiasuExamPaper.com 
3



9 A student conducted an experiment to determine the enthalpy change of solution of 
MgSO4 in water. 9.00 g of solid MgSO4 was added to 150 g of water and the temperature 
of the solution was noted at various time intervals.

Using the data obtained from the experiment, the following graph was obtained. The 
specific heat capacity of water is 4.18 kJ kg–1 K–1. 

What is the enthalpy change of solution of MgSO4 based on the data obtained from the 
experiment?

A +79.9 kJ mol–1

B –80.5 kJ mol–1

C –90.6 kJ mol–1

D +91.2 kJ mol–1

10 Which of the following is a correct statement about the effect of a catalyst on a reversible 
reaction?

A It increases the speed of the colliding particles.

B It increases the rate constant of the reaction in both directions.

C It increases the number of collisions between the reactant particles.

D It increases the yield of product in a reversible reaction.

time when MgSO4 was added

www.KiasuExamPaper.com 
4



11 The mechanism for the iodination of propanone in aqueous acid is thought to be as 
follows.

CH3 C CH3

O
CH3 C CH3

OH

CH2 C CH3

OH
CH2ICOCH3   +   HI

I2, fastslowH+, fast

What are the orders of reaction with respect to iodine and propanone?

iodine propanone

A 0 1

B 0 2

C 1 0

D 1 1

12 The equilibrium constant, Kp for the reaction: 2J(g) + K(g) L(g) varies with 
temperature T as shown in the diagram below.

What conclusion can be drawn regarding the above reaction?

A The equilibrium mixture contains a higher proportion of L at lower temperatures.

B The equilibrium mixture contains a higher proportion of L at lower pressures.

C The reverse reaction is endothermic.

D Introducing an inert gas at constant p and T will cause the position of equilibrium to 
shift left.

13 At body temperature of 37 oC, Kw has a value of 2.4 x 10–14.

What is the concentration of OH– if the pH of blood is 7.4 under these conditions?

A 7.00 x 10–7 B 6.03 x 10–7 C 2.51 x 10–7 D 3.98 x 10–8

14 An acidic buffer can be prepared by mixing aqueous solutions of benzoic acid and sodium 
benzoate.

What is the pH of an aqueous solution containing 0.1 mol dm–3 sodium benzoate and  
0.01 mol dm–3 benzoic acid?
[Ka (benzoic acid) = 6 x 10–5 mol dm–3]

A 3.22 B 4.22 C 4.78 D 5.22

Kp

1/T
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15 A 1 mol sample of ethanoic acid is diluted at constant temperature to a volume V.

Which diagram shows how Ka, the acid dissociation constant, varies with V?

                               A                                       B

C D

16 Public swimming pools are often chlorinated to kill bacteria. As an alternative to 
chlorination, silver ions can be used in a concentration of not more than 10–6 mol dm–3 and
not less than 10–7 mol dm–3 of silver ions.

Which compound would, in saturated solution, provide the necessary concentration of 
silver ions?

compound solubility product

A AgBr 5 x 10–13 mol2 dm–6

B AgCl 2 x 10–10 mol2 dm–6

C AgIO3 2 x 10–8 mol2 dm–6

D Ag2CO3 5 x 10–12 mol3 dm–9

17 Which hydrocarbon can form a monochloro–substitution derivative which shows both
chirality and cis–trans isomerism?

A CH3CH=CH2

B (CH3)2C=CH2

C CH3CH=C(CH3)2

D CH3CH=CHCH2CH3

Ka

V

Ka

V

Ka

V

Ka

V
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18 Limonene is a constituent of lemon oil and is a useful starting material for the manufacture 
of perfumes.

limonene

How many chiral centres are there in the compound formed by reacting limonene with cold 
acidified potassium manganate(VII)?  

A 2 B 3 C 4 D 5

19 Deuterium, D, is a heavy isotope of hydrogen. Deuteriobenzene is reacted with a mixture 
of nitric acid and sulfuric acid under controlled conditions, so that only mononitration takes 
place.

Assuming that the carbon–deuterium bond is broken as easily as a carbon–hydrogen 
bond, which proportion of the nitrated products will be 3–nitrodeuteriobenzene?

D D

NO2

deuteriobenzene 3-nitrodeuteriobenzene

A 16 % B 20 % C 33 % D 45 %

20 Which compound cannot be made directly from methylbenzene?

                               A                                       B
CH3

Cl

CH2Cl

C D
CH3

Br

CO2H
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Section B

For each of the question in this section, one or more of the three numbered statements 1 to 3
may be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick 
against the statements that you consider to be correct.)

The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

21 Which of the following has the same numbers of atoms as 500 cm3 of 0.5 mol dm–3 HCl at 
standard temperature and pressure?

1 65.5 g of Xe 

2 10.2 g of Al2O3

3 11.2 dm3 of O3

22 A 30 cm3 mixture of gaseous hydrocarbons R and S, in the ratio of 1:2, was sparked with 
an excess of oxygen. After cooling to room temperature, 100 cm3 of the residual gas was 
absorbed by sodium hydroxide.

Which of the following pairs of hydrocarbons could be R and S?

R S
1 C2H6 C4H8

2 C4H12 C3H6

3 C3H8 C2H4

23 The equations for three reactions involving Cl2, SO2 and H2S are given below.

I Cl2(g) + 2H2O(l) + SO2(g) 2HCl(aq) + H2SO4(aq)

II Cl2(g) + H2S(g) 2HCl(g) + S(s)

III SO2(g) + 2H2S(g) 2H2O(l) + 3S(s)

Which of the following deductions can be made from the information above?

1 Cl2 is the weakest reducing agent.

2 H2S is the strongest reducing agent.

3 The oxidation number of S changes from –2 in H2S to 0 in S for reaction II.
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24 A species U has the following electronic configuration.

What could U be?

1 Ar2– ion 

2 S atom

3 Cl+ ion

25 In which sequence are the molecules quoted in order of increasing bond angle within the 
molecules?

1 H2O   CCl4 SO3

2 SF6         H2O     CO2

3 NH3     BCl3 BeCl2

26 Which class of reaction always has an exothermic enthalpy change?

1 Combustion

2 Neutralisation 

3 Electron affinity

27 In which processes will S be positive?

1 CO2(s) CO2(g)

2 N2O4(g) 2NO2(g)

3 CaO(s) + CO2(g) CaCO3(s)

28 Which set of solutions of equal volume when mixed will give an acidic buffer?

1 0.05 mol dm–3 HCl and 0.10 mol dm–3 CH3CO2Na 

2 0.10 mol dm–3 CH3CO2H and 0.10 mol dm–3 NaOH

3 0.10 mol dm–3 CH3CO2H and 0.05 mol dm–3 Ca(OH)2
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

29 Using a colorimeter, the following reaction is studied by finding the time taken for the 
coloured reactant, V, to decolourise. The reaction is catalysed by X. 
                                                       
                               V   +    W        Y    +     Z 

The following results were obtained.

Experiment
Volume of V
added / cm3

Volume of W
added / cm3

Volume of X
added / cm3

Volume of 
H2O added / 

cm3

Time taken 
for colour of 

V to 
disappear / s

1 5 5 5 10 40
2 5 20 10 15 10
3 10 20 10 10 20
4 10 20 5 15 40

Which of the following deductions can be made from the information above?

1 The reaction is first order with respect to X.

2 W is not involved in the rate–determining step.

3 The overall order of the reaction is 3.

30 A hydrocarbon, on heating with an excess of hot concentrated acidic KMnO4(aq), 
produces HO2CCH2CH2CH2COCH3. 

What could the hydrocarbon be?

1
CH3

2 CH3

3 
CH3

X
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H2 Chemistry 9647 AJC JC1 PROMO 2012 Paper 1 – 30 marks

Question 
Number Key Question 

Number Key

1 C 16 A
2 B 17 D
3 D 18 C
4 D 19 C
5 B 20 A

6 C 21 B
7 B 22 B
8 A 23 A
9 C 24 C

10 B 25 A

11 A 26 B
12 D 27 B
13 B 28 D
14 D 29 D
15 A 30 C
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7 B 22 B
8 A 23 A
9 C 24 C

10 B 25 A

11 A 2266 BB
12 D 22222222222222222222222222222222222222222222227777777777777777777777777777777777777777777777777777 B
13 B 22222222222222222222222222222222222222222888888888888888888888888888888888888888 DD
14 D 222222222222222222222222222222222222222222222222999999999999999999999999999999999999999 DD
15 A 30 C



H2 Chemistry 9647 2012 Promotional Examinations P1 Suggested Solutions

1
n(CaO) obtained = 

)0.161.40(
0.14   

      = 0.250 mol
= n(Ca) in bone

mass of Ca in bone = 0.250 x 40.1
          = 10.0 g

% by mass of Ca in bone = %100x
0.50
0.10

      = 20.0 %

C

2 A2CO3 + 2HCl 2ACl + CO2 + H2O

n(HCl) used = )10.0(
1000

50 = 0.00500 mol

n(A2CO3) reacted = ½ n(HCl) used
       = 0.00250 mol

Molar mass of A2CO3 =
00250.0

35.0

             = 140 g mol–1

Ar of A =
2

)]0.16(30.12[140

= 40.0

FYI: A is likley to be K. The Ar calculated is higher than that of K because the A2CO3
may not be pure and hence the amount of HCl used is lower than expected. A more 
accurate way to determine the Ar of A is to collect the volume of CO2 evolved and use 
it to determine the amount of CO2.

B

3 Na2CO3 +  2H+ 2Na+ +  CO2 +  H2O

n(Na2CO3) = n(CO2) = 67.2/22400 = 0.003 mol
n(sodium percarbonate) = 15.0/1000 x 0.100 = 0.0015 mol
n(sodium percarbonate) : n(Na2CO3)
                 1                    :         x 
            0.0015                :      0.003
Thus, x = 2 

n(KMnO4
–) = 12.0/1000 x 0.0500 = 0.0006 mol

n(H2O2) = 5/2 x 0.0006 = 0.0015 mol
n(sodium percarbonate) = 10.0/1000 x 0.050 = 0.0005 mol
n(sodium percarbonate) : n(H2O2)
                 1                    :         y 
            0.0005                :      0.0015
Thus, y = 3 

ratio of 
3
2

y
x

D
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A2CO3 + 2HCl 2ACl + CO2 + H2O

n(HCl) used = )10.0(
1000

50 = 0.00500 mol

n(A2CO3) reacted = ½ n(HCl) used
     = 0.00250 mol

Molar mass of A2CO3 =
00250.0

35.0

           = 140 g mooooooooooolllllll–1–1–1–1–1–1–1–––

Ar of A =
2

)]0.16(30.12[140 0.12[

= 40.0

FYI: A is likleeeeeeeeey yyyyyyyyy tooooooooooo bbbbbbbbbee eeeeeeeee K. TTTTTTTTTThehehehehehehehehehee AAAAAAAAAAr cacacacacacacacaccc lclclclclclclclccculuuuuuuuuu ateddddddddd iiiiiiiis ssssssss ss hihihihihihihihihiighghghghgghghghghghg ererererererereerer than that of K because the A2CO3
may not be ppppppppppure anananananananaanannddddddddddd heeeeeeeeencncncncncncncncncce the amamamamamamamamammmououououououououuouounnntntnntnnntn ooooooooooof ff f fff f f f HCHCHCHCHCHCCHCHCHCHCllllllllll uuususuususuuused is lower than expected. A more
accurararararararaaararaatetetetetetetetetetete wayayayayayayayayayayay to deteeeeeeeeeermrmmrmmrmrmrmrmrmmineeee eeeee ttthtttttttt e Arr ofofofofofoffffff AAAAAAAAAAA isisisisisissisiss to ooooo cococococococococollect the volume of CO2 evolved and use
it to deeeeeeeeeetetetettetettttttttttttt rmrmrmrmrmrmrmrmrmrmmine eeeeeeeeee thththththththththheeeeeeee amououoouououoouououountntntntntntntnntnt of COCOCOCOCOCOCOCOCOO2222222222.

Na2CO3 ++++++++++ 2222222222H+ 2N2N2N2N2N2N2N2N2N2NNaaaaaaaaaa+++++++++ +++++++++  CO2 +  H2O

n(Na2CO3) = n(n(n(n(n(n(n((n(n(n(COCOCOCOCOCOCOCOCOCOCO222222) ==== 6767676767676767676767.2/22400 = 0.003 mol
n(sodium percaaaaarbrbrbrbrbrbrbrbrbrbonononononnononono atatatatatatatatatata e)eeee  = 15.0/1000 x 0.100 = 0.0015 mol
n(sodium percarbbbbbbbbbbooonoooooooo ate) : n(Na2CO3)
               1                    :         x 

0.0015 : 0.003



4 more electrons than protons => anion (option A, C and D)
more protons than neutrons => must contain H in it based on given elements (Why?)

          => D

D

5 For a fixed mass of gas at a constant temperature, pV = constant
Hence, pV is a constant at all V (or p). p is directly proportional to 1/V and vice-versa.

B

6 A trigonal planar planar
B T–shaped planar
C linear wrt central C atom and 

trigonal planar wrt terminal C atoms

D trigonal planar wrt each C atom planar

C

7 The boiling point of alcohols increases with increasing Mr is due to the larger electron 
cloud size (greater ease of distortion and stronger van der Waals’).

B

8 NaCl has a giant ionic lattice structure with strong electrostatic forces of attraction 
between Na+ and Cl– ions.
A In the molten form, ions are free to move and hence can be a charge carrier.
B It is soluble in water (polar solvent) due to strong ion–dipole interactions.
C Metal is malleable and ductile (structure can change the shape without 

fracturing) due to the sea of delocalised electrons which shield the cations 
from repelling each other. In ionic solid, stress will cause the ions of 
alternating charges to be displaced to produce contact between the like 
charges. The repulsion between these ions make the crystal fall apart.

D Each Na+ is surrounded by 6 Cl– and vice–versa.

A

9

Tmax at time = 2 min is 36.8oC

C

36.8

www.KiasuExamPaper.com 
13

D trigonal planar wrt each C atom planar

The boiling point of alcohols increases with increasing Mr is due to ththe largrger electron
cloud size (greater ease of distortion and stronger van der Waals’)).

NaCl has a giant ionic lattice structure with strong electrosostatatitic foforceses oof f atattrtraction
between Na+ and Cl–ll ions.
A In the molten form, ions are free to moveveveeveveveve and hhhhenenenenenenenenenenenennenenenenenenenencecececececececececececececececcececececcc cccccccccccccccccccccanananananananananananananananananananananan bbbee a charge carrier.
B It is soluble in water (polar solvent) dueeeeee to oooooo sttttttrororoooooooooooorooooooroooongngngngngngngngngngngngnngngngnggngngnnngngng iiiiiiiiiiiiiiiiiiiiononononononononononononononnonononononononn––––––––––––––didididdiddidididididididididididididdiddipopopopopopopopopopopopopopopoppopopopppp lellll  interactions.
C Metal is malleable and ductileeeeeee (((structtttturuuuuu e e eeeee cannnnn chchchchchchchchchchchchchchchchchcchchchcc ananananananaanananaanana ge the shape without 

fracturing) due to the sea ooof deeeeeeloloccaccccc lised elellleleeeceeeeeeeee trons which shshieldd ththe cations 
from repelling each ottttheheheheeh rrr.rrr In n n nnn ioooooooniiiiiiic ccccc soliddd,d  stress will cause the ions of 
alternating charges to bbbebbb  displplplplpp acacacaacededededeeed ttttttoooo oo prprprpprprrooodooo uccce eeeeeee contact between the like 
charges. The repupupuupupupulsion bebebebebebebetwwwwwweeeeeeeeeee nnnnnn ththththththhesesesessse ioioioioioionsnsnsnsnnn makekekekekekke the crystal fall apart.

D Each Na+ is surrrrrrounununununu dededdededed by 666666 Cl–ll aaanaaaa ddd dddd vice–veveveveveversrssrsrsrsrsa.a.a.aa.a.a.

36.8



Using q = mc T
  = (150/1000)(4.18)(36.8 26) 
  =  6.77 kJ
n(MgSO4) = 9.00 / 120.4 

     = 0.07475 mol
Hsol = –q/n 

  = –6.77 / 0.07475 
= –90.6 kJ mol–1

10 A catalyst increases the rate of achieving equilibrium by increasing both the rate of 
forward and reverse reaction to the same extent. The yield remains unchanged as 
the position of equilibrium is not affected.

B

11 From the 3rd step (fast), you can conclude that I2 does not affect the rate of reaction 
and order of reaction wrt I2 is 0. (narrow to options A and B) 
As the r.d.s. (slow) is not the 1st step, you have to consider all steps preceding the 
slow step for the rate law. Since the [intermediate] is dependent on [CH3COCH3] and 
[H+], order of reaction wrt propanone is 1.

A

12 From graph, Kp decreases as 1/T increases, i.e. Kp decreases as T decreases. 

preactants increases as T decreases (since Kp
tstanreac

products

p
p

) 

at lower temperatures, the position of equilibrium [2J(g) + K(g) L(g)] shifts left  
since lower temperatures favour exothermic reaction, the reverse reaction is 

exothermic  

A: The equilibrium mixture contains a lower proportion of L at lower temperatures.
B: At lower pressures, position of equilibrium shifts left (i.e. favours the side with 
greater no. of moles of gaseous molecules). Thus, the equilibrium mixture contains 
a lower proportion of L. 
C: The reverse reaction is exothermic. 
D: Introducing an inert gas at constant (total) pressure (PT) increases nT.
Since p = n/nT x PT, at constant PT & larger nT, partial pressures, p of J(g), K(g) & 
L(g) decrease.

2J(g) + K(g) L(g)
Position of equilibrium shifts left as the decrease in partial pressures on the LHS is 
greater than that on the RHS (3 moles of gaseous species on LHS vs. 1 mole of 
gaseous species on RHS).

D

13 pH = 7.4

[OH–] = 
14

7.4
2.4x10

10
= 6.03 x 10–7 mol dm–3

B

14
Ka =

COOHHC
]COOHC][H[

56

56

6 x 10–5 = [H+]
01.0
1.0

[H+] = 6 x 10–6  
pH = 5.22

D

15 Ka is temperature dependent. Hence an increase in V (dilution) will not have any 
impact on the value of Ka.

A
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From the 3 step (fast), you can conclude that I2 does not affect the rate of reaction
and order of reaction wrt I2 is 0. (narrow to options A and B) 
As the r.d.s. (slow) is not the 1st step, you have to consider all steppss prpreceding the
slow step for the rate law. Since the [intermediate] is dependent on [CCH3COCOCH3] and
[H+], order of reaction wrt propanone is 1.

From graph, Kp decreases as 1/T increases, i.e. Kp decreaseess asas TT ddecrereasaseses..

preactants increases as T decreases (since Kp
tst tst tst tst tst tst tst tst tst tst tst tststst tststt tst tsststt tststt tst tst tsstst tst ttsssstt tanaaananananananananaaanaaananaaaanaaannannnreaeacccccccc

products

p
p

) )) ))) ) ) ) ))))) ))) ) ))) ) )) )))) ) ))))))))))

at lower temperatures, the position of equilibbbbbbbbbbbrir uuumumumumummumuu [[[[[[[[[[[[[[[[[[[[[[[[[2222222222222222222222222222222222222222JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ(g(g(g(g(g(g(g(g(g(g(g(g(g(g(g(g(gg(g(gg((ggg(g(g(g(gg(g(g(g(g(g(gg(g(g(((gggg) ))))))) )))) )))))))))))))))))))))) ) ) )) ))) ++++++++++++++++++++++++++++++++ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK((g((((((((g(g((g(g(((g((((g(g(g(g(ggg))))) LL(g(g)])] sshhifts left
since lower temperatures favour exotototototototototo heheheheheheheeeeermic reeeaeaeeeeee ctctctctctctcctctcction, tttttttttttttttttttttttttthhhehhhehehehehehhehhhhehehhhhhhhhhhhhhhehhhhehhehhhheh  reveersese reactctioionn is 

exothermic

A: The equilibrium mixture conttttttttttttaiiiiiiiainsnsnnsnnsnsnsnsnns aaaaaaaaaaa lolooololololool wewewewewewewewewerrrrrrrrrr prprprprpprprprprpp opopopoppppppororrororrrororrrtitititititititt on ooooooooooof ff fff f f fff L at lowwerer temperatures.
B: At lower pressuressssssssss, popopopopopopopopopoposition oooooooofffffffff ff equilililllilllllibrrrrrrrrrrium shifififififififififtstststststststststst  leeleleleleleleleleftfffffffff (i.e. favours the side with
greater no. of moles oooooooooof gagagagagagagagagagaaseeeeeeeeeeeouoooooooooo s momomomomomomomomomoleeleleleleleleleeecucucucucucucccc leeleeleleelelees). ThThThThThThThThThThhusussususussussus,,,,, thththththththththththeeee eeeeeee eeeeeqeeee uilibrium mixture contains
a lower proportionooonononononoo ooooooooof L. 
C: The reversrsrsrsrsrsrsrsrr eee eeeeeee reeeeeeeeeacacacacacacacacacacactitttttttttt on iiiiiiiiiis exexexexexexexxexexxoootoooooo heheeeeeeeeermrmrmrmrmrmmrmrmrmrmicicicccicccc. 
D: Introduciiiiiiiinggggggggggg an innnnnnnnnnnerrrrererrrre ttttttttttt gaaaaaaaaaas at constststststsstsstststaaaaanaaaaaa t t t t t t t tt (((t(t((t((((totttttttttttalalalaalalalaalaal) ) )) )) ))) ) ) pprprprprpppp esesesesesesesssssssussssss re (PT) increases nT.
Since eeeeeeee pppppp = n/n/n/n/n/n/n/n/nn nnnnnnnT x PT, atatatatatatatatattt cccccccccconononononononononno stannnnnnnnntttttttt t PPPPPPPPPTTTTTTTTTTT &&&& &&&&&&& larger nT, partial pressures, p of J(g), K(g) &
L(g) deeeeeecrcccccccccc eaeaeaeaeaeaeaeaeaee sesesesesesesesesese.

22222222J(g) + K(g) L(g)
Position of eqeqeqeqqeqqeqqqe uiuiuiuiuiuiuiuiuiu lililililiililililil brbrbrbbrbrbrbrbrbriuiuiuiuiuiuuiuiuiummmmmmmmmm shshshshshshshshshshs ifififififififfififftststststststststs left as the decrease in partial pressures on the LHS is
greater than tttttttthahahahahahahahahahahat t t tt tt ttt oonononoonoon ttttttthhhhehhhhhh  RHS (3 moles of gaseous species on LHS vs. 1 mole o
gaseous species ssssssss ononononononononononon RRRRRRRRRHS).

pH = 7.4
142 4 10



16 compound [Ag+] in saturated solution
A AgBr [Ag+] = solubility = 1310x5 = 7.07 x 10–7 mol dm–3

B AgCl [Ag+] = solubility = 1010x2 = 1.41 x 10–5 mol dm–3

C AgIO3 [Ag+] = solubility = 810x2 = 1.41 x 10–4 mol dm–3

D Ag2CO3

[Ag+] = 2 x solubility = 
3
1

12

4
10x5 = 2.15 x 10–4 mol dm–3

A

17 Options A and B will not be able to exhibit cis–trans isomerism even after 
monochloro–substitution due to presence of the =CH2 group.
Option C will not have chiral carbon even after monochloro substitution due to –CH3
groups having at least 2 identical H atoms.                                                                        

D

18

On reaction with cold KMnO4,

HO

HO
HO

OH

will be formed. There will be 
4 chiral carbons present and the no. of stereoisomers is 24 (16).

C

19 Each poistion on the benzene ring has equal probability of being substituted by –NO2
group (including the C atom bonded to D). Hence the chance of having the –NO2
group substituted on the 3rd C wrt the C atom bonded to D is 2 x 16.7%.

D

NO2
D

NO2

is the same as

C

20 –CH3 group is 2,4–directing. A

21
n(HCl) = )5.0(

1000
500

 = 0.250 mol
no. of atoms = 2 x n(HCl) 

         = 0.500 mol

amount of substance present no. of atoms

1 n(Xe) = 
131

5.65 = 0.500  1 x 0.5 = 0.50 

2 n(Al2O3) = 
)0.16(3)0.27(2

2.10  = 0.100 5 x 0.1 = 0.50 

3 n(O3) = 
4.22
2.11 = 0.500 3 x 0.5 = 1.50 

B

**

*

*
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groups having at least 2 identical H atoms.                                   

On reaction with cold KMnO4,

HO

HO
HO

OH

wiwiiillllll bbeeeeeeeeeee foorrmedd. ThThereree e will be
4 chiral carbons present and the no. of stereoisomers iss 22222222222222222222222222222224444444 (1(1(111(1(1(1(1(1(1(1((1(1(1(1(1(1(1(1(1(1(1(1(1(1(111(11(1(1(1(1(1(11((1(((((( 6)6)6)6)66)6)6)6)6)6)6)6)66)6)6))6)6)6)6)66)6)6)6666)6)6)6)6)6)66)6))66)6)66)6)6)).....

Each poistion on the benzene ring has equal prprprprprprprprprprp obobobobobobobobobobobababababababbbbbbbbbbabbbbbbabbbbbbbbbbbbbiiiiiilillililliliiilililiiiiiliiiiiliillilititititititititititititititittittititititititititititititititiitttyy y yy y y yy y yy y yy yyy y y y yyyyyy yyy yyyy yyyyyyyyyy yyyy ofofofofofofoffofofofofofofofofofffffoffofoofofofofoofofofoofoofofofof bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeeeieeeeeieieeeeeeeieeeeieeieeieeeieieieeie nnnnnnngngnn sububststititututeded bby –NO2
group (including the C atom bonded tttttttttto D). Heeeeeeeeencncncncncncncncncnce eeeeeeeeee the cchccchchchchchchchchcchccchcccchc ancee ooff havivingng the –NO2
group substituted on the 3rd C wrt t t t tt tt t ththththththththththeeeeeee eee C CCCCCCCCC atatatatatataatatata omomomomomomomommmm bondededededededededdd dddddddddddddd to D is 2 x 1616.7.7%.

D

NO2
DDDDDDDDD

NONONONONONONONONONO2

is thhehhehhehehehhe ssssssssssamamamamamamamamama e as

–CH3 grgrgrgrgrgrgrgrg ouppp pppppppp isssssssssss 2,4–ddiddddddddd reeeeeeeeeeectinininininininngggggggggg.

n(HCl) = )5)5)5)5)5)5)5)5)555.0000000000(
110101011010101011000000000000000000
5050505050500050000000000000

= 0.25252525252525252525250000000000 momomomomomomomomomol
no. of atoms ========= 22222222222 xxxxxxxxxx nnnnnnnnnnn(HCCCCCCCCCClllllllll)))))))))

     = 00.00.0.00.0.0.50505050505050505050500 00 000 000 mmmmommmmmm l

amount of substance present no. of atoms
565

**

**

*



22 R : S
1 :  2
10 : 20 (volume of mixture = 30 cm3) 
Let R be CxHy & S be Cx’Hy’. 

CxHy +  (x + y/4) O2 x CO2 +  y/2 H2O
10                                           10x

Cx’Hy’ +  (x’ + y’/4) O2 x’ CO2 +  y’/2 H2O
20                                              20x’

10x + 20x’ = 100
x + 2x’ = 10

Thus, only options 1 & 2 are correct.

B

23 In the 1st reaction, SO2 reduces Cl2 to HCl and hence Cl2 is a weaker reducing agent.
In the 2nd reaction, H2S reduces Cl2 to HCl and hence Cl2 is a weaker reducing agent.
In the 3rd reaction, H2S (-2) reduces SO2 (+4) to S (0) and hence SO2 is a weaker 
reducing agent.

A

24 Electronic configuration shown has 16 e, hence U could be any atom or ion containing 
16 e.

C

25 1 bent (104.5o) tetrhedral (109.5o) trigonal planar (120o)
2 cctahedral (90o) bent (104.5o) linear (180o)
3 trigonal pyramidal (107o) trigonal planar (120o) linear (180o)

A

26 1: Combustion is always exothermic
2: Neutralisation is always exothermic
3: The 2nd electron affinity is always endothermic.

B

27 1: CO2(s) CO2(g); increase in no. of gaseous particles; S > 0
2: N2O4(g) 2NO2(g); increase in no. of gaseous particles S > 0
3: CaO(s) + CO2(g) CaCO3(s); decrease in no. of gaseous particles S < 0

B

28 1 0.05 mol dm–3 HCl and 0.10 mol dm–3 CH3CO2Na
0.05 mol dm–3 weak acid and 0.05 mol dm–3 CH3CO2Na present (buffer)

2 0.10 mol dm–3 CH3CO2H and 0.10 mol dm–3 NaOH
only a salt of weak acid present (not buffer)

3 0.10 mol dm–3 CH3CO2H and 0.05 mol dm–3 Ca(OH)2 

only a salt of weak acid left (not buffer)

D
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Thus, only options 1 & 2 are correct.

In the 1st reaction, SO2 reduces Cl2 to HCl and hence Cl2 is a weakerer rredducucing agent.
In the 2nd reaction, H2S reduces Cl2 to HCl and hence Cl2 is a weakeer r rereduduccing agent.
In the 3rd reaction, H2S (-2) reduces SO2 (+4) to S (0) and hehencnce e SOSO22 is a weake
reducing agent.

Electronic configuration shown has 16 e, hence U couldd bbebebebebebebebebebebebebebebeebebebebebebeeeebebebebeeeeebebebebbbbbbbeee  ananaanananaanananananannanaaanananaaaannananananaannaaanaanannnnananaaannaana yyy yy yyyy yyyyyyyyy yyyyyyy yyyyyyy yyyyyyyyyyy aaatata oom oor ioi n containing
16 e.

1 bent (104.5o) tetrrrrrrrrrrheheheheheheheheheeedrddddd al (100000000009.999999 555555555o) trigononalal plaananarr ((120o)
2 cctahedral (90o) bebebebebebebebebeb ntnttntntntttttn (((((((((((1010101010100100004.5o) lineeaar (1180oo))
3 trigonal pyramidal (107o)))))))))) trtrtrtrtrtrtrtrrigigigigigigigiggonaaalalaaalaalaa pppppppppplalllll nar r r r r r r r r (111111111111111111120o) lineeaar ((180o)

1: Combustion is alwayyyyyyyyyysssss ssssss exexexexexexexexexexexothermrmrmmmmmmmmmiccicicicicicccicc
2: Neutralisation is alwaayayaayaayaaa ssssssssss exexexexexexexexexexotototoootototooto hermrmrmrmrmrmrmrmrmrmicicicicicicicccc
3: The 2nd electrrrrrrrrronononononononononon affinitiiiiiiiii y y is alaaaaaaaaaa waaaaaaaaaaaysysysysysysyysysysy eeeeeeeeendnddndddddndnddoootooooooo hermmmmmmmmmmmiiiciciiiiii .

1: CO2222(s(((((((( ) CCCOCCCCCCCC 2(ggggggggg);)))))))) iiiiiiiiincnnnnnnnnnn rererererererereeaaasaaaaaaa e in noo.o.ooo.o.o.o.oo. of f f f f f ff ggggagggggg seseseseseseseeseseseouououououououououoo ssssssssss papapapapapapapapapaarticles; S > 0
2: N2OOOOOOOOOOOOOOOOO4(g(g(g(g(g((g(g(g( ) 2NO2(ggggggggggg);)))))))))) iiiiiiiiiincncncncncncncncnccrerererererererereaseeeeeeee innninnininininin nnnnnnnnnnno.o.o.o.o.oo.o.oo. of gaseous particles S > 0
3: CaO(((((((((((s)s)s)ss)s)s)sss ++++++++ CCCCCCCCCCCOOOOOOOOO2222222(gg(g(g(g(g(g(g(g(g)))))) )))) CCCCaCCCCCC COOOOOOOOOOO3(s(s(s(s(s(s(s(s(s(s);););););););););)) ddddddddecececececececececececrererererererererereease in no. of gaseous particles S < 0

1 0.05555555555 mmmmmmmmmmoloooooooo ddddddddddmmmm–3 HCHCHCHCHCHCHCHCHCHCllllllllll anananananananananana dddddddddd 0.000000000 10 mol dm–3 CH3CO2Na
0.05050505050505050555 mmmmmmmmmmmollololollollolo dddddddddmmmmmmmmmm–3–3–33–3333333 wewwwwwwwww ak acid and 0.05 mol dm–3 CH3CO2Na present (buffer)

2 0.10 mooloololooolooo ddddddddddm–3 CHCCCCCCCCCC 3CO2H and 0.10 mol dm–3 NaOH
only a sssssssssssalalalalaalalalalala tttt tttttt of weak acid present (not buffer)

3 0.10 mol dm–3 CH3CO2H and 0.05 mol dm–3 Ca(OH)2

only a salt of weak acid left (not buffer)



29 Please note that the total volume in Experiment 1 is half of that in the other 
experiments (25 cm3 compared to 50 cm3). So it is easier if the volumes in 
Experiment 1 are re–based to 50 cm3 as shown so as to facilitate data comparison.
(note that by doing so, concentration of each reactants used remain the same)  
Do not to double the time!

In this method, the rate of reaction is measured in terms of the rate at which the 
concentration of V changes

rate of reaction 
disappeartoVofcolourfortakentime

addedVofionconcentrat

Comparing expt 1 & 3,
doubling volume of K doubles the rate, reaction is first order w.r.t. W.  

Comparing expt 3 & 4,
Halving volume of Y halves the rate, reaction is first order w.r.t. X.

Comparing expt 2 & 3,
doubling volume of J did not change the rate, reaction is zero order w.r.t. V.

Expt
Vol of V
added / 

cm3

Vol of W
added / 

cm3

Vol of X
added / 

cm3

Vol of 
H2O

added / 
cm3

Time taken 
for colour of 

J to 
disappear / s

Rate of 
reaction / 

mol dm–3 s–1

1 10 10 10 20 40 0.005
2 5 20 10 15 10 0.010
3 10 20 10 10 20 0.010
4 10 20 5 15 40 0.005

D

30 CH3CO(CH2)4CO2H will be formed for option 1. C
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Comparing expt 1 & 3,
doubling volume of K doubles the rate, reactionononononononononon iiiiiiiiis ssssssssss fififififiiiiiiiirsrsrsrsrrsrrrssssrsrssssssssssrssssssssrsssssssssssssstt ttt tttttttttttttttttttttttttt tt tttt orororooororororororororrorororooorrorororrrororoorrrrororoorrorrrrorrooo dededededededededededededededdedededdedededededdededededededededeedeedededededededdedddderrrrrrrrrrrrrrrr rrrr r rr rr rrrr w.w.wwwww.w.w.w.w.w.w.w.w.w.w.ww.w.wwwwwww.ww.ww.ww.wwwww.w.ww.w.www r.rrrrrrr.r.rrr.r.rrrrrrrr.rrrrrrr.r.r..r..t.t.ttttttttt.tttttttttttttt. WW.  

Comparing expt 3 & 4,
Halving volume of Y halves the rrrrrrrrrratatatatatatatatateeeeeeee,e,e rerererererererereeeaacacaaaaaaaa tititititititittionnnnnnnnnnn is firsttt ttttt oooorooooooo der w.r.t. XX.

Comparing expt 2 & 3,
doubling volume of J didiididdididiid nonooononoooonotttt ttttttt changeegeeeeeeeee the rrrrrrrrrratatatatatatatatata eeee,eeeeee  reactitiitititititt ononononononononnon iiiiiiiiiisssssssssss zezezezezezezezezezezeero order w.r.t. V.

Expt added / 
cm3

added / 
cm3

added / 
cm3

2
added / 

cm3
J to 

disappear / s

reaction / 
mol dm–3 s–1

1 10 10 10 20 40 0.005
2 5 20 10 15 10 0.010
3 10 20 10 10 2020 0..01010
4 10 20 5 15 4040 0.0.000055

CH3CO(CH22222222222)))))))))4444444444COOOOOOOOOOO2HHHHHHHHHH willlllllllll bbbbbbbbbbeeeeeeeeeee fofofofofofofofoffoormrmrmrmrmrmrmrmrmrmrmedededdededdeddd fffffffffor optptptptptptptpttpp ioioioioioioioioioionnnnnnnnn 1.1.1.1.1.1.1.111
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Section A

Answer all the questions in this section in the spaces provided.

1 Planning (P)

The solubility of cerium(IV) sulfate, at a particular temperature, is defined as: the mass of 
cerium(IV) sulfate that will dissolve in and just saturate 100 g of solvent at that temperature.

In a saturated solution of cerium(IV) sulfate, the following equilibrium is established.

Ce(SO4)2(s) Ce4+(aq) + 2SO4
2 (aq)

(a) A student was asked to conduct an experiment to determine the solubility of cerium(IV)
sulfate crystals in water under standard conditions. 

The student then carried out the following procedure.

Step 1 Using a 100 cm3 measuring cylinder, measure approximately 50 cm3 of water

into a 250 cm3 conical flask.

Step 2 Add solid Ce(SO4)2 into the flask.

Step 3 Stopper and shake the flask to dissolve the solid.

Step 4 Continue adding and shaking until a saturated solution is obtained.

Step 5 Leave the flask to stand at room temperature for some time, shaking the flask 

intermittently.

Step 6 Filter the mixture, using a dry filter paper and dry filter funnel, into a pre–weighed 

dry beaker, to obtain the saturated solution. 

Step 7 Pour about 10 cm3 of the saturated solution into a pre–weighed crucible.

Step 8 Record the mass of the solution and the crucible.

Step 9 Dry the Ce(SO4)2 solid and crucible in the oven to evaporate the water.

Step 10 Cool the Ce(SO4)2 solid and crucible in a desiccator.

Step 11 Reweigh the crucible with the crystals of Ce(SO4)2 formed.   

(i) Suggest how the student can ensure that the solution in Step 4 is saturated.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

(ii) Suggest why it is necessary to leave the flask to stand for some time at room 
temperature in Step 5.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………
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(iii) The student collected the following data from the experiment.

mass of empty crucible / g a
mass of the crucible and solution /g b
mass of the crucible and Ce(SO4)2 crystals /g c

Use the data above, to calculate the solubility of cerium(IV) sulfate in water.

(iv) Suggest one significant modification to the given procedure to ensure the reliability of
the results.

……………………………………………………………………………………………………

……………………………………………………………………………………………………
[5]

(b) Cerium(IV) sulfate crystals also dissolve in dilute sulfuric acid, H2SO4.

(i) By considering the ions present in a solution of cerium(IV) sulfate in sulfuric acid,
predict and explain how the solubility of the cerium(IV) sulfate will be affected by the
concentration of the acid.

Prediction: ………………………………………………………………………………………

Explanation: …………………………………………………………………………………….

……………………………………………………………………………………………………

(ii) On the following axes, sketch how the solubility of cerium(IV) sulfate changes with the
concentration of sulfuric acid.

[3]
[Total: 8]

solubility of 
cerium(IV)

sulfate

concentration 
of sulfuric acid
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2 (a) In an experiment to identify an oxide of nitrogen, 0.1 mol of the oxide is mixed with an
excess of hydrogen and passed over a catalyst at a suitable temperature. 

   NxOy xNH3 + yH2O

The ammonia produced is neutralised by 100 cm3 of 2.0 mol dm–3 of hydrochloric acid. The 
water produced weighs 7.20 g. 

(i) What is the formula of the oxide of nitrogen? 

formula of the oxide of nitrogen ………………………

(ii) Hence, state, in terms of the change in oxidation number, whether the oxide of 
nitrogen is oxidised or reduced in the above reaction. 

……………………………………………………………………………………………………

……………………………………………………………………………………………………
[2]

(b) Nitrous oxide, N2O, can be produced by heating a solution of sulfamic acid, H2NSO3H and 
nitric acid. Sulfuric acid and water are the other by–products. 

(i) Write a balanced equation for the production of nitrous oxide using this method.   

……………………………………………………………………………………………………

In the laboratory, nitric acid is reduced to nitrous oxide by reacting it with a mixture of 
hydrochloric acid and tin(II) chloride solution. 

2HNO3 + 8HCl + 4SnCl2 4SnCl4 + N2O + 5H2O 

The resulting solution requires 20.0 cm3 of 0.10 mol dm–3 of Fe2+ to completely reduce the
Sn4+present to Sn2+.

(ii) Write a balanced ionic equation for the reaction between Fe2+ and Sn4+.

……………………………………………………………………………………………………

H2(g)
catalyst
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(iii) Hence calculate the volume of nitrous oxide produced under standard conditions.

volume of nitrous oxide produced …………………….

In the N2O molecule, the central atom is nitrogen. The molecule contains a dative covalent 
bond.

(iv) Draw the ‘dot–and–cross’ diagram for N2O. Include lone pairs in your diagram.

(v) Hence, state the shape of N2O molecule.

……………………………………………………………………………………………………

(vi) The molecules of nitrous oxide contain similar number of electrons as atoms of argon.
Their boiling points differ widely, however.

Suggest an explanation for the difference in boiling points.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………
[6]

[Total: 8]
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3 (a) Iron(III) oxide, which is found in the mineral haematite, is the main source of iron for the 
steel industry. It is a reddish brown solid and has the formula Fe2O3.

By using relevant data from the Data Booklet and the following data, construct a labeled 
Born–Haber cycle on the energy level diagram below, showing clearly all the enthalpy 
changes involved and the chemical species at each stage.

first electron affinity of oxygen –141kJ mol–1

second electron affinity of oxygen +844 kJ mol–1

enthalpy change of atomisation of iron +414 kJ mol–1

enthalpy change of formation of iron(III) oxide –824 kJ mol–1

Hence, use it to calculate the lattice energy of iron( ) oxide.

lattice energy of iron( ) oxide ……………………………
[5]

2Fe(s) +
2
3 O2(g)

En
er

gy
/k

J 
m

ol
–1

0
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(b) Iron(III) oxide is also called rust since it is formed from the reaction of iron and oxygen in 
the presence of moisture in the process of rusting.

  2Fe(s) + 
2
3 O2(g) Fe2O3(s) 

The standard entropy change, So, for this reaction is –275 J K–1 mol–1.

(i) Explain why the entropy change of the above reaction is negative.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

(ii) Using the data given above and in (a), calculate Go for this reaction.

Go = ……………………………

(iii) Hence, explain why rusting occurs at room temperature.

……………………………………………………………………………………………………

……………………………………………………………………………………………………
[3]

[Total: 8]
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4 The extent of unsaturation in a fatty acid is known as the iodine value and may be determined by 
the amount of iodine that can be added to a fatty acid.
An acidified solution of iodine monochloride, ICl, can be used to estimate the unsaturation of fats 
and oils.

CH CH + ICl CH CH

I Cl
A 0.20 g sample of an unsaturated acid, E, C8H10O2, was treated with 25.0 cm3 (an excess) of 
0.20 mol dm–3ICl solution. The excess of ICl reagent was determined by adding 20.0 cm3 of KI
solution and titrating the I2 formed with 12.5 cm3 of 0.10 mol dm–3 Na2S2O3 solution.

 ICl+ I–+ H2O I2 +Cl–+ H2O 
I2 + 2S2O3

2– 2I– + S4O6
2–

(a) Use the titration data given to determine the number of carbon–carbon double bonds in acid 
E.

number of carbon–carbon double bonds in acidE …………………
[3]

(b) Hence, suggest a possibleunbranched structure for acid E.

[1]
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(c) Representing the formula of acid E by the abbreviated structure R–CH=CH–R’, complete 
the mechanism for the reaction between E and ICl, including curly arrows showing the 
movement of electrons, and all charges.

C

C

HR'

HR

I Cl

E

[2]
[Total: 6]

www.KiasuExamPaper.com 
26



Section B

Answer all questions from this section on separate writing paper.

5 (a) At 25oC, a flask is filled with 4.36 x 103 Pa of pure H2S(g). Solid NH4HS is then added until 
there is an excess of unreacted solid remaining, and the following dynamic equilibrium is 
set up: 

NH4HS(s) NH3(g) + H2S(g)

(i) Given that the partial pressure of NH3at equilibrium is 3.30 x 104 Pa, calculate the 
value for Kp.

(ii) The numerical value of Kp increases when temperature is increased to 30oC. 

Predict, with reasoning, how the position of equilibrium might change if there were an
increase in

1. the volume of the flask
2. the temperature

[6]

(b) In another experiment, NH3 and H2S gases are introduced into an empty 10 dm3flask at 
25oC. The initial partial pressure of each gas is 5.07 x 104 Pa.

Using your answer from (a)(i), calculate the mass of NH4HS that is present when 
equilibrium is established.

[3]

(c) H2S can ionise in stages.
  

H2S HS S2H+ H+

pKa1 pKa2

In an experiment, 50.0 cm3 of 0.10 moldm–3solution of H2S, was titrated with 0.25 moldm–

3NaOH.

At 25oC, the first acid dissociation constant, Ka1, of H2S is 9.1 x 10–8 moldm–3.

(i) Calculate the pH of a 0.10 moldm–3solution of H2S (ignorethe effect of pKa2 on the 
pH).

(ii) Calculate the volume of NaOH required for complete neutralisation of H2S in the 
above experiment. Hence calculate the concentration of the salt, Na2S, formed.

The pH at the second equivalence point is found to be 12.4.

(iii) Write an equation to show why the pH is greater than 7.

(iv) Using the pH at the second equivalence point, calculate the value of the first base 
dissociation constant, Kb1, of S2–.

Hence, determine the value ofthe second acid dissociation constant, Ka2, of H2S.

(v) Suggest a reason for the difference in values of Ka1 and Ka2 of H2S. 

(vi) Using appropriate values from above, sketch the pH curve of this titration.  
[9]
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(d) Explain, using equations, why a solution containing H2S and NaHS can act as a buffer
solution.

[2]
[Total: 20]
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6 3–methylpentane can react with chlorine via free radical substitution to produce a mixture of 
fourmonochlorinated products. 

(a) Draw the structural formula of the four monochlorinated products formed from 3–
methylpentane and predict the ratio in which these products are formed. You may assume
that the reaction occurs at the same rate at all carbon atoms.

[5]

(b) Name and describe the reaction mechanism to produce one of the monochlorinated
products, labelling each step in the mechanism appropriately.

[3]

(c) Different halogens used will result in different rates of free radical substitution of 3–
methylpentane. Rate of reaction for different halogens used is as shown in descending
order:

F2> Cl2> Br2>I2

By quoting suitable bond energies from the Data Booklet, explain why the initiation step for 
free radical substitution is not the rate–determining step.

[2]

(d) Explain whether the following step occurs in the free radical substitution mechanism:

(CH3CH2)2CHCH3 + Cl• (CH3CH2)2CClCH3 + H•
[1]

(e) Compound F is a dichlorinated product of 3–methylpentane which does not exhibit any
optical activity. When F undergoes elimination, it produces two compounds, G and H which
have the same formula, C6H10.

When compound G, with structural formula of CH3CH=C(CH3)CH=CH2, is oxidised by hot
concentrated KMnO4, three different carbon–containing products are formed.

(i) Indicate the type of isomerism shown in compoundG.

(ii) Suggest the three carbon–containing products obtained from oxidation of compound
G.

(iii) Based on the structure of G, suggest a likely structure for compound F and explain
why it does not exhibit any optical activity.

(iv) Hence, deduce the structure of compound H.
[6]

(f) 2–chloropentane undergoes the following synthesis route.

CH3CHCH2CH2CH3

Cl

J
I II

CHCH2CH3CH3CH

OH OH

Identify the reagents and conditions at each step of the synthesis route, and draw the 
structural formula of the intermediateJ.

[3]
[Total: 20]
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7 (a) Oxygen is a Period 2 element. The second ionisation energies of ten successive elements 
P to Y in both Periods 2 and 3 of the Periodic Table are shown below:

(i) Identifythe letter that represents oxygen.

(ii) Element P and X are in the same Group.

Explain why the second ionisation energy of X is found to be lower than that of P.

(iii) Identify the Group in the Periodic Table to which element V belongs. Hence, suggest
the formula of a compound that element V will form with oxygen.

(iv) Element X can form more than one stable chlorides.

State the formula of one of the chlorides formed. Draw the structural formula of the
chloride formed by Xand indicate clearly the bond angle about X.

(v) In general, ionisation energy increases across a period. However, there are some the
discontinuities in the graph shown above. One of the exceptions in the general trend
occurs between elements Q and R.

Using the electronic configurations of Q+ and R+, explain why the second ionisation
energy of Q is higher than that of R.

[9]

(b) Both oxygen and sulfur are Group VI elements. Explain each of the following observations.

(i) The boiling point of H2O is higher than that of H2S. Draw a diagram to illustrate your
answer.

(ii) The bond angle in H2O is larger than that in H2S.
[3]

Proton number

second 
ionisation 
energy / 
kJ mol–1

P
Q R

S
T

U

V

W

X
Y
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(c) Oxygen has many industrial uses. One of the major uses of oxygen is in the manufacture of
sodium peroxide, Na2O2. Na2O2 is used in submarines for absorbing atmospheric carbon
dioxide and regenerating oxygen. The reaction produces sodium carbonate as a by–
product.

2Na2O2(s) + 2CO2(g) 2Na2CO3(s) + O2(g)

(i) State the oxidation number of oxygen in each of the following compounds:
I Na2O2
II Na2CO3
III O2

(ii) Hence, identify the type of reaction that took place in the above reaction.

(iii) Describe the bonding in Na2O2 and explain why it can act as an electrical insulator.
Includea ‘dot–and–cross’ diagram in your answer.

[5]

(d) A sample of sodium peroxide was completely reacted with excess carbon dioxide. The
sodium carbonate formed was thenreacted with 50.0 cm3 of 1.50 mol dm–3 hydrochloric acid
(in excess). Any carbon dioxide in the solution was removed.

10.0 cm3 of the resultant solution required 23.0 cm3 of 0.50 mol dm–3 sodium hydroxide for
neutralisation.

Calculate the mass of the sodium peroxide in the sample.
[3]

[Total: 20]
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H2 Chemistry 9647 2012 Promotional Examinations Suggested Solutions

1 (a) (i) A saturated solution is formed when no more Ce(SO4)2 can dissolve in water 
and undissolved Ce(SO4)2 solid remains in the solution.

[1]

(ii) This is to ensure that the equilibrium is reached at room temperature/to allow
the mixture to equilibrate to room temperature.
as the solubility of Ce(SO4)2 changes with temperature

[1]

(iii) mass of empty crucible / g a
mass of the crucible and solution / g b
mass of the crucible and Ce(SO4)2 crystals / g c

mass of water that evaporated = (b – c) g

mass of Ce(SO4)2 formed after heating = (c –a) g

solubility of Ce(SO4)2 in 100g of water = 
)cb(

100 x (c – a) g 

[1]

[1]

(iv) Repeat the heat–cool–weigh process (Step 9 – 11) until a constant mass is
obtained. 

accept: Carry out the dissolving of cerium(IV) sulfate crystals (step 1 – 5) in a 
temperature–controlled water bath.

[1]

(b) (i) Prediction: Solubility of Ce(SO4)2decreases with increasing [H2SO4]. [1]

Explanation: 
H2SO4 2H+ + SO4

2

Ce(SO4)2(s)  Ce4+(aq) + 2SO4
2 (aq)–––(1)

With the increase in [SO4
2 ] due to the H2SO4, the position of equilibrium (1) 

will shift to the left. This will result in less Ce(SO4)2 dissolving in H2SO4/
decrease in the solubility of Ce(SO4)2.

[1]

(ii)

Also accept straight line with negative gradient.
Line must touch the y–axis, but not the x–axis.

[1]solubility of 
cerium(IV)

sulfate

concentration 
of sulfuric acid

mass of Ce(SO4)2 formed after heating = (c –a) g

solubility of Ce(SO4)2 in 100g of water = 
)cb(

100 x (c – a) g 

(iv) Repeat the heat–cool–weigh process (Step 9 – 111)) ununtiill a coonsnstatantnt mmass i
obtained. 

accept: Carry out the dissolving of ceeerirr umumum((((((((((((((((((((((((((((((((IVIVIVIVIVIVIVVVVVVVVVIIVIVVVVVVVVVVVIVVVVVVVVVVVVVVIVIVIVIIVIVVVIVIIVVVVIIVVVVIVVIVIIVVVVVVVVVVVVVVVVV) )) ) ) ))) ) ) ))) ) )) ))) ) ) )))))) ) )))))) )))) )))))))))))))))))) susususususususususssusususususususususussusususususussususussusususususususuusuuuususuusuuuusuuuuuuuuusssssss lfflflflflflflflflflflffflflflflflflflflflffflflflflfflfllflfflflflflfffffffffflfffflfffflll atatatataatatatataattaaaatatatatatatatataaatatataaaaatatataaaatatattatataaaaa e e eeeeee e e e eeeeee eeeeeeeeee eeeeeeeeeee eeeeeeeeeee ccccccrcrcccrcrcrccccrcrccrcrcrcrcrccryysysysysysysysysysysysyysysyyyyyyysyysyy tatatatatatatatatatatatatatataalsslslssslslssslslslslsss (((((((((((((stststststststststsststststststepepepepepepepepepepepepepepepp 1111111111111111 – 5) in 
temperature–controlled water bbbatata h.

) (i) Prediction: Solubility of ffff ffffffff CeCeCeCeCeCeCeCCeCeCeCee(S(S(S(S(S(S(SSSSSSSOOOOOOOOOOOOO4)2dededededededededededededecrcccccccccc easeeeeeeeeeees with increassiningg [H2SO4].

Explanation: 
H222222SOSOSSOSSOSOSOSOSOSOSOS 4 2HHHHHHHHHHHHH+ ++++++++++++ SOSOSOSOSOSOSOSOSOSOSOSOSO4

2

Ceeeeeeeeeeee(SSSSSSSSSSSSSOOOOOOOOOOO4444444444444)2(s(s(s(s(s(s(s(s(sssss) ) ))) ) ))))))  Ceeeeeeeeeee4+4+4+4+4+4+4+4+4+4444 (a(a(((a(a(a(((a(a( q)q)q)q)q)q)q)qq)q)q)q)q) ++++++++ 222222222222SSSOSSSS 4
2 (aq)–––(1)

Wiiitththththththtththh the innnnnnnnnnncrcrrrrrrrrreaeeeeeeeeeee sssessssssss  in [SO44444444444
22222222222 ]]]]]]]]]]] dudududududududududududdue tototototototototototooto tttttttttttttheheheheheheheheheheh HHHHHHHHHHHHH2SO4, the position of equilibrium (1

willlllllllllll  shift to tttttttheheheheheheheheeeeee lllllllllllllefefefefefeffeffefeffft. Thhhhisisissisisssississ wwwwwwwwwwwwilillillilililllilllllll result in less Ce(SO4)2 dissolving in H2SO4
dedededededededededededecrcccrcrrcrrrcrcrcc eaeaeaeeee seseseseseseseseseseseee iiiiiiiin thhhhhhhhhhheeeeeeee eeeee soluuuuuubibibibibibibibibibbibibilililillililllilllitytytytytytytytytytytytyty ofofofofofofofofofofofofof CCCCCCCCCCCCCeeee(eeeeeeeeeeeee SO4)2.

(ii) sssssssssssololololololololooooo ubububububuububububububu ilililillillillili itititititititttttyyyy yyyyy of 
cecccececccecccecc ririririiririr umumumumumuumuumumumuu (((((((((IVIVIVIVIVVVVVVVVV))))))))))))

ssssusssssssss lfffffffflffffatatatatatatatatatatatatateeeeeeeeeeee
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2 (a) (i)
NxOy xNH3 + yH2O

nH2O =
0.18

20.7

= 0.400 mol
nNH3 = nHCl
= 0.1 x 2.0 
=  0.200 mol

1
y

n
n

yX

2

ON

OH y = 4

1
x

n
n

yX

3

ON

NH x = 2

Formula of NxOy = N2O4

[1]

(ii) Nitrogen is reduced as the oxidation number of nitrogen decreases from +4 in 
N2O4 to –3 in NH3.

Note: Explanation must involve change in oxidation number. Passing over 
H2(g) / increase in H atoms are not acceptable.

[1]

(b) (i) HNO3 + NH2SO3H H2SO4 + N2O + H2O [1]

(ii) 2Fe2++ Sn4+ 2Fe3+ + Sn2+ [1]

(iii) n(Sn4+) = ½ n(Fe2+)
= 0.5 x 20/1000 x 0.10 
= 0.00100 mol

2HNO3 + 8HCl + 4SnCl2 4SnCl4 + N2O + 5H2O 
nN2O = 0.25 x 0.00100 mol 
          = 2.50 x 10–4 mol
Vol of N2O = 2.50 x 10–4 x 24 dm3

      = 6.00 x 10–3 dm3

      = 6.00 cm3 [1]

(iv) [1]

(v) Shape: linear (2bp 0lp) [1]

(vi) Nitrous oxide is a polar molecule while argon is monoatomic
resulting in stronger permanent dipole–permanent dipole attractions between 
the N2O molecules. Hence more energy is required to overcome these 
attractions, thus the boiling point is higher. 

(accept explanation in terms of surface area of N2O being larger; more 
extensive id–id due to triatomic molecule)

[1]

H2(g)
catalyst

N N O

1n
yXONX

Formula of NxOy = N2O4

(ii) Nitrogen is reduced as the oxidation number of nitrogen dedecrcreaeasesess from +4 i
N2O4 to –3 in NH3.

Note: Explanation must involve change in oxidaaaaaaaaaaaaaaaaatitititititititititititititititiitititiiiiiiiitiiiiiiitiiiononononononoonononononononnoonooooooo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnumumumumumumumumumumumumumumummmberrrrr.r.rrrrrrrr PPPPPPPPPPPPPPPPPasasasasasasasasasasasasasasassssisisisisisisisisisisisisisiss ng ove
H2(g) / increase in H atoms are not acceptableeeeeeeeeeeeeeee.

) (i) HNO3 + NH2SO3H HHHHHHHHHHHH2222SO4 ++++++++++++ NNNNNNNNNNNN222222222222OOOOOOOO ++++++++++++++++++++++++ HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH222222222222222222222222222222222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

(ii) 2Fe2++ Sn4+ 2FFFFFFFFFFFFFeeeeeeeee3+3+33+3+3+3+3+333+3+ ++++++++ SnSnSnSnSnSnSnSnSnnnSnS 2++++++++++

(iii) n(Sn4+) = ½ n(Fe2+)
= 0.5 xxx xxxxxxxxxx 20000000000000/1/1/1/1/1/1/1/1/1/1//1/ 000 x 0.10 
= 0.0011011111111111 0 0 0 000000000 0 momomomomomomooomomomm llllllllll

2HNONONONONNONONONONONNONO3 +++++++++++ 8H8HHHHHHHHHHHHCl +++++++++++ 4S4S4S4S4S4S4S4S4S4S4S4S4SnCl2 4S4S4S4S4S4S4S4S4S4S4SS4SnCnCnCnCnCnCnCnCnCnCnCnCnClllllllllll4 + N2O + 5H2O
nNNNNNNNNNNN2OOO OOOOOOOOO = 0.2522525222252525222 xxxxxxxxxxxxx 0000.0........ 00010000000000 00 mololololololololololoo  
         = 2.50000000000 xxxxxx 11111111111110000000000000–4–4–44–4–444–4444 moooooooooll
VoVoVoVoVoVoVVoVVol ofofofofofofofofooofoff NNNNNNNNNNNN2OOOOOOOOOOOOO === 2.2222222222 50 x 11111111111110000000000000–4–4––4–44––––– x xxxxxxxxxxx 24242424242424242424242424 ddddddddddm3

     = 6.0000000000000000000000000 xxxxxxxxxxx 111111110000000000000–3––––––––– dmddmdmdmdmdddmdmddmd 3

    = 6.666.66 000000000000000000000000 ccccccccccccmmmmmmmmmmmm3333333333333

(iv)

N N O
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3 (a)

By Hess Law,

Hf = 2 x Hat(Fe) + 
2
3 x BE(O=O) + 2 x (1st + 2nd + 3rd IE of Fe)

+ 3 x 1st EA of O + 3 x 2nd EA of O + LE

–824 = 2(414)+
2
3 (496)+2(762+1560+2960)+3(–141)+3(844)+LE

LE = –15069 kJ mol–1

[1] each: for any 2 arrows (with correct equation, state symbols, arrows, labelling of
H), max 3 marks

[1]: correctly apply Hess’ Law
[1]: correct L.E.

[5]

(b) (i) Decrease in disorder due to decrease in number of gaseous particles.
OrDecrease in disorder due to the formation of solid.

[1]

(ii) Go Ho – T So

–824 x 103) – (298)(–275)
= –7.42 x 105J mol–1

= –742 kJ mol–1

[1]

(iii) Go is negative, reaction is spontaneous. [1]

Fe(s) +     O2(g)
2 x Hat(Fe) = 2(+414 )

x BE(O=O) = (+496 )

2 x (1st + 2nd + 3rd IE of Fe) 
= 2(762+1560+2960)

Fe2O3(s)
Hf = –824 

2Fe(g) + O2(g)

2Fe(g) + 3O(g)

2Fe3+(g) + 3O(g) + 6e

2Fe3+(g) + 3O-(g) + 3e

3 x 1st EA of O = 3(–141)

3 x 2nd EA of O = 3(+844)

2Fe3+(g) + 3O2-(g)

LE

En
er

gy

0
2

By Hess Law,

Hf = 2 x Hat(Fe) +   
2
3 x BEEEEEEEEE(O((O(O(O(O(((O=O=O=O=O=OO=OO=OOO))))) )) ++++++ 222222222 xxxx xxxxx (1111111ststssssst + 2nd +++++++++++ 3333333rd IE of Fe)

+ 3 x 1st EA of ffffffffff OO OOOOOOOOOO +++++++++++ 3 3 3 xxxxxxx xxxx 2nddddddddd EAEAAAAAAAAAA ooooooooof f fff ff OOOO OOOOOO + LELELELELELELELELELEE

–824 = 2(2(2(2((2(2(2(2(22 414444444444 4))))))))+++++++++
2
3333333333 (4996996969699 )+)+)+)+)++)+)+)+)+2(2(2(2(2(2(2(2(2(2 6676767667676662+2+2+2+2+2+22+2+2+1515515151151515156060606066060600+2+2+22222+2+22296969696969696969969 0)0)0)0)0)0)0)0)0))0 +3+3+3+3+3+3+3++3((((((((––141)+3(844)+LE

LEEEEEEEEEEEEE ========== –155555000060000000 9 kJ momomomomomomomom llllllllll–1

[1] eacacacacaacach: forrrrrr aaaaaaaaanynynnynynyyyy 2222222222 arrowowowowowowows ss ss (ww(www(w(w(w(wititititititttthhhhhhhhhh cococococoorrect equation, state symbols, arrows, labelling o
H), maxaxaaaaaaaa 333333333 marks

[1]: correeeeeectctctctctctctcctc lylylylylylyly aaaaaaaaappppppppppppppppplylylylylylylyl HHHHHHHesesesesessessse s’s’s’s’ss’s’ LLLLLLLLLaw
[1]: correctttttt LLLLLLL.E.E.E.E.EEEE......

) (i) Decreaseeeeeeeeeee in disorder due to decrease in number of gaseous particles.
OrDecrease in disorder due to the formation of solid.

Fe(s) +     O2(g)
2 x HatHH (Fe) = 2(+414 )

x BE(O=O) = (+496 )

FeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFeFFeFeFeFeFee22222222222222222OOOOOOOOOOOOOOOOOOOOOOOO3(((((((s(( )
HfHH = –822222222224444444444

 

2Fe(g) + O2(g)
LE

0
2

www.KiasuExamPaper.com 
34



4 (a) n(S2O3
2–) used = 10.0x

1000
5.12

= 1.25 x 10–3 mol
n(I2) formed = ½(1.25 x 10–3) 

= 6.25 x 10–4 mol
= n(ICl) in excess 

n(ICl) reacted with E = 20.0x
1000

0.25 – 6.25 x 10–4

= 4.38 x 10–3 mol

n(E) reacted = 
)0.16(2)0.1(10)0.12(8

20.0

= 1.45 x 10–3 mol

Let x be the number of C=C present in E

x
10x45.1
10x38.4

1
x

n
reactedn

3

3
E

ICl

x = 3

[1]

[1]

[1]

(b) Any 8–carbon chain acid with 3 C=C and satisfy molecular formula given
e.g. CH2=CHCH=CHCH=CHCH2CO2H

[1]

(c) (electrophilic addition)

C

C

HR'

HR

I Cl

E

CR
H

I

C
H

R

Cl C IR
H

C
H

R Cl

'
'slow fast

[1]: correct electrons movement 
[1]: correct charges and intermediate, slow & fast step

[2]

Let x be the number of C=C present in E

x
10x45.1
10x38.4

1
x

n
reactedn

3

3
E

ICl

x = 3

) Any 8–carbon chain acid with 3 C=C and sssasassassasssss tititititititititittittisfsssssss y y y y yyyy momomomomomomomomoomomomooomoomoooomomooomomomomomooomomomomommommmmmommmoleleleleleleleleeeeeleleeeleeleeeleleeeeeleeeeeeeeeeeleellellellelecucucucucucucucucucucucccucucucucucucucucccucucucucucucuucucucuccucuccuuuc lalalalaalalalalaalalalaalalalalalaalalallalalaaaaaaalaaaaaaaaar rr r rr rrr r r rrrrrrrrrrrrr r rrr r rrrr fofofofofofofofofofofofofofofofofofofofofofofofoffoofofoffooooffofooooffofooooooormrmrrrrrrrrrrrrrr ululaa gigivevenn
e.g. CH2=CHCH=CHCH=CHCH2CO222222222222H

) (electrophilic addition)

C

C

HR'

HHHHHHHHHHHHHRRRRRRRRRRRRRRR

I CCCCCCCCCCCCCl

EEEEEEEEEEEE

CR CCCCCCCCC
HHHHHHHHHHHHH

IIIIIIIIIII

CCCCCCCCCCCCC
H

RRRRRRRRRRRRR

Cl C IR
H

C
H

R CC l

'
'slllllllowowowowowowowowowowowowow fast

[1]: correctttttttt eeeeeeeeelelelelelellectctctctctctctctcc rorrrrrrr nsnsnsnssss mmmmmmmmmmovement 
[1]: correct ccccccccchahahahahahahaaaargrggrgrgrgggggeseseseseseseseses and intermediate, slow & fast step
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5 (a) (i) NH4HS(s) NH3 (g) + H2S(g)
initial p / Pa 0 4.36 x 103

Solid NH4HS added will change P.O.E. to shift right and hence more NH3
and H2S will be formed.
change in p / Pa + 3.30 x 104 + 3.30 x 104

p at eqm / Pa 3.30 x 104 3.736 x 104

Eqm partial pressure of H2S = 4.36 x 103+ 3.30 x 104

= 3.736 x 104 Pa 

Kp = (pH2S)(pNH3)
= (3.736 x 104)( 3.30 x 104)
= 1.23 x 109 Pa2

[1]

[1]

(ii) 1. the volume

When volume is increased, pressure decreases. This will shift the position of
equilibrium to the right in order to increase pressure by producing more gas
molecules.

[1]:POE shifts right
[1]: correct explanation

2. the temperature

Since Kp increases with temperature, the forward reaction is endothermic. 
When the temperature is increased, the forward endothermic reaction is 
favoured. The position of equilibrium will shift to the right in order to reduce 
temperature by absorbing extra heat.

[1]: identify forward reaction is endothermic
[1]: POE shifts right

[2]

[2]

(b) NH4HS(s) NH3 (g) + H2S(g)
initial p / Pa 5.07 x 104 5.07 x 104

change in p / Pa – x – x
p at eqm / Pa 5.07 x 104 – x 5.07 x 104 – x

Let the partial pressure of NH3 reacted be x.

Since T remain at 25 oC, Kp = 1.23 x 109

(5.07 x 104 – x)2 = 1.23 x 109

x = 1.563 x 104 Pa

Number of moles of NH3 that reacted = 
RT
pV =

298 x 8.31
10 x 10 x 10 x 1.563 -34

= 0.06312 mol

Since number of moles of NH3 reacted = number of moles of NH4HS reacted, 
mass of NH4HS = 0.06312 x 51.1 = 3.23 g

Alternatively,
Equilibrium partial pressure of each gas = (1.23 x109)

= 3.507 x 104 Pa 
Partial pressure of each gas that reacted = 5.07 x 104 – 3.507 x 104

= 1.563 x 104 Pa

[1]

[1]

[1]

(ii) 1. the volume

When volume is increased, pressure decreases. This will shshifift thhee position o
equilibrium to the right in order to increase pressure by pproroduducicingn  more ga
molecules.

[1]:POE shifts right
[1]: correct explanation

2. the temperature

Since Kp increases with tttttttttttememememememememememememempepeppepepepepepepepepp rararararararaaaaaaatuuuuuuuuuuurerrrrrrr , the fooffffffffff rrrrwrrrrrrrrrrr ard reactionon iss endodotthermic.
When the temperaturerrrerrerrrrrrer iiiiiiis inininninnininnininnncreaaaaaaaaaaaaaseeeeeeeeeeeeed,dd  thhehehehehhhhhhh  forward enndodotthermic reaction i
favoured. The positionnnnnnnnnnnnn oooooooooooooffff ffff eqeqeqeqeqeqeqeqeqeqeqeqe uiuiuuuiuuiuiuuiuu lilll brbrbbrbrbrbrbrbrriiiiiiiiummmmmmmmmmmmm wwwwwwwwwwwwwilililililli lllllll shiffffffffffftttttt tttt tototototototototototooto the righghtt in order to reduc
temperature bybybybybybybybyybybbb  ababababababababababbbbsossssssssss rbing extra heheheheheheheheheheheheheaaataaaaaaaaaa .

[1]: iiiiiideddddddddd ntntntntntntntify yyyyyyyy forwwwwwwwwwwwarrrrrrrrrddddddddd rerererereerereacacacacacacacacacctitiionononononononono  is ennnnnnndodododododododododod ththththththththht ererererereererrermimimimmmimmim ccccccc
[1]:::::::: PPPOPPPPPPP E sshsssshssss ififififififififfftstttttt rrrrrrrigiiiiii hhhhthhhhhhh

) NH444444444HSHSHSHSHSHSHSHSHSHSHSHSHS(s(s(s(s(s(s(s(s(s(s(s(s(s))))))))))) NH3 (g) + H2S(g)
initiaaaaaaaaaaaallll p /// ///////// PaPaPaPaPaPaPaPaPaPaPaaa 5.07 x 104 5.07 x 104

changegegegegegegegeeeee iiiiiiiiiinnnnnnnnnnnn p / Pa – x – x
p at eqmmmmmmmmmmmmm ///////////// PPPPPPPPPPPPaaaaaaaaaaaaa 5.07 x 104 – x 5.07 x 104 – x

Let the partrtrtrtrtrtrtrtrrtrtrttiaaaaaaaaaaaall prprprpprprprprprprprprp eeeeseeeee susususuuuurerererererererererererer  of NH3 reacted be x.

Since T remaiiin nnnnnnnnnnnnnn at 25 oC, Kp = 1.23 x 109

(5.07 x 104 – x)2
pp

= 1.23 x 109

x = 1.563 x 104 Pa
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(c) (i)
Ka =

S]H[
]HS][H[

2

-
=

S]H[
]H[

2

2

9.1 x 10–8

0.10
]H[ 2

[H+]= 9.54 x 10–5 moldm–3

pH = –log10[H+]
= –log10 (9.54 x 10–5) = 4.02 [1]

(ii) nH2S = 0.05 x 0.10 = 5 x 10–3 mol
Since nH2S:nNaOH is 1:2, nNaOH = 0.01 mol
Vol. of NaOH required for complete neutralization = 0.01/0.25

= 0.04 dm3 = 40 cm3

Since nH2S:nsalt is 1:1, nsalt =  5 x 10–3 mol
[salt] = 5 x 10–3/ 0.09 = 0.0556 moldm–3

[1]

[1]

(iii) S2– + H2O HS– + OH– [1]

(iv) S2– + H2O HS– + OH–

initial conc
/ mol dm–3 0.05556 0 0

change in conc
/ mol dm–3 – 10–1.6 + 10–1.6 + 10–1.6

eqm conc
/ mol dm–3 0.03044 0.02512 0.02512

pOH = 14 – 12.4 = 1.6
[OH–] = 10–1.6 = 0.02512 mol dm–3

[S2–]eqm = 0.0556 – 0.02512 = 0.03044 mol dm–3

Kb1 (S2–) = 
]S[

]HS][OH[
-2

-

0.03044
0.025122

= 0.0207 mol dm–3

Ka2 (H2S) = 
b1

-14

K
10 = 4.82 x 10–13 mol dm–3

[1]

[1]

(v) Ka2 is a smaller value than Ka1. For Ka1¸ it involves losing a H+ ion from a
neutral H2S molecule. For Ka2, it involves losing a H+ ion from a negatively–
charged ion and this is more difficult due to the electrostatic attraction
between the oppositely charged ions.

[1]

(vi) pH

12.4

4.02

20  40      vol. of NaOH added/cm3

[1]: shape of graph, correct labelled axes, showing 2 equivalence points
[1]: indicates values of initial pH, volume and pH at 2nd equivalence point

[2]

[salt]  5 x 10 / 0.09  0.0556 moldm

(iii) S2– + H2O HS– + OH–

(iv) S2– + H2O HS– + O+ OHH–

initial conc
/ mol dm–3 0.05556 0 0 00

change in conc
/ mol dm–3 – 10–1.6 + 1+ 11+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 111+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 11+ 1+ 1+ 11+ 1+ 1++ 1111+ 111+ 1++ 1111+ 1+++ 0000000000000000000000000000000000000000000––––––––––––––––––1.6111111.61 61.6.61.661.6.611 6.6611111 6 + 1010–1 61.6

eqm conc
/ mol dm–3 0.03044 0.0.0.0.00000.0.00.0.000.0.0.0.0.0000.0.0.00.000.00000000.0.0.000000 0202020202020202020202202020202020202002020020022202220202202000202220220222200 51555555515555155555515555515151555515151555515515 222 00.0202515122

pOH = 14 – 12.4 = 1.6
[OH–] = 10–1.6 = 0.0251111111111111112 22 2 222 222 mol dm–33333333

[S2–]eqm = 0.0556566 – 0.0202020020202020202020251151515151515151112222222222222 = 00000000000.0303030333033033330 0404404040444040404044444444 44444 momomomommmmmmmm l dmmmmmmmmmmmm–3–3–3–3–3–33–3––3–––3–3

Kb1 (S(S(S(S(S(S(S(S(S(S( 2––2–––2––––2–) )))))))))) ============
]S ]S ]S ]S ]S ]SS ]S ]SSS ]S ]S[[[[[[[[[

]]]]]]]]]HSHSHSHSHSHSHSHSHSHSHSHSHS][]]]]]]]]]]]OHHHHHHHHHHHHH[
222222222

-

0000000000000.00000000000033333333333000000000044444444444444444444444444
0000000000000....00000000000222222222222555555555551111111111122222

============ 0.00000000000 0202020202020202020202020207 mol dm–3

Kaa2aaaaaaaK (H(H(H(H(H(H(H(((H(H(H(H2S) = 
bbb1b1b1bb1bbbbbb

-1444444444444

KKKKKKKKKKKK
10000100000000 =========== 4.822222222222 xxxxxxxxxxxx 11111111111110000000000000–––––––11131111 mol dm–3

(v) KKKKKKKa22a2a2aa2a2a222222K isisisisisisissssss a smallllllllllllll ererererererrerererrrr vvvvvvvvvvvvvalaalaaaaaaaaaa ueueueueueueueueeueueuee than Ka1. K For Ka1¸ it involves losing a H+ ion from
neututututututuututututtrararararararararararaaalllll lll HHHHHHHHHHHHH22222SSSSSSSSSSSSS momomomomomomomomomomomomoleleleleleleleleleeecucucucucucucucucucucucuc llel . For Ka2, it involves losing a H+ ion from a negatively–yy
chargegegegegegegegegeeeeeddddddddddddd ioioioioiooioioiooioi n aaaanaaaaaaa ddd d this is more difficult due to the electrostatic attractio
betweeeeen nnnnnnnnnn thththhththththththhtheeeeeeeeeeeee oppositely charged ions.

(vi) pH
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(d) When small amount of H+ is added,
HS– + H+  H2S
When small amount of OH– is added,
H2S + OH– HS– + H2O
Hence pH remains relatively constant

[1]

[1]
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6 (a) monochlorinated product relative ratio
CH3CH2CH(CH2Cl)CH2CH3 3
CH3CH2CCl(CH3)CH2CH3 1
CH3CH2CH(CH3)CHClCH3 4
CH3CH2CH(CH3)CH2CH2Cl 6

[1] each: correct structure
[1]: correct ratio

[5]

(b) Free radical substitution

Initiation:
Cl–Cl 2Cl•

Propagation:
Cl•+ CH3CH2CH(CH3)CH2CH3 •CH2CH2CH(CH3)CH2CH3+ HCl
•CH2CH2CH(CH3)CH2CH3+ Cl–Cl  Cl• + CH3CH2CH(CH3)CH2CH2Cl
Termination:
CH3CH2CH(CH3)CH2CH2•+ Cl CH3CH2CH(CH3)CH2CH2Cl
2Cl  Cl–Cl

[1] : correct labelling and name of mechanism
[1] : correct propagation steps
[1] : correct initiation and termination steps

[3]

(c) F–F Bond energy = 158 kJmol–1

Cl–Cl Bond energy = 244 kJmol–1

Br–Br Bond energy = 193 kJmol–1

I–I Bond energy = 151 kJmol–1

If initiation stage is the rate–determining step, bond energies of the halogens are
the activation energies for the initiation stage and hence rate of free radical
substitution should be as follows:
I2> F2> Br2> Cl2
Since rate of substitution of different halogens does not follow this trend, the rate
determining step for free radical substitution cannot be the initiation stage.

[1]: correctly quoted B.E.
[1]: recognise that order of reactivity based on B.E.

[2]

(d) No.  H• radical is too unstable to exist.
(accept explanation in terms of H is endothermic)

[1]

(e) (i) geometrical isomerism [1]

(ii) CH3COOH, CH3COCOOH, CO2
2 correct structures – 1M, 3 correct structures – 2M

[2]

(iii) F CH3CHClCH(CH3)CHClCH3
It has a plane of symmetry within the molecule and hence does not display
any optical activity even though it has 2 chiral centers.

[1]
[1]

(iv) CH2=CHCH(CH3)CH=CH2 [1]

(f) Step I: Ethanolic KOH, heat under reflux
Step II: cold, acidic/alkaline KMnO4
IntermediateJ: CH3CH=CHCH2CH3.

[1]
[1]
[1]

Propagation:
Cl•+ CH3CH2CH(CH3)CH2CH3 •CH2CH2CH(CH3)CH2CH3+ HCl
•CH2CH2CH(CH3)CH2CH3+ Cl–Cll l  Cl• + CH3CH2CH(CH3)CH22CHCH22CCl
Termination:
CH3CH2CH(CH3)CH2CH2•+ Cl CH3CH2CH(CH3)CH2CH2CCll
2Cl  Cl–Cll l

[1] : correct labelling and name of mechanism
[1] : correct propagation steps
[1] : correct initiation and termination stepssssssss

) F–F Bond energy = 158 kJmol–1

Cl–Cll l Bond energy = 244 kJmomomomomomomomommomomm llllll 1111–11

Br–rr Br Bond energy = 193 kJJJJJJJJJJJJJJmmmommmmmmm l–1

I–I Bond energy = 15551 kJmooooooooooooollllllll–11111–1111

If initiation stage issssssss theeeeee rrrrrrrrrrrate–determinnnnnnnnnninnnggggggggggggg step, boboboboboboboboboobobob ndndndndndndndndndndndndd eeeeeeeeeeeenergies of the halogens ar
the activationnnnnnnn energrgrgrgrgrgrgrgrgggggieeeeeeeeeeeees ssssssssss foooooooooorrrr rrrrrrr thhhhhhhhhhheeeeeeeeeeee inininininininnnnitittittitittti iaaaaiaiaaaiaiaaaatttitttttt on ssssssssssstatatatatatatatatatataatagegegegegegegegegegeegege anananananananananananana d hence rate of free radica
substitutionononnonnononononnon ssssssshohohohohohohohohoohohoh uluuuuuuuuuuu d bebeebeeeeeeee aaaaaaaaaaaaassssss ssssss fofofofofofofofofooooolllllllllllllllllowowowowowowowowowows:sssssssssss
I2> F2> BrBrBrBrBrBrBrBrBrBrBrBr2> CCCCCCCCCClllllllllllll222222
Sincncncncncncncnccncncncnceeeeeeee raaaaaaaaaaaaateeeeeeeeeeeee of subsbbsbsbsbsbbbbb tittitittititittititit tuttt ttittttttttttt oonononooonononn of diffffffffffffffffffffferererererererererererre enenenenenenenenenenenenent t hahahhahahahahahahahahahalolollololoololooolol gens does not follow this trend, the rat
deteteteteteteteteteteteteeeeeeermmmmmmmmmmmmminnnnnnnnnnnninnnnnnnnnnnnnggggggggggggg stsss ep fooorooroooooooo fffffffffffffrerererererererererereeeeeeeeee radididididdiddidididididicacacacacacccaccacacacallllllllll susususususususususuususubsbbbbbbbbbbbbbb titution cannot be the initiation stage.

[1]: corrrrrrrrrrrrrrrrrreccccccccctly quoted BBBBBBBBB.E.E.E.E.E.EEE.
[1]: recogggggggggnininiininiiiisesesesesesesesese tttttttthahahahahahahahatt ttttttt orooororoooo deeeeeeeeer rrrrrrr ofofofofofofoffoffo rrrrreactivity based on B.E.

) No.  H• radicacacacacacacacacacacacacallllllll isssssssssss tttttttttttttoooooooooooooooooooooooo unstable to exist.
(accept explannnatatation in terms of H is endothermic)

) (i) geometrical isomerism
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7 (a) (i) Element Q [1]

(ii) Electronic configuration of P+: 1s22s22p2

Electronic configuration of X+: 1s22s22p63s23p2

The election removed from P+ is from 2p orbital, whereas the electron
removed from X+ is from 3p orbital which is at a higher energy level [1], much
lesser energy is required to remove electron from X+ than from P+ and hence
a lower second ionisation energy [1].  Or

The election removed from P+ is from 2p orbital, whereas the electron
removed from X+ is from 3p orbital. Since valence e– in X+is further away from
the nucleus than P+, it experiences a weakerattraction bythe nucleus [1].
Much lesser energy is required to remove electron from X+ than from P+ and
hence a lower second ionisation energy [1].

[2]

(iii) Group III
V2O3

[1]
[1]

(iv) XCl3 / XCl5

or  

[1]: correct formula of chloride
[1]:correct structure with bond angles

[2]

(v) Electronic configuration of Q+: 1s22s22p3

Electronic configuration of R+: 1s22s22p4

The electron removed from Q+ is an unpaired electron in 2p orbitals whereas
the electron removed from R+ is from a paired electron in 2p orbitals which
experiences inter–electronic repulsion. Lesser energy is hence required to
remove the electron from R+.

[1]

[1]

(b) (i)

H
O

H
O

H H

H2O molecules can form hydrogen bonding within themselves, whereas there 
are only permanent dipole–permanent dipole interactions within H2S
molecules. More energy is required to break the stronger hydrogen bonding
between the water molecules, thus a higher boiling point. 

[1]

[1]

(ii) O is more electronegative than S. Thus, the two bond pairs in H2O are closer
to the central atom than in H2S. Hence bp–bp repulsion in H2O is greater,
leading to a larger bond angle.
(accept greater electron density; larger angle to minimise repulsion)

[1]

hydrogen bonding

Much lesser energy is required to remove electron from X than from P an
hence a lower second ionisation energy [1].

(iii) Group III
V2O3

(iv) XCl3 / XCl5

or 

[1]: correct formula of cccccccchlhlhlhlhlllorororororororrididididididdididdi ee
[1]:correct struuuuuuuuuuctctctctcttc ururururururururreeeeeee withhhhhhh bbbbbbbond annnnnnnngllllllesee

(v) Electronnnnnnnnnnnnnicccccccccccc confifififififififfifif guuuuuuuuuuuuraraaaaaaaaaaatitttttttttttt onooooooo ooooooooooooof ffffffff QQQQQQQQQQQQQ+:::: 111s1111111 22s2s22 222222222222p2p2p2p2p2p2p2p2p2p2p2p2p333333

Elececececececececeeee tttrtttttttt oniciciciciciciciciciciccc ccccccccccccconoooooooooo figggguggggggggg rararararararararararararattttittttt on ooooooooooooofffffff fffff RRRRRRRRRRRRR+::::::: 1s1sss1s1s1s1s1ss1ss1 2222222222222s2s2s2s2s2s2s2s2s2s2s2ss2222222222222p2p2p2p2p2p2p2p2p2p2p2p2p44444444444

ThThhThhThhThhhThThhe eleeeee ectronnnnnnnnnnnn remememememememememememememovovovovovovovoooooo ed ffffffffffffrorororororororororroorommmmmmmmmmmm QQQQQQQQQQQQQ+ is an unpaired electron in 2p orbitals wherea
thhhhhhhhhhhhhe eleleleleleleeeleleelleceeeeeeeee trtrtrtrtrtrtrtrttrtrtrronononononononoononononn rememeeememeemeee ovedededededededededededded fffffffffffffrorororororoororororororommmmmmmmmmmmm RRRRRRRRRRRR+++++++++++++++ is from a paired electron in 2p orbitals whic
eeexexeeeeeeeexe pepeppepepepepepepppperiencececcececececececececessss sssss inteeeeeeeeeeeeerrrrrrrrrrrrr–––––––rrrrr eleeeeeeeeeee ececececececececececececectrtrtrtrtrtt ononononononononononoono ic repulsion. Lesser energy is hence required t
remomomomomomomomommomomomovevvvvvvvvv tttttttttttthehhhhhhhhh  eleleeleellellectcttctctctctctcttctctc rororororororoororororor nnnnnnnnnnn frfrfrfrfrfrfrfrfrfrfrfrfrom R+.

) (i)

H
O

H
O

H

hydrogen bonding
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(c) (i) Na2O2: –1
Na2CO3: –2
O2: 0

[1]

(ii) Disproportionation reaction [1]

(iii) [1]

Sodium peroxide (has a giant ionic lattice structure), where Na+ and O2
2– ions

are held together by strong electrostatic forces of attraction.

In solid state, the ions are fixed in the lattice. Hence there are no mobile 
charge carriers and Na2O2 is an insulator.

[1]

[1]

(d) 2Na2O2(s) + 2CO2(g) 2Na2CO3(s) + O2(g)

n(NaOH) = mol101.150.50
1000

23 2

n(NaOH) = n(HCl) left in 10.0 cm3 = 1.15 x 10–2 mol

n(HCl) left in 50.0 cm3 = 5.75 x 10–2 mol

n(HCl) added = mol107.501.50
1000

50 2

n(HCl) reacted = 7.50 x 10–2– 5.75 x 10–2

= 1.75 x 10–2mol

Na2CO3 + 2HCl 2NaCl + CO2 + H2O 

2
1

)HCl(n
)CONa(n 32

n(Na2CO3) formed = 1.75 x 10–2 / 2 = 8.75 x 10–3 mol 

1
1

)ONa(n
)CONa(n

22

32

Mass of Na2O2 = 8.75 x 10–3 x (23.0 x 2 + 16.0 x 2) = 0.683 g

[1]

[1]
ecf

[1]
ecf

In solid state, the ions are fixed in the lattice. Hence there are no mobil
charge carriers and Na2O2 is an insulator.

) 2Na2O2(s) + 2CO2(g) 2Na2CO3(s) + O2(g)

n(NaOH) = mol101.150.50
1000

23 21.150.50 1.15

n(NaOH) = n(HCl) left in 10.0 cm3 = 1.15 x 10–2 mol

n(HCl) left in 50.0 cm3 = 5.75 x 10–2 mol

n(HCl) added = mollllllllll100000000000007.501.50
1000

50 27.501.50 7.50

n(HCl) reacted = 7.50 x 10–2–22222–22–2–22222–––––– 5.75 xxxxxxxxxx 111111110000000––––2–––––

= 1.7575575757575755557  x 10–2–22–2–222222222momomomomomommomomomomollllllllll

Na2CO3 + 2HHHHHHHHHHHHCCCCCCCCCCCCCCCl 2N2N2N2N2N2N2N2N2N2N2NNNaCCCCCCCCCCCCllllllll + COCOCOCOCOCOOCOCOCOCOCOCO2 + HHHHHHHHHHHHH2OOOOOOOOOOOOO

2
111111111111

)HCHCHCHCHCHCHCHCHCHCCHCHCl(n(n(n(n(n((n(((n((n
)COOOOOOOOOOONa(n 32 3333333333COOOOOOOOOO

n(Naaaaaaaaaaaaa22222222COCOCOCOCOCOCOCOCOCOCOCC 3333333333)))))))) fooooormrmrmrmrmrmrmrmrmrmrmrmmedeeeeeeeeeee =========== 11111.7555555555 x xxx xxxxxxxxx 10101010101010101010101010–2–222222222222 / // // / /// / 222222222222 = 8.75 x 10–3 mol

11111111111
11111111

)O ))))))))))))Na(n
)))))))))))))COCOCOCOCCCOCOCCOCOONa(n

22O
2 3COOOOOOOOOOO

Mass of Na2OOOOOOOOOOOOO222222222 ========= 8.8.8888.888.88.88 7777577  x 10–3 x (23.0 x 2 + 16.0 x 2) = 0.683 g
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2

Section A 

For each question there are four possible answers, A, B, C and D. Choose the one you consider 
to be correct and record your choice in soft pencil on the separate answer sheet provided.  

1 Which of the following has the same number of atoms as that in 140 g of gallium, Ga? 

A Oxygen atoms in 90.8 g of Ca(NO3)2. 
B Hydrogen atoms in 1 mol of Zn4Si2O7(OH)2. 

C Helium atoms in 19.9 dm3 of He gas at rtp. 
D Carbon atoms in 36 dm3 of 0.023 mol dm-3 of CH3COOH. 

2 Two identical Br- solutions were titrated separately with acidified Cr2O7
2- and acidified MnO4

-

solution of the same concentration.  

Br2  + 2 e-      2 Br - 

Cr2O7
2- + 14 H+ + 6 e- 2 Cr3+ + 7 H2O

MnO4
-  + 8 H+ + 5 e-  Mn2+ + 4 H2O 

Which of the following describes the volume of Cr2O7
2- and of MnO4

- solution required in the
titrations to completely react with Br-? 

A The volume of Cr2O7
2- needed is 0.45 times that of MnO4

- needed.
B The volume of Cr2O7

2- needed is 0.83 times that of MnO4
- needed. 

C The volume of Cr2O7
2- needed is 1.50 times that of MnO4

- needed.
D The volume of Cr2O7

2- needed is 2.50 times that of MnO4
- needed.

3 Which of the following species does not have a half-filled or fully-filled 3d subshell? 

A Cr  B      Mn2+  C      Zn  D      Cu2+
 

4 Buckminsterfullerene, C60, is a spherical molecule which resembles a soccer ball made up 
of carbon atoms. 

Buckminsterfullerene 

The bonding in buckminsterfullerene is similar to that in graphite. 

Which of the following best describes the property of a buckminsterfullerene molecule?  

A It will have a higher melting point compared to diamond.
B It will be harder than diamond.
C It will possess delocalised electrons.
D It will be soluble in polar solvents such as water. 
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5 Which of the following graphs shows the behaviour of a fixed mass of an ideal gas at two 
constant temperatures, T1 and T2 (where T2 > T1)? 

A  C 

B D 
     

6 Consider the reaction:  

Fe2O3(s) + 3 H2(g)        2 Fe(s) + 3 H2O(g)      Ho = +96 kJ mol-1; So = +138 J mol-1 K-1. 

Which of the following statements is true for the above reaction? 

A The reactants are in a more disorderly state than the products. 
B The reaction is spontaneous under standard conditions. 
C As the reaction proceeds, the temperature will increase. 
D As the temperature increases, the reaction becomes more spontaneous. 

7 Given the lattice energy of AlF3 is –6220 kJ mol–1, the enthalpy change of solution of AlF3 is
+51 kJ mol–1 and the hydration energies of the ions involved are:

Al3+ F– 

Hydration energy / kJ mol–1 –4750 x 

What is the value of x, in kJ mol–1? 

A -473  B      -710 C -1419 D -1521 

T2 

T1 

pV 

1 / V 
0 

 T2 

 T1 

pV
T

V 
0 

T2 

T1 

p 

1 / V 
0 

T2 

T1 

p 

 V 
0 
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8 Which statement is correct about a reaction for which the equilibrium constant is 
independent of temperature? 

 
A The rates for the forward and reverse reactions do not vary with temperature. 
B The activation energies for both forward and reverse reactions are zero. 
C The enthalpy change is zero. 
D There are equal numbers of moles of reactants and products. 

 
 

9 In an acid-base titration, a 0.10 mol dm-3 solution of a base is added to 25 cm3 of a  
0.10 mol dm-3 solution of an acid. The pH value of the solution is plotted against the volume, 
V, of base added as shown in the diagram.  

 

 
 Which of the following is an indicator that could be used for the above titration? 
 

A litmus 
B universal indicator 
C phenolphthalein 
D methyl orange 

 
 

10 The graph below shows how a property of the elements from Period 3 varies with proton 
number.  

 

                                 
 

What is the property? 
 
A first ionisation energy    C      melting point  
B electronegativity   D      ionic radius 
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11 The following graph shows the second ionisation energies of eight consecutive elements, A 
to H which have atomic numbers between 3 to 20 in the Periodic Table. 

Which one of the following statements about the oxides of the elements is correct? 

A B forms a liquid oxide that forms a neutral solution when dissolved in water. 
B D forms an oxide which can react with both NaOH(aq) and H2SO4(aq).
C E forms an oxide which is soluble in water to give a solution of pH 9. 
D F forms an oxide which reacts with water to give a green solution with universal 

indicator. 

12 Malic acid is commonly found in fruits such as green apple and is used as an additive for 
“super sour” candy. It has the following structure: 

What type of hybridisation is shown by the carbon atoms in the molecule? 

A sp3 only      
B sp2 and sp3

C sp, sp2 and sp3 
D sp2 only 

13 Cars are usually fitted with catalytic converters in the exhaust system to remove pollutant 
gases present in the exhaust gases. 

Which of the following is not a reaction that occurs in the catalytic converter? 

A 2 CO + O2  2 CO2 
B 2 NO + 2 CO  N2 + 2 CO2 
C 2 CO2 + N2  2 CO + 2 NO  
D hydrocarbons + O2  CO2 + H2O 
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14 Which of the following is a possible electrophile? 
 

A Cl+   B      NH3  C      NO2  D      Na+ 

 
 

15 Which of the following is not a product formed when ethene (H2C=CH2) reacts with Br2 in 
NaCl(aq)?  

 
 

A       C       

                                             
 

  
B      D       

                                                             
 
 
 

For each of the following questions, one or more of the three numbered statements 1 to 3 may 
be correct.  Decide whether each of the statements is or is not correct.  The responses A to D 
should be selected on the basis of: 
 

A B C D 

1, 2 and 3 
are correct 

1 and 2 only 
are correct 

2 and 3 only 
are correct 

1 only is 
correct 

 
 

16 An amino acid has four elements in its molecule. The approximate composition, by mass is 
C: 40%, H: 8%.  

Which of the following could be this molecule? 
 

1 2 3 
 
 
 
 
 
 
 
                
               Alanine 

 
 
 
 
 
 
 
 
                Threonine 

 
 
 
 
 
 
 
 
           Aspartic Acid 
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The responses A to D should be selected on the basis of: 

A B C D 

1, 2 and 3 
are correct 

1 and 2 only 
are correct 

2 and 3 only 
are correct 

1 only is 
correct 

17 NH3(g) dissociates at 500 K into its elements according to the following equilibrium: 

2 NH3(g)            N2(g) +  3 H2(g)           H = +38 kJ mol-1

Given that Kp for the reaction at 500 K is 3.11 x 107 Pa2, which of the following statements is 
true? 

1 Kp decreases when more N2(g) is added to the equilibrium mixture. 
2 Kp increases when the temperature is increased to 600 K.  
3 Addition of a catalyst will not have any effect on the value of Kp. 

18 Which of the following properties of the oxides across Period 3 elements from Na to S are 
true? 

1 The covalent character increases. 
2 The oxides of the elements changes from basic to acidic. 
3 The oxides formed are increasingly soluble in water across Period 3. 

19 Which of the following pairs are stereoisomers of each other? 

1 

 2 

3 
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The responses A to D should be selected on the basis of: 

A B C D 

1, 2 and 3 
are correct 

1 and 2 only 
are correct 

2 and 3 only 
are correct 

1 only is 
correct 

20 Dienes are hydrocarbons that contain two C=C double bonds. An example of a diene is 
cyclohexa-1,4-diene with the following structure. 

Which of the following deductions can be made about the organic product formed when 
cyclohexa-1,4-diene reacts with hot acidified KMnO4? 

1 Only one product is formed. 
2 The product possesses hydrogen bonding. 
3 The product is optically active. 

End Of Paper 
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Section A 

For each question there are four possible answers, A, B, C and D. Choose the one you consider 
to be correct and record your choice in soft pencil on the separate answer sheet provided.  

1 Which of the following has the same number of atoms as that in 140 g of gallium, Ga? 

A Oxygen atoms in 90.8 g of Ca(NO3)2. 
B Hydrogen atoms in 1 mol of Zn4Si2O7(OH)2. 

C Helium atoms in 19.9 dm3 of He gas at rtp. 
D Carbon atoms in 36 dm3 of 0.023 mol dm-3 of CH3COOH. 

2 Two identical Br- solutions were titrated separately with acidified Cr2O7
2- and acidified MnO4

-

solution of the same concentration.  

Br2  + 2 e-  2 Br - 

Cr2O7
2- + 14 H+ + 6 e- 2 Cr3+ + 7 H2O

MnO4
-  + 8 H+ + 5 e- Mn2+ + 4 H2O

Which of the following describes the volume of Cr2O7
2- and of MnO4

- solution required in the
titrations to completely react with Br-? 

A The volume of Cr2O7
2- needed is 0.45 times that of MnO4

- needed.
B The volume of Cr2O7

2- needed is 0.83 times that of MnO4
- needed.

C The volume of Cr2O7
2- needed is 1.50 times that of MnO4

- needed. 
D The volume of Cr2O7

2- needed is 2.50 times that of MnO4
- needed.

Worked solution: 

No. of mol of Ga = 140 / 69.7 = 2  
No. of Ga atoms = 2 x 6.02 x 1023 = 1.20 x 1024 

A No. of mol of Ca(NO3)2 = 90.8 / [40.1 + 2(14 + 3 x 16)] = 0.553 
     Ca(NO3)2  6 O 
     No. of mol of O atoms = 0.553 x 6 = 3.32 
     No. of O atoms = 3.32 x 6.02 x 1023 = 2.00 x 1024 

B  Zn4Si2O7(OH)2  2 H 
     No. of mol of H atoms = 2 
     No. of H atoms = 2 x 6.02 x 1023 = 1.20 x 1024 

C No. of mol of He = 19.9 / 24 = 0.829 
     No. of He atoms = 0.829 x 6.02 x 1023 = 4.99 x 1023 

D No. of mol of CH3COOH = 36 x 0.023 = 0.828 
     CH3COOH  2 C 
     No. of mol of C atoms = 0.828 x 2 = 1.656 
     No. of C atoms = 1.656 x 6.02 x 1023 = 9.97 x 1023 

Two identiiiicacacacacacacacacacacacacalllll lll BrBrBrBrBrBBBBBrBrBrBr-------- sssssssssolololololololololooluuuutuuuuuuuuu ioioiooiooooooooonsnsnsnsnsnsnsnssnssn wwwwwwwwwwwwere titrated separately with acidified Cr2O7
2- and acidified MnO

solution of thhhhhhhhhhhhhe e e eeeeeee sasasasasasasasasasasasasammmemmmmmmmmm ccccooononcentration. 

Br2  + 2 e-  2 Br -

Cr2O7
2- + 14 H+ + 6 e- 2 Cr3+ + 7 H2O

Worked solution: 

No. of mol of Ga = 140 / 69.7 = 2  
No. of Ga atoms = 2 x 6.02 x 1023 = 1.20 x 1024

A No. of mol of Ca(NO3)2 = 90.8 / [40.1 + 2(14 + 3 x 16)] = 0.0.0.0.0.0.0.0.0.0.00.0.0.00.55555555555555555555555555555555333333333333333
     Ca(NO3)2  6 O 
     No. of mol of O atoms = 0.553 x 6 = 3.32
     No. of O atoms = 3.32 x 6.02 x 1023 = 2.00000 0 x xx 1000000000000000024244444444444444

B  Zn4Si2O7(OH)2  2 H 
     No. of mol of H atoms = 2 
     No. of H atoms = 2 x 6.0222 xxx 11100232323 == 1.202020 xxx 1024

C No. of mol of He === 1911 .9 / 222444 === 000.82828299 9
   No. of He atomsss = 000.8882922 x 6.0002 22 x 10002232 === 4.99 x 1010102322

D No. offf mololol ooof ff CH3COCOCOOHOHOH === 33366 6 x xx 0.02333 === 0.0.0.8282828
     CH33COCOCOOHHH 222 C 
     No. of f f mol offf CC aaatooomsmsms = 0.82888 xxx 222 === 1.6.6.6565656 
    NNNo.. ooof ff C atoms ss = 1.1.1 6565656 x 6.6.6.020202 xxx 111023 = 9.97 x 1023
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3 Which of the following species does not have a half-filled or fully-filled 3d subshell? 

A Cr  B      Mn2+  C      Zn  D      Cu2+
 

4 Buckminsterfullerene, C60, is a spherical molecule which resembles a soccer ball made up 
of carbon atoms. 

Buckminsterfullerene 

The bonding in buckminsterfullerene is similar to that in graphite. 

Which of the following best describes the property of a buckminsterfullerene molecule?  

A It will have a higher melting point compared to diamond.
B It will be harder than diamond.
C It will possess delocalised electrons.
D It will be soluble in polar solvents such as water. 

Worked solution: 

2 Br –  Br2  + 2 e-

Cr2O7
2- + 14 H+ + 6 e-  2 Cr3+ + 7 H2O

∴6 Br - ≡ 1 Cr2O7
2-

Br2  + 2 e-   2 Br – 

MnO4
-  + 8 H+ + 5 e-     Mn2+ + 4 H2O 

∴10 Br - ≡ 2 MnO4
- 

Hence, 5 Cr2O7
2-    ≡ 30 Br - ≡ 6 MnO4

-   
So, Volume of Cr2O7

2- = 0.83 (Volume of MnO4
- )

Worked solution: 

A Cr: [Ar] 3d5 4s1  (half filled) 

B Mn2+: [Ar] 3d5  (half filled) 

C Zn: [Ar] 3d10 4s2 (fully filled) 

D Cu2+: [Ar] 3d9 

Which of the following species does not have a half-filledd oororororrrororrrororororororororororrrrororrooooooo fffffffffffffffffffffffffffffffffffffffffululululullullululllllluulululululululullulululululuulululuuuuuuluullllluu lylyylylylylylylylylllylylylyyyyyylylylyylylylyyylyylyyyy-f-f-f-f-f-f-f-f-f-f-f-f-f-f-f-fff-ffff-f-f-f-fffffffffilililillillilllilliiililiiiliiiiliilililiilillllliiii lelel dd 3d ssububshshele l? t

A Cr  B      Mn2+  C      ZZZnZZnZZZZZZZ   DDDDDDDDDDDDDDDDDDDDDDDDDDDDD      CuCu2+2+

Buckminsnsnsnsnsnsnsssssssteeeeeeeeeerfrrrrrrrrr ullerene,,, CCCCCCCCCCCCC60606060606060606000,,, isisisisisisisisiisiss aaaaaaaaaaaaa ssssssssssspherical molecule which resembles a soccer ball made u
of carbon atataatatatatatatatatatatomomomomomomomomomomomommssss.s.s.sssssss  

∴10 Br - ≡ 2 MnO≡ 4
-

Hence, 5 Cr2O7
2-  

≡ 30 Br - ≡ 6 MnO4
-   

So, Volume of Cr2O7
2- = 0.83 (Volume of MnO4

- )

Worked solution:

A Cr: [Ar] 3d5 4s1  (half filled)d)d) 

B Mn2+: [Ar] 3d5 (hhhalllf f f fififillededed)))

C Zn: [A[A[Ar] 3ddd1000 444s2 (((fuff lllllly y y fififillleddd)))

DDDDD Cu22+2 ::: [Ar] 3d999
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5 Which of the following graphs shows the behaviour of a fixed mass of an ideal gas at two 
constant temperatures, T1 and T2 (where T2 > T1)? 

 
A       C       
                                         
 
 
 
 
 
 
 
  
 
B      D       
                                         

 
     
 
 
 
 
            

 

  
 
 

 
 
 
 
 
 
 

T2 

T1 

pV 

1 / V 
0 

   T2 

   T1 

pV
T

V 
0 

T2 

T1 

p 

1 / V 
0 

T2 

T1 

p 

 V 
0 

Worked solution: 
 
A The melting point of diamond is higher than that in graphite as there is more 

extensive covalent bonding between carbon atoms. Similarly, diamond will also have 
higher melting point than buckminsterfullerene. 

 
B The discrete buckminsterfullerene molecules are joint together by weak van der 

Waal’s forces of attraction and therefore able to glide pass each other, 
therefore making it less hard than diamond. 

 
C Each carbon in graphite is bonded to 3 other carbons therefore the last valence 

electron is delocalised along each layer. Since the bonding of 
buckminsterfullerene is similar to that of graphite, there will also be delocalised 
electrons since each carbon in buckminsterfullerene is also bonded to only 3 
other carbons. 

 
D The buckminsterfullerene molecule is a non-polar molecule and therefore it will 

not be able to dissolve in polar solvents such as water. 

Worked solution: 
 
A pV = constant. Hence, T1 and T2 should be a horizontal straight line.  
 
B p α ). Hence, T1 and T2 should be a exponential curve.   

 
C p αT ). Hence, T1 and T2 should lines passing through the origins with 

different gradient.  
 

D  = constant. Hence, T1 and T2 should be a horizontal straight line but the 

value of the constant for T1 should be higher. 

Which of the following graphs shows the behaviour of aa ffffiixixxixixxxixxixxxxixxixixixxixxxixxxxxxixiii ededededededdedededededededededededededededededddddededdededededededdddddeddeeedeedededeedededddd mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmasasasasasasasaasasasaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ss of ann idideaeall gas at tw
constant temperatures, T1 and T2 (where T2 > TTTTTTTTTTTTT1)?)???)?)?)?)?)????? 

A    CCCCCCCCCCCCC        
                                       

 

B      D       
                   

   

T22222222222

TTTTTTTTTTT1

pV  

1 / ////////// VVVVVVVVVVV
0000 00000000

   T2

   T1

pV
T

TT222

T1

ppppppppppppppp

1 / V
0

T2

T1

ppppp 

buckminsterfullerene is similar to that of graphite, there will also be delocalised 
electrons since each carbon in buckminsterfullerene is also bonded to only 3 
other carbons. 

D The buckminsterfullerene molecule is a non-polar molecule and thhhhhhhhhhhhheeeererereereeeeeere eforororororororororororororoo eeeeeee eeeeeeee it will
not be able to dissolve in polar solvents such as water. 
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6 Consider the reaction:  

Fe2O3(s) + 3 H2(g)            2 Fe(s) + 3 H2O(g)      Ho = +96 kJ mol-1; So = +138 J mol-1 K-1.

Which of the following statements is true for the above reaction? 

A The reactants are in a more disorderly state than the products. 
B The reaction is spontaneous under standard conditions. 
C As the reaction proceeds, the temperature will increase. 
D As the temperature increases, the reaction becomes more spontaneous. 

7 Given the lattice energy of AlF3 is –6220 kJ mol–1, the enthalpy change of solution of AlF3 is
+51 kJ mol–1 and the hydration energies of the ions involved are:

Al3+ F– 

Hydration energy / kJ mol–1 –4750 x 

What is the value of x, in kJ mol–1? 

A -473  B      -710 C -1419 D -1521 

Worked solution: 

A False. Increase in no. of particles leads to more ways of arranging particles & 
distributing energy, hence an increase in disorder upon reaction. 

B False. ΔG = ΔH - TΔS 
 At stp, ΔG = 96 – 273(138/1000) = 58.3 kJ mol-1 
 Since ΔG > 0, reaction is not spontaneous at stp.

C False. Forward reaction is endothermic, hence as reaction proceeds, energy is taken 
in from the surroundings, temperature will decrease. 

D True. ΔG = ΔH - TΔS 
ΔG = (+) - T(+)

 As temperature increase, - TΔS increase and becomes more negative, and 
correspondingly ΔG becomes more negative, hence reaction becomes more 
spontaneous. 

Worked solution: 

ΔHsol = -LE + ΣΔHhyd

+51 = -(-6220) +  [-4750 + 3x]
x = -473 kJ mol-1      (A)

Given the latatatattatatatataata ticececececececececeeee eeeeeeeeeeeenenn rgyy yyyyyyyyy ofoofofofoofofofofoo AAAAAAAAAAAAAlFFFFFFFFFFFF33333333333 is –6––6–––6––– 220 kJJJJJJJJJ mmmmmmmmmmmmmololololoolooolooo –––1––––– ,,,,,,, thhthhhhhhhthhhee eeeeeee enthalpy change of solution of AlF3 i
+51 kJ mooooloooooooo –111111111111 anddddddddddd theheehehehehehehehheee hyddyddydydydydyddydddraaaaaaaaaaaaatittititititititittt on eneneeeeeeeeeergrgrgrgrgrgrgrgrgrgrgrgrgieieeieieeieeeieeieies ss s s ssssss ofofofofoffofoffofofof ttttttttttttheheheheheheheheeheheehe iiiiiiiiiiononononononononononononons ss s s s s ssss iiiiniii volved are:

Al3+ F–

HyHyHyHyHyHHyHyHyHyHyH drdrdrdrdrdrdrdrdrdrdrdrrataaaaaaaaaa ion eneneneeeneeneneeee eeeereeeeeeeee gggygggggggggg //////////// kkkkkkkkkkkkJJJJJJJ mmmmmommmm l–1 –4750 x 

What is theeeeeeeeeeee vvvvvvvvvvvvalalalalalalalaalalalaaluuuueueuuuuuuuu ooooooooooooffffffff f xxxxxxxxxxxxx, inininininininnnnnn kkkkkkkkkkkkJJJJJJJJJJ mol–1?

A -473  BBB BBBBBBBBBB      -710 C -1419 D -1521

A False. Increase in no. of particles leads to more ways of arranging particles &
distributing energy, hence an increase in disorder upon reaction.

B False. ΔG = ΔH - TΔS
 At stp, ΔG = 96 – 273(138/1000) = 58.3 kJ mol-1

 Since ΔG > 0, reaction is not spontaneous at stp.

C False. Forward reaction is endothermic, hence as reaaaaaaaaaaaaaaaactctctctctctctctctctctctctctcctctctcttctcttttctcttctctttcttttctctcttcctttctctttioioioioioiooioioioioioioiooioiooiooiooiooiooioioooooioooiioooioiiiooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ppppppprprprprprpppprpppppppppppppppppppppppprprrprrprrprpppp oooocoocccccooocccccoococcoceeeeeeeeeeeeeeeee ds,,,,,,,,,,,,, eeeeeneeeeeeeeeee ererererererererererereererrggggggggygggg  is taken
in from the surroundings, temperature will dddecreasssssssssssssssseeeeeee.e.eeeeee.e.ee.e.ee.e.e.e.e...e.e.e.eeeee  

D True. ΔG = ΔH - TΔS
ΔG = (+) - T(+)

 As temperature increaseee, - TΔΔΔS inncrcc ease aandnn  becomesssssssssssssss mmmmmmmmmmmmmmmmore negative, and
correspondingly ΔG beeeeeeecooomes moreee nnnegegegatatativiviveee,eee  hence reaaaaaaaaaaaaaaactctctctctctctctctctctctctctctioiooooooooooooooon becomes more
spontaneous. 

Worked solution:
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8 Which statement is correct about a reaction for which the equilibrium constant is 
independent of temperature? 

A The rates for the forward and reverse reactions do not vary with temperature. 
B The activation energies for both forward and reverse reactions are zero. 
C The enthalpy change is zero. 
D There are equal numbers of moles of reactants and products. 

9 In an acid-base titration, a 0.10 mol dm-3 solution of a base is added to 25 cm3 of a 
0.10 mol dm-3 solution of an acid. The pH value of the solution is plotted against the volume, 
V, of base added as shown in the diagram.  

Which of the following is an indicator that could be used for the above titration? 

A litmus
B universal indicator 
C phenolphthalein 
D methyl orange 

Worked solution: 

If H > 0, equilibrium constant increases with increasing temperature. 
If H < 0, equilibrium constant decreases with increasing temperature. 
If H = 0, changing temperature does not shift equilibrium position to the left or right and 
the equilibrium concentrations of the products and reactants do not change and 
equilibrium constant remains the same. 

Worked solution: 

At equivalence point, pH of salt solution < 7. 

This indicates that this is a strong acid-weak base titration. Hence indicator to be used is 
methyl orange. 

In an acid-base titration, a 0.10 mol dm-3 solution of a base e isis aadddded ttoo 255 ccmm3 of 
0.10 mol dm-3 solution of an acid. The pH value of the solution is s plplotottetedd agaiainsnst t ththee vvolume
V, of base added as shown in the diagram.  

Which of the fooooooooollllllllllllllllllowowowowowwowowowowowowwininininininini g is an indicator that could be used for the above titration? 

A litmus
B universal indicator

If H = 0, changing temperature does not shift equilibrium position to the left or right and t
the equilibrium concentrations of the products and reactants do not change and 
equilibrium constant remains the same. 
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10 The graph below shows how a property of the elements from Period 3 varies with proton 
number.  

What is the property? 

A first ionisation energy C  melting point 
B electronegativity D  ionic radius 

Worked solution: 

A 

B 

C 

What is the property?

A first ionisation energy C  melting point
B electronegativity D  ionic radius 

Worked solution: 

A 

B
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11 The following graph shows the second ionisation energies of eight consecutive elements, A 
to H which have atomic numbers between 3 to 20 in the Periodic Table. 

Which one of the following statements about the oxides of the elements is correct? 

A B forms a liquid oxide that forms a neutral solution when dissolved in water. 
B D forms an oxide which can react with both NaOH(aq) and H2SO4(aq).
C E forms an oxide which is soluble in water to give a solution of pH 9. 
D F forms an oxide which reacts with water to give a green solution with universal 

indicator. 

12 Malic acid is commonly found in fruits such as green apple and is used as an additive for 
“super sour” candy. It has the following structure: 

What type of hybridisation is shown by the carbon atoms in the molecule? 

A sp3 only      
B sp2 and sp3

C sp, sp2 and sp3  
D sp2 only 

Worked solution: 

From the graph, element B is from Group I since it has the highest second I.E. 

Element A B C D E F G H 
Group 0 I II III IV V VI VII 
Oxide -- Na2O MgO Al2O3 SiO2 P4O6 SO2 -- 

Nature 
of oxide -- Basic Basic Amphoteric 

Acidic 
(insoluble 
in water) 

Acidic Acidic -- 

Therefore only B is true. 

Which one of the following statements about the oxides of the elemmenentsts iiss cocorrrrect? 

A B forms a liquid oxide that forms a neutral solution when ddisissosolveded in wawateter.r.
B D forms an oxide which can react with both NaOH(aq)) aaaaaaa dndndndndndnddndndndndndndnddndndndndndddndndndndndnddnddnnnddnddddddd HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH2222222222222SOSSSSOSSSOSSSOSSSSSSSSSOSSOSSSSOSSSSS 44(aq)..
C E forms an oxide which is soluble in water ttttttttttttto oooooooooo give aaaaa sssssssssssssssssssssssssssssssssssolololololololoololloololololololooloooooloooloooloololooo utututututututututututututututtututututututututttututtuutuuututututuuuutuututuuuttu ioioioioioioioioioioioiioiooioioioioiooooioiioioiooooiooonnnnnn n n nnnn nn nnnnnnnnnnnnnnnn nnnnnnn ofofofofofofofoffofofofofooofofooofffoffofofffofofooofofofooffoooooofofff ppHH 9.
D F forms an oxide which reacts with watatatatatatatatatatataterrrrerrrrrr toooooooooooo giggiggiggigigigigigigiggggggggiggigiggigggigigggiggigigiiigigggggggggggggg veveveveveveveveveveveveveveveveveeeveeveveveevevevevevveveeeeveveveevvvev aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ggggggggggggggggggggggggggggggggggggggrererererererererereeerereerrerereeererrerererererreereeereeeeeeeeeeeneeneeeneneneneneeeeeeneeeneneeeeeneeeeeeeneeeeeen ssololututioionn wiw thth univers

indicator. 

2 Malic acid is s cocococococococoococococommmmmmmmmmmmmmmmmmmmonononononononononononononllyl  found in fruits such as green apple and is used as an additive fo
“super sour” canananananananannananandydydydydydydydydydydydydy. IItI  has the following structure:

Worked solution:

From the graph, element B is s fromomom GGGrorooupuu  III sssininincecece iiittt hhas thththee e highest tttttttt sssssesesesesesssesecond I.E.

Element A BBB C D EEE F G H
Group 000 I IIIIII III IIIV V VI VII 
Oxide -- Naaa2O OO MgMgMgOOO AAAlll222OOO333 SiO2 P4O6 SO2 -- 

NaNaNatut re 
offf oooxixixideee -- BBBasasasicicc Basasasicicic AAAmphhoh teric

Acidic 
(insoluble 
in water)

Acidic Acidic -- 

Therefffoooreee only B is trtrtrueueue. 
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13 Cars are usually fitted with catalytic converters in the exhaust system to remove pollutant 
gases present in the exhaust gases. 

Which of the following is not a reaction that occurs in the catalytic converter?  

A 2 CO + O2  2 CO2 
B 2 NO + 2 CO  N2 + 2 CO2 
C 2 CO2 + N2  2 CO + 2 NO  
D hydrocarbons + O2  CO2 + H2O 

14 Which of the following is a possible electrophile? 

A Cl+   B      NH3  C  NO2 D  Na+ 

Worked solution: 

An electrophile is a species that can accept electrons since it is electron-deficient. 

A  Cl+       electrophile  
B 

nucleophile 

C free radical 

D    Na+ has an octet configuration and is not electron-deficient. 

Worked solution: 

The respective hybridisation is: C1: sp2 C3: sp3

C2: sp3 C4: sp2 

Worked solution: 

The catalytic converter removes CO, NOx and unburnt hydrocarbons by converting these 
gases into the less harmful CO2, N2 and H2O. 

Option C is incorrect because the polluting gases CO and NO are produced instead. 

3 Cars are usually fitted with catalytic converters in the exhaust system to remove pollutan
gases present in the exhaust gases.

Which of the following is not a reaction that occurs in the catalytic conveertter?  

A 2 CO + O2  2 CO2

B 2 NO + 2 CO  N2 + 2 CO2

C 2 CO2 + N2   2 CO + 2 NO 
D hydrocarbons + O2 CO2 + H2O

4 Which of ttttttttttttheheheeheheeeeee follooooooooooooowiwiwiwiwiiiwiiw ngnnnnnnnnnnn  issss sssssssss a ppppopppppp ssibbbbblelleleleleleleleeee eeeeeeeeeeeeeleleeleleeleeeleelelectctctctcctcctctcctcttrororororororoorororophphphphphphphphphphphphphiliilililillililllile?e?e?e?e?e?e?e?e?e?e??e? 

A CCCCCCCCCCCClllllll+   B BBBBBBBBBBBB      NHNHNHNHNHNHNHNHNHNHNHNHN 3  C  NO2 D  Na+ 

Worked sssolololutiooon: 

An electrophihihilelele iiisss a spspspecies that can accept electrons since it is electron-deficient.

A  Cl+       electrophile  
B 

Worked solution: 

The catalytic converter removeseses CCCO,O,O, NNNOOOxxx aaandnn  unbuururnnnt hydrocarbonononononononononononononononns bbbbbbybbbbbbbbb  converting these 
gases into the less harmful COCOCOCCCC 222, N2 and HHH222O.OO  

Option C is incorrecttt bebebecacacause ththhee pollutinnng gases COCOO aaandndnd NNNO are produced instead.
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15 Which of the following is not a product formed when ethene (H2C=CH2) reacts with Br2 in 
NaCl(aq)? 

A C 

B D 

Worked solution: 

The nucleophiles that can react with the carbocation are :Br-, H2O: and :Cl-. 

B D

Worked solution: 

The nucleophiles that can react with the carbbbocococataa ioooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn arararararararararararararararararararararaaaaaaaaaaaaaarraaaaaaaaaaaaararaaaaraaa eeeeeeeeeee eeeeeeeee eeeeeeeeeeee eee eeeeeeee e eeeeeee :B:B:B:B:BBB:B:B:B:B:BB:BB:B:BBBB:B:BB:B:B:B:BBB:B:B:B:B:BB:BB:BB:B:BB:B:B:BBB::B:BBBBBBBBB::Brrrrrrrrrrrrrrrrrrrrrrrrr---------------,,,,,,, HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH2222222222OOOOOOOOO:O:O:O:O:O:OOOOO:O:OOOOOOO:OOO:O:OO:O::O aaaaaaaaaaaaaaandndndndndndndnndndndndndndn :::::::::::::CCCCCCCCCCCCCCCCllllllllllllll-.......
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For each of the following questions, one or more of the three numbered statements 1 to 3 may 
be correct.  Decide whether each of the statements is or is not correct.  The responses A to D 
should be selected on the basis of: 

A B C D 

1, 2 and 3 
are correct 

1 and 2 only 
are correct 

2 and 3 only 
are correct 

1 only is 
correct 

16 An amino acid has four elements in its molecule. The approximate composition, by mass is 
C: 40%, H: 8%.  

Which of the following could be this molecule? 

1 2 3 

 Alanine  Threonine  Aspartic Acid 

17 NH3(g) dissociates at 500 K into its elements according to the following equilibrium: 

 2 NH3(g)          N2(g) +  3 H2(g)       H = +38 kJ mol-1

Given that Kp for the reaction at 500 K is 3.11 x 107 Pa2, which of the following statements is
true? 

1 Kp decreases when more N2(g) is added to the equilibrium mixture.  
2 Kp increases when the temperature is increased to 600 K.  
3 Addition of a catalyst will not have any effect on the value of Kp. 

Worked solution: 

1 Molecular formula is C3H7NO2. 
 % by mass of carbon = 36 / 89 x 100 = 40.4 % 
 % by mass of hydrogen = 7 / 89 x 100 = 7.87 % 

2  Molecular formula is C4H9NO3. 
 % by mass of carbon = 48 / 119 x 100 = 40.3 % 
 % by mass of hydrogen = 9 / 119 x 100 = 7.56 % 

3  Molecular formula is C4H7NO4. 
 % by mass of carbon = 48 / 133 x 100 = 36.1 % 
 % by mass of hydrogen = 7 / 133 x 100 = 5.26 % 

Which of the following could be this molecule? 

1 2 33

Alanine  Thhhrhhhhhhhhhh eonineeeeeeeeee AAspspaartic AcAcidid 

Worked solution:

1 Moleculaaarr r fofoformula aa isisis CCC333H7NONONO2. 
 % byy y mmmassssss ooof ff carbrbbononon === 3336 66 / // 898989 xxx 1110000 === 4440.0.0.4 44 % % %
 % bbby mmass ooof hyhh drrrogggen = 7 /// 888999 xx x 1010100 0 0 == 7.7.7.878787 %%% 

2  MoMoMolecucuculalaar formuluu a a a isss C 4HHH999NONONO333. 
%%% byy y mamamasssss oooff f cacc rbon === 4448 8 / // 111111999 x 100 = 40.3 % 
%%% by yy mass of hyyydrdrrogogogenenen === 999 /// 119 x 100 = 7.56 % 

3  Molecucuculalalar fofoormrmrmululula a a isisis CCC4H7NO4. 
 % by mamamassssss of cacacarbon = 48 / 133 x 100 = 36.1 % 
 % by massssss ooofff hydrogen = 7 / 133 x 100 = 5.26 % 
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18 Which of the following properties of the oxides across Period 3 elements from Na to S are 
true? 

1 The covalent character increases.
2 The oxides of the elements changes from basic to acidic.
3 The oxides formed are increasingly soluble in water across Period 3. 

19 Which of the following pairs are stereoisomers of each other? 

1 

 2 

3 

Worked solution: 

Answers: 1 and 2 only (B) 

Al2O3 and SiO2 are insoluble in water. 

Worked solution: 

Kp only changes with changes in temperatures so the statement is incorrect. 
Since the forward reaction is endothermic, increase in temperature from 500 K to 600 K, 
shifts the equilibrium position to the right, so the Kp increases. Correct statement. 
A catalyst does not change the Kp value so this statement is correct. 

Worked solution: 

. 
1 There is C=C double bond with two different substituents attached to each doubly 

bonded C atom. Hence, there is geometric isomerism. 

2  There is a chiral carbon atom present; hence there is optical isomerism. 

3  There is no chiral carbon; hence no optical isomerism. 

g
3 The oxides formed are increasingly soluble in water across Period 3.

9 Which of the following pairs are stereoisomers ofofofofofofofofffff eaaaacaaaaaaaa h hhh ototototototototoototototototottttttttttootttttttoottttttheheheehehehehehehehehehehehehehheheheheheheheheeheheeheeheheheheeeheheehehhhehehehheheeeehheeeeer?r?r?r??r?rr??r????r?r?r??r?r???r???r?r?r?r?????????????r?r?r?r?r  

1

  2 

3

Worked solution: 

Answers: 1 and 2 only (B) 

Al2O3 and SiO2 are insoluble in water. 

Worked solution: 
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20 Dienes are hydrocarbons that contain two C=C double bonds. An example of a diene is 
cyclohexa-1,4-diene with the following structure. 

Which of the following deductions can be made about the organic product formed when 
cyclohexa-1,4-diene reacts with hot acidified KMnO4? 

1 Only one product is formed. 
2 The product possesses hydrogen bonding. 
3 The product is optically active. 

 

End Of Paper 

Worked solution: 

When cyclohexa-1,4-diene reacts with hot and concentrated KMnO4, oxidative cleavage 
of the C=C double bond occurs. 

Which of the following deductions can be made about thee oorgrgananicic prooduductct fforormmed w
cyclohexa-1,4-diene reacts with hot acidified KMnO4?

1 Only one product is formed.
2 The product possesses hydrogennnnnnnnn bondinggggggggggggg.
3 The product is optically active.

Worked solution: 

When cyclohexa-111,4-4--didd enenenee reaccctststs wittthhh hohohot and coooncncncenenentrtrtratatattted KMnO4, oxidative cleavage
of the C=CCC dddouoo ble bobobonddd oooccccuruu s. 
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Section B 

Answer all questions in this section. Write your answers in the spaces provided. 

You are advised to spend not more than one hour on this section. 

1 
(a) The air inhaled by a human becomes saturated with water vapour as it enters the lungs.

The saturated vapour pressure of water, which is the pressure exerted by water vapour in
air, at 37 oC is 6.26 kPa.

(i) Given that the temperature and pressure in the lungs is 37 °C and 101 kPa
respectively, find the total pressure exerted by the gases in the inhaled air
(not including water vapour) in kPa.

(ii) Given that air in the atmosphere contains approximately 0.4 ppt by volume of CO2

(1 ppt = 1 volume of CO2 in 1000 volumes of air), calculate the pressure exerted by
carbon dioxide in the inhaled air in kPa.

[2] 

(b) An average adult exhales about 500 cm3 of air per breath at rest. The exhaled air contains
4 % of CO2 by volume.

(i) Calculate the volume of CO2 per breath of air exhaled by an average adult at rest.

www.KiasuExamPaper.com 
64



 

[Turn over 
9647/CJC JC1 Promotional Exam 2012 

3 
 

(ii) Hence, calculate the amount, in moles, of CO2 produced by the adult in one breath 
at 37 oC and 1 atm. 

 
 
 
 
 
 
 
 
 
 
 
 

(iii) State a possible assumption made about CO2 and suggest whether this assumption 
is valid.  

 
                   ……………………………………………………………………….………….……………. 

 
              ……………………………………………………………………….………….……………. 
   
         ……………………………………………………………………….………….……………. 
 
 

(iv)  In order to measure the rate of respiration, a person exhales into a respirometer in 
which the exhaled air is bubbled at 37 oC and 1 atm through 200 cm3 of 1.00 mol 
dm-3 of calcium hydroxide to obtain a white precipitate. The equation for this 
reaction is  

 
CO2(g) + Ca(OH)2(aq)  CaCO3(s) + H2O(l) 

 
 
 The white precipitate was filtered, washed and dried before reaction with 150 cm3 

of 0.200 mol dm-3 of hydrochloric acid. The resultant solution was transferred into a 
volumetric flask and made up to 250 cm3 with de-ionised water.  

 
 A 25.0 cm3 aliquot of this diluted solution required 6.0 cm3 of a 0.200 mol dm–3 

solution of sodium hydroxide for complete neutralisation. 
 

  
Calculate the amount of HCl that reacted with the white precipitate.  
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(v) Hence, calculate the amount, in moles, of CO2 present in the exhaled air.

(vi) Using your answer in (b)(v), calculate the number of times the person exhaled into
the respirator.

[8] 

[Total: 10] 

2 Phosphorus was the 13th element to be discovered. For this reason, and also due to its use 
in explosives, poisons and nerve agents, it is sometimes referred to as "the Devil's 
element".  

(a) (i) Write the chemical equation, with state symbols, to represent the first ionisation 
energy of phosphorus, P.  

      ……………………………………………………………………….………….……………. 

(ii) Explain why the first ionisation energy of phosphorus, P, is higher than that of both
silicon, Si, and sulfur, S, with the use of relevant electronic configurations.

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 

      ……………………………………………………………………….………….……………. 

[4] 
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(b) Phosphorus pentachloride, PCl5, is a colourless, water-sensitive solid, although
commercial samples can be yellowish and contaminated with hydrogen chloride, HCl.

Write an equation to show why PCl5 is water-sensitive and easily contaminated with HCl.

……………………………………………………………………….………….……………………... 

 [1] 

(c) Solid PCl5 exists as two ions, PCl4
+ and PCl6

-, while solid PBr5 exists as ions, but in this
case as PBr4

+ and Br-. Suggest a reason for this difference in the ions formed.

 ……………………………………………………………………….………….…………………...... 

      ……………………………………………………………………….………….…………………….. 

[2] 

(d) An important starting material for the manufacture of polyphosphazenes is the cyclic
molecule (NPCl2)3. The molecule has a symmetrical six-membered ring of alternating N
and P atoms, with Cl atoms bound to P atoms only. The nitrogen-phosphorus bond energy
in the compound is larger than that expected for an N⎯P single bond.

(i) Draw a likely structure for the molecule.

(ii) State the total number of lone pairs of electrons on the ring atoms.

      ……………………………………………………………………….………….……………. 

 [3] 

[Total: 10] 
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3 Hexamethylenetetramine is a heterocyclic organic compound with the formula (CH2)6N4. 

This white crystalline compound is highly soluble in water and polar organic solvents. It is 
a primary component of solid fuel tablets used by campers for heating rations.  

  
(a) Upon complete combustion, hexamethylenetetramine, (CH2)6N4 forms gaseous nitrogen 

pentoxide, N2O5, carbon dioxide and water. 
 

 (i) Write a balanced chemical equation to show the complete combustion of 
hexamethylenetetramine. 

 
.…………………………………………………………………………………………….. 
 

(ii)  Use the thermochemical data below to calculate the enthalpy change of 
combustion of hexamethylenetetramine. 

 
Enthalpy change of formation of hexamethylenetetramine + 400 kJ mol-1 

Enthalpy change of formation of nitrogen pentoxide + 11 kJ mol-1 

Enthalpy change of formation of carbon dioxide - 394 kJ mol-1 

Enthalpy change of formation of water - 243 kJ mol-1 

 
 
 
 
 
 
 
 

 
 

 
(iii)  100 g of water was heated in a camping stove by burning a sample of 

hexamethylenetetramine, (CH2)6N4. The temperature rise of the water recorded 
was 40 °C. Using your answer to (ii), calculate the mass of 
hexamethylenetetramine burnt, assuming that 70% of the heat evolved is absorbed 
by the water. (specific heat capacity of water = 4.20 J K-1 mol-1) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

[5] 
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(b) Solid hexamethylenetetramine, (CH2)6N4, can be prepared by the reaction of gaseous
formaldehyde, CH2O, with gaseous ammonia.

(i) The skeletal formulae of formaldehyde and hexamethylenetetramine are shown
below.

 formaldehyde       hexamethylenetetramine 

The reaction between formaldehyde and ammonia yields hexamethylenetetramine 
and water.  

I Write a balanced equation for the above reaction. 

.…………………………………………………………………………………………… 

 II Using appropriate values from the Data Booklet, calculate the enthalpy change 
for the above reaction.  

(ii) Predict and explain the sign of the entropy change for the above reaction, with clear
reference to the number of ways of arrangement of particles before and after
reaction.

      ……………………………………………………………………….………….……………. 

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 

     ……………………………………………………………………….………….……………. 

[5] 

[Total: 10] 
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4 
(a) In the gaseous state, NO2, which is used in the preparation of nitric (V) acid, can dimerise

as given in the equation.

2 NO2(g)        N2O4(g) 

When 1 mol of NO2 is placed in a 2 dm3 vessel at room temperature, it is found that the 
equilibrium mixture contains 0.3 mol of N2O4. 

(i) Write an expression for the equilibrium constant, Kc for the dimerisation of NO2.

      ……………………………………………………………………….………….……………. 

(ii)  Calculate a value of Kc for the reaction, giving its units, showing clearly the
workings.

(iii) The NO2 molecule has an unpaired electron on the nitrogen atom but the N2O4 

molecule does not. Using the information,

I name the type of species that has an unpaired electron, such as NO2.

    .…………………………………………………………………………………………… 

II suggest a full structural/displayed formula for N2O4, clearly showing the types of 
bonds present. 
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III hence, explain whether the dimerisation of NO2 is endothermic or exothermic. 

……………………………………………………………………….………….……….. 

 ……………………………………………………………………….………….……….. 

(iv) Explain, with reasons, whether the dimerisation of NO2 is favoured by

I high or low pressure,

……………………………………………………………………….………….……….. 

 ……………………………………………………………………….………….……….. 

II high or low temperature. 

……………………………………………………………………….………….……….. 

 ……………………………………………………………………….………….……….. 

[8] 

(b) At 448 oC the equilibrium constant Kc for the reaction,

         H2(g)  +  I2(g)     2 HI(g) 

is 50.5. Predict in which direction the reaction will proceed to reach equilibrium at 448 oC if 
2.0 x 10-2 mol of HI, 1.0 x 10-2 mol of H2 and 3.0 x 10-2 mol of I2 in a 2 dm3 container, were 
present at the start. 

[2] 

[Total: 10] 
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Section C 
 

Answer all questions in this section. Write your answers on the writing paper provided. 
Answer each question on a new page. 

 
You are advised to spend not more than one hour on this section. 

 
5 This question is about chlorine and its compounds.  

(a) Chlorine and fluorine are halogens in Group VII of Periodic Table, chlorine being a bigger 
atom than fluorine.   

 (i) Explain why the melting point of AlCl3 is 192 oC, but that of AlF3 is 1291 oC, with 
reference to structure and bonding of the two substances.  

 (ii) Explain why phosphorus forms a pentachloride, PCl5, but nitrogen does not form a 
pentachloride NCl5. 

[5] 

(b) Hydrochloric acid, HCl, has numerous applications in industry, from the production of 
plastics to food additives to cleaning stains. About 20 million tonnes of hydrochloric acid 
are produced annually.  

 (i) HCl is a strong acid and fully ionises in water. Draw a diagram showing the 
attractions formed when HCl is dissolved in water. Label clearly the attractions 
present. 

 (ii) Calculate the pH of a 30.0 cm3 solution of 0.10 mol dm-3 HCl. 

[3] 

(c) Chloric (I) acid, HClO, is a weak acid, and its salts, chlorate (I), ClO- are used as bleaching 
agents, deodorants and disinfectants. 

 (i) Draw the dot-and-cross diagram for a HClO molecule and hence state its shape 
and bond angle, given that oxygen is the central atom. 

 (ii) Calculate the pH of the solution formed by adding 10.0 cm3 of 0.10 mol dm-3 NaOH 
to 20.0 cm3 of 0.10 mol dm-3 chloric (I) acid, HClO.   

  [Ka of HClO = 4.00 × 10-8 mol dm-3] 

 (iii) Calculate the concentrations of HClO and ClO- upon the addition of another 0.2 cm3 
of NaOH to the solution above. Hence, show that the change in pH of the solution is 
approximately 0.02 units. 

 (iv) Explain why the pH change in (c)(ii) is small upon the addition of a small amount of 
NaOH, illustrating your answer with an appropriate equation.  

[9] 

(d) Mercury (I) chloride, Hg2Cl2, contains the Hg2
2+ ion. The Ksp of Hg2Cl2 is 1.43 × 10-18  

mol3 dm-9. 

 (i) Write the Ksp expression for Hg2Cl2. Hence, calculate its solubility in water. 

 (ii) Explain how the addition of dilute HCl will affect the solubility of Hg2Cl2. 

[3] 

[Total: 20] 
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6 This question is about the reactions of halogens with organic compounds. 

(a) CFCs or chlorofluorocarbons such as dichlorodifluoromethane, CF2Cl2, can be synthesised
from methane. CFCs have been widely used as refrigerants, aerosol propellants and
solvents. However, they have been gradually phased out under the Montreal Protocol and
have been replaced with products such as HFCs or hydrofluorocarbons which do not
deplete the ozone layer like CFCs.

The first step in production of CF2Cl2, is to react methane with chlorine to form
chloromethane.

(i) Write a balanced equation for the reaction between methane and chlorine.

(ii) State the condition necessary for the reaction between methane and chlorine.

(iii) State and describe the mechanism that occurs between methane and chlorine.

(iv) Hence explain why ethane can sometimes be found in small quantities in the
reaction mixture.

CFCs are harmful as they undergo homolytic fission to produce free radicals which then 
break down the ozone. 

(v) Write an equation to show how radicals are produced from CF2Cl2.

(vi) Hence, by quoting relevant bond energies values data from the Data Booklet,
explain why HFCs such as CH2F2 do not deplete the ozone layer.

[10] 

(b) 0.01 moles of liquid hydrocarbon X was burnt completely in an excess of oxygen in an
enclosed vessel. After combustion, the resultant gases were passed through an excess of
NaOH, a reduction in gas volume of 1.44 dm3 was observed at r.t.p. 0.01 mole of liquid X
also reacts completely with 1.6 g of Br2 in the dark.

(i) Using the information above, deduce that the molecular formula of X is C6H12, and
state the type of functional group it contains.

(ii) Suggest a structure for compound A, which has the same molecular formula as X,
but does not decolourise bromine in the dark.

X, C6H12 reacts with hot acidified concentrated KMnO4 to produce propanone, CH3COCH3, 
and propanoic acid, CH3CH2CO2H. X also reacts with HBr to give Y, which has a chiral 
carbon. 

(iii) Use this information to draw the structural formulae of X and Y.

(iv) State and explain the type of isomerism that Y exhibits.

(v) Hence, explain why the solution containing Y will not rotate plane polarised light.

[8] 
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(c) Predict the products formed when propene reacts with

(i) cold dilute KMnO4

(ii) steam, concentrated H3PO4, 300 oC, 70 atm
 [2] 

 [Total: 20] 

End of Paper 
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Section B 

Answer all questions in this section. Write your answers in the spaces provided. 

You are advised to spend not more than one hour on this section. 

1 
(a) The air inhaled by a human becomes saturated with water vapour as it enters the lungs.

The saturated vapour pressure of water, which is the pressure exerted by water vapour in
air, at 37 oC is 6.26 kPa.

(i) Given that the temperature and pressure in the lungs is 37 °C and 101 kPa
respectively, find the total pressure exerted by the gases in the inhaled air
(not including water vapour) in kPa.

(ii) Given that air in the atmosphere contains approximately 0.4 ppt by volume of CO2

(1 ppt = 1 volume of CO2 in 1000 volumes of air), calculate the pressure exerted by
carbon dioxide in the inhaled air in kPa.

[2] 

(b) An average adult exhales about 500 cm3 of air per breath at rest. The exhaled air contains
4 % of CO2 by volume.

(i) Calculate the volume of CO2 per breath of air exhaled by an average adult at rest.

(ii) Hence, calculate the amount, in moles, of CO2 produced by the adult in one breath
at 37 oC and 1 atm.

Dalton’s law states that  
Ptotal = Pwater + 
Total pressure exerted by gases from atmosphere = 101 – 6.26= 94.7 kPa 

At the same pressure, volume is proportional to number of moles (Avogadro’s 
law). Hence, volume fraction = mole fraction  

 = 0.4 / 1000 x 94.7 
       = 0.0379 kPa        

PV = nRT 

No. of moles of CO2 produced = 1.01 x 105 x 20.0 x 10-6

 8.31 x 310

      = 7.84 x 10-4 mol   

Volume of CO2 produced by adult = 4/100 x 500 
 = 20.0 cm3 

respectively, find the total pressure exerted by the gases in the inhaled a
(not including water vapour) in kPa.

(ii) Given that air in the atmooospspspspspspspspssspspphehhhhhhhhh rereeeeeeeeeeee cccccccccccconoooooooooo tains apapapapapapapapapppppaa prppppppppppppp oximately 00.44 pppt byy vvoolume of CO
(1 ppt = 1 volume of CCCOOOOOOOOOOO22222222 iiiiiinnnnnnnnn 101010101010101010101010000000000000000000 vvvvvvvvvvvoloolololololoollumuuuuuuuuuu es ooooooooooof aaaaiaaaaaaaaaaa r), calculatee ththee pressure exerted b
carbon dioxide in the innhhhahhhhhhh led air rr rrrr ininiinin kkkkkkkkkkkkPaPaPaPaPaaPaPaPaPaP .

[2

b) An averaaaaaaaaaaaagegegegegegegegegegegegege aaaaaaaaaaaadududududududududududududultttttttttttt eeeeeeeeeeeeexhxxxhhxhxxxxxxx aleseseseseseseseseseseseses aaaaaaaaaaaaabbbbobbbbbbbb ut 500 cm3 of air per breath at rest. The exhaled air contain
4 % of CO22222222222 bbbbbbbbbbbbby yyyyyyyyy vovovovovovovovovovovovovolumemememeeeeeeeee.

(i) Calcullllllllatatatatatatatatatatatatataa eeeeeeeeeeee the volume of CO2 per breath of air exhaled by an average adult at rest.

Dalton’s law states that  
Ptotal = Pwater + 
Total pressure exerted by gases from atmosphere = 10101010101001010101001111111111 – 6.6.66.6.6.6.6.66.6.6 26= 94949494949494949949494949 .7.7.7.7.7.7.777.77777 kkkkkkkkkkkkPaPaPaPaPaPaPaPaPaPaPaPa

At the samee prp esessus re, voolume is s proportiiononalal ttoo nunnn mber of moles (Avogadro’s
law). HeH nce,, vvololumume e frf acctition = mmole frfracactitionon  

== 00.4.4 / 100000 x 94.77 
      = 0.0.033799 kkPaP        

Volume of CO2 produced by adult = 4/100 x 500
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(iii) State a possible assumption made about CO2 and suggest whether this assumption
is valid.

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 

      ……………………………………………………………………….………….……………. 

(iv)  In order to measure the rate of respiration, a person exhales into a respirometer in
which the exhaled air is bubbled at 37 oC and 1 atm through 200 cm3 of 1.00 mol
dm-3 of calcium hydroxide to obtain a white precipitate. The equation for this
reaction is

CO2(g) + Ca(OH)2(aq)  CaCO3(s) + H2O(l)

The white precipitate was filtered, washed and dried before reaction with 150 cm3 
of 0.200 mol dm-3 of hydrochloric acid. The resultant solution was transferred into a 
volumetric flask and made up to 250 cm3 with de-ionised water.  

A 25.0 cm3 aliquot of this diluted solution required 6.0 cm3 of a 0.200 mol dm–3 
solution of sodium hydroxide for complete neutralisation. 

Calculate the amount of HCl that reacted with the white precipitate.  

The gas is behaving ideally/ideal gas/negligible intermolecular forces of 
attraction. This assumption is invalid because of the siginificant intermolecular 
forces of attraction in CO2 due to the low temperature of 37°C. 

OR 

Negligible volume of particles compared to space it occupies/volume of 
container. It is valid as there is low pressure of 1 atm 

OR 

Same volume of CO2 exhaled at each breath. It is invalid as person’s metabolic 
rate may change. 

OR 

CO2 does not dissolve in water vapour. It is valid as CO2 is mildly soluble in 
water. 

HCl  NaOH
Amt of HCl in 25cm3 aliquot = Amt of NaOH reacted 

 = 6/1000 x 0.2  
 = 0.00120mol     

Amt of HCl in 250cm3 = 0.0120mol 
Amt of HCl used = 150/1000 x 0.2 = 003 mol  
Amt of HCl reacted with white precipitate = 0.03 – 0.012 

 = 0.018 mol       

(iv)  In order to measure the rararaaararararaaraar teteteteteteteteteteteee ooooooooof rerrrererrrerrerespspspspspspspsspsppppiration, a person exhaleless into aa rreespirometer 
which the exhaled air isisisissisiisis bbbbbbbbbbbbubububububububububububbbblblblblblblblblblblbbb eede aaaaaaaaaaaaat 3733333333333  oC anananananananaananannddddddddddddd 1 atm throoughh 200 cm3 of 1.00 mo
dm-3 of calcium hydrrrrrroxxxxxxxxxxxide tototoototototototott oooooooooobtbtbbbbbbb aaaiaaaaaiaaiaaia n aaa aaaaaaaaa whwhwhwhwhwhwhwhwhwwhwhw ite prprprprprprprpprprprprprprece ipitate.e. TThe equation for th
reaction is

COCOCOCOCOCOCOCOCOCOOOO22222222(g(g(g(g(g(g(g(gggggg))))) )))) + CaCaCaCaCaCaCCaCaCCaCC (O(O(O(O(O(O(O(OOOH)H)H)H)H)HH)H)H)H)H)H 22((a( q)))))))))) CCCCCCCCCCCCaCaCaCaCaCaCaCaCaCaCaCaCaCOOOOOOOOOOOOO333333333(((s((((((( ) + H2O(l)

ThThThThThThThThThThhThhe white eeeeeeeeeeee prprrrrrrrrrrrreceeee ipiiiiiiipiii ittttttttttttate was sssssss fifififififififffiltltltltltlttlttlttererererererereereererereeeedeeeeeeeee , wawawawawawawawawawwawaw shedededdeddddddd and dried before reaction with 150 cm
of 00000000.200 moloooooooooooo dddddddddddddmmmmmmmmmmmm-3 oof hyhyhyyyyyyyyyyydrdrdrdrdrdrdrdrdrddrd ocococococococoocococochlhlhlhlhlhlhlhlhlhlhlh oroooooooooo ic acid. The resultant solution was transferred into
vooooooooooooolululululululluuuuumeeeeeeeeeeeetrtrtrtrtrttrtrtrtrtrtriciciciciciciccccc flaaaaaaaaaaasksksksksksksksksksksss  andddddddddddd mmmmmmmmmmmmmadadadadadadadadadadadadade e upupupupupupupupupuupupup tttttttttttttttooooooo 250 cm3 with de-ionised water.  

A AAAAAAAAAAA 25222222222222 .0 cm3 aaaaaaaaaaaaliiiiiiiiiiquququququququququququququototototototototototooo oooooooooooooffffffffffff ttthttttt is diluted solution required 6.0 cm3 of a 0.200 mol dm
sooooooooooooluuululuululululululutititititititiittttt ononononononononoononoo ooooooooooooof fffffffffff sosossssosososososss didididididdddiddididiumumumummumumumumumummum hhhhhhhhhhhydroxide for complete neutralisation. 

Calculatatatatatatatatatatatataaa eeee ee the amount of HCl that reacted with the white precipitate.  l

OR 

Same volume of CO2 exhaled at each breath. It is invalid as pepepepepepepepepepepepepepepepersrsrsrsrsrsrsrsrsrsrsrsrsrsrrsonononooonooonoonononoonon’s metabolic
rate may change. 

OR 

CO2 does not dissolve in water vapour. It is valid aaaaaaaaaaaaaaas s ssssss sssssss COCOCOCOCOCOCOCOCOCOCOCOCOCOCOC 2222222222222222 is mimimimimimimimimimimimimimmmildldldldldldldldldddldlddddlylylylylylylylylylylylyyyyy ssssssssssssssololoololololololololololololo uuuuubuuuu le in
water. 

HCl NaOH
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(v) Hence, calculate the amount, in moles, of CO2 present in the exhaled air.

(vi) Using your answer in (b)(v), calculate the number of times the person exhaled into
the respirator.

[8] 

[Total: 10] 

2 Phosphorus was the 13th element to be discovered. For this reason, and also due to its use 
in explosives, poisons and nerve agents, it is sometimes referred to as "the Devil's 
element".  

(a) (i) Write the chemical equation, with state symbols, to represent the first ionisation 
energy of phosphorus, P.  

      ……………………………………………………………………….………….……………. 

(ii) Explain why the first ionisation energy of phosphorus, P, is higher than that of both
silicon, Si, and sulfur, S, with the use of relevant electronic configurations.

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 

      ……………………………………………………………………….………….……………. 

……………………………………………………………………….………….……………. 
   

      ……………………………………………………………………….………….……………. 

[4] 

CO2(g) + Ca(OH)2(aq)  CaCO3(s) + H2O(l)
CaCO3(s) + 2 HCl(aq)  CaCl2(aq) + H2O(l) + CO2(g)

2 HCl  CaCO3  CO2 present in exhaled air
Amt of CO2 present in exhaled air = ½ x 0.018  

 = 0.009 mol      

Total amount of “breaths” = 0.009 / 0.000784 = 11.5     
Hence, no of breath = 12  

P(g) → P+(g) + e-       

1st ionisation energy of P is higher than Si because P has a higher nuclear 
charge and smaller atomic size than Si but similar shielding effect. Hence, it 
is more difficult to remove an electron from P(g) atom. 
P: [Ne] 3s2 3px

1 3py
1 3pz

1 
S: [Ne] 3s2 3px

2 3py
1 3pz

1

 
The 1st ionisation energy of P is higher than that of S due to inter-electronic 
repulsion effect present in the paired 3p orbital in the S(g) atom. Hence, it is 
easier to remove an electron from S atom than P atom. 

( ) g y ( )( ), p
the respirator.

[8

[Total: 10

Phosphorus was the 13th element to beeeeeeeeeeeee ddddddddddddisi coverererererererereeeeeed. For tthihihhhhihhihihhhiihiihhihhihhhhhhhhh s ssss s ssssssssssssssssssssssssssssss rererererererererererereasonn,, anand alsoso dduue to its us
in explosives, poisons and nerrrrrrvevevevevevevevevveveve aaaaaaaaageeeeeeeeeeeenttttttttttttts,sssssssssss  it is sssssooomoomooooooooooo etimes refererreedd to aass "the Devil
element".  

a) (i) Write the chememmmmmmmmmmical eququqquququququququququuatioioioioioooooioiooonnnnnnnnnn, wwwwwwwwwwwwwitititititititititttth statatatatatatatatatattteeeeeeeeeeee symbooolololoooooooo s,s,s,s,s,s,s,s,s,, to represent the first ionisatio
energy of phosoooooooooo phphphphphphphphphphphphhororororoorororororo us, P.  

      

(iiiiiiiiiiiiiii)i)i)i)i)ii)ii)ii)i))) ExExExExExExExExExExExExExplppppppppppp ain why yyy yyyy y yy y y thhhhhhhhhhhhhe eeeeee fiiiifiiiirrsrsrrsrrsrsrsrrrr t ioninininininininiinn sasasasasasassaasasaatitititittitititittiionononononononononononnon energy of phosphorus, P, is higher than that of bot
sililllililliillill cocccccccccc n,nn SSSSSSSSSSSSSi,ii,i,i,i,, andndndndndndndndndnndd ssssssulfuuuuuur,r,r,rr,r,r,r,r,r SSSSSSSSSSSSS,,,,,,,,,, wiwiwiwiwiwiwiwiwiwwww ththththththththththththth tttttttttttthhhhehhhhhhhhhhhhhh  use of relevant electronic configurations.

      

   

Total amount of “breaths” = 0.009 / 0.000784 = 11.5    
Hence, no of breath = 12 

P(P(P(g))) →→→ P+(g))) + eee-        

111st ionisatiooon nn enenenererergygygy ooof P is higher than Si because P has a higher nuclear
chchchararargegege aaandndnd smamamalllllleeer atomic size than Si but similar shielding effect. Hence, it
is mmmorrreee didd fficcculululttt to remove an electron from P(g) atom.
P: [[[NeNeNe] 3s3s3s222 333px

1 3py
1 3pz

1

S: [NeNee]]] 33s3 2 3px
2 3py

1 3pz
1

The 1st ionisation energy of P is higher than that of S due to inter-electronic
l i ff t t i th i d 3 bit l i th S( ) t H it i

www.KiasuExamPaper.com 
78



[Turn over 
9647/CJC JC1 Promotional Exam 2012 

5 

(b) Phosphorus pentachloride, PCl5, is a colourless, water-sensitive solid, although
commercial samples can be yellowish and contaminated with hydrogen chloride, HCl.

Write an equation to show why PCl5 is water-sensitive and easily contaminated with HCl.

……………………………………………………………………….………….…………………...... 

      ……………………………………………………………………….………….…………………….. 

 [1] 

(c) Solid PCl5 exists as two ions, PCl4
+ and PCl6

-, while solid PBr5 exists as ions, but in this
case as PBr4

+ and Br-. Suggest a reason for this difference in the ions formed.

 ……………………………………………………………………….………….…………………...... 

      ……………………………………………………………………….………….…………………….. 

[2] 

(d) An important starting material for the manufacture of polyphosphazenes is the cyclic
molecule (NPCl2)3. The molecule has a symmetrical six-membered ring of alternating N
and P atoms, with Cl atoms bound to P atoms only. The nitrogen-phosphorus bond energy
in the compound is larger than that expected for an N⎯P single bond.

(i) Draw a likely structure for the molecule.

(ii) State the total number of lone pairs of electrons on the ring atoms.

      ……………………………………………………………………….………….……………. 

 [3] 

[Total: 10] 

     PCl5(s) + 4 H2O(l) →  H3PO4(aq) + 5 HCl(g)     
OR  PCl5(s) + H2O(l) →  POCl3(aq) + 2 HCl(g)   (limited water) 
 
PCl5 is hydrolysed exothermically/ vigorously with water to form HCl(g). 

3 (all on N)        

Br atom is larger than Cl atom. Hence, it is spatially/sterically impossible to fit 6 Br 
atoms around P to form PBr6

-. The release of Br- from PBr5 results in a sterically more 
favourable PBr4

+ rather than PBr5.

OR 

Br - ion is larger than Cl- ion, hence it is more stable and less likely to form PBr6
-.       

c) Solid PCl5 exists as two ions, PCl4
+ and PCl6

-, while solid PBr5 exists as ions, but in th
case as PBr4

+ and Br-. Suggest a reason for this difference in the ions formemed.

      

[2

d) An important starting materiiiiiaaaalaaaaaaaaa fffffffffffororor ttttttttttthhhehehehehehehhhh mmmmmmmmmmmmmananannannnnnnnnufactuuuuuuuuuuureeeeeeeeeeeeeeee of polyphoosphphaazenes is the cycl
molecule (NPCl2)3. The moleeeeeeeeeeeeecuuuuuuuuuuuule hhhhasasasasasasasasasaaa aaaaaaaaaaa ssymymymymymymymymymyymymymmemememememememememmememetrtrtrtrtrttrtttt icccciccccccccaalaaaa  sixxxxxxxxxxxxx-m- embeerered d ring of alternating
and P atoms, with Cl aaaaaaaaaaatotttotottttotot ms bououououououououououuuunddnddndnddndndnddd ttttttttttoooooooooooo PPPPPPPPPPPP ataaaaaaaaaaaa ooomoooooooooo s only. ThThThThThThThhTThT e ee e e e e eeeeee nnninnnnnnn trogen-phosphorus bond energ
in the compound is laaaraaaaaaa gegegegegegegeggegegeger thththththththththththhan thaaaaat t ttt ttttt exe peeeeeecctccccccccc eeeedeeeeeeee  for an NNNNNNNNNNNNN⎯⎯⎯⎯⎯⎯⎯PPPP PPPPPPPPP sisisisisisisisisisisiss ngnnnnnnnnnn le bond.

(i) Drawawawawawawawaawaawa aaaaaaaaaaaa likkkkkkkkkkkkely stststststststttttruuuuuuuuuuuuctctctctctctctctctctctc urrrrrrrrreeeeeeeeeeeee foffffoffffofor thththththththtththththe moleeeeeeeeeeeecucuccucucucucucucucucuuleleleleleeleelelelele..

Br atom is larger than Cl atom. Hence, it is spatially/sterically impopopopopopopopopopopopopopopossibbbbbbbbbbbbbleleleleleeeleleleleeelee to fit 6 Br 
atoms around P to form PBr6

-. The release of Br- from PBr5 resultssssssssssssss iiiiiiiiiiiiiin nn nn n nnn nnnn nn n aa a a a a aaa aa aa a a ststststtststttstststterererererererererererererererericiciciciciciciciciciciccically more
favourable PBr4

+ rather than PBr5.

OR

Br - ion is larger than Cl- ion, hence it is momomorerere staaaaaaaaaaaaaaaaaaaaaaaaaaabbbbblblblblbbblbbllbbbllllllblllllbllllllbllblblblblbbblbbbbbb eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndnddndndndndndndndndndndnndnddddndndndddndnddnndndndndndnndndnnnndnnndddnddddddddddd lllllllllllllllllllllllllleseseseseseeseeseseseseseseseseeeseseseseseseeeseeseeseseeeeseseseeeeeseeeesssssssss s ssss s s sss ss ssss s sssssssssssssssssssssssss lilillllllllilllillililililililikekekekekekeekekekekekekekekekkelyllylylylylylylylylylylyyyy to formrm PPPPPPPPPPPPPPPPBrBBBBBBBBBBBB 6
-.    
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3 Hexamethylenetetramine is a heterocyclic organic compound with the formula (CH2)6N4. 

This white crystalline compound is highly soluble in water and polar organic solvents. It is 
a primary component of solid fuel tablets used by campers for heating rations.  

  
(a) Upon complete combustion, hexamethylenetetramine, (CH2)6N4 forms gaseous nitrogen 

pentoxide, N2O5, carbon dioxide and water. 
 

 (i) Write a balanced chemical equation to show the complete combustion of 
hexamethylenetetramine. 

 
.…………………………………………………………………………………………….. 
 
 
 

(ii)  Use the thermochemical data below to calculate the enthalpy change of 
combustion of hexamethylenetetramine. 

 
Enthalpy change of formation of hexamethylenetetramine + 400 kJ mol-1 

Enthalpy change of formation of nitrogen pentoxide + 11 kJ mol-1 

Enthalpy change of formation of carbon dioxide - 394 kJ mol-1 

Enthalpy change of formation of water - 243 kJ mol-1 

 
 
 
 

 
 

 
(iii)  100 g of water was heated in a camping stove by burning a sample of 

hexamethylenetetramine, (CH2)6N4. The temperature rise of the water recorded 
was 40 °C. Using your answer to (ii), calculate the mass of 
hexamethylenetetramine burnt, assuming that 70% of the heat evolved is absorbed 
by the water. (specific heat capacity of water = 4.20 J K-1 g-1) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

[5] 
 

 

(CH2)6N4(s) + 14 O2(g) → 6 CO2(g) + 2 N2O5(g) + 6 H2O(l)       

ΔHc (CH2)6N4 = ΣΔHf products - ΣΔHf reactants 
     = [6(-394) + 2(11) + 6(-243)] – [400] 
     = - 4200 kJ mol-1                       

Energy used to heat 100 g of water  
= 100 x 4.2 x (40) 
= 1.68 x 104 J               

Since 30 % of heat is lost to surroundings,  
Actual heat energy evolved from combustion of (CH2)6N4 

= 1.68 x 104 x 
70

100
 

= 2.40 x 104 J              
From (ii) ΔHc (CH2)6N4  = - 4200 kJ mol-1                       

   4200 = (24.0) / (mass(CH2)6N4 / 140)     
                mass(CH2)6N4 = 0.800 g       

(ii)  Use the thermochemical data below to calculate the enthahalppy change o
combustion of hexamethylenetetramine.

Enthalpy change of formation of hexamethylenetetramine + 44000 kJ mol-1

Enthalpy change of formation of nitrogen pentoxide + 1111 kkJJ momol-1

Enthalpy change of formation of carbon dioxide - 393944 kJkJ mol-1

Enthalpy change of formation of water rr rr - 242433 kJkJ mol-1

(iii)  100 g g gggggg ggggg of wataaaaaaaaaaaa eeeereeeeeeee wwwwwwwwwwwwasasassasssssssss hhhhhhheaeaeaeaeaeaeaeaeaeaeaeaeatetetetettetetedddddddddd iiniiiiii aaaaaaaaaa ccccccccccccamamamamamamamamamamamamampipipipipppipipppp ngngngngngngngnggngngng stove by burning a sample o
heeeeeeeeeeexaxxxxxxxxxxx mememememememmemmmmethththththththththththhylyyyy eneeteeeeeeeee eteteteteteteetetetetetetrararrararrraaaamimimimimimimimimimimimim nenenenennennnnenenee, (C(((((((((((( H2)6NNNNNNNNNNNNN44444444444....... ThThThThThThThThThThTThhe eeeeeeeeee tetteeteteteteeteeemperature rise of the water recorde
wawawawawawaawawwawawas 40404040404040404404040 °C.C...... Using yyyyyyyyyyyyououououououoouououououour rrrrrr anananananananananannana swswswswwswswswswswswswswereererereerereeeerer to (ii), calculate the mass o
hehehehehehehehehehehehehexamethhhhhhhhhhhhhylyyyyyyyyyyy eneneneneneneneneenennnettttttttttttetttttrarrrrrrrrrr mine bbbbbbbbbbbbburururururururururururu ntntntntntntntntntntntntn , assususususususususussus mmmmimmmmmm ng that 70% of the heat evolved is absorbe
byyyyyyyyyyyy ttttttttttthehhhhhhhhhhhh  waterererererererrrrrrr. (s(s(s(s(s(s(s(s(s(ssspepepepepepepepepepepep cific c c heheheheheheheheheheheheheatatatatatatatatatatatata cccccccccccccapapapapaapapapapapapappappppacity of water = 4.20 J K-1 g-1)

ΔHc (CH2)6N4 = ΣΔHf productctctss s - ΣΣΣΔΔΔΣΣΣ HHHf reeeactaana ts

     = [6(-394))))) + + 2(2(2 1111))) + 6(6((-2- 4434 )] – [[[40404000] 
     = - 4200 kkJkk mmmolol-1                       

EnEE ergy useddd tototo hhheaeaeattt 1101 0 00 g of water 
= 101010000 x 4.4.4.22 xx (4440)0)0) 
== 1.11.686868 xxx 1110004 44 JJJ               

Sinccceee 303030 % of heat is lost to surroundings,  
Actual heat energy evolved from combustion of (CH2)6N4

= 1.68 x 104 x 
100
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(b) Solid hexamethylenetetramine, (CH2)6N4, can be prepared by the reaction of gaseous
formaldehyde, CH2O, with gaseous ammonia.

(i) The skeletal formulae of formaldehyde and hexamethylenetetramine are shown
below.

 formaldehyde       hexamethylenetetramine 

The reaction between formaldehyde and ammonia yields hexamethylenetetramine 
and water.  

I Write a balanced equation for the above reaction. 

 II Using appropriate values from the Data Booklet, calculate the enthalpy change 
for the above reaction.  

(ii) Predict and explain the sign of the entropy change for the above reaction, with clear
reference to the number of ways of arrangement of particles before and after
reaction.

[5] 

[Total: 10] 

Bonds broken Bonds formed 
12 C-H bonds  12(410) 12 C-H bonds 12(410) 
 6  C=O bonds  6(740) 12 C-N bonds 12(305) 
12 N-H bonds  12(390) 12 O-H bonds   12(460) 

ΔHr = +[(12(410)+6(740)+12(390)] – [(12(410)+12(305)+12(460)]

ΔHr =  - 60 kJ mol-1

Negative entropy change due to a decrease in disorder as a result of a change in 
phase from gas to solid & liquid/decrease in number of gas particles , resulting in 
fewer ways of arranging the particles . 

6 CH2O(g) + 4 NH3(g) → (CH2)6N4(s) + 6 H2O(l) 

The reaction between formaldehyde and ammonia yields hexamethylenetetramin
and water.  

I Write a balanced equation for the above reaction. 

II Using appropriate values from the DaaDaDaaaDaaaaDaaataaa BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooklklklkklklklklklklklklklklkkklklklklklklklklklklkklklklklklkkkkkkklklkleteeteteteteteteteteteteteteteteteteteeteteteteteteteteteteteteeteeeeeeeeeteeteteeetttetttetttee ,, cacacacacaccacacacacacacacacacaccacacacacacacaacacacacaacaaacacacacaaaaac lclclclclclclclclclclclcllclclclcllclclclcccccccclcclcclccclccllclcccculululululululululululullatata ee ththe e enenththaalppy changtttttttttttttt
for the above reaction.  

(ii) Preddedededededddddddiciciciciciciciciciccccttttt t tttttt ananananananananaananaand exeeexxxplplplplpplpplpllaia n the sign of the entropy change for the above reaction, with clea
refereeeeeeeeencncncncnncncncnccnccce eeee ee eeeee tototototototototototototo the number of ways of arrangement of particles before and afte
reactionnnnnnnnnnnnnnn.

Bonds broken Bondndndssss formed 
12 C-H bonds  121212(4(4(4101010)) 121212 CCC-H-H-H bononnonnndsdd 111111111111112(410) 
 6  C=O bondndndsss 66(7(7(7404040))) 12 C-NNN bbbononondsdd  12(305) 
12 N-H bonnndsdsds  1222(3(3(390))) 12 OOO-HHH bbbonononddsds   12(460) 

ΔΔΔHr = +++[([([ 1211 (44101010)))+6(740)0)0)+1+1+12(2(2(3939390)0)0)] ] ] –– [([([(121212(4(( 10)+12(305)+12(460)]

ΔΔΔHHHrrr =  - 6000 kJ JJ momm l-1

Negative entropy change due to a decrease in disorder as a result of a change in

6 CH2O(g) + 4 NH3(g) → (CH2)6N4(s) + 6 H2O(l)
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4 
(a) In the gaseous state, NO2, which is used in the preparation of nitric (V) acid, can dimerise

as given in the equation.

2 NO2(g)      N2O4(g) 

When 1 mol of NO2 is placed in a 2 dm3 vessel at room temperature, it is found that the 
equilibrium mixture contains 0.3 mol of N2O4. 

(i) Write an expression for the equilibrium constant, Kc for the dimerisation of NO2.

 

(ii)  Calculate a value of Kc for the reaction, giving its units, showing clearly the
workings.

(iii) The NO2 molecule has an unpaired electron on the nitrogen atom but the N2O4 

molecule does not. Using the information,

I name the type of species that has an unpaired electron, such as NO2. 

    .…………………………………………………………………………………………… 

II suggest a full structural/displayed formula for N2O4, clearly showing the types of 
bonds present. 

III hence, explain whether the dimerisation of NO2 is endothermic or exothermic. 

……………………………………………………………………….………….……….. 

 ……………………………………………………………………….………….……….. 

Kc  =  [N2O4] 
[NO2]

2 

 2 NO2(g)            N2O4(g) 
Initial amt / mol:         1  0 
Equil amt / mol:      1 – 2x  x (x = 0.3) 
Equil conc / mol dm-3:     1 – 2(0.3)       0.3        

   2 2 
=   0.2              0.15  

 Kc  =   0.15       
      (0.2)2 
 =   3.75 mol-1 dm3     

Free radical       

O N—N O

  O    O 

Exothermic since it involves N—N bond formation.   

(ii)  Calculate a value of KcKK for the reaction, giving its units, shshowinngg clearly th
workings.

(iiiiiiiiiiiii))))))))))))))))) ThTThhThThThTThThTTT e eeeeeeeee NONONONONNONONONONNNO2 moooloooooooooo ececccccccccceccule hahaaaaaaaaaaassss ssssssss anananannnnnnnnnn unununununununununununununnnnnpapppppppppppppp ired electron on the nitrogen atom but the Nd 2O
mmmommmmmmm lelelleleleeeeeeeecucucuccucucucucucucucuculell ddddddddddddoeoooooooooooo s not. UUUUUUUUUUUUUsssisssssssss ngngngngngngngggggg ttttttttttttheheheheheeheheheee information,

IIIIIIIIIIII nnnnnnnnnnamamamamamamamamamammamme e ththththththhththththhtheeee typepepepepepepepepepepepepe ooooooooooooofffff fffff ssspssssss ecies that has an unpaired electron, such as NO2.

    .

II suggest a full structural/displayed formula for N2O4, clearly showing the types o
bonds present. 

[NO2]

2 NO2(g)       N2O4(g(g(g(g(gg(g(g(g(gg(g(ggggggg(g)))))))))))))))))))))))))))))))))))))))
Initial amt / mol:         1 00000000000000000000000000000000 
Equil amt / mol:      1 – 2x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (x(x(x(x(x(x(x(x(x(x(x(x(x((x(x(x(x(x(x(x(x(x(x(x(x(x(x(x(x(x(xxx(xx(xxx(xx(x(xxx((x ========================= 000000000000000000 3.3.3.3.3.3.3.3.3.3.3.3333))))))))))))))
Equil conc / mol dm-3:     1 – 2((0.3)       00.0.0.000.0000.000.000000000000.0.00000.0.0000.0.0.000.0.0.000.0.0000.000..3333333333333333333333333333333333333333333333333333333333       

   2 2
=   00.0 222             0.0 1515155 

 KcKK   =   0.15      c

      (0.2)))2

=== 3.75 mooolll-1- dmdmdm3     

FrFrFreeeeee radaddical       
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(iv) Explain, with reasons, whether the dimerisation of NO2 is favoured by 
 

I high or low pressure, 
 
                ……………………………………………………………………….………….……….. 

  
                    ……………………………………………………………………….………….……….. 
 

II high or low temperature. 
 
                ……………………………………………………………………….………….……….. 

  
                    ……………………………………………………………………….………….……….. 
    

           
[8] 

 
 

(b) At 448 oC the equilibrium constant Kc for the reaction,  
 

                                             H2(g)  +  I2(g)             2 HI(g) 
 

is 50.5. Predict in which direction the reaction will proceed to reach equilibrium at 448 oC if 
2.0 x 10-2 mol of HI, 1.0 x 10-2 mol of H2 and 3.0 x 10-2 mol of I2 in a 2 dm3 container, were 
present at the start. 

 
 
 
 
 
 
 
 
 

 
 

[2] 
 

[Total: 10] 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

High pressure as equilibrium position shifts to the right to a direction which 
results in the decrease in the number of moles of gas so as to reduce the 
pressure.       

Low temperature as the equilibrium position shifts to the right as the 
forward reaction is exothermic which results in the increase in temperature.  
 

[HI]2        =              (2.0 x 10-2 / 2)2              .                        
[H2] [I2]             (1.0 x 10-2 / 2) (3.0 x 10-2 / 2) 
 
              =     1.33                                              
 
Since the quotient above is 1.33 which is < Kc (50.5), the [HI] must increase and the 
[H2] and [I2] must decrease to reach equilibrium; the reaction will proceed from left to 
right as it moves towards equilibrium.                                           
 

[8

b) At 448 oC the equilibrium constant KcKK  for the reaction,  c

                                 H2(g)  + I2(g)             2 HI(g) 

is 50.5. Predict in which direction the reactionnnnnnnnnnnnn wwwwwwwwwwwwwiliiiiiiiii l prprprprprprpp ocococccoccocococcccocococccococococococcccccccccooocooo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ddddddddddddddddddddddddddddddddddddddddddddddd tototootototototototototototottotototootootooooooototootootototooootooo rrrrrrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeaeaeaeaeaeaeaeaeaeeaeaaeaeaeaeaeaaeaaeaeaaeaeaaeaaaaeeeeaeaeaaaaachchccchchchccccccccccccchccccccccchchchcccchcchcccccch eeququilibbririumum aatt 448 oC 
2.0 x 10-2 mol of HI, 1.0 x 10-2 mol of H2222 and 3333333.0.0..0.0.0..0 xxxxxxxxxxxx 1111000000000000000000000000000000000 2-22-222-2-222-222-222-22-222-222-2-2-----2 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmololololololololooolololoollolllloloolololloooooooooooo ooooooooooooooooooooooooooooooooooof fffffffffffffffffffffffffff IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII22222222222 iiiiiiiiiin aa 2 2 dmdm33 cocontntaainer, wer
present at the start. 

[2

[Total: 10

[HI]2        =              (2.0 x 1000-222 /// 222)))222              ...                       
[H2] [I2]             (1.0 x 10-2 / 2) (3(3(3.000 xxx 11100-2 /// 222) 

       =   1.33                          

Since thhheee quququotototient aaaboboboveveve iiisss 1.333333 whichhh iiss s <<< KKKccKK (((50.5), the [Hcc I] must increase and the
[H2] annnd [I2] mmumustss  deece rererease tooo rrreaeaeachchch eeequququilililibbbriririumumum; the reaction will proceed from left to
riririghgg t aasa it moveees ss tototowaaarddds equilibrbrbriuiuium.m.m.                                          
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Section C 

Answer all questions in this section. Write your answers on the writing paper provided. 
Answer each question on a new page. 

You are advised to spend not more than one hour on this section. 

5 This question is about chlorine and its compounds.  

(a) Chlorine and fluorine are halogens in Group VII of Periodic Table, chlorine being a bigger
atom than fluorine.

(i) Explain why the melting point of AlCl3 is 192 oC, but that of AlF3 is 1291 oC, with
reference to structure and bonding of the two substances.

(ii) Explain why phosphorus forms a pentachloride, PCl5, but nitrogen does not form a
pentachloride NCl5.

[5] 

(b) Hydrochloric acid, HCl, has numerous applications in industry, from the production of
plastics to food additives to cleaning stains. About 20 million tonnes of hydrochloric acid
are produced annually.

(i) HCl is a strong acid and fully ionises in water. Draw a diagram showing the
attractions formed when HCl is dissolved in water. Label clearly the attractions
present.

While the structure in AlCl3 is simple molecular/covalent, the structure in AlF3 is 
giant ionic.  Hence more energy is required to overcome the stronger  ionic 
bonds/electrostatic forces between Al3+ and F- ions in AlF3 than the weaker van
der Waals forces in AlCl3,  hence the higher melting point of AlF3. 

Phosphorus is in Period 3, it is able to expand its octet  due to the availability of 
low lying empty d-orbitals. 

Nitrogen is in Period 2. It is unable to expand its octet. 

e e e ce to st uctu e a d bo d g o t e t o substa ces

(ii) Explain why phosphorus forms a pentachloride,, PCPCPCCCCCPCCPCCPCPCCPCCCCPCCCCCCCCCCCCCCCClllllllllllllllllllllllllllllllllll5555555555555555555555555555555555555,,,,,,,,,,,,,,,,,, bububububububbububububuubububbububububububbubbububbubbubbubbububububbubuuuuuuutt ttttttttt tt tttttttttttt nnittrogenn ddoeoes not form
pentachloride NCl5.

[5

b) Hydrochlllllllllorrrrrrrrrrrrric aciciciciciccciciccicic d,d,dddddd  HCCCCCCCCCCCCCl, has numemememememememememmememerorrororororororororororousususususususususususus aaaaaaaaaaaappppppppppppppppppppppppppliliilililiiiiliiicacacacacacacacacacacacac titititittitititititit onoooooooooooo s in industry, from the production o
pllasasasasasasasasasasasasasa titttttttttt cs tooooooooooooo food aaaaaadddddddddddddddddddd ititititititititititittiveeeseeeeeeeee  to cleaninininininnininininingngngnggngngngngngngngng sssssssstainnnnnnnnnnnssssss.sss  About 20 million tonnes of hydrochloric ac
are eeeeeeeeeeeeeeee prrrrrrrrrrroddodododododdododododducccccccccccccededededededededededeeded annuaaaaaaaaaaaaally.y.y..yy.y.yy..y

(i) HHHCHHHHHHHHHH l iiiiiiisssssss aaaaa a aaaaaa stststststststtstsstss rongggggggggggg aaaaaaaaaaaaciciciciciccciciciciiidddddddddddd ananananananannnanananand dddddddddddd ffffuffff lly ionises in water. Draw a diagram showing th
ataaaaaaaaa trtrtrtrtrtrrrrrrractions fooooooooooooormrmmrmrmrmrmrmrmrmrmrmrmededededededededededededed wwwwwwwwwwwwwhehehehehehehehehehehehehen HCl is dissolved in water. Label clearly the attraction
prrrrrrrrrrrrresesesesesesesesesesesesesenenenenenenenenenenenene t.t.tt.tt.tt.tt

While the structure in AlCl3 is simple molecular/covalent, the strucucucucucucucucucucucucucucucuctutututututtuttuttututuuure in AlF3 is
giant ionic. Hence more energy is required to overcome the stttttttttttttttrororororororororororororororongerererererererererererererere   ionic 
bonds/electrostatic forces between Al3+

qq
 and F- ions in AlF3 thaaaaaaaaaaaaannnnnnnnnnnnnn the wewwwwwwwwwwwwww aker van

der Waals forces in AlCl3, hence the higher melting pointtttttttt ooooooooooooooof f f ff f f f ff ffffff AAAAAAAAAAAAAAAAlllllllllllllllFFFFFFFFFFFFFFF333333333333333.

Phosphorus is in Period 3, it isiss aaablbb e to expxpxpananand its ococococococococcoooocococo ttttet  dueueueueueueueueuueueueueueuue tttttttttttttttooooooooooooooo theeeeeeee avavavavavavavavavavavavavavvavaiaiaiaiaaaaaaaiaaiaaa lability of 
low lying empty d-orbitataalslsls. 

Nitrogen is in Period 2. IIItt t isisis uuunanan blblbleee tototo expxppananand itsss ocooooo tet. 
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 (ii) Calculate the pH of a 30.0 cm3 solution of 0.10 mol dm-3 HCl. 

 
 

 
[3] 

(c) Chloric (I) acid, HClO, is a weak acid, and its salts, chlorate (I), ClO- are used as bleaching 
agents, deodorants and disinfectants. 

 (i) Draw the dot-and-cross diagram for a HClO molecule and hence state its shape 
and bond angle, given that oxygen is the central atom. 

 

 

 

 

 

 

 

 

 (ii) Calculate the pH of the solution formed by adding 10.0 cm3 of 0.10 mol dm-3 NaOH 
to 20.0 cm3 of 0.10 mol dm-3 chloric (I) acid, HClO.   

  [Ka of HClO = 4.00 × 10-8 mol dm-3] 

 

 

 

 

 

 (iii) Calculate the concentrations of HClO and ClO- upon the addition of another 0.2 cm3 
of NaOH to the solution above. Hence, show that the change in pH of the solution is 
approximately 0.02 units.  

 

 

 

 

 

 

 

 

 

 

 

 

pH = - lg 0.10 = 1.00  

 

                       
 
 
Shape: Bent   Bond angle: 105o     

[HClO] = [ClO-]   
   
     pH  = pKa 
   = - lg (4.00 ×10-8) 
   = 7.40  

Moles of HClO left =  = 9.80 ×10-4 mol  

   
Moles of ClO- formed =  = 1.02 × 10-3 mol  

[HClO] =  =  0.03245 mol dm-3 

[ClO-] =  = 0.03378 mol dm-3  

 

pH  = pKa + lg    

Change in pH  = lg   

   = lg   

   = 0.0174 
   = 0.02 units  

(ii) Calculate the pH of the solutionnnnnnnnnnnnn fofofofofofofooooooormed bbbbbbbbbbby yyyyyyyyyyyy adadadadaadaaadadadada ding 11111110.0.0.00000.00000000 00000000 000 cm33 off 00.100 mmolol dm-3 NaO
to 20.0 cm3 of 0.10 mol ddmmmmmmmmmmmmm-3 ccccccccccccchloooorooooroooo icccccccccc (((((I) aciddddddddd, HHCHCHCHHCHHHCHHHHHHHHCClO.   

[KaKK  of HClO = 4.00 × 111111111111110-88888888888 molll ddm-3] ]]]]]]]

(iii) CCalalalalalalaaaalaala cucucucucucucucucucucucuculalalatetetetetetetetetetee tttttttttttthehhehhhhhhh cconceeeeeeeennnnnnntnnnnnn rararararararararararaatiititiitiiititititt oononooooooooo sssssssssssss ofofofffofooffofof HClO and ClO- upon the addition of another 0.2 cm
offfffffffffff NaOHHHHHHHHHH tototototototottt  the sssssssssssoooooloooooooo ututututututututuuutttiooooooooooooon nnnnnnnnnnnn ababababababababababababbove. Hence, show that the change in pH of the solution
apapapapapapapapapaaapa prprprprprprprpprprprroxxxximimimimimmimimmimmimatellllllyyyy 0.0.0.0.0.0.000.0.0.00.0202020202020200202020202 uuuuuuuuuuninnnnnnnnnnn tstttt .  

                       

Shape: Bent   Bond angle: 105o   

[HClO] = [CCCllO-] ]]   
  
    pppH HH == pKaaa

   = - lg (4(4(4.000000 ×1000-8)))
  === 777.4.4.40  

Mooolelelesss off HHHCCClO left =  = 9.80 ×10-4 mol  

  
Moles of ClO- formed =  = 1.02 × 10-3 mol 

[HClO] 0 03245 l d -3
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(iv) Explain why the pH change in (c)(ii) is small upon the addition of a small amount of
NaOH, illustrating your answer with an appropriate equation.

[9] 

(d) Mercury (I) chloride, Hg2Cl2, contains the Hg2
2+ ion. The Ksp of Hg2Cl2 is 1.43 × 10-18 

mol3 dm-9.

(i) Write the Ksp expression for Hg2Cl2. Hence, calculate its solubility in water.

(ii) Explain how the addition of dilute HCl will affect the solubility of Hg2Cl2.

[3] 

[Total: 20] 

The solution in (c)(ii) is a buffer solution.   

When small amount of NaOH is added (0.2 cm3), 

HClO + OH-  ClO- + H2O 

The large reservoir of HClO removes OH- by reacting with it, hence the pH is 
almost unchanged. 

Let the solubility of Hg2Cl2 be x mol dm-3. 

Hg2Cl2(s)  Hg2
2+(aq) + 2 Cl-(aq)

       x                 2x 

Ksp  = [Hg2
2+][Cl-]2 = 1.43 × 10—18

(x)(2x)2 = 1.43 × 10—18 
 4x3 = 1.43 × 10—18 

 x = 7.10 × 10-7 mol dm-3 

Cl-, being a common ion will increase the concentration of Cl- in the solution. 
Hence, position of equilibrium will shift to the left/common ion effect  and 
solubility of Hg2Cl2 will decrease . 

[9

d) Mercury (I) chloride, Hg2Cl2, contains the Hg2
2+ ion. The Ksp of Hg22CCll22 isis 1.43 × 10-

mol3 dm-9.

(i) Write the Ksp expression for Hg2Cl2. Hence, calculate its sololububililitityy inin wwater.

(ii) Explaiiiiiiiiinnnnnnnnnnnn hohhhhhhhhhhh w thhhhhhhhhhhhhe adadadadadadaddaddddidddddddddddd tiononoononononononononn offfff ffff dididddddididididdilululululuuuuuuuluteteteteeeetetetetetete HCl wwwwwwwwwilillilililililiiii lllllll afafafafafafafafafafafaa fefefefefeefefefeffefectcctctctctcttctctt tttttttttttthhhehhh  solubility of Hg2Cl2.

[3

[Total: 20

Let the solubility of Hg2Cl2 be x mol dm-3.

Hg2Cl2(s)  Hg2
2+(aq) + 2 Cl-(aq)

       x                 2x 

Ksp  = [Hg2
2+][Cl-]2 = 1.43 × 1101 —18——

(x)(2x)2 = 1.43 × 10—18

 4x3 = 1.43 × 10—181818

 x = 7.10 × 10-777 7 momom l dmdmm-3

CClll-, beininingg a cococommmm on ionnn wwwililillll ininncrcrcreaeaeasesese ttthehh  concentration of Cl- in the solution. 
HHeH nce, ppposssitii iooon of equilllibibibriririumumum wwwililillll shift to the left/common ion effect  and 
sosoolululubility offf HgHgHg22CCCl2 wwilillll l dededecrcrcreaeaeaase . 
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6 This question is about the reactions of halogens with organic compounds. 

(a) CFCs or chlorofluorocarbons such as dichlorodifluoromethane, CF2Cl2, can be synthesised
from methane. CFCs have been widely used as refrigerants, aerosol propellants and
solvents. However, they have been gradually phased out under the Montreal Protocol and
have been replaced with products such as HFCs or hydrofluorocarbons which do not
deplete the ozone layer like CFCs.

The first step in production of CF2Cl2, is to react methane with chlorine to form 
chloromethane. 

(i) Write a balanced equation for the reaction between methane and chlorine.

(ii) State the condition necessary for the reaction between methane and chlorine.

(iii) State and describe the mechanism that occurs between methane and chlorine.

(iv) Hence explain why ethane can sometimes be found in small quantities in the
reaction mixture.

CFCs are harmful as they undergo homolytic fission to produce free radicals which then 
break down the ozone. 

(v) Write an equation to show how radicals are produced from CF2Cl2.

Cl2 + CH4  CH3Cl + HCl

Free Radical Substitution 
Initiation: 

Propagation: 
CH4 + Cl•  •CH3 + HCl 
•CH3 + Cl2  CH3Cl + Cl•

Termination:  
2 •CH3  CH3-CH3 

Cl• + •CH3  CH3Cl
2 Cl•  Cl2 

Ethane is formed when 2 methyl radicals combine in the termination step. 

CF2Cl2   •CF2Cl + Cl• 

uv light or sunlight or 400 oC  

(ii) State the condition necessary for the reaction between metethahanene aandnd chlorine.

(iii) State and describe the mechanismsssssssssss  that ocoooooooooo ccccucccccccc rss bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbetetetetetetetetetetttetettetetetetteteteteteeteteteteeteeteeeteteteetetttteetttttttttweweweweweweweweweweweweweweweweewewewweweweweweweweeeweewwewwwewewwewwwww eneneneenenenenneneneneneeneneneneneneneneneneneeeeeeneeeeeneneen mmmmmmmmmmeethahanen  andd cchlhloorine.

(iv) Hence exexexexexexexexeeee plain why ethane can sometimes be found in small quantities in th
reaction mixture.

Cl2 + CH4  CH3Cl + HCl

Free Radical Substitutiooonnn
Initiation:

Propppagagagation::: 
CHCHCH4 +++ CCClll• •••CHCHCH333 ++ HHHCCCl
•CCCH3 + CCCl222 CCCHHH3Cl + Clll•

TeTeTermrmrminii ationn:n  
22 2 •C•C•CHHH333 CCCH3-CCCHHH333

CCCl• + •CH3 CCCHHH333CCClll
2 2 CCCl• CCClll222

Ethane is formed when 2 methyl radicals combine in the termination step

uv light or sunlight or 400 oC  

www.KiasuExamPaper.com 
87



 

[Turn over 
9647/CJC JC1 Promotional Exam 2012 

14

(vi) Hence, by quoting relevant bond energies values data from the Data Booklet,
explain why HFCs such as CH2F2 do not deplete the ozone layer.

[10] 

(b) 0.01 moles of liquid hydrocarbon X was burnt completely in an excess of oxygen in an
enclosed vessel. After combustion, the resultant gases were passed through an excess of
NaOH, a reduction in gas volume of 1.44 dm3 was observed at r.t.p. 0.01 mole of liquid X
also reacts completely with 1.6 g of Br2 in the dark.

(i) Using the information above, deduce that the molecular formula of X is C6H12, and
state the type of functional group it contains.

(ii) Suggest a structure for compound A, which has the same molecular formula as X,
but does not decolourise bromine in the dark.

X, C6H12 reacts with hot acidified concentrated KMnO4 to produce propanone, CH3COCH3, 
and propanoic acid, CH3CH2CO2H. X also reacts with HBr to give Y, which has a chiral 
carbon. 

(iii) Use this information to draw the structural formulae of X and Y.

CxHy(l) + (x+
4
y

) O2(g)  x CO2(g) + 
2
y

H2O(l) 

No. of moles of CO2 formed = 1.44 / 24 = 0.06 mol 
CxHy : CO2 = 1: 6  No. of moles of Br2 = 1.6/(79.9 x 2) = 0.01 mol 
Since no. of moles of Br2 = no. of moles of X   only 1 C=C present in X 

Hence the molecular formula of the compound is C6H12. 

It contains an alkene.  

X: Y:

Bond energy of C-Cl bond = 340 kJ mol-1

Bond energy of C-H bond = 410 kJ mol-1

The weak C-Cl bonds break easily compared to C-H to generate Cl• 
radicals which breaks down the ozone.     

NaOH, a reduction in gas volume of 1.44 dm3 was observed at r.t.p. 0.01 mole of liquid 
also reacts completely with 1.6 g of Br2 in the dark.

(i) Using the information above, deduce that the molecular formulala of XX iis C6H12, an
state the type of functional group it contains.

(ii) Suggest a strrrurrrrrrrrr ctctctctctctctcctctcctcturuuuuuuuuuu e eeeeeee foffoffoffoffofof r coooooooooooompmpmpmpmpmpmpmpmpmpmpmppououououououououuououuoundnddndnnnndnnndnnd AAAAAAAAA, whwhhhwhwhhhhhwhhhicicicicicicicicicicichhh hhhhhhhhh hahahahahahahahahahahahahas ssssssssss thththththththththththhtheeeeeeeeeeee same molecular formula as X
but doooooooooooooesesesesesesesesesesesss not ddddddddddddecccececcecccccece olououououououououououououuriseseseseseseseseseeee brororororororrorooooomimimimimimimimimimimim neneneneeenenenenenen  in thhhhhhhhhhheeee dadaadadaadadaadadaarkrkkrkrkrrkrkkrkrkkk.

X, C6H12 reaaaaaaaaaaaaactctctctctctctcctctctctcts sss sssss ssss wiwww ththhhhh hhhhhhhhhhhot acidified concentrated KMnO4 to produce propanone, CH3COCH
and propanoiioiiiiiiic cccccccccc acacacacacacacacacacacaccidididididididdddddi , CH3CH2CO2H. X also reacts with HBr to give Y, which has a chira
carbon.

CxHy(l) + (x+
4
y

) O2(g)  x CO2(g) +
2
y

H2O(l)

No. of moles of CO2 formed = 1.44 / 24 = 0.06 mmmmmmmmmmmmmmmoooooolololooolooooololollololollolololololollololooloolooooooo  
CxHy : CO2 = 1: 6  No. of moles of Br222 === 1.6/(/(/(((/(/(/(/((((((((((((((((((79797979797979797979799799799979999999999999999999999999999999999999.9.9.99999999.99.99.9.9999999999.99999.99999999999999999999999999 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 22222222222222222222222222222222222222222222) ) ) ) ) )) )) )) ))) )))) )))) ) ) ) )))))))) ========================================= 0.0.00.0.0.0.0.0.0.0.00.0.0000000.0.000.000000.0.00.0.00.0.010100101010101010101010101010000  mol 
Since no. of moles of Br2 = no. of moleleles ofoo XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  oooooooooooooooooooooooooooooooooooooooooooonlnlnlnnlnnlnlnlnlnlnnlnnlnllnlnlnnnnnllnlnlnllnlnlnlnnnnnnnnnnnnnnnnnnnn y yyyy yy y yy yy y y y yy y yyy y y yyyyy yyyyyyyyyyyyyyyyyyy 1111111111111111111111111111111111111111 CC=CCCCCCC=C=C=C=C=C=C=C==C=CCCCCC=C=C=CC=CCC=C=C==C======CCCCC CCC C C C CCCCCCCC prprprprprprprprprprprppprp eseseseseseseseseseseseeseseseseneneneeenenenenenenenenenenentttttttttttttt inininnnnnnninnnnnnn XXXXXXXXXXXXXXXX 

Hence the molecular formmmululula ofofof thehh  compopopoununund is C6H12. 

It contains an alkeneee.eeee  
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(iv) State and explain the type of isomerism that Y exhibits.

(v) Hence, explain why the solution containing Y will not rotate plane polarised light.

[8] 

(c) Predict the products formed when propene reacts with

(i) cold dilute KMnO4

(ii) steam, concentrated H3PO4, 300 oC, 70 atm

 [2] 

 [Total: 20] 

End of Paper 

Y exhibits optical isomerism . The isomers are non-superimposable mirror 
images of each other and have no plane of symmetry . 

Solution is a racemic mixture/contains both enantiomers in equimolar 
amount.

[

c) Predict the products formed when propene reacts with

(i) cold dilute KMnO4

(ii) steam, conceeeeeeeeeeeentrarararararararararararateeeeeeedddddddddddd H3POOOOOOOOOOOOO4, 30300 00 00000000 ooCCCC,CCCCCCCCC  70 atataatatatattta mmmmmmmmmm

[

[Total: 2

Solution is a racemic mixture/contains both enantiomers in equimolar 
amount.
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Answer all questions in the space provided.

1 Planning

Hess’ Law allows us to calculate the enthalpy change of some reactions which cannot be 
found directly or ar Ho

r for the conversion of solid 
anhydrous copper(II) sulfate to solid hydrated copper(II) sulfate, as shown by the 
equation below.

CuSO4(s) + 5H2O(l) CuSO4.5H2O(s) Ho
r < 0

This enthalpy change cannot be measured directly as hydrated copper(II) sulfate can 
only be formed from crystallisation, not by directly adding water to anhydrous copper(II)
sulfate. 

In order to make use of Hess’ Law, the enthalpy change of solution of anhydrous and 
hydrated copper(II) sulfate are first calculated from different experiments.

CuSO4(s) Cu2+(aq) + SO4
2–(aq) Ho

soln1 < 0
CuSO4·5H2O(s) Cu2+(aq) + SO4

2–(aq) + 5H2O(l) Ho
soln2  > 0

Ho
soln1, using common laboratory apparatus 

such as 50 cm3 measuring cylinder, 1 ºC thermometer, a polystyrene cup, stopwatch and
electronic balance. The following information may be useful.

The specific heat capacity of water is 4.18 J g–1 K–1.
The e Ho

soln1 is –47 kJ mol–1.
For safety reasons, temperature of liquids should not exceed 40 ºC.
You are recommended to use between 25 – 50 cm3 of water.

(a) Describe a procedure to find the enthalpy change of solution of anhydrous
copper(II) sulfate Ho

soln1. Your plan should include plotting of a suitable graph to
correct for surrounding heat transfer and the use of appropriate apparatus, masses
and volumes of reagents.

Mr: CuSO4 = 159.6; CuSO4·5H2O = 249.6
1. Weigh an empty and dry weighing bottle using

an electronic balance.
(1) correct apparatus

used for weighing; can
accept small beaker in
place of weighing bottle.

2. Weigh 5 g of anhydrous copper (II) sulfate in the
weighing bottle.

3. Using a 50 cm3 measuring cylinder, measure
50 cm3 of distilled/deionised water and pour it
into a polystyrene cup.

o

15 oC; Range of [CuSO4] must be between 14.2 g 
dm–3 to 213 g dm–3.)

(2 and 3) accept 0.35 g
– 10.7 g of solid and 25
– 50 cm3 of water.
However, range of 
[CuSO4] must be 
between 14.2 g dm–3 to 
213 g dm–3. 
Note: Any value lower than 

oC
(too small) while value higher 

15 oC (too large as it does not 
follow data). 

sulfate.

In order to make use of Hess’ Law, the enthalpy change of solutionon ooff aanhydrous a
hydrated copper(II) sulfate are first calculated from different experimeennts.

CuSO4(s) Cu2+(aq) + SO4
2–(aq) HHoHH sosoln1n1 << 0

CuSO4·5H2O(s) Cu2+(aq) + SO4
2–(aq) + 5H2O(l) HHoHHH solsoln2n2  > 0

HHHHHHHHHHHHHoHH soln1,, uussususssuuussusssssssssussininnininininininnninnnnininninininninniinnnnnnnnnnnngggggggggggggggggggggggggggggggggg cocococococococococococococococococococcoocococoocooooococoocommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm onon laboboraratotoryry appara
such as 50 cm3 measuring cylinder, 1 ºC thermmmmmmmmmmmmommmmmmmmmmmmetettetettttttttttttttettttttee erererererererereererrerereerereererererereereerererereeereerreeereeerr,,, aaaaaaaaa a aa a a aaa aaaaaaaaaaaaaaa popopopopopopopopopopopopopopopopopopopppppoppopopopoppoppopppppopp lyylylylylylylylylylylylylyyylylylylylyylyylylyylyyyyyyyyystsssssttststststssstsstssssstsstsststststststyyyyyyryryyyrenene e cucup,p, ststopopwatch a
electronic balance. The following informmmmmmmmmmmmatatatatatatatatatatatation maaaaaaaaaaaay yyyyyyyyyyy bebbbbbbbbbbb  useseeeeeeeeeeeeeeeeeeeeeeeeefufufufufufufufufufufufufufufufufuffufuffufuuuuuuuuuuuf l.lllllllll.ll.lllll.l.lll.

The specific heat capaciiitytytytytytytytytytytyt oooooooooooofffffffff f wawawawawawawawawawawawattttetttttttt r isisisisisisisiisii 4.4444444444 18 J  ggggggggggg––––––1–––  K–1KK .
The e HHHHHHHHHHHoHHoHH solsolsolsolsosolsolsolososos nn1 isisissississisi ––––––474747474747474777477 kkkkkkkkkkJJJJJJJJJJJ momomomomoooomomomooll–1.
For safety reasoooooooonsnnsnsnsnsnsnsnsnsnsns, temperererererererererrrratatatatatatatatatataature offffffffffff liqqqqqqqqqqqquids shohohohohooohohohoooululuuululululululululd d dd d ddddddd nnnonnnnnnnnn t exceed 40 ºC.
You are recommmmmmmmmmmmmennnnnnnnnnnndedededededededdddd dddddddddddd totttt  usesesesesesesesesesesse bbbbbbbbbbetetetetetetetetetetete weweweweweweweweweeweeen 22222222255555555555 – 505050505050505050505050 ccccccccccccmmmmmmmmmmmm33333333333 of water.

(a) Descriririririririrrirrr bebbbbbbbbbbb aaaaaaaaaaaa pppppppppppproceeeeeeeeeeeeduduududuuduuuuurererererererererererre tooooooooooo fifififiifififififfif ndndndndndndndndndndndnd ttttttthehehehehehehehehehehehe eeeeeeeeeeentntntntntntntntntntntn hahahahahahahahahahaaalplplplplpplplplpll y change of solution of anhydro
coppppppppppppererrerererrerererrr(II) suuuuuuuulflflflllllll atatatatatatatatatatatte HHHHHHHHHoHH soln1. YoYoYoYoYoYoYoYoYoYoYoYourrrrrrrrrrr ppppppppppplaaaaaaaaaaaannnnnnnnnnn shshshshsshshshshshshhouououououuuuuuuuldlldldldldldldldldld include plotting of a suitable graph
cooocooooooooocc rreceecececeecececececectttt tttt tttt for surrrrrrrrrrrrrououououououuouooo ndndndndndndndndndnddndinininininininininining heeeeatatatatatatatatatatatat tttttttttttrarararararararaararannnnnsnnnnnnn fer and the use of appropriate apparatus, mas
anananananaananananandddddddddddd voooooooooooolululululululuuuuumemememeeeeeeeeesssssssssss ofooooooo rrrrrrrrrrrreeeeeaeeeeeee gentntntntntntntntntntntntssssssssssss.

Mr: CuCuCuCCuCuCuCuCuCuCC SOSOSOSOSOSOSOSOSOSOSOSO444444444444 =========== 11115151111111 9.6; CuSO4·5H2O = 249.6
1. WeWeWeWeWeWeWeWeWeWeWeWeigigigigigigiggigigighhhhhhhhhhhh ananaananaaanananaan ememememememememememememptptptptptptpppppp y and dry weighing bottle using

annnnnnnnnnnn eleleleleleleleleleeleeeceececeeee trtrrtrtrtttrtrtttroooonoooooooo ic balance.
(1) correct appara

used for weighing;
accept small beake
place of weighing bot

2 W i h 5 f h d (II) lf t i th (2 d 3) t 0 3
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4. Stir gently with the thermometer and record the 
temperature of the solution every 30 seconds
for 2.5 minutes.

(4) accept any 
indication to take 
temperature at regular 
intervals of less than 1 
min. [0.5] awarded if 
student mentions the 
recording or initial 
temperature only.

5. At exactly 3.0 minutes, add the anhydrous 
copper (II) sulfate from the weighing bottle to 
the distilled/deionised water in the polystyrene 
cup.  Do not read the temperature at this time.

6. Stir the mixture thoroughly, and continue to 
record the temperature every 30 seconds 
from 3.5 minutes to 9.0 minutes. 

(5) time for addition 
should correspond to 
point 4. Final sentence 
must be included.

(6) interval should 
correspond to point 4. 
Interval and time period 
should provide a 
minimum of 4 readings. 
[0.5] awarded for 
incorrect time interval 
mentioned with clear 
start and end times.

7. Weigh the weighing bottle again. [0.5]
8. Plot a cooling correction curve to correct for 

heat loss or Extrapolate the decrease in 
temperature to obtain the maximum 
temperature reached. [0.5]

Any correct description 
to obtain the maximum 
temperature or the 
correct name of graph 
will be awarded [0.5].

= 1 marking point = 1 mark
Total of 5 marking points (1m each) and 2 minor points (0.5 as indicated),
maximum 4 marks. 
Note that the description of apparatus should include volume with appropriate 
number of significant figures ie 50 cm3 measuring cylinder (and not 50.0).

[4]

(b) Draw tables with appropriate headings to record appropriate measurements from 
your procedure

Mass of empty weighing bottle / g
Mass of anhydrous CuSO4 and weighing bottle / g
Mass of weighing bottle after using anhydrous CuSO4 / g
Mass of anhydrous CuSO4 / g

(ecf awarded for mass table according to procedures)

Time (min or s) Temperature (ºC)

[1/2] for every correct table [1]

(No marks awarded if table 
indicates record of Tmax; table for 
temperature must show no 
temperature taken when solid 
was added.)

6. Stir the mixture thoroughly, and continue to
record the temperature every 30 seconds 
from 3.5 minutes to 9.0 minutes. 

(6) interval should
corresesesesesesesesesesesessspopopopopopopopopopopopopopondnnnnnnnnnn  to point 4
Intervrvrvrvrvrvrvrvrvrvrvrrvval annndndndndndndndndnnnd time peri
shhhhhhhhhhouououououuouououououuououldldldldldldldldldldldldl ppppppppppppprororororororororororororovide a 
mimimimimimimimimimimimimmininnninninininnniniin muuuuuuuuuuuuummmmm m m mm mmmm of 4 reading
[0[0[0[0[0[0[0[0[0[0[0[0[00.5.5.5.5.5.5.5.5.5.5555.5] awwwwwwwwwwwwararararararararaarrarardedededededededededededeedddddddddddddd fofofofofofofofofofofofof r 
ininnnnnnnnnnnnniii cccccocccccccc rrecececececceccececececectttttttttttt t titititititititititititit memememmemememememememeee iinterva
memmmmmmmmmmmm ntiooooooooooooonenenenenenenenenenenenneddddddddddddd with clear 
ststststststststststsststssss ararararararararararaaa t annnnddddd ddd enenenenennenennenendddddddddddddd times.

7. Weigh the weighing bottleeeee agaggagagagagagagggagaia n. [0000000000.5.5..5.5.5..5]]]]]]]]
8. Plot a cooling coooooooooooorrrrrrrrrrrrrrrrrrrrrrececececececececececcectittitttititttt ooooonooooooo cccccccccccururururururururrrrve to ccccccccccccccorrect for 

heat loss ror EEEEEEEEEEE ttxttxtxtttttttrarrrr poopopppp lalalaalaalalalalaal teteteteteteteteeeee tttttttttttheeeheheeheeeeee dededdedededdededdedeecccrccccccccc easesssssssssssss  in
temperatururururururururururuureeeeeeeeeee toooooooooo ooooooooooobtbtbtbtbttbtbtbtbtbtbtaiaiaaiaiaiaiaiaaiaiainnnnnnnnnnnn ththththththththththhhe mamamamamamamamamamamamaxixixixxixixxixixixximum 
temperatttttttturururururururururrreeeeeeeeeee rerererererererererereeacaaaaaa hed........ [0[[[[[[[[[[ .5]]]]]]]]]]]]

AnAnAnAnAnAnAnAnAnAnAnAAnAnyyyyy yyyyyyyy coorrrrrrrrrrrrrrrrrrrrrrrrrreeeece t descrip
ttttototttttttt  obtain the maxim
teteteteteteteteteteeteeemmmmperature or
correct name of gr
will be awarded [0.5].

= 1 mamamamamamamarrrrkrrrr ininininininnng pooooooini ttt tttttt == 1111111 mamamamamamamamarkrrrrrrr
Total oofooooooo 55555 mmmmmmmmaraaaaaaa kingnnnnnnnn pppointttttttttsssss sss (1(1(1(1(1(1(1(1mmmmmmmmmm eaeaeaeaeaeaeaeaeaaachchchchchchchchc )))))))) anananananananannddddd 2 minor points (0.5 as indicate
mammmmmmm ximumumumumumummum 4 mmamamammamm rkrrrrrrr s......
NoNoNoNoNNoNoNoNoN teeeeeeeee tttttttthahahahhhahh t the dededededededed scscscscscscscccririririririririptionnnnnnnn ofofofofofofofofof aaaaaaaapppppppppppp aratus should include volume with appropri
nunununununununuumbmbmbmbmbmbmbmbm ererererererererr ooooooof fffffff sisisisisisisisisigngngngngngnggnnifffffffficicicicicicicici ant fiifififififififigugugugugugugugugug rerererererereres ssssss ieieieieieieieie 55555555555500 00000 cm3 measuring cylinder (and not 50.0).

(b) Draw ttttttttttabababababababababababableleleleleeleeleleesssssssss wiwiwwwiwiwiwiwiwiww thththththththtthttt aaaaaaaaaaaappppppppppppppppppppppppropriate headings to record appropriate measurements fr
your proocecececececececececececedududududududududddd reeereererereeerere

Massssssssss ooooooooooofffffffff ff empty weighing bottle / g
Mass of anhydrous CuSO4 and weighing bottle / g
Mass of weighing bottle after using anhydrous CuSO4 / g
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(c) Sketch graph that you expect to obtain in the experiment. Indicate clearly the axes
and the initial and final temperatures that you would read. Show how you would
use the values from your procedure and the graph to calculate Ho

soln1.

Temperature / ºC

   

[1/2] for correct axes and shape of graph
[1/2] for correct extrapolation, Tinitial and Tfinal

Heat evolved = 
1000

Temp)Initial - Temp(Final18.450 kJ [1/2]

Ho
soln1 =

159.6
5

1000  Temp)Initial - Temp(Final18.450 kJ mol–1 [1/2]

[2]

(d) Ho
r Ho

soln1 and
Ho

soln2 using Hess’ law.

Ho
r  Energy/kJmol–1

CuSO4 (s) + 5 H2O (l) CuSO4·5H2O (s) CuSO4 (s) + 5 H2O (l) 

Ho
soln1 Ho

soln2 or  Ho
r  Cu2+(aq)+SO4

2–

(aq)+5H2O(l) 

Cu2+ (aq) + SO4
2– (aq) + 5H2O (l) CuSO4.5H2 Ho

soln2

Correct energy cycle or energy level diagram [1/2] 

Using Hess’ law,
Ho

r Ho
soln1 – Ho

soln2  [1/2] 

[1]

(e) Another experiment in which hydrated copper(II) sulfate is added to water is
Ho

soln2. The following data is recorded.

Initial temperature / ºC 30.0
Final temperature / ºC 29.5

Ho
soln1

Final temperature

Initial temperature

Time / min or s
Time of addition 
of solid CuSO4

T

   

[1/2] for correct axes and shape of graph
[1/2] for correct extrapolation, Tinitial anannannannnnnnnd Tfinalalll

Heat evolved = 
10110101010101010100000

TeTeTeTeTTeTeTeTTeTTeTTeTeTeTeTTTTTTTeTeTeTeTTeTeTeTeTeTeTeeeempmpmmmmmmmpmpmmmmmmmpmmmpmpmmmmpmpmpmpmmmmmmmmmmm ))))))))))InnnnInnnnnnnnitialllll - Temppppp(Finnnnnnnnnnnnalalaalalaalalaalaa18.450 kJ [1//22]

HoHH soln1 =
15151515151515151515559999.99999999 6

55555555555
1000  TTTeeTeTeTTTTTeTeT mmmmmmpmmmmmmm )InnInInInInInInnnnnitial - TeTeTeTeTeTeTeTeTeTeTeTempppppppp(F(F(F(F(F(F(F(F(FF(F(F( innnininnnnninn llllllal18.450 kJkJ mmol–1 [1/2]

(d) HHHHHHHHHHHHooooooooHHoooooooHH r HoHHoHH soln1 a
HoHHoHH sooolooooooo n222222222222 usinngggggggggggg HHHHHeHHHHHHH ssssssssssss’ lalllllll w.

HHHHHHHHHHHHooooooooooHHHHHHHHHooooooooooooHH rrr Energy/kJmol–1

CuuuuuuuuuuuSOOSOSOSOSOOOSOSOOO4 (s))) )))))) ++++++++++++ 5 5 5 5 5 55 5555 HHHHHH2OOOOOOOOOO ((((((((((((llllllllllll)))))))))) CuCuCuCuCuCuCuCuCuCuCuCuSOSOOSOSOOOSOOOO4·5H2O (s) CuSO4 (s) + 5 H2O (l)

HoHHoHH soln1n111 HoHH soln2 orr HoHHoHH r Cu2+(aq)+SO
(aq)+5HHHHHHHHHHH2222222222O(O(O(O(O(O(O(O(O(O(O(lllllllllll)))))) ))))))

Cu2+ (aq) ++ SO4
2– (aq) + 5H2O (l) CuSO4.5H2 HoHH soln2

HoHHoHH soln1

Initial temperature

TiTimme / min or s
Time of addition 
of solid CuSO4
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Change in temperature / ºC 0.5

With reference to the magnitude of the temperature change, state one possible
significant source of error and a method of improvement.

Source of error Method of improvement
The 1º thermometer may not be 
sensitive and accurate enough to 
read such a small temperature 
change, as the temperature change 
recorded (0.5ºC) is only half a 
division. 

% error = 
0.5
0.5 x 100% 100 %

This results in a very large 
percentage error. 

Use a thermometer that is more 
sensitive and has smaller 
divisions to provide for more 
accurate readings. For example, 
thermocouple or thermometer with 
0.1 ºC divisions. 

% error = 
0.5

0.05 x 100% 10 %

This greatly reduces the percentage 
error. 

or

Use a larger mass of hydrated 
copper(II) sulfate or a smaller 
volume of water. This will increase 
the heat absorbed by the reaction, 
increasing the temperature 
change, and thus reduce the 
percentage error. 

Since the reaction is endothermic, 
some heat could have been gained
from the surroundings, resulting in a 
temperature decrease that is
smaller than the actual value. 

The polystyrene cup could be 
placed in a 250 cm3 beaker to 
provide a layer of air for insulation,
allowing the actual value of the 
temperature decrease to be 
recorded.
  
or 

A lid could also be used to prevent 
transfer of heat from the 
surroundings into the reaction,
allowing the actual value of the 
temperature decrease to be 
recorded. 

Any logical error [1]; any logical corresponding improvement [1]
[2]

2 (a) 4–phenylbut–1–ene is a useful molecule often employed by organist chemists 
during synthesis.

4–phenylbut–1–ene

ThThThThThThThThThThhTheeeeeeeeeee popopopopppopopoppopolystyrene cup could b
plplplplplplplplplplpllacacacacacaccacaccacaceeedededeeeeeee  in a 250 cm3 beaker
prpppppppp ovide a layer of air for insulatio
allowing the actual value of t
temperature decrease to b
recorded.
  
or 

A lid could also be used to preve
transfer of heat from th
surroundings into the reactio
allowing the actual value of t
temperature decrease to b

% error =
0.5
0.5 x 100% 100 %

This results in a very large 
percentage error.

% error = 
0.5

x 100% 10 %

This greatly reducecess ththe percentag
error.

ror

Use a lalalalaalaaaalalaaaallalaalalalalaallll rgrgrgrggrgrgggggggggggggggggggggggerereeeeeeereeeeeeerereeeeeeeeeeeeeee  massss ofof hydrate
coppppppppppppppppppppppppppppppppererereererererererererereerererererererererererreerrrrrrrerr(((((((((((((((((((((((((((((((((((((IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ) )) ))))))))))))) ))) )))))))))) susussssssss lfatee rroror a small
vovovoovooooooovvovovoooooooooooovoooooolulululululululululuululululuululullllululuuluuluuuuluuuull memmmemememememememmemememememememememmmememememememmmemememmeme ooooooooooooooooooooooooooof f fffffffffffffffffffff fff fff wawawwwwawaawawwwwwwwawwwwwwwwwawwwawwwwawawwwwawawwwwwww teterr. ThThisis wwili ll increas
thhhhee eee hehehehehehehehehehhehehehehehehehhehhehhhehehhehehehhehehehehhhehhhheatataatatatatatatatatatatatataaatataaaatatataattttttttata aaaaaaaaaabbbbbbsbsbbb oorbebed byby tthehe reactio
inininininiininiininnncreasisisiiiing tthhe ttemperatu
chchhhhhchhhhhhhange, anndd thus reduce th
ppeppepepeppepepeppppp rcentage eerrrroor. 

Since the reacacacacacccccccctitttttttttt on is endothhhthththththththththeeeereeeeeeee mic, 
some heat ccccccccccccououououououououououououldldldldldldlldlddd hhhhhhhhhhhhavaaaaaaaaaaa eeeeeeeeeee beebebebebebebebeeeeeneneneneneneneeeee gggggggggaineneeeneeeenenenedddddddddddd
fromooooooooooo ttttttthehehehehehehehehehehee surrrrrrrrrrroooooroooounununununununununununu diidididididididididd ngngngngngngngngngngngn s,sssssssss resultingngngngngnggngngngngng innnnnnnnnnnn a aaaaaaaa
tetetetetetetetetetetetemmpmm erererererererererererratatatatatatatatatttturuuuuuu eeeeeeeeee ddddddedddddd creaaaaaaaaaaaasesesesesesesesesesesese tttttttttthahahahahahahahahahahahat t t ttt ttttt iiiiiiiiiiissssssssssss
smmmmmmmmmmmmaller thththththththththhht anaaaaaaaaaaa tthhhehhhhhhh  actuaaaaaaaaaaaal l l lllll vavavavavavavavavavavavallululullullul eeeeeeeeee.
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4–phenylbut–1–ene can be converted to its isomer 4–phenylbut–2–ene in two 
steps. Suggest how this can be done by drawing the intermediate product A in the
box below and hence stating the reagents and conditions for Step 1 and Step 2.

Step 1

A

Step 2

Step 1: HX or cold conc H2SO4 followed by H2O, heat or H3PO4, H2O, 300°C, 70 
atm [1]
Step 2: alcoholic NaOH, reflux or excess conc H2SO4, 170 ºC [1]

Intermediate product, A: 

X

or 

OH

[1]
Steps must match intermediate product in order to obtain full marks. In case of 
mis–match, award marks to matching steps only.

[3]

(b) The following molecules, B and C are analogs of 4–phenylbut–2–ene. Suggest
chemical test reactions to distinguish B and C. For each test, state the relevant
reagents and conditions, and describe the observations.

B C
Add bromine in CCl4 / Br2 (aq) to separate samples of B and C at room 
temperature, in the absence of UV light. [1] B will decolourise the reddish–
brown bromine [1/2] while C will not decolourise reddish–brown bromine. [1/2] 

or 

Add cold, dilute, alkaline KMnO4 to separate samples of B and C. [1] B will
decolourise the purple KMnO4 [1/2] while C will not decolourise the purple 
KMnO4. [1/2] 

or

Add acidified KMnO4 to separate samples of B and C and heat. [1] B will
decolourise the purple KMnO4 with the efferverscene of CO2(g) which forms 
white precipitate with calcium hydroxide. [1/2] C will not decolourise the purple 
KMnO4 and will not form efferverscene. [1/2]

[2]

(c) The Birch reduction reduces the benzene ring to a 1,4–cyclohexadiene. The
reagent used is sodium dissolved in liquid ammonia. The reduction of benzene is
shown in the equation below.

Na,NH3(l)

Intermediate product, A:

X

or 

OH

[[11]]
Steps must match intermediate product in order to obtaainin f fufullll mmaarkss.. InIn ccasasee of
mis–match, award marks to matching steps only.

[3

(b) The following molecules, B and C are annnnannnnnnnnalalalllllogogogogogoggogoggoggoogggoggggogggggoggggggggggggggggssssssssssssssssssssssssssssssssss ofofoffofoffofofofofofofoffofofofoffoffoffffofoffofoofofoffffofff 444444444444444444444444444444––––––––––––––ppphpphphphphppppppphpppphppphphphphphppppphphpp eeeneneenylylbubutt–22––enenee. Sugge
chemical test reactions to distinggngngngngggngngngnguiuiuiuiuiuiuiuiuuu sh B aaaaanaaaaaaa dddddddddddd C. FoFoFoFoFoFoFoFoFoFoFoFoFoFooFoFoFoFoFoFoFooFoFooFoFoor r rrrrrrrrrr eeeeeeeaeee chh ttesest, statatete tthe releva
reagents and conditions, andndndndndnddndndndndnd ddddddddddddeseeeeeeeee ccccrccrccrcrcc ibbbbbbbbbbbbe ee the obobobobobooobooobsssssssesssssss rvations.

B CCCCCC
Add brommmmmmmmmmmminiiiiiiiiiii e innnnnnnnnnnn CCCCCCCCCCCCClClClClClClCClClCCCl4 ///// ///// BrBrBrBrBrBBrBBrrr222222222222 (a(a(a(a(a(a(a(a(a(a(a(aq)q)q)q)q)q)q)q)q)q))q toooo sssssssssssepepepepepepepepepee ararararararararararara atataaatataatatatata eeeeeeeeeeeeee samples of B and C at roo
temperrrrerrrrrrrrataaaaaaaaaaa urururururuururururre,e,e,e,e,e,e,e,e, in thhhhhhhhhhhe eeeee ababababababababababaabsesesesesesesesesesesesencncncncncnccnccncncnceeeeeeeeeeee of UUUUUV VVVVV VVVVVV lillillillil ghghghghghghghghghghgghttttttttt....... [[[1[[[[[[[[ ] B will decolourise the reddis
browwwwwwwwwwwn brommmmmmmmmmmminnnnnnnnnnnneee [11111111111////////2]]]]]]]]]]]] while C CC C CCCCCCCC wiwiwwiwiwiwiwiwiwiwwilllllllllllll nnnnnnnnnnnnotototototototototototot dedededededededededededecocococococococococococ lollllllll urise reddish–brown bromine. [1

ooorooooooooo  

Adddddddddddd cocococococococococococold, diluteeeeeeeeeeee, alalaalalalalalalalalalkakakakakakakakakakakakaliiiiliiiiiinnenenenenennennenne KMnO4 to separate samples of B and C. [1] B w
decoolololololololololloloourururururururururururu isisisisisisisisisssise eeeeeeee ththhththththththththheeee pupupupupupupupupupupurprprprprprprprprprprprpleelelelelelelell  KMnO4 [1/2  ] while C will not decolourise the purp
KMnO44444444...... [[[[[[[[[[[[1111111//////////2222222222]]]]]]]]]]]]

or

Add acidified KMnO4 to separate samples of B and C and heat. [1] B w
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Benzene 1,4–cyclohexadiene

4–phenylbut–2–ene can be converted to D via the Birch reduction. D is a 
1,4–cyclohexadiene that is bonded to an alkyl chain. D can be strongly oxidised to 
give three organic molecules as shown in Reaction I. 

Deduce the structure of D and complete the reaction scheme below by drawing 
the structure of E, the product for Reaction II and stating the reagents and 
conditions for Reaction III.

O O

OHHO

HO OH

O O

O

OH

O
+

+

D: [1] 

E:

HO

HO OH
OH

OH

OH

[1]
Reaction II: H2/Ni, reflux[1] 
(e.c.f. can be awarded for E according to the structure of D; no marks for E if 
D is not drawn.)

[3]

(d) 4–phenylbut–2–ene can be oxidised to benzoic acid, C6H5COOH, which is an
effective food preservative. However, due to its low solubility, it is often used
together with its sodium salt, sodium benzoate, C6H5COO–Na+. At pH 5 or lower, it
can inhibit the growth of microorganisms that cause food spoilage.

In a laboratory, a food chemist mixes 12.2 g of benzoic acid with 18.3 g of sodium
benzoate in 500 cm3 of water. Given that the Ka of benzoic acid is 6.17 x 10–5 mol
dm–3, deduce if mixture can be used as a food preservative, showing your
calculations.

Number of moles of sodium benzoate =
0.230.320.570.12

3.18 = 0.127 mol

Number of moles of benzoic acid = 
0.320.670.12

2.12 = 0.100 mol [1/2] 

Na,
NH3(l) H+/KMnO4

Reflux

D
Reaction II

OH–/KMnO4, cold
Reaction III

Reaction I
Birch 

Reduction

E

O O

HO

O
+

DDDDDDDDDD: [1[1[1[1[1[1[1[1[ ]]]]]]]]]]]]

E:

HO

HOHOHOHOHOHOHOHOHOHOHOHO OHOHOHOHOHOHOHOHOHOHOHOH
OHOHOHHOHOHOHOHOHOHHOH

OHOHOHOHOHOHHHHHHH
HHHHH

OHOHOHOHOHOHOHOHOHOHOHOH

[1]
ReRRRRRRRRRRR acacacacacacacacacacacactiiiiiiiononononoooooooo  II:IIIIIII HHHHHHHHHHHH222222222/N/N/N/N/N/N/N/N/N/N/N/Ni, refluxx  [1] 
(e(e(e(e(e(e(e(e(e(e(ee ccc.ccc.ffffffff. caaaaaaaaaaannnn bebebebebebebebebebebebe awarded for E according to the structure of D; no marks for
DDDDDDDDDD isisisisissisisssiss nototototottotototototot ddddddddddddrrrrarrrrrr wn.)

(d) 4–phenylbut–2–ene can be oxidised to benzoic acid, C6H5COOH, which is

Refluxx

D
tiReactiReac ioon Ion III

OOH– O/KMnOOO–
444 cold, coldcold

ReReacactitionon III

Reacttioon I
Biirch 

Reduuction

EEEEEEEEEEEE
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pH = pKa + log10 ]COOH5H6C[
]COO5H6C[

[1/2] (Also accept ]acid[
]salt[

or ]acid[
]base conj[

) 

= –log10 (6.17 x 10–5) + log10

500.0
100.0

500.0
127.0

= 4.31 [1/2] 

Yes, the mixture can be used as a food preservative. [1/2] 
(e.c.f can be awarded if pH above 5 is obtained; no marks awarded if only 
‘yes’ or ‘no’ is stated without any calculation).

[2]

3 Sodium stearate, C18H35O2Na, is a major component of many different types of soap. At 
25 ºC, the solubility of sodium stearate is 0.015 mol dm–3. In aqueous solution, the 
C18H35O2

– anion form micelles, a special structure in which the hydrocarbon chains of 
many anions cluster together, leaving the negatively charged carboxylate on the surface. 
During cleaning, oil and dirt can be trapped within the hydrocarbon chains of the micelle
and is thus easily removed.

A micelle in aqueous solution

(a) (i) Write an expression for the solubility product, Ksp, of sodium stearate and 
calculate its value, including its units.
C18H35O2Na(s) C18H35O2

–(aq) + Na+(aq) 
Ksp  = [C18H35O2

–][Na+] [1/2] 
= (0.015)2 = 2.25 x 10–4 mol2dm–6 [1] for ans and [1/2] for units

(Marker can decide to reallocate the 2 marks within this question part.)

(ii) The last stage in the manufacture of soaps involves adding sodium chloride to 
the reaction mixture in order to precipitate the soap. By writing relevant 
equation(s), explain why soap precipitates when sodium chloride is added.
C18H35O2Na(s) C18H35O2

–(aq) + Na+(aq) –– (1)
NaCl(aq) Na+(aq) + Cl–(aq) –– (2)  
[1] for any relevant equation that aids explanation

When NaCl is added, this introduces the common ion Na+, and increases 
[Na+]. [1/2] 

AND

By Le Chatelier’s Principle, the equilibrium in (1) will shift left to reduce 
[Na+]. [1] Hence, solubility of C18H35O2Na will be reduced, causing soap to 
be precipitated. [1/2]

OR

When ionic product ([C18H35O2
–][Na+]) exceeds its Ksp, this causes soap to 

be precipitated. [11/2]

Negatively charged 
carboxylate 
Hydrocarbon chain

Water 

Sodium stearate, C18H35O2Na, is a major component of many different types of soap
25 ºC, the solubility of sodium stearate is 0.015 mol dm–3. In aquueoeousus solution,
C18H35O2

– anion form micelles, a special structure in which the hydydrocaarrbon chains
many anions cluster together, leaving the negatively charged carboboxyxylalatete oon the surfa
During cleaning, oil and dirt can be trapped within the hydrocararbobonn hchaiainsns of the mic
and is thus easily removed.

AAA AAAAAAAAAAA mmmimmmmmmmm celllllllllllllllle in aaaaaaaaaaaaquququququququququuueoussssssssssss sssssssssssssssolution

(a) (i) Write an expxpxpxpxpxpxpxppxpx reeeeeeeeeesssssssssssss ion foffffffffff r the sssssosssssss llllullllllll bility ppppppppppprororororororororororoodudududududuududduduductctctctctctctctctctcc , KspK , of sodium stearate a
calculate its vavavavavavavavavavavavalululululululuuuuuueeeeeee, iniinininininininiinnclududududududududdddudinnnininnnnnnnngggggggggggg itititititititititits s s ss uuunuuuuuuu itsssssssss.
C188888888888H35353533535353535333 OOOOOOOOOOOO2Na(((s(((s((((s( ) ))))))))))) CCCCCCCC18HHHHHHHHHH35OOOOOOOOOOOO22222222222

––––––––(a(a(a(a(a(a(a(a(a(aaq)q)qqqqqqq +++++++++++ NNNNNNNNNNNa+++(aq) 
KKKKKKKKKKKKspppppppppppK   = [C[C[C[C[C[C[C[C[C[C[C[C18HHHHHHHHHHH3555555555555OOOOOOOOOOOO2

–][[[NaNaNaNaNaNaNaNaNaNaNaNa+++++++++++]]]]]]]]]]] [[[[[[[[[11111111111///////////2222222222   ] ]      ] ]
== (0(0(0(0(0(0(0(0(0(00( .0.0....0... 1555555555555))))))))22 = 2.2555555555555 xxxxxxxxxxxx 11111111111100000000000–––4–––––– momomomomomomomomomomoollllllllll222222222dmdmdmdmdmdmdmdmdmdmmm–––6–––––––– [1] for ans and [1/2] for units

(M(M(M(M(M(M(M(M(M(M(M(Maraaaaaaaaaa ker caaaaaaaaaannnnnnnnnn dededededededededededed ciciiciciciciciciccc dddeddddddd  to o o oo oo ooooo rerereererererererrealalalalalalalalalalaallololololololololoololocate the 2 marks within this question part.)

(ii) ThThThThThThThThThThhhe laststtttttsttstt ssssssssssssttttattt gegeeeeeeeee iiiiiiiiinnnnnnnnnnn thhthththhththththththe e eeeeeeeeee mamamamamamamamamamamamanufacture of soaps involves adding sodium chloride
ththththththththththhhe eeeeeee reeeeeeeeacaaaaaaaaaa tiiionnnn mmmmmmmmmmmixixixixixixixixixixixtutututututututuutuuurererrrrrrrrr  in order to precipitate the soap. By writing relev
equauauauauauauauauauauauatititititititititittt onnnnnnnnnnnn(s(s(s(s(s(s(s(s(s(s(s(s),)))),),)))),)  exexexexexexexexexexexexplplpplplppplppplp ain why soap precipitates when sodium chloride is added.
C18HHHHHHHHHHHH3555555555555OOOOOOOOOOO2222222222NaNaNaNaNaNaNaNaNaNaNaNa(s) C18H35O2

–(aq) + Na+(aq) –– (1)
NaCl(aaa(a(a(a(a(a(a(a(a(aaq)q)q)q)q)q)q)qq)q)q)q)q  Na+(aq) + Cl–ll (aq) –– (2) 
[1] for any relevant equation that aids explanation

+

NeNeNeNNeNeNeNeNeNeNNeNeNeNeNeNeNeNeNeNeNeNeNNeNeNeNNeNeNNeNeNeeeNeeNeNeN gaggagaggagagaagagaggagaggaggaggagagaggagagaaaaagagaaaggggg ttivevelyy chah rgrgeded 
cacacacaaacacacacacacacacacaccacaaaacaccccccccaaaacaaaccc rrbrbrbrbrbrbrbrbrbboxoxylylatatee
Hydrrococararbonn chchainHydrrococara bonn hchain

WaWaWWWWWWaWWWWWWWWWaWWaWWWWWWWWWWaateteeeteteteteteteeeteeeeeet rrrrrrrrrrWaWWaWaWaWaWaWaWaWaWaWaWWaWaWaWaWaWWaWWaWaWWaaWaWaWWaWaWWaWWWWWaWWWaWaaaWWWW tettttttetetetetttetetttteeeeeeeerrrrrr rrrr
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[5]

(b) (i) The enthalpy change of solution of sodium stearate is –12 kJ mol–1. Given that
Go

soln is +47.5 kJ mol–1 So
soln and hence suggest an explanation 

So
soln.

Go
soln = Hsoln – T Ssoln [1/2]

+47.5    = –12.0 – (298) Ssoln

Ssoln     = – 0.200 kJ mol–1 K–1 (3s.f.) [1/2]

When the less mobile micelles are formed in solution, the number of free 
mobile solvated ions decreases. [1/2] This causes the degree of 
disorder/randomness in the system to decrease. [1/2 only given if previous part 
point is present] Therefore, entropy decreases o

soln < 0).

(ii) How will the spontaneity for the dissolving of sodium stearate change with
temperature? Go

soln.
As temperature increases, the magnitude of T S increases. [1] As S<0, G
will become more positive (less negative), thus the reaction will become
less spontaneous. [1]

or

As temperature decreases, the magnitude of T S decreases. [1] As S<0,
G will become less positive (more negative), thus the reaction will

become more spontaneous. [1]

[4]

(c) Potassium stearate is also a component of soap.

Compare the relative magnitudes of the lattice energies of sodium stearate and
potassium stearate.
Charge of cation: Na+ = K+

Size of cation: Na+ < K+ [1/2]

Since magnitude of lattice energy 
rr

qq [1/2]

Magnitude of lattice energy: sodium stearate > potassium stearate [1]
[2]

point is present] Therefore, entropy decreases o
soln < 0).

(ii) How will the spontaneity for the dissolving of sodium ssteteaaratatee change w
temperature? Go

sololn..
As temperature increases, the magnitude of T S incrcreaeasesess. [1[1] As S<0,
will become more positive (less negative), thusus tthehe rereactiionon wwililll beco
less spontaneous. [1]

or

As temperature decreases, ththhthththththththt eeeeeeeeeeee magnnnnnnnnnnnnittttttttttttuduuuuuuuuuuu e ofoffffffofofffofofofffooofof TTTTTTTTTTTTTT S dedecrcreasesess. [[1] As S
G will become lesssssssssssssssssssss popopopopopoppopopopoposiiiiiiiiiiitittttttttt vevevevevevevevevevee (morrerererrerrrrr negative), ththuus thehe reaction w

become more sponnnnnnnnnnnntattatatatatatatataannnnnennnnn ououououououuououououous. [1[1[1[1[1[1[1[1[1111]

(c) Potassium stststststtsststtsteaeeeeeeeeeee rateeeeeeeeee isss sssssssss alalalalaalaalalalallsosososo aaaaaaaaaaa cccccomomomomomomomommmmpopopopopopopppp nenttttttt ooooooofff fffffffff sosooooooooooapapapapapapapapapapap.

Coooompararararararararararararee eeeeeeee the reeererereeerelalallalallallall tivvvevevvevvv magnittttttttttttuduudududududududuuu esesesesesesseseseseses offf fffffffff thththththththhththht eeeee eeeee lalalalalalaaaaaaatttttttttttt ice energies of sodium stearate a
popopopopopopopopopopoppp tatatatatatatatatatatatasssssssssssssiuuuuuuuuuuuum stearararararararrararaaateeeeeeeeeeee.
Chhhhhhhhhhhhhararararrarrrararrgegegegegegegegegeggee ooooooooooof f cacacacacacacacaaaaatitititttititittitionooooooooo : NaNaNaNaNaNaNNNNNN + = KKKKKKKKKKKK++++++++

Sizeeeeeeeeee of fffffffffff cationonnnnnnnnnnn::::::: NNNNNaNNNNNNN + <<<<<<<<<< KKKKKKKKKKK+ [[[[[[[[[[[1///////////222222222222]

Since mamamamamaamamaamammagngngngngngngngngngngngnittititititititttti uddudududdddduddde e e eee e eee e e ofofofofofofofofffff latatatatatatatatatatatattitittititttitititit ccce energy 
rr

qq [1/2]

Magnitude ofofofofofofofofofofofof lllllllllatatatatatatataatatatatttttitttttt ce energy: sodium stearate > potassium stearate [1]
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4 Calcium ethanoate, (CH3COO–)2Ca2+, decomposes upon heating to form propanone and 
an inorganic compound F. 

(CH3COO–)2Ca2+ + F

Calcium ethanoate    Propanone

(a) In the space below, draw and label an energy level diagram to illustrate the
electronic configuration of Ca, using arrows to represent electrons.

Energy

4s

3p

3s

2p

2s

1s
[2]

(b) (i) The diagram below shows the structure of the ethanoate anion, with the two
carbon atoms separately labelled as 1 and 2. With reference to the valence 
shell electron pair repulsion (VSEPR) theory, state the shape with respect to
each carbon atom 1 and 2. 

H C C O

H

H O

Carbon 1: Tetrahedral [1/2], Carbon 2: Trigonal planar [1/2]

(ii) Identify and describe the hybridisation of carbon 2.
Carbon 2 is sp2 hybridised [1] as it forms three sigma bonds and one pi
bond. [1/2] One 2s orbital and two 2p orbitals are hybridised [1/2] to give a
set of three equivalent sp2 hybrid orbitals of equal energy. [1/2] The third
2p orbital remains unhybridised. [1/2]

[4]

(c) (i) State the cation present in F.
Ca2+ [1/2]

(ii) To a 0.69 g sample of F, 25.0 cm3 of 1.0 mol dm–3 hydrochloric acid was
added. The remaining solution was diluted to 100.0 cm3. A 20.0 cm3 aliquot
required 22.55 cm3 of 0.1 mol dm–3 sodium hydroxide for neutralisation.
Calculate the relative molecular mass of F assuming two moles of hydrochloric
acid reacts with one mole of F.

No. of moles of NaOH required = 1.0
1000

55.22 =0.002255 mol

H3C CH3

O

1 2

3p

3s

2p

2s

1s
[22]]

(b) (i) The diagram below shshshshshshshsshshshs oooowowowowooooo s ssssssssss ttthtttttttt e stststststststststrururrurururrurururur ctureee eeeeeeeee oooooofooooooo  the ethannoaoatte anion, with the
carbon atoms separrrrrrrrrratttttttttteleleleleeleleleele yyyyyyyyy yy y lalaalaalalalaaalalabebebebebebebebebebebebelllllllllllllllededededededdededededed aasssssss ssss 1111111 aaaaaaaand 2222222222222. With rrefefeerence to the vale
shell electronononononononnnnnon pppppppppppair repupupupupupupupupupupuulslslslslslsslsslsslsioiooiooioioioion (VVVVVVVVVVVVSSSSESSSSSSS PR) thhhhhheoeoeoeoeoeoeoeoeoeoeoeoryryryryryryryryryryryry,, state the shape with respec
each carbonnnnnnnnnnn atatataatatatatattatatomommomomomomomommomom 11111111111 andddddddddddd 222222222222......

HHHHHHHHHHHH CCCCCCCCCCCC C O

HHH

H O

CCaCaCCCaCaCCaCCC rbonn 1111111111:::::: Tetrrrrrrrrrrahahahahahahahahaahaha eddedededededededededdrararararararararaaraal [[[[[[[[[[111111111////2], Carbon 2: Trigonal planar [1/2]

(ii) Idddddddenenenenenenenenenennentitititititititititititifyfyfyfyfyfyyfyfyfffy aaaaaaaaaaandndndndndndndndndndndnd ddddddddddddesesesesesesesesesesesescrcrcrcrcrcrccrcccc ibe the hybridisation of carbon 2.
Carbrbrbrbrbrbrbrbrbrbrbrbonononononononononononn 2 iiiiiiiiiisssssssssss sp2 hybridised [1] as it forms three sigma bonds and one
bondddddd. [[[[[[[[[[[[11111111111//////////2]]]]]] One 2s orbital and two 2p orbitals are hybridised [1/2  ] to giv
set of three equivalent sp2 hybrid orbitals of equal energy. [1/2] The th
2p orbital remains unhybridised. [1/2]

111111111111 2
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No. of moles of HCl remaining in 20.0 cm3 = 0.002255 mol [1/2]

No. of moles of HCl remaining in 100.0 cm3 = 0.002255 x 
0.20
0.100

= 0.01127 mol

No. of moles of HCl reacted = 0.1
1000

0.25 – 0.01127 = 0.01372 mol [1/2]

2 HCl F

No. of moles of F =
2

01372.0 =0.006862 [1/2]

Relative molecular mass of F =
006862.0

69.0 =100.6 [1/2]

(iii) Hence or otherwise, deduce the identity of F.
CaCO3 [1/2]

[3]

(iii) Hence or otherwise, deduce the identity of F.
CaCO3 [1/2]
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Section B

Answer all questions.

1 Food additives are substances added to food to enhance its tastes and appearance. Some 
additives occur naturally while others are synthetically made. 

The oil of orange is an essential oil derived from the rind of oranges and some other citrus 
fruits. This essential oil comprises mainly of a colourless liquid, limonene (C10H16). 

limonene

Limonene can exist as two isomers with different characteristics. One isomer has a piney, 
turpentine–like smell while the other has a pleasing citrus orange scent.  

(a) (i)

(ii)

Identify the type of isomerism that is present in limonene.  

Draw the structural formula to illustrate the type of isomerism in (i).
[2]

(i) Optical isomerism [1]

(ii)

H H

* *

[1] for correctly drawn isomers in 3D form and dotted line for mirror plane
Not necessary to label chiral carbon with *.

(b) Besides being used in a flavour and fragrance additive, limonene is a biodegradable
solvent which can be used remove grease from machine parts. Explain, in terms of
structure and bonding, how limonene can be used to remove grease effectively.

[2]

Limonene has a simple molecular structure [1/2] and is able to form favourable van der 
Waals forces (or temporary dipole–dipole interaction) [1/2] between limonene and grease 
molecules. [1/2] The energy released from this interaction is able to detach the grease 
molecules from the machine parts. [1/2]

limonene

Limonene can exist as two isomers with different chaarraraaraaraarararaaraararaaraaaaaaraaar ctctctctcctctctcctctctctctctctctctctctctcctctctctctttttttccccttcccccc ererereerereeeerererereererererererererereererererereeree isisisisiisisisisisisiiiisisisisisisisisisiiisississssssssi tttititititittt cscs. Onnee isomer has a
turpentine–like smell while the other has a pppppppppppplelelelelelelelelelelelel asinnngg ggggggggggggg ggggg ggggggg ciicicicciciciciciccicicicicciciciciccicciciciciciciiiiccicccccccc trtrrtrtrtrtrrrtrtrrtrtrtrtrtrtrtrtrtrtrtrttrtrtttttrrrrt ususuusususususususususususususususuussussussussssususususs oooooooooooooooooooooooooooooooraraararararararararararararararaaraaraaaaaaaanngngnnnnnnnnnnnnnnnnnnn e e scentt. 

(i)

(ii)

Identify the type of isomerism tttttttttttthahahahahahahahahahahahattttttttttt is pressssessssssss ntnnnnnnnnnn  in liiiiimomomommomommmomommmomomonnenee.  

DDraw the structural formmmmmmmmmmmmulululullulululululu a tototototototototototoo iiiiiiiillusssssssssstrttttttttttt atatatatatatatatatatata e theeeeeeeeeeee tyyyyyytyyyyyyyyype of isomererissmm in (i).

(i) Optical isomerrrrrrrriiiisiii m m [1[1[1[1[1[1[1[1[1[1[11]]]]]]]]]]

(ii)

HHHHHHHHHH HHHHHHHHHHH

********** *

[1] for corrererererereeererererectctctctctctctctctctctctlylylylylylylylylyylyy dddddddddrararararararararararaawnwnwnwnwnwnwnwnwnwnwnwn iiiiiiiisosososososososoosoosommmemmmm rs in 3D form and dotted line for mirror plane
Not necessararararararararararararyyyyyyyyyyyy totototototototototototo lababababababababbabababel chiral carbon with *.

Besides being used in a flavour and fragrance additive, limonene is a biodeg
solvent which can be used remove grease from machine parts. Explain, in te
structure and bonding how limonene can be used to remove grease effectively
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(c) Limonene is able to undergo addition reaction with diatomic molecules such as bromine
gas. Describe the reaction mechanism that limonene undergo with bromine gas.

[3]

Br Br

Br

Br+

Step 1

Step 2

slow

Br

Br

Br
Br

Br Br

Br+

Step 3

Step 4

slow

Br

Br
Br

Br
Br Br

Br

Br
+

Br
Br

Br
Br

Br
+

[1] for each step with correct species (correct structures, bonds, partial charges on Br2,
positive & negative charges in intermediate species). Award only [1] if the electrophilic
addition is only shown at one of the C=C bonds.
[1] for correctly shown curly arrows.
Do not penalise if mechanism is written in 2 steps. (i.e. simultaneous electrophilic addition)
Ignore if the electrophilic attack in on the less stable carbocation.

Step 2

Br

Br

Br
Br

Br BBBrrrrrrrrrrr

Br+++++++

Step 3

Step 4

ssssssssssllllllllloooooww

Br
Br

Br
Br BBBBBBBBBBBBr

Br

Br
+

BBBBBBBBBBBrrrrrrrrrr
BBBBBBBBBr
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(d) Limonene is a structural –phellendrene.

–phellendrene

Two unlabelled –phellendrene are found in the 
–

phellendrene. State clearly the observations and one relevant equation.
[3]

Test: Add KMnO4 in dilute H2SO4 to both samples and heat. [1]

Observations:
For limonene: Purple KMnO4 decolourises. CO2 gas evolved.  [1/2]
Chemical test for CO2 is not required.  

–phellendrene: Purple KMnO4 decolourises. No effervescence (or no CO2 gas) 
observed. [1/2] 

Equation: [1]

7[O]

O

OH

O
O

CO2 H2O

or

7[O]

O O

OH

O

HO

O OH

Marks will be awarded for any one relevant equation. (Equation for the formation of 
CaCO3  can also be accepted if it is written.) 

p

phellendrene. State clearly the observations and one relevant equatitionon..

Test: Add KMnO4 in dilute H2SO4 to both samples and heat.. [1[1]]

Observations:
For limonene: Purple KMnO4 decolourises. CO2 gas s evevevvvvvevvevevvvevvvevvevvvvvvvveee ololoooolololoololololoololooloololooloooooloolloooooo vevevevvevevevevevevevevevveveveveveveveveveveveveveveeevvvvvvevevv d.dd.ddd.dd.dddddd.dddddddddddd.d.dddd.ddddddd [11/2]
Chemical test for CO2 is not required. 

–phellendrene: Purple KMnOOOOOOOOOOOO4444444444 dedddddddd colouuuuruuuuuuuu issssissssssses. NoNoNoNoNoNoNNNoNNNooNoNNNNNNNNNNNoo efferrvevescscencece ((or no CO
observed. [1/2]

Equation: [1]

7[OOOOOOOOOOO]]]]]]]]]]]

OOOOOOOOOOO

OH

O
O

CO2 H2O

ror
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(e) Another naturally occurring food additive, malic acid is present as one of the many organic
acids found in wines.

C C C

OH

C

O

OH

O

HO HH

H

malic acid

Malic acid is a dibasic acid which can be represented by H2A. The acid dissociation 
constants for malic acid are given below:

Step 1: H2A + H2O HA– +  H3O+    Ka1 = 3.98 x 10–4 mol dm–3

Step 2: HA– + H2O A2– +  H3O+      Ka2 = 6.31 x 10–6 mol dm–3

Suggest an explanation for the difference in the acid dissociation constants, Ka1 and Ka2,
for malic acid. 

[2]
The removal of H+ from HA– in step 2 requires more energy due to the presence of 
electrostatic attraction between HA– and H+. [1] Hence, the position of equilibrium for step 2 
lies more to the left as compared to step 1 which results in a smaller Ka2. [1]

(f) Many wines undergo a process called ‘malo–lactic fermentation’ to convert the sharp
tasting malic acid to a milder lactic acid to enhance the quality of wines.

Lactic acid is a monobasic acid that has the following composition by mass: C: 40.0%;
H: 6.7%; O: 53.3%.

A particular brand of wine containing lactic acid has a pH of 3.00. The concentration of
lactic acid in the wine can be determined by titration with sodium hydroxide.

A 15.30 cm3 sample of this wine containing 0.010 g of lactic acid is found to require 22.20
cm3 of 5 x 10–3 mol dm–3 sodium hydroxide for neutralisation. Lactic acid is assumed to be
the only acid that contributes to the acidity of this wine.

(i) Calculate the concentration of lactic acid in mol dm–3 and hence explain whether
lactic acid is a strong or weak acid.

[2]
n(NaOH) in 22.20 cm3 = 5 x 10–3 x (22.20 / 1000) = 1.11 x 10–4 mol

n(lactic acid) in sample of wine = 1.11 x 10–4 mol

[lactic acid] = 1.11 x 10–4 / 0.01530 = 7.25 x 10–3 mol dm–3 [1/2]

Assume that lactic acid is a strong acid, 7.25 x 10–3 mol dm–3 of lactic acid will
dissociate completely to give 7.25 x 10–3 mol dm–3 of H+.

Given that pH = – log [H+]
3.00 = – log [H+] 
[H+] = 1.00 x 10–3 mol dm–3

Since +] [1] for any reasonable explanation, lactic acid is a weak acid.
[1/2]

Step 1: H2A + H2O HA–AA + H3O+  Ka1K = 3.98 x 10–4 mol dm–3

Step 2: HA–AA + H2O A2– +  H3O+   Ka2K = 6.31 x 10–6 mol dm–3

SSuggest an explanation for the difference in the acid dissociationn ccononststaants, Ka1K a
ffor malic acid.

The removal of H+ from HA–AA in step 2 requires moree eeneneeeeeeergrgrrrrrr yy duee toto tthehe prese
electrostatic attraction between HA–AA and H+. [1] Hencce,e,e,,,,,,,,,,,,,,, ttttttttttttttttttheheheheheheheheheheheheheheheheheheheheheheheehehehehehehheeheeeeehehehhh  popopopopopopopopopoopopopooopoppopopoopopopoopopopopoooopppppppppp sisitition ooff eqequilibrium fo
lies more to the left as compared to step 1 whwhwhwhwhwhwhwhwhwhwhhwhiciiiiiiiiii h rerereereeereerreeeeeeeeesususuususususususususususususususususuusuusssusususuusuuuuususultlttltltlttttltlttltltltltltlttltltttltltltttltlltlltltlllttttttssss ss ssss ss ssss ss ssss sss ininininininninninininninninnnininnnniniiiniinininin aaaaaaaaaaaaaaaaaaaaaaaaa smsmsmsssmsmsssmsssssssmssmssmsmsssmmmsssmmssssmsss alallel r Ka2a2KK . [1[1]]

MMany wines undergo a process caaaalaaaaaaaa leeeeeeeeeeeeddddddd ‘malllllllloooooooooooo–lalalalalalalllalaaactic fffffffffffffffffffffffeeeeererereree menttatatioion’ tto o coconvert the
ttasting malic acid to a milder lacacacacacacacacacacaca titiitititiiititttic acaacacaaacacacacaciddddddddddd to ooooooo ooo enhannnncncnnnnceeeeeeeeeeeeeee the quality oof wwiness.

LLactic acid is a monobasic aaaaaaaaaciciciciciciciciciciiddddddddd ththththhththththththth tatatatat hhhhhhhhhhhasasasasasasasasasasss tttttttttttthehehehehehehehehehehehe ffffffffffooooolooooooo lowiwiwiwiwiwiwiwiwiwiwiwinnnngnnnnnnnn  compopossition by mass: C:
HH: 6.7%; O: 53.3%.

AA particular bbbbbbbbbbbrarararaarararararr ndnnnnnnnnnnn  of fffffffff wwwwiwwwwwwww neneeneneneenenenenene ccccccconnnnnnnnnnnntatatatattttattat iniiniinininnnnninnninininnininng lacticiciciciciciciccccc accciccccccc ddddddddddd hhhhahhhhhh s a pH of 3.00. The concentr
lactic acid d d ddd ddd ddd inininnnnnnnnnn theeeeeeeeeeee wwwwwwwwwwwiniiiiiii e ccccacccccccc nnnnnnnnnnn bbbbbebbbb ddddddddddetetetetetetetetetetetterererererereerererere mimimmimimmimmimimimineneneneneneneneeeneedddddddddddd bybybybybybybybybybybyby tttttttttttitititititititittrararararararararararaattittttt on with sodium hydroxide.

AA 1515155551515555555.3.333333333330 0 cmcmmmcmmcmcmmmmm3 samplelelelelelelelelellee oooooooooooof ththththththhhthththt is wininininininininininininee e eeee eee cocococococococococococontnnnnnnnn aining 0.010 g of lactic acid is found to requir
ccm3 ofofofofofofofofoofofo 555555555555 xxxxxxxxxxx 1111111111000000000000–3–3–3–3–3–3–3–3–3–3–3 momomomomomomomomomomol dmdmdmdmdmdmdmdmdmdmdmd –3 sosososososososososososodididddididdididididiumumumumumumumuummumum hhhhhhhhhhhhydydydyddydydyddydydyddyydroxide for neutralisation. Lactic acid is assume
tthe onlylyylylylyyyyyyy aaaaaaaaaaaacicccccccccc d thhhhhatatatatatatatatatatatat ccccccccccontrrrrrrrrribibibbibibbibibbibbutututututuututututtu esesesesesesesesesesess tttttttttto oo tttthtthttthttht e acidity of this wine.

(i) CCalcccculululululuululuulululatatatatatatatatatatatateeee eeeee thththththththththththt eeeeeeeee eee cocococococococococococoncncncncncncncncncncncnceeeeneeee tration of lactic acid in mol dm–3 and hence explain w
lactic aaaaaaaaaaacicicicicicicicicicicic d dddddddddd isis aaaaaaaaaaaa ssssssssssstrong or weak acid.

n(NaOH) in 22.20 cm3 = 5 x 10–3 x (22.20 / 1000) = 1.11 x 10–4 mol

(l ti id) i l f i 1 11 10–4 l
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(ii) Calculate the acid dissociation constant, Ka of lactic acid.
[1]

Ka = [H+]2 / [lactic acid]
= (1.00 x 10–3)2 / (7.25 x 10–3 – 1.00 x 10–3) 

     = 1.60 x 10–4 mol dm–3

[1/2] for numerical answer  
[1/2] for correct units

(iii) Calculate the Mr of lactic acid and hence its molecular formula.
[2]

n(NaOH) in 22.20 cm3 = 5 x 10–3 x (22.20 / 1000) = 1.11 x 10–4 mol 

n(lactic acid) in sample of wine = 1.11 x 10–4 mol 

Mr of lactic acid = 0.010 / 0.0111 = 90.1 [1/2]    

C H O
% mass 40.0 6.7 53.3

mole ratio 40.0/12.0
= 3.33

6.7/1.0
= 6.7

53.3/16.0
= 3.33

simplest ratio 1 2 1

Empirical formula = CH2O 
Molecular formula = C3H6O3
[1] for any appropriate working to find molecular formula + [1/2] for correct molecular
formula

(iv) Sketch the pH curve when 35.00 cm3 of 5 x 10–3 mol dm–3 sodium hydroxide is added
to the 15.30 cm3 sample of wine containing lactic acid.

[3]

[Total: 20]
[1/2] [1/2] [1/2]

3.00

0

> 7[1/2]

[1/2] 11.1

VNaOH added / cm3

pH

3.80

22.20 35.0011.10

[1/2]

[1/2]
[1/2] shape

8 marking points
Max 3 marks to be
awarded.  
e.c.f. will be awarded
for the pH at
maximum buffering if
f(ii) is incorrect.

[1

n(NaOH) in 22.20 cm3 = 5 x 10 3 x (22.20 / 1000) = 1.11 x 10 4 mol 

n(lactic acid) in sample of wine = 1.11 x 10–4 mol 

Mr of lactic acid = 0.010 / 0.0111 = 90.1 [1/2]   

C HH O
% mass 40.0 6.6.6.6.6.6.6.66.666.6.666666666.666.77777777777777777777777 53.3

mole ratio 40.0/12.0
= 3.33

6.6.6.66.6.6666.6.6.6.666.6.6.6.6.6.7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7//7/7/77/7/777/1.1.1.1.11.1.1.11.1.1.1.1.1.1.1.1.11.0000000000000
=================== 6.6.6.6.666.6.6.666666.6.66.6666 77777777777777777777

53.3/16
= 3.33

simplest ratio 1111111 2222222 1

Empirical formula = CHHHHHHH2222OOOOOOO
Molecular formula = CCCCCCCCCC3HHHHHHHH66666OOOOO333333
[1] for any apppppppppp rororororororoprpppp iatee wwwwwwwororororooro kikikikikikk ngn tttttto fifffff ndd molececececececuluuululularararaarar formula + [1/2] for correct mo
formula

(iv) SSketetetetetettchcchcccc thehhhhhh pppppppH ccucuccuc rvrvrvrvvrve e eee ee whwhwwhwhwhwheneeeeee 33333335.5.5.5..55 00000000 cccccccmmmmmm333 ofofofofofofof 5555555 xxxx 10–3 mol dm–3 sodium hydroxide is
tto tthehehehehee 15.3030303030303 cccccccm333 saaaaaaample oooof ff f fff wiwiwiwwwiw nenenenenenene ccccononononononontatatatatataainininininininninininning ggggg lactic acid.

> 7[1/2]

[1/2] 11.111111
pHHHHHHHHHHHHH

8 marking point
Max 3 marks 
awarded. 
e.c.f. will be aw
for the pH
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2 The Group VII elements (halogens) play an important part in the development of
chemistry. 

(a) Chlorine, one of the most important halogens, has its uses in the manufacture of many 
products in everyday life.  

Sodium hypochlorite, NaClO, is an active ingredient in many household liquid bleaches. 
NaClO is manufactured when chlorine gas dissolves in cold aqueous sodium hydroxide. 
Chlorine gas undergoes a disproportionation reaction into Cl– and ClO–.

(i) By using the reaction of chlorine gas in cold aqueous sodium hydroxide, explain
what is meant by ‘disproportionation reaction’.

[1]
The oxidation state of same element chlorine in Cl2 is increased from 0 to +1 in ClO–

and reduced from 0 to –1 in Cl– simultaneously. [1]

(ii) Write a balanced equation for the reaction between chlorine gas and cold aqueous
sodium hydroxide.

[1]
Cl2 + 2NaOH NaClO + NaCl + H2O
or Cl2 + 2OH–  ClO– + Cl– + H2O   [1]
(state symbols not required)

(iii) The percentage of hypochlorite ion, ClO– in household liquid bleach can be
determined by iodometric titration.

A 25.0 cm3 sample of household liquid bleach is made up to a total volume of
250 cm3 in a volumetric flask.  Iodine is produced when an excess of potassium
iodide was added to 20.0 cm3 aliquot of this solution in acidic medium. The iodine
produced in the 20.0 cm3 solution required 25.30 cm3 of 0.0240 mol dm–3 sodium
thiosulfate for complete reaction.

Calculate the concentration of hypochlorite ions in the household liquid bleach.
[3]

ClO– + 2I– + 2H+ Cl– + I2 + H2O
I2 + 2S2O3

2–  2I– + S4O6
2–

n(S2O3
2–) in 25.30 cm3 = 0.0240 x 0.0253 = 6.072 x 10–4 mol  [1]

n(ClO–) in 20.0 cm3 = 6.042 / 2 = 3.036 x 10–4 mol
n(ClO–) in 250 cm3 = 3.036 x 10–4 x (250/20.0) = 3.795 x 10–3 mol  [1]
method [1] to be awarded for ecf answer in step 1 but next mark will not be awarded.

[ClO–] in household bleach = 3.795 x 10–3 / 0.0250 = 0.152 mol dm–3 [1]
(b) (i) Halogens are very reactive and can form many compounds with metals. The

halogens react vigorously with aluminium to form aluminium halides. The melting 
points of aluminium chloride and aluminium fluoride are shown below.

Aluminium chloride, AlCl3 Aluminium fluoride, AlF3

192 oC 1291 oC

With reference to the structure and bonding, suggest an explanation for the 
difference in melting points for aluminium chloride and aluminium fluoride. 

[3]

The oxidation state of same element chlorine in Cl2 is increased from 0 to +1 
and reduced from 0 to –1 in Cl–ll simultaneously. [1]

(ii) Write a balanced equation for the reaction between chlorinnee gass aand cold a
sodium hydroxide.

Cl2 + 2NaOH NaClO + NaCl + H2O
or Cl2 + 2OH–  ClO– + Cl–ll + H2O   [1]
(state symbols not required)

(iii) The percentage of hypochloooooooooooorirririririrriririr tetttttttttt  ion, CCCCCCCCCCCClOO– ininnnnninnnnnnnnninninnnnnnnnnn hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhooooooouooo seehoholdd liqquiuidd bleach
determined by iodometric ttttttttttttititititittttrarrrrrr tiiiiiiiiononononononoooooo .

AA 25.0 cm3 sample oooooooooof houssssssssssehehehehehehehehehee olooooooooooo dddddddddddd liiiiiiiquququqquququqququqquididddidididididididid bbbbbbbbbbbbbbbleacccccccccchhhhhhh is madadee up to a total vol
250 cm3 in a vovovovovovovovovovovvolumetrtrttrtrtrtrtrriciciciciciciciccccc flflflflflflflflffff asasassasasasassasasaskkkkkkkkkkkk. Ioooooooooooodiiiiiiiinenenenenene iiiiiis prprprprprprprprprprprprododododododododododododucuuuuuuuu ed when an excess of pot
iodide was addddddddddd ededededededededee ttttttttttto ooooooooooo 20.0 ccccccccccm3 aaaalaaaaaaaa iqiqiqiqiqiqiqiqiqiqiqquot of tttttttttthihihihhihihihhhhh s ssss s s sssss sosososososososososososolulullulululululuuuution in acidic medium. The
producedededededededededededded in thhhhhhhhhhhhe 20202020202020202020200.0.0.0....0...0 ccccccccccccmmm33333333 sosssssssss lululuuuuuuuutititititititititiitit oooonoooo rrrrrrrrrreqeqeqeqeqeqeqeqeqeqqequiuiuiiuiuiuiuiuiuiuiu rererererererererererr dddddddddddd 25252525252525252525252522 .30 cm3 of 0.0240 mol dm–3

thioooosusususususususususususulfatatatatatatatatataate eee foffffffffff r cococococococococcocoompmpmpmpmpmpmpmpmpmmpmpleleeeleleleleleleeteteteteteteteteteteee reaeaeaeaeaeaeaeaeaeaeaaction.

Caaaaaaaaaaaalcccccccccccculate thhhhhhhhhhhe eeeeeeeeee coccccccccccc nnnncnnnnnnnn eeneeeeeeeeee tratiooiooooooonnnnnnnnnnnn ofofofofofofofofofofofo hhhhhhhhhyppppppppocococococococococooo hlorite ions in the household liquid bleach

CCCCCCCClOOOOOOOOOOOO– ++++++++++++ 222222222222IIIIIIIII– ++++++++++++ 2H+ CCCCCCCCCCCCl–––––––ll ++++++++++++ IIIIIIIIII2 + H2O
I2 + 2S2222222222 2O3

2– 222222222222IIIIIIIIIII– ++++++++++++ SSSSSSSSSSSS4O6
2–

n(S2OOOOOOOOOOO333333333
2–) ))))))))) iiiiniiii 22225.5.5.5.5.5.5.5 333303333333 cm3 = 0.0240 x 0.0253 = 6.072 x 10–4 mol  [1]

n(ClO–) inniiiiniiini  20.0 cm3 = 6.042 / 2 = 3.036 x 10–4 mol
n(ClO–) in 250 cm3 = 3.036 x 10–4 x (250/20.0) = 3.795 x 10–3 mol  [1]
method [1] to be awarded for ecf answer in step 1 but next mark will not be aw
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AlCl3 has a simple molecular structure [1/2] with weak van der Waals forces (or weak 
intermolecular temporary dipole–dipole interaction) between the molecules [1/2]. AlF3
has a giant ionic lattice structure [1/2] with strong electrostatic attraction between 
oppositely charged ions [1/2]. Less energy is required to overcome the weaker van 
der Waals forces (or temporary dipole–dipole interaction) than the stronger 
electrostatic forces of attraction between oppositely charged ions. [1] 

(ii) A 0.500 g sample of aluminium chloride was heated to 200 oC at a pressure of
1.00 x 105 Pa. The volume of its vapour was found to be 73.6 cm3.

Calculate the relative molecular mass of the vapour at this temperature and, hence
draw the structure of aluminium chloride vapour showing clearly the bonds and
relevant bond angles around each atom.

[4]
pV = nRT
(1.00 x 105) (73.6 x 10–6) = (0.500 / Mr) x 8.31 x 473 [1] correct substitution
Mr = 267.0 [1]

Cl

Al

Cl

Al

Cl

Cl

Cl

Cl
[1] structure (dative bonds must be shown correctly, [1] bond angles

(iii) Using the following data, and relevant data from the Data Booklet, construct an
energy level diagram to calculate the enthalpy change of formation of aluminium
fluoride.

H / kJ mol–1

Lattice energy of aluminium fluoride – 6246
Electron affinity of fluorine – 328
Enthalpy change of atomisation of aluminium + 330

[4]

Max [2]. Award [1/2] for each area (i.e. state symbols, relative energy level with 
relevant species, correct axis with unit for energy and zero energy level, direction of 
arrows, correct enthaply)

Energy

Al (s) + 3/2 F2 (g)

Al (g) + 3/2 F2 (g)

Al (g) + 3 F (g)

Al3+ (g) + 3 F (g) + 3e

Al3+ (g) + 3 F– (g)

AlF3 (s)

577 + 1820 + 2740

3/2 (158)

330

3 (–328)

–6246

Hf = ?

0

pV = nRT
(1.00 x 105) (73.6 x 10–6) = (0.500 / Mr) x 8.31 x 473 [1] correectct ssububstitution
Mr = 267.0 [1]

Cl

Al

Cl

Al

Cl

Cl

Cl

Cl
[1] structure (dative bonds must be shshshshshhshshshshshss oooowoooooooo nn cococoooocoocoocoocococococoooococoocococococoocc rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ececeeceececececcececececececeeecececceceeecececececcceceeeceeectltltltttltltltltlttltltlttttlttttltlttltlttlttlltt y,y,y,y,y,y,y,y,yy,y,y,y,yy,y,y,y,y,yyy,y,yy,y,yyyy [[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]]]1]]1]]1]]1]11]1]1]1]1]1]1]11]111]11]1]1]]1]]1]1]]1]]]]]]1 bbonond anglgleses

(iii) Using the following data, andddd dddddddd rererrererererererrr levantttttttttttt ddddddddddataaaaaaaaaa a frromomomomomommomomom the DaData BBooookklet, const
energy level diagram to ooooo oooooo ccacalclclclcllclclclccculululululululu ataaaaaaaaaa eeeeeeeeee the ennnnnnnnnnnnthhhhhhhhhhhhhhhalpy changgee ofof forrmamation of alu
fluoride.

HHH / kJ mol–1

Lattice energyyyyyyyyyyyy oooooooooooofffff fffffff alalaalalallalalalumumumumumumumumumuumu iniuiuiuiuiuiuiuiuiuuiuiummmmmmmmmmmm flflflflflflflflflflff uouuouououououououou riririririririrrrr de – 6246
Eleccccccccctrrroooonoooooooo aaaaaaaaaaffinittttttttttty ofofofofofofofofofoff ffffffffffffluuuuuuuuuuuuoroooooooooo inininininininininininne eeeee – 328
Ennnnnnnnnnnnthhhhhhhhhhhhalpyyyyyyyyyyyy ccccccchahhhhhhhhhhh nggggggggggge eee oooooofooooo  atomimimimimimimimimimimm ssssssssssssatatattatatatatatatatatioioioioioioioioooonnnnnnnnnnnn ofofofoofofofofoofofof aaaaaaaaaaalulululululululuulululumimimimimimimimimimmm nium + 330

EnEnEnEnEnEnEnEnEnEnEE eeeereeeeeeee gygyggygygygygygygygyy

Al (g) + 3 F (g)

AAAAAAAAAAAllllllllllll3++++++++ (g(g(g(g(g(g(g(g(g(g(gg) + 3 F (g) + 3e

Al3+ (g) + 3 F– (g)57575757575757575 777 77 + 1820 + 2740

3/ (158)

3 (–328)
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Hf = 330 + 3/2(158) + 577 + 1820 + 2740 + 3(– 328) – 6246 
[1] for correct application of Hess’ law based on diagram above. Ignore 

wrong values here as it will be penalised in diagram and final answer.

        = – 1526 kJ mol–1 [1/2] for correct numerical value and [1/2] for units

(c) 2–methylbutane is relatively unreactive as it does not react with acids, bases or strong 
oxidising agents. However, under suitable conditions, 2–methylbutane is able to react with 
chlorine gas to produce useful chlorinated organic compounds. 

(i) Name the mechanism of the reaction between chlorine and 2–methylbutane. 
[1] 

Free radical substitution

(ii) When 2–methylbutane reacts with chlorine gas, isomers of mono–substituted 2–
methylbutane are produced. Draw the displayed formulae of the isomers and 
suggest in which ratio they might be formed. 

[3]

H C

H

C

H

C

H

H

C

H

H

H

H

C ClH

H

H C

H

C

H

C

Cl

H

C

H

H

H

H

C HH

H

H C

H

C

H

C

H

Cl

C

H

H

H

H

C HH

H

H C

H

C

H

C

H

H

C

H

Cl

H

H

C HH

H

           6                 :              1               :                2                  :              3

[1/2] for each isomer (no marks will be awarded for repeated isomers)
Minus [1/2] for not drawing displayed formulae. 
[1] for correct ratio based on the 4 isomers.
If only give 3 isomers with correct ratio based on the isomers drawn => award [2]

[Total: 20]

Free radical substitution

(ii) When 2–methylbutane reacts with chlorine gas, isomerers s ofof momono–substitu
methylbutane are produced. Draw the displayed fforormumulal e ofof thehe isome
suggest in which ratio they might be formed. 

H C

H

C

H

C

H

H

C

H

H

H

H

C ClH

H

HHHHHHHHHHHH CCCCCCCCCCCC

H

CCCCCCCCCCCC

HHHHHHHHHHH

CCCCCC

Cl

HHHHHHHHHHHH

CCCCCCCCCCCC

HH

HHHHHHHHHHH

H

HHHHHHHHHHHH

C HHHHHHHHHHHHHHHHHHHHHHH

H

H CCCCCCCCCC

H

C

HHHHHHHHHHHH

C

H

CCl

C

H

HH

H

H

C HH

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

H C

H

C

H

C

H

H

H

C HH

H

           6 66666666666                 :            111111111           ::::::::                2                  :              3

[[[[[[1//////2] for eachhhhhhhhhhhh isososososososoooooomemememememememememememer (noooooooooo mamamamamamamamamamaaarkrkrkrkrkrkrkrkrkrkrkrks will be awarded for repeated isomers)
MiMMMMMMMMMMM nunununununununununununus sssssss [[[[[[[[[11111111111///////////222222222222]] ]]]]] fof r nononononononononnnn t drrrrrrrrrrawawawawawawawawawawawawinininininininininiininggggggggggg dididididididdidididispspspsppspspsppspspsppssplayed formulae. 
[1[1[1[1[1[1[1[1[1[1[11] ffffoffffffff r coorrrrrrrrrrrrrrrrrrrrrrrecececececececececececect ratitititititititttt o o ooooo o ooo o bababababababababababaasesesesesesesesesesseedddddddddddd oooonoooooooo  the 4 isomers.
If oooooooooooonlnlllnlnllllly yyyyyyyyyyy givevvvvvvvvv  3 iiiiiiiiisososososososooooomememememememememememem rsrsrsrsrsrsrsrssrsss wwwwwwwwwwwiiith correct ratio based on the isomers drawn => award

[To
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ach correct answer will scooorererererererererererere one mark. AAAAAA mmmmmmmmmmmmmark will nnnnnnnnnnototototootootototoott bbbbbbbbbbbbbeeeeeeeeeeee deducted for a wrong answe
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Section A 

For each question there are four possible answers, A, B, C and D. Choose the one you 
consider to be correct.

1 Bromine gas is toxic. The maximum safe toleration level of bromine gas in air is
0.004 mg dm-3. How many bromine atoms are present in 1 dm3 of air at this 
toleration level?

A 1.50 x 1016 B 3.00 x 1016

C 6.00 x 1016 D 3.00 x 1019

Answer: B
Worked solution: 
Mr of Br2 = 159.8

No. of bromine atoms present = 
3

23 160.004 10 )2 ( 6.02 10 3.00 10
159.8

2 Group I and Group II ionic hydrides react with water.

H + H2O OH + H2

In an experiment, 1 g of a sample of an ionic hydride is dissolved in excess H2O.
The resulting solution required 24.0 cm3 of a 2.0 mol dm-3 HCl solution for
complete neutralisation.

What is the formula of the hydride?

A CaH2 B LiH

C MgH2 D NaH

Answer: A
Worked solution: 
n (HCl) = 2.0 x 0.024 = 0.048 mol
n (OH-) = n(H+) = 0.048 mol
Assume group I hydride, n(ionic hydride) = 0.048 mol

Mr (group I hydride) = 1 20.8
0.048

Assume group II hydride, n(ionic hydride) = 0.048 / 2 = 0.024

Mr (group II hydride) = 1 42.0
0.024

formula of hydride with Mr of 42.0 is CaH2. 

C 6.00 x 10 D 3.00 x 10

Answer: B
Worked solution:
Mr of Br2 = 159.8

No. of bromine atoms present = 
3

23 160.004 10 )3

2 ( 6.6.6.66.6.6.6.6666.6666 0202020202020202020202020202020 101111111111111 3.33333.3.3.33333333 0000000000000000000000000000000 1023

159.8
)( 6.6.6.6.6.6.6.66.666666.6 020202020202020202020202020202 111101111111 3.3.3.3.3.3.33333.3.333 000000000000000000000000000000023

Group I and Group II ionic hydrides reaaaacaaaaaaaa tttt ttttttttt wiwiwiwiiwiiiiiiiwiththtththhththhhhhhhhhhhhhhthhhhhhhhhhhhhhhhhhhhhh wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwatatatatatatatatatatatatatatatatatatatatatataataaaatatatataatatatattattatttttatattaataterererererererereeerererererererererererereererererereererrerereeeeeeeeereeee .........

HHHHHHHHHHHH +++++++++++++ HHHHHHHHHHHHH222222O OHOHOHOHOHOHOHOHOOHHOHOHHOHH + H2

In an experiment, 1 g of a aaaaaaaaaa sasasasasasasasasasasassampmpmpmpmpmpmpmpmpmpmpmpm leleleelelelelelellele oooooooooof fffffff anaaaaaaaaaaaa iiiiiiiionnnonononnnnnnnonicicicicicicicii hyhyhyhyhyyyhyyhyhyhyhyydrdddddddddddd ide is ddisissolved in excess
The resulting sooooooooolululuulululululuuluutititititittittitititiionoooooooooooo  reqqqqqqqqqqqqquiuiuiuiuiuiuiuiuuuiuiu red 22242222222222 ...0.........  cm3 ofofofofofofofofofofofofo aaaaaaaaaaaaa 2.0 mol dm-3 HCl solutio
complete neutralissssssssssssatatatatatatatatatatatatatioioioioioioioioiooooon.nnnnnnnn

What issssssssssss ththththththhhhhhe fofofofofofofofofofofooormmmmmmmmmmmmmulaaaa aaaaaaaaa ofofofofofofofofofofoff ttthe hhhhhhhhhhhhydydydydydydydydydydydydydririririririririririririridededdededededededededede?????????????

A CaCaCaCaCaCaCaCaCaCaCaCaCaHHHHHHHHHHHHH2222222222222 B LiH

C MgMMgMgMgMgMgMgMgMgMgMgMgH2 D NaH

Answer: A
Worked solutttion:
n (HCl) = 2.0 x 0.024 = 0.048 mol

(OH-) (H+) 0 048 l
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3 Carbon disulfide, CS2, a volatile flammable liquid used in the manufacture of 
cellophane, is oxidised on combustion as follows:

CS2(g) + 3O2(g) CO2(g) + 2SO2(g)

A 20 cm3 sample of carbon disulfide vapour is ignited with 100 cm3 of oxygen. The
final volume of gas after burning is passed into an excess of aqueous alkali. What 
percentage of this final volume dissolved in the alkali? (All volumes are measured at 
the same temperature and pressure, conditions under which CS2 is a gas.)

A 20% B 40% C 60% D 80%

Answer: C 
Worked solution:  

CS2(g)   + 3O2(g)    CO2(g) +
2SO2(g)

initial  20   100   0  0 
reacted -20   -3(20)   +20  +40
final  0   40   20  40

Volume of gases dissolved in alkali = v(CO2) + v(SO2) = 20 + 40 = 60 cm3

% of final volume = 60 100% 60%
40 20 40

4 Which of the following formulae represents a particle with the composition 1 
proton, 1 neutron and 2 electrons?
(D represents deuterium, 2H)

A D B D

C H D He

Answer: B
Worked solution:
Particle is negatively charged (1 proton and 2 electrons).
Particle has mass number of 2 (1 proton + 1 neutron)

5 The first seven ionization energies of an element are as follows (in kJ mol-1):

790, 1600, 3200, 4400, 16100, 19800, 23800

The outer electronic configuration of the element is

A ns1

B ns2

C ns2 np2

D ns2 np5

Answer: C 
Worked solution: 

CS2(g)   + 3O2(g)   CO2(gggggggggggggg)))))))))))) +
2SO2(g)

initial 20  100 0000000000000 000000
reacted -20   -3(20)   +2+2+2+2+2+2+2+2+2+2++2+2200000000000000 +4+4+4+4+4+4+4+4++4+4+4+4+40
final  0   40   20202020202020220202020202020000022220002220202202222222022202222222222202202   44444444044444

Volume of gases dissolved in alkali = v(v(v(COCOCO22222222222222222222222222222) )))))))))))))))))))))))))))))))))))))))))))))))))))))) ++++++++++++++++++++++++++++++++++++++++++++++++++++++ v(v(v(v(v(v(v(vv(v(v(vv(v(v(v(vvvvv((v(v(v(v(v(v(v((v(v(v(v(((vvv(v(v(v(vvv(vv(vv(vvv(vvvv(v(v(v(v(v(v(((((v(v(((SOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSSOSOSOSOSOSOSOSOSSOSOSOSOSOSOSOSOSOSSOSOSOSOSOSSOSOSOSOOSOSOSSOSOSOSOSOSSOOSOOOOOOSSSOOSSSOS 222222222222222222222222222222222222222222) )))))))))))))))))))))))))))))) )) )))))))))))))) ============= 20202020202020202020202020202020 +++++++++++++++ 4444444444444440 000000000000000 ================ 66666666606666666  cm3

% of final volume = 60 1010100% 60606000%
40 2000 404040

10101 0%
2000

Which of the following fffffffffffffororororrrrrrrrorrmumumumumumumumumumumumuulalaaalaalalaalalaaeeeeeeeeeeeee rererererererereeeeprprprprprprpprppppresesesesesesesesesesesesesenennenenenenennenenee ts aaaaaaaaaaaaa particle e wwith the composi
proton, 1 neutronnn anddddddddddddd 2 electrons????????????
(D representnttttttttttttttssssssss deuuuutuuuuuuuuu ererererererereeeee iuiuiuiuiuiuiuiuiuiuuuum,m,m,m,m,m,mm,m,m,m, 2H)H)H)H)H)H))H)H)H)H)

A DDDDDDDDDDDD B D

C HHHHHHHHHHHH D He

Answererer: BBB
Worked sssolololuuutioioonnn:::
Particle is nenenegagaatititivevevely charged (1 proton and 2 electrons).
Particle has mmmaasa s number of 2 (1 proton + 1 neutron)

The first seven ionization energies of an element are as follows (in kJ mol-1)
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Answer: C 
Worked solution: 
A big difference between the 4th and 5th IE indicates that the 5th electron is 
removed from an inner electron shell. The element belongs to Group IV with 
electronic configuration of ns2np2. 

6 Which of the following is incorrect for 31P3 ?

A It is more polarizable than N3 .

B It is isoelectronic with argon.

C Its valence p-orbitals are completely filled.

D It is smaller than a phosphorus atom.

Answer: D 
Worked solution:  
Negatively charged ions are bigger than their atoms due to the removal of 
electrons from the outer shell.

7 The C2H2 molecule is linear. What can be deduced from this about the 
numbers of and bonds present in the molecule? 

A 2 2

B 2 3

C 3 1

D 3 2

Answer: D 
Worked solution:  

   
Single bond consist of 1 bond, triple bond consist of 1 bond and 2 bonds.

C Its valence p-orbitals are completely filled.

D It is smaller than a phosphorus atom.

Answer: D
Worked solution:  
Negatively charged ions are bigger than theeeeeeeeeeeeeeiriririririririririririrrrrrrirrrrrrrrrrrrrrrrrrrrr aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatototototoototototototootototooototototototootooototototototototoottotooototottotootottooooooooott mmmmmsmmsmsmsmsmsmsmmmmmmmmsmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ddddue ttttttttttttttttoo ooooooooooooo the remo
electrons from the outer shell.

The C2H2 molecule is linear. WhWhWhWhWhWhWhWhWhWhWhWhWhat cannnnnnnnnnnn bebbbbbbbbbbbbbbb ddededededdddddeducedd ffrrom ththisis about
numbers of and bonds s s sss s sssss prprprprprprprprprppp eseseseseeseseseesesesseeeeneeeeeeee t tttttttttttt innnnnnnn the mmmolllecule? 

A 2 2

B 22222222222 3333333333333

C 333333333333 1111111111

D 3333333333333 2

Answer: D
Worked solution:  
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8 Which of the following is the most significant intermolecular force in SO2?

A ionic bonding

B covalent bonding

C Van der Waals’ attractions

D permanent dipole – permanent dipole attractions

Answer: D 
Worked solution:  
SO2 is a polar simple molecule (bent-shaped with 1 lone pair of electrons on S 
atom), thus it experiences pd-pd forces of attraction.

9 The variation in bond angles in the molecules of ammonia and water is due to

A the number of lone electron pairs in the molecule

B a bonding electron pair having greater repulsive force than a lone pair

C a greater repulsion between hydrogen atoms in the longer N-H bond
length

D a greater repulsion between the hydrogen atoms in the shorter N-H bond
length

Answer: A 
Worked solution:
Ammonia has 1 lone pair and 3 bond pairs
Water has 2 lone pairs and 2 bond pairs.

10 For which of the following pairs does the first species have a smaller bond
angle? 

A CH4, SiCl4

B PH4
+, ICl4

C F2O, H2O

D SO3, PH3

Answer: C  
Worked solution:  
F is more electronegative than H and thus the bond pair of electrons are drawn 
further away from the central O atom. Thus the bond pairs of electrons in H2O
experience a greater repulsion, leading to a greater bond angle.

Worked solution:  
SO2 is a polar simple molecule (bent-shaped with 1 lone pair of electrons
atom), thus it experiences pd-pd forces of attraction.

The variation in bond angles in the molecules of ammoniaa aandnd wwatateer is due to

A the number of lone electron pairs in the moleecuculele

B a bonding electron pair having ggggggggggggrererererererereeeeeeaterereeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrepepepepepepepeppepepepepepepepepepeppepeppepppeppeppepeeeppepppeepepepepppppepeeppepeeeppppppulululululululullulululullulullulululuullululullulululululuuuuuuuullu ssisisissisiiisisisisisisisiiisssisisisisisssssssisssississs vevevevevevvevevevevevevevevevevvevevvvevevvevvvevevevvevevevevvevvvevvevveveevevee fffffffffffffffffororcec  thah nn aa lol ne pa

C a greater repulsion betwwwwwwwwwwwwweeeeeeeeeeeeeeeeeeeen hydrddrddrddrdrdddrdrd ogogogogogoogogogogogggggggen aaaaaatotototototototototot ms inn tthe lolonnger N-H
length

D a greater reeeeeeeeeepuppppppppppp lsionnnnnnnnnnnnn beebebebebebebebeebebebetwtwtwwtwtwwtwtwtwwtwt eeeeeeeeeeeeeeeeeeeeeeeeenn ththtthhthhthththhthe eeeeeeeeee hyhyhyhyhyhyhyhyhyhyhhh ddddrdd ogogogogogogogogogogogogogeneeneeenenenenen atoms in the shorter N-H
length

Answerrr::: A AA
Workeddd sssolutioioionnn:::
AAAmmmmmmmm onniaaa has 111 lonononeee ppap ir aaandndnd 333 bbbond dd pairs
Waaaateteterr r hahaas ss 222 lololone pppaaairs aaandndnd 222 bbbonononnd pairs.

For whhhhwhhwhhhhhhhiccccciccicicchhhhhhhhhhh ofofofofofoofofoofofoff ttttttttttheheheheheheehehehehehehe fffffffffffffololololololololololololo lolololololololoolololoowwwiwwiwwwwwwww ng pairs does the first species have a smaller
angle? 

A CH4, SiSiSiSSSSiSiSiSiSSSS Cl4

B PH4
+ ICl4
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11 SF4 reacts with (CH3)4NF to form (CH3)4N+SF5 . Which of the following
correctly describes the shape of the ions in the product? 

Shape of cation (wrt N) Shape of anion

A trigonal pyramidal square planar

B square planar trigonal bipyramidal

C tetrahedral octahedral

D tetrahedral square pyramidal

Answer: D  
Worked solution: 
(CH3)4N+ has 4 bond pairs and no lone pairs of electrons, thus it is tetrahedral in 
shape. SF5

- has 5 bond pairs and one lone pair of electrons, thus it is square 
pyramidal in shape.

12 Which of the following diagrams correctly describes the behaviour of a fixed mass 
of an ideal gas at constant temperature?

A B

C D

Answer: A  
Worked solution: 

PV=nRT PV = m RT
M

  P = m RT
v M

density

pressure

density

pressure

density

pressure

density

pressure

Answer: D  
Worked solution:
(CH3)4N+ has 4 bond pairs and no lone pairs of electrons, tttttttttttttttthuhuhuhuhuhuhuhuhuhhuhuhuhhus ititititititititititititititit is tetrahe
shape. SF5

- has 5 bond pairs and one lone pair of eeeeeeeeeeeeeeleleeleleleeleleleleleleleeectctctcctctctctctctctctctctctctrorororororororororororororor nsnsnsnsnsnsnsnsnsnsnsnsnsnsnss,,,,,,,, thus it is s
pyramidal in shape.

Which of the following diagrams correcccctccccccccc lyyyyyyyyyyyyy desesesesesssesseesssssssssssesssssssessesssssssscrcrcrcrccrcrcrcrcrcrcccrcccccrcrcrcrcrcrrcrcrcrcrcrrcrrcrrrcrcrrrrrcccccc ibibbibbibibibibbibibbbbibibibibbbbbibbibibbibibiibibibibbbbbbbbibbbbbi eseseeseseseseseseseseseeeseseseseeesessssesssesesesesesesesessesesessessssseeeseeess ttttttttttttttttttttttttttttttttttttttthehhehehehehhehehehehehehehehehehhehehehehehehehehehehheehehehehheeeehheehhhheheeeeeeeh bbbehehavavioiouur r ofof a fixed
of an ideal gas at constant temppppperererererererererreererature????????????

A BBBBBBBBBBBBBBBBBB

C D

dededededededededededededensnsnsnsnsnsnsssnsnsnsitititititititititititttyyyyyyyy

pressure

pressureee

density

pressuurere

pressure
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P = density RT
M

since M, R and T are constants, P is directly proportional to 

density.

13 At constant pressure, the following reaction is exothermic. 

2NO2 (g)  N2O4 (g)

The reaction is

A only spontaneous at low temperatures.  

B only spontaneous at high temperatures.  

C always spontaneous.  

D never spontaneous.

Answer: A  
Worked solution:
For the reaction, exothermic, thus H is negative. There are less number of 
gaseous molecules are produced, thus S is negative. Thus, -T S is always 
negative. For a spontaneous reaction ( G = H -T S, where G < 0) to occur, 
temperature must be low.

14 For which of the following is the lattice energy likely to have the greatest
magnitude? 

A lithium fluoride

B lithium iodide

C sodium chloride

D sodium fluoride

Answer: A  
Worked solution:
All 4 compounds have the same charges in their cation and anion. However, 
Lithium fluoride has both the smallest cation and the smallest anion amongst the 

4 choices. Recall equation magnitude of LE = 
+ -

+ -

q q
r +r

B only spontaneous at high temperatures.  

C always spontaneous.  

D never spontaneous.

Answer: A  
Worked solution:
For the reaction, exothermic, thus HHH isii nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnegegegegegegegegegegggegegegegegeggegegegegegegeggegegegggegegggegegggggegeeegggegggeegeggeeeegegeeegeegggegggggatatatataatatatatatatatatatattatatatatatatatatatttatatataatatatataattatattaaatatataaaaaattaaatatatttatttttattaattttivivivivivivivvivivivivivivivvvivvivivivvivivvivivvvivvvvvvvivivivvvviivivvvvvvvvvvvvee.e.e.e.eeee.e.ee.e.ee.e.eee.eeeee.e.eee.eeeeeeeeeee.e.e.ee TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTThehehehehehehehehehehehehehehhhhhhehhhhhehhhhhhhhh rererererererererererererereree aaaaaaaaaaaaaaarererererereererereeererere llllllllllllesesesesesesesesesesesesesesesess num
gaseous molecules are producccededed, thusss SS is sssssssssssssssssssssss neneneneneneneneneneneneneneneenenenenenenenenenneneeneneneneeeneeeenennennenennnneneenenennnnnnnnnnnnnnenneeeennenen gagagagagagagagagaggggg tiveveveeeeeeeeveeevee. TTTTTTThTTTTTTTTT usssssssssssssss,,,,,,,,,,,,,,, -T-T-T-T-T-T-T-T-T-T-T-T-T-T-T S is a
negative. For a spontaneouuuss s rerereacacactititionoo ( GG G ==== H -T S, wwwwwwwwwwwwwwwwhhhhhhhhehhhhhhh reeee GGGGGG GGGGGGGGGG < 0) to 
temperature must be low.w..

For which of theeeeeeeeeeeee fffffffffffolololololoooloooo looooooooooowiwwwwwwwwwwww nggggggggggggg iiiiiiiiisss ssssssssss thththththththhthtt eeeeeeeeeeee lattttttttttttttttttttttt iciciciciciciccciccceeeeeeeeeeee enenenenenenenenenenenenerererererererererererergggygg  likely to have the gr
magnitudeeeeeeeee????????????

AA lllillllllllll thhhhhhhhhhhhhium fllluououuuououououuouuu rirrrrrrrrrrrr dedeeeeeeeee

B littttttttttttthiummmmmmmmmmm iiiiiiiododododododdodododododo ideeeeeeeee

C sodidididididididididididdiumumumumumumumumumumumumm ccccccccchlhhhlhhhhhhlhhh orororororororororororroridididididididididididdde

D sodiummmmmmmmmmmmmmm fluoride

Answer: A
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15 Phosphine, PH3, reacts with hydrogen iodide to form phosphonium iodide in the
reaction shown.

PH3 (g) + HI (g) PH4
+I

_
(s) , = 101.8 kJ mol-1

Given that Hf for PH3 (g) = +5.4 kJ mol-1, and Hf for HI (g) = +26.5 kJ mol-1,
what is the standard enthalpy change of formation of phosphonium iodide?

A 133.7 kJ mol-1

B 69.9 kJ mol-1

C +69.9 kJ mol-1

D +133.7 kJ mol-1

Answer: B  
Worked solution:

Hr = sum of enthalpy of formation of products – sum of enthalpy of formation 
of reactants. 

-101.8 = x – [5.4 + 26.5]
  X = -101.8 + 31.9 = -69.9 kJ mol-1

16 The diagram shows the Maxwell-Boltzmann energy distribution curves for 
molecules of a sample of a gas at two different temperatures.

Which letter on the axes represents the most probable energy of the molecules at 
the lower temperature?

C +69.9 kJ mol-1

D +133.7 kJ mol-1

Answer: B 
Worked solution:

Hr = sum of enthalpy of formation of productstststststsststststsstststsssssssss  –––––––––––––––––– sususususussussssususususususussssususussssusususuusususususususususuusssssususssussussusuususssuusssussuuuuusussssssssss mmmmmmmmmmmmmmmmmmmm oooooofooooooooo  entntntntnntntntntntntntntntntnthaaaaaaaaaaallplplplplpllplplpplplpy of form
of reactants. 

-101.8 = x – [5.4 + 26.5]
  X = -101.8 + 31.999 = -69.9 kkkJ momm l 1111111-111111

The diagram shows thhhhhhhhhhhhheeeeeeeeeee MaMaMaMaMaMaMaMaMaMaMaMaMaxwxwxwxwxwxwxwxwxwxwxwxwxweleleleleelellelllllllllll-BoBoBoBoBoBoBoBoBoBoBoBoBolttttttttltzmzmzmzmzmzmzmzmzmzzz annnnnnnnnnnnnn energy ddistribution curve
molecules of a saaaamaaaaaaa plplplplpplplplplplplpleeee eeeeeeee of a gasaaaa  at twtwtwtwtwtwtwtwtwtwtwtwtwo differrrrrrrrreneneenenennenenenenenent t t t tttt t t tetetetetetetetetetetetetemmpmmmmmmmmmmm eratures.

Which leeeeeeeeeeeettttttttttttttttttttttt errrrrrrrrr oonnnnnnnnnnnn theeeeeeeeee axaaxaxaxaxaxaxxaxxxaxesesesesesesesesesesss rrrrrrrrrrrrepepepepeeepepepepepepe rererererererererererereesentssssssssssss ththtththththththththththeeeeeeeeeeee mommomomomomomomomomomossstssssssss probable energy of the molecu
the loweweweweweweweweeew rrrrrrrrrrrrr temppppppppppppperererererererrrrrratuuuruuuuuuuu eeee?eeeeeeee
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Answer: C  
Worked solution:
For a Maxwell-Boltzmann energy diagram, x-axis represents energy and y-axis 
represents number of molecules.

17 The rate equation for the reaction

S2O8
2_

(aq) + 2I
_

(aq) 2SO4
2_

(aq) + I2 (aq)

is rate = k[S2O8
2_

(aq)][ I
_
(aq)], where k is the rate constant.

Which of the following conclusions can be drawn from this information?

A The value of k depends on the concentrations of S2O8
2- and I .

B The value of k depends on the rate of the reaction.

C The value of k is dependent only on changes in temperature.

D The rate of reaction is dependent on concentrations of S2O8
2 and I .

Answer: D
Worked solution: 
Since Rate = k[S2O8

2_
(aq)][ I

_
(aq)], changes in concentrations of both reactants 

will affect rate. However k is affected by temperature and catalyst (as well as 
surface area or structure of the reactants).

18 Lead is the final product formed by a series of changes in which the rate-
determining stage is the radioactive decay of uranium-238. This radioactive decay 
is a first-order reaction with a half-life of 4.5 × 109 years.

What would be the age of a rock sample, originally lead-free, in which the molar
proportion of uranium to lead is now 1:3?

A 1.5× 109 years

B 2.25 x 109 years

C 4.5× 109 years

D 9.0 × 109 years

Answer: D  
Worked solution:
A ratio of Uranium-238 : Pb = 1:3 as stated in the question. This shows that only
¼ of Uranium-238 remains. Rock is also originally lead free. Hence 2 × half-lives 
have passed. Therefore age of rock is 2 × 4.5 × 109 years = 9.0 × 109 years.

Which of the following conclusions can be drawn from this information?

A The value of k depends on the concentrations of S2OO88
22- anand I .

B The value of k depends on the rate of the reacctitionon.

C The value of k is dependent only on changegeegegeeeeeeeeeeeeeeeeeesssssssssssssssssssss ssss sssssss inininnninnnnininninnnnnnnnnnnnnnnnnn ttttttttttttttttttttttttttttttttteeeeeememeeeeee peraratuturere.

D The rate of reaction is dependennnnnnnnnnnnt tttt ooonnnononooooooo ccccccccccccccccccccccccccccccccccccccononoonononononononoonoononoononoonononononononononononnnoonononoononononononoonooonnoncecececeececececececeeeceeeeceeececeeeececeeeceecececececeeeceeeeeececeeeeececceeeeccceccc ntntntntntnnntnntntntntnttnntnntntntntntntntntntnnnntntntnntnttnttnttnn rarararararararaarararararararararararaararrarararararararraaaaaaaaaaarararraraar titttitttittitttttttttttittttttttttttttititititititiooooooononnoooo ss ofof SS22OO88
2 and I

Answer: D
Worked solution: 
Since Rate = k[S2OO8

2_
(aaq)q)][][ II

__
(a(aq)q)], chahangnges inn concentrtttttttt ations of both rea

will affect rate. HHowewevev r k iss affeectted by ttemempeperarrr ture and catalyst (as w
surface areaea or strructcturure ofof tthehe reaeactanntsts).).

Leeeeeeeeeeeeeeeeeadadadadadadadaadadadd iiiiiiiiiiiiis the finnannannannnanannn llll llllll ppppppppppppprorororororoooooroooducttttttttt ffffffffffforororororororoororororo mmmmmemmmmmmmm d bbbybbbbbbb  a series of changes in which the
detetettetetettetetttetteteteermrmrmmmrmrmmmmmmminnnnnnnnnnnnnininininninininining ggggggggg ststststststststststsststagaagaage eeeeeeeeeee isisiisisissii  theeeeeeeeeeeee rrrrrrrrrrrradadadadadadadadadadadadadioioioiooioioiooooooacacacacacacaccacacacacacactittttttttttt ve decay of uranium-238. This radioactive
is a ffffffffffiriririririirrrrrsttttttttttttt-ordedededededeeeeeerrrrrr rrrr rererererererererrr actititiitititititittt ononononononononononononon wwwwwwwwwwwwitititititititititititthhhhhhhhhhh aaaaaaaaaaaaa half-life of 4.5 × 109 years.

What wouuuuouuouuuuuouldldldldldldldldlldlddl bbbbbbbbbbbe eeeeeeee ththththththththttthe eee ee e e eee ee agaaaaaaaaaaa e of a rock sample, originally lead-free, in which the
proportion ooooooooooof fff f f ff fffff ururrrrrurururranananananananananananananium to lead is now 1:3?

A 1.5× 109 years

www.KiasuExamPaper.com 
153



19 The equilibrium constant, Kc for the following reaction is 57.0 at 700 K.

H2 (g) + I2 (g)  2HI (g)

What is the equilibrium concentration of HI at 700K if the initial amounts of H2
and I2 are 0.100 mol and 0.200 mol respectively in a 1 dm3 vessel? 

A 0.285

B 0.457

C 1.07

D 1.14

Answer: B  
Worked solution:
  H2 (g) +  I2 (g)      2HI (g)
Initial  0.1  0.2   0 
Change -x  -x   +2x
Equilibrium 0.1 – x 0.2 – x  2x

Kc =
2

2 2

[HI]
[H ][I ]

= 57.0

57.0
)

V
x0.2)(

V
x0.1(

)
V
2x( 2

x = 0.0941 or 0.229

[HI] = 2x = 2 (0.0941) = 0.188 mol dm-3

Or [HI] = 2x = 2 (0.229) = 0.457 mol dm-3

20 The following equilibrium is established when vanadium (II) compounds are 
dissolved in water.

V2+ + H2O  V3+ + 1
2

H2 + OH

How could the composition of the equilibrium mixture be altered to increase the 
concentration of the V3+ ions?

A Adding an acid.

B Adding a dehydrating agent.

C Making the solution more alkaline.

D Adding a reagent that selectively precipitates V3+ ions.

Answer: A  
Worked solution:

C 1.07

D 1.14

Answer: B  
Worked solution:
 H2 (g) + I2 (g)      2HIIIIIIIIIIIIII (g(g(g(g(g(g(g(g(g(g(g(g(g(g(g(g))))))))))))))))))
Initial  0.1  0.2  000000000000000000000  
Change -x  -x  +2+2+2+2+2+2+2+2+2+2+2+2+2+2+22+2+2+2+2+2+2+2+2+2+2+222+22++2+2+2+++2+2+2+22+2+2+++2+2++2++++2+222+++2+++++2xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
Equilibrium 0.1 – x 0.2 – x xx  2x2x2x2x2x2x2x2xx2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2x2xx22x2x2x2x22x22x2x2x2222x2x2x22x2222222222xxx2222x2x22222222x2222x2xxxxx

Kc =
2

2 2

[HI]
[H ][I ]2 2

= 57.0

5555555555555777.00000000000
)

VVVVVVVVVVVVV
x0.......222222222222))))))))((((((((((

V
x0.1(

)
V
2x( 2

0 222222222x x x x === 0.0.0.0909094414  or r r 0.00 222222999

[HI]]] = 222x = 2 (0.00 09090941411))) = 0.18888 8 8 momomol dmdmdm-3-3-3

OrOrOOr [[[HIHH ]]] === 2x = 2 (((0.00 22222299)9  = 000.4.4.4575757 mol dm-3

The fooooooolllllllllllllll owowowowowowowowowwwowo ininnininininninninnggggggggggggg eqeqeqeqeeeeqeqeqeee uiiiiiliiiiiiiiiibrbrbrbrbrbrbrbrbrbrbrbrbriuiuiuiuiuiuiuuiuuiummmmm is established when vanadium (II) compound
dissolveddddddddddd inininininininninnininin wwwwwwwwwwwwwataaaaaaaaa erereerrrrr.

V2+ + H2O  V3+ + 1
2

H2 + OH

H ld th iti f th ilib i i t b lt d t i
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The position of equilibrium will shift to the RHS as there is removal of OH- by the acid.

21 1 x 10-3 m3 of hydrogen iodide was kept at 500K and a pressure of 101 kPa until
equilibrium was reached and then suddenly cooled to room temperature. The
contents of the vessel were found to require 28.00 cm3 of 0.1 mol dm-3 of sodium
thiosulfate for complete reaction with iodine.

What is the equilibrium constant, KC for the thermal decomposition of hydrogen
iodide 2HI (g) H2 (g) + I2 (g) at 500K? 

A 1.96 x 10-3

B 3.32 x 10-3

C 3.74 x 10-3

D 4.24 x 10-3

Answer: D  

Worked solution:
n (HI) = PV / RT = (101000 x 0.001) / (8.314 x 500) = 0.0243 mol
n (Na2S2O3) = (0.1/1000) x 28 = 0.0028 mol
n (I2) = ½ n(Na2S2O3) = 0.0014 mol
Equilibrium n (HI) = 0.0243 – 2(0.0014) = 0.0215 mol

2HI (g)  H2 (g) + I2 (g)

Kc = 
2

2 2
2 2

[H ][I ] (0.014)
[HI] (0.0215)

= 4.24 x 10-3

22 For the equilibrium

H2SO4 (aq) + HPO4
2 (aq) HSO4 (aq) + H2PO4 (aq)

Which one of the following is a conjugate Bronsted-Lowry acid-base pair?

Base Conjugate Acid
A HPO4

2 H2PO4

B HPO4
2 SO4

2

C HSO4 H2PO4

D HSO4 SO4
2

Answer: A  
Worked solution:
Base HPO4

2 accepts protons from HSO4 to form its conjugate acid H2PO4 . 

B 3.32 x 10-3

C 3.74 x 10-3

D 4.24 x 10-3

Answer: D  

Worked solution:
n (HI) = PV / RT = (101000 x 0.000010101) )) / (8.333141414 x 5000000000000000000000000000000000000000000))))))))) )))) = 0.020200000002020020000 4344444444444444 mmmmmmmmmmmmmmmololoololololololololoolool
n (Na2S2O3) = (0.1/1000))) xxx 2228 88 === 0.0.0.00000028 moolo
n (I2) = ½ n(Na2S2O3) = 0.0.0.000014 mmololl
Equilibrium n (HI) = 0.024443 33 – 2(2(2(000.000000141414)) ) === 000.02151515 mol

2HI (g) HHHH2222 (g) + I2 (g(g(g(g))))

Kc = 
222

2 2
2 2

[HHH ][]] I ]]]2 2 (0( .0001444)))
[H[H[HI] (0((0.0.0.02212 5)552 = 4.4.4.4.24242424 xxxx 11110000-3-3-3-3

For thththththththththththththe equiuuuiuiuuiuiuiuiililillillililiibrbrbrbrbrbrbrbrbrbrbrbrbriuiuiuiuiuiuiuiuuuiuuium

H2SO4 (a(a(a(a(a(a(a(a(a(a(a(a(aq)q)q)q)q)q)q)q)q)q)qq)q) +++ HHHHHHHHHHHHHPOPOPOPOPOPOPOPOPOOOPOPO4444444444444
22222222222 (aq) HSO4 (aq) + H2PO4 (aq)

Which one ofofofofofofofofofofofof tttttttttttthhhhehhhhhhhhh  following is a conjugate Bronsted-Lowry acid-base pair?

Base Conjugate Acid
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23 The graph shows a titration curve of an aqueous alkali with an aqueous acid of
similar concentration.

What could be the alkali and acid in this titration?

Alkali Acid
A NH3 (aq) CH3CO2H (aq)

B NH3 (aq) HCl (aq)

C NaOH (aq) CH3CO2H (aq)

D NaOH (aq) HCl (aq)

Answer: C  
Worked solution:
Strong base/weak acid titration curve.
The titration curve begins at pH 12.5 (presence of a strong base).
Equivalence point corresponds to a pH > 7 and when excess acid is added, the 
resulting solution has a pH 4 (presence of a weak acid).

24 An enzyme was found to operate at maximum efficiency in an aqueous solution
buffered at pH 5. Which of the following would give the necessary buffer solution
when dissolved in 10 dm3 of water?

A 1 mol of HCl and 1 mol of CH3CO2H

B 1 mol of CH3CO2H and 1 mol of CH3CO2Na

C 1 mol of HCl and 1 mol of CH3CO2Na

D 1 mol of CH3CO2NH4

pH

Volume of aqueous acid added

What could be the alkali and acid in this titration??

Alkali AcAcAcAcAcAcAcAcAcAcAAcAcAccAcAcAcAcAcAcAcAcAcAccAcAcAcAAcAcAcAccAcAAAAccAccAcAccAcAcccAccAccccAAAA idididididididididididididididiidididiiiddiiididididddddddiddddidididiiddddidddid
A NH3 (aq) CCCCHCCCCCCCCC 3COCOCOCOCOOOOOOOOOOCOCOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOO2222222222HHHHHHHHHHH (aq)q)

B NH3 (aq) HCl (aq)

C NaOOHOHOOOOHOHOOOOOH (((((((((aqaqaqaqaqaqaqaqaqaqaaqaq))) CHCHCHCHCHCHCHCHCHCHCHCHCH333333333333COCOCOCOCOCOCOCOCOCOCOCOCO2H (aq)

D NaNaNaNaNaNNNaNNaNNaN OHHHHHHHHHHHHH (((((((((((aqaqaqaqaqaqaqaqaqaqaqaq)))))))))) HCl (aq)

AnAnAnswwsweere : C  
Woorkrr ededed sssolololutututioioionnn:
Strongngng bbbase//weweweak aaaciciciddd titititrtrtratatatioioion curve.
The titrrratatatioioionnn cucucurvrvrve e bebebegigiginsnsns at pH 12.5 (presence of a strong base).
Equivalencncnce popopoinnt cococorresponds to a pH > 7 and when excess acid is added,
resulting soooluluutitiiononon hhhas a pH 4 (presence of a weak acid).

An enzyme was found to operate at maximum efficiency in an aqueous so
buffered at pH 5 Which of the following would give the necessary buffer so

Volume of aqueous acid aaddddeded
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Worked solution: B
The buffer solution required is an acidic buffer which is made by mixing a weak 
acid and the sodium salt of a weak acid.

25 The numerical value of the solubility product of strontium hydroxide, Sr(OH)2, is 
3.0 x 10-4. What mass of Sr(OH)2 is required to prepare a 1 dm3 of saturated
solution?

A 43.0 10 x 121.6  g

B 43.0 10
2

x 121.6  g

C 43.0 10 x 121.6  g

D 4
3 3.0 10

4
x 121.6  g

Answer: D
Worked solution:
Sr(OH)2 (s) Sr2+ (aq) + 2OH- (aq)  let  [Sr2+] = x mol dm-3

Ksp = [Sr2+][OH-]2 = 3.0 x 10-4

(x) (2x)2 = 3.0 x 10-4 x = 
4

3 3.0 10
4

mol dm-3

Mass of Sr(OH)2 =
4

3 3.0 10
4

x 121.6  g

26 Aluminium hydroxide is a sparingly soluble salt but is often used in tablets taken
to relieve the effects of heartburn and stomach ulcers. In aqueous solution, it
dissociates according to the following equation: 

Al(OH)3(s) + aq  Al3+(aq)  +  3OH-(aq)

If the solubility product, Ksp of Al(OH)3 is x, what is the value of [Al3+(aq)] at
equilibrium?

A 1
4(x)

B 1
41( x)

3
C 1

41( x)
9

D 1
41( x)

27

Answer: D  
Worked solution:
Let [Al3+] = y, Ksp = [Al3+][OH-]3 = x

   (y) (3y)3 = x    y =
1
41( x)

27

2
C 43.0 10 x 121.6  g

D 4
3 3.0 10

4
x 121.6 g

Answer: D
Worked solution:
Sr(OH)2 (s) Sr2+rr (aq) + 2OH- (aq) leleleleleleeleleleleleleleleeleleeleeeeeeleleeeeeeleleleleeeeeeeeeeeeeeeeeeeeeeeeeeeeleeeeeet tt t t tt t ttt t ttttttttttttttttttttttttttttttttttttttttttttt [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[SrSrSrSrSrSSrSrSrSrSrSSrSSrSrSSSSSrSrSrSrSSSrSSrSrSrSSrSrSSSrSSSrSSrSrSrSrSSSrrrrSrSrSrSrrSSrSSSSSSSS 2+2+2222+2+2+2+2+2+222+2+2++2+2+22++2+22+++2++2+2+2+2+2+2+2+2+2+2+2++2+++2++2+2++2+2222222222rrrrrrrrr ]]]] ] ]]]]]]]]]]] ]] ]] ] ]]] ] ] ]]]]] ================= xxxxxxxxxxxxxxxxx momommomomomomomomomomomomomomomolllllllllll dmdmdmdmdmdmdmdmdmdmdmdmdmdmdmdmd -3-

Ksp = [Sr2+
(

][OH-]2 = 3.0 x 10-4

(x) (2x)2 = 3.0 x 10-4 x x x x =
4

333 33.3 00 10 000
444

mooool ddddmd -3

Mass of Sr(OH)2 ===
4

333 3.0 111000
444

x x 121.6 gggg

Aluminiiiuiiiiiiii mmmmmmm hyyyyyyyyyyyydrdrdrdrdrdrdrdrdrdrdrdroooooxooooooo idddddddddddddeeee is a spapapapapapapapapapapapapariririririrrrirrrr ngngngngngngngngngngngngnglyyyyyyyyyyyyy sssssssssssssololololololololololoololubububububububububububububleleleleleleleleleleleee salt but is often used in tablets
tooooooooooooooo rrrrrrrrrreleeeeeeeeee ieeeeeeeeeeeeevvvevevvevvevvvv  the eefeeefeeeefefefee feefefefefefeeeeeeectctttctctctcttttttss of heaaeaeaeaeaeaeaeeaaeartrtrtrtrtrtrtrtrtrtrtr bubububububububububbububurn aand stomach ulcers. In aqueous solut
disssssssssssssssssssssssocococcococococccccciaaaaaaaaaatetetetetetetetetetettes sssssssss acacacacacacacacacacacacaccordrdrdrdrdrdrdrdrdrdrdrddiniiniiiininnning totototooootototoooto ttttttttttttthehehehehehehehehehehehehe fffffffffffffolololoolololololololoo lolololololoooooololoolololowing equation: 

Al(OH)))))))))))))333333333333(s(s(s(s(s(s(s(s(s(s(ss) ++ aqqqqqqqqqqqqq AAAAlAAAAAAAAA 3+3+3+3+33+3+33+3+3+3+(a(a((a((a(a(a((a((( q)  +  3OH-(aq)

If the solububububububububububububu ililililililillililii iiititiii y y yy yyyyyyyyy prprpprprprprprprprprprp oduct, Ksp of Al(OH)3 is x, what is the value of [Al3+(a
equilibrium???????????

A 1 B 11
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27 The numerical values of the solubility product of calcium carbonate and calcium
fluoride are 8.7 10 9 and 4.0 10 11 respectively at 25 oC.

Which of the following statements is true? 

A Calcium fluoride has a higher solubility than calcium carbonate.

B Addition of sodium fluoride to a saturated solution of calcium fluoride
increases the solubility of calcium fluoride.

C Addition of sodium fluoride to a solution containing calcium fluoride
decreases the solubility product of calcium fluoride.

D Addition of calcium nitrate to a solution containing fluoride ions and 
carbonate ions, both 1 mol dm–3, causes calcium fluoride to precipitate out
first.

Answer: A
Worked solution:
Calculate and compare solubilities of CaCO3 and CaF2 since they are of different 
formula types.
Ksp (CaCO3) = [Ca2+] [CO3

2-] = 8.7 10 9 x2 = 8.7 10 9 x = 9.33 x 10-5

Ksp (CaF2) = [Ca2+] [F-]2 = 4.0 10 11 4y3 = 4.0 10 11 y = 2.15 x 10-4

solubility of calcium fluoride is higher than calcium carbonate.

28 Compound S has the following structure:

(CH3)2C=CHCH2CH(OH)CH2CH=C(CH3)2

What is the total number of stereoisomers possible for this molecule?

A 0 B 1 C 2 D 3

Answer: A  
Worked solution:
No chiral centres therefore does not exhibit optical isomerism.
Does not exhibit cis-trans isomerism.

OH

C Addition of sodium fluoride to a solution containing calcium fl
decreases the solubility product of calcium fluoride.

D Addition of calcium nitrate to a solution conttaiaininingng ffluluoride ion
carbonate ions, both 1 mol dm–3, causes calciciumum ffluluooride e toto pprerecipita
first.

swer: A
rked solution:
culate and compare solubilililililititititititt esesesesesese ooooooofff ffff CaCaCaCaCaCaaCOCCCCCC 3 aaaanaaa ddddddddddd CaF2 sinnnnnnnnnnnceeeeeeeeeeee they are of dif

mula types.
(CaCO3) = [Ca2+] [CCCCCOOOOOOO3

2-]]]]]]] = 8.7777 77 10 9999999 x2 ======= 8.8.8.88.88 7 77 7 777 10 9 x = 9.33 x 10-5

(CaF2) = [Ca2+]]]] ] [F[[[[ -]2 ====== 4.4.4.4.4.4.00000 00 10111111 1111111 4yyyyyyy333333 ======= 4.4.4.4.444 0000000 10 11 y = 2.15 x 10-4

ubility of caalclclciuii mmm fllluouu ridedede iiis ss hihihighghgherere ttthahahannn cacacalclclciuiuiummm carbonate.

Coooooooooooooompmpmpmppmppmpmpmpmpmpmmmmmpooououououououooooo ndndndndndndndndndndndndnd SSS hasssssssssssss ttttttttttheheheheheheheheehehehehe folloloololoolooololoolowiwwwiwiwiwwwiwiwww ngngngngngngngngngngngngng sssssssssssssssstrttttttttttt ucture:

(C(C(C(C(C(C(C(C(CC(C(C(CHHHHHHHHHHHHH333333333333)))))))))))))2222222222222C=CCCCCCCC CHCH2CH(OH)CH2CH=C(CH3)2

What is thhhhhhhhhhhhhe eee eeeeeeee tototototototoootototototatatatatatattttt l nunnnnnnnn mber of stereoisomers possible for this molecule?

A 0 B 1 C 2 D 3
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29 Pyrethrin is a natural insecticide made from some chrysanthemum species.

What is the total number of cis-trans isomers that are possible for this organic 
molecule?

A 2 B 4 C 8 D 16

Answer: B
Worked solution: 

30 How many chiral centres are there in the molecule shown below?

Cl

A 4 B 5 C 6 D 7

What is the total number of cis-trans isomers that are possiblblee foorr this organ
molecule?

A 2 B 4 C 8 DD 1616

Answer: B
Worked solution:

How many cccccccccchihihihihhihihihihih rararararararararararalllll centres are there in the molecule shown below?
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Answer: B
Worked solution

Cl

*
*

*

*

*
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Section B

For each of the questions in this section one or more of the three numbered statements 
1 to 3 may be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put 
a tick against the statements which you consider to be correct).

The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

31 Which of the following properties can be explained in terms of hydrogen bonding?

1 Ammonia is very soluble in water.

2 Ice is less dense than water.

3 The relative molecular mass of ethanoic acid is 120 in benzene.

Answer: A  
Worked solution:
Hydrogen bonding formed between the lone pair of electrons on N atom in ammonia 
and the H atom in water.
Water molecules in ice form an open structure with two hydrogen bonds per molecule.
Ethanoic acid dimerises via hydrogen bonding in benzene.

32 For which of the following reactions does the value of H represent both a
standard enthalpy change of combustion and a standard enthalpy change of
formation?

1 C(s) + O2(g) CO2(g)

2 2C(s) + O2(g) 2CO(g)

3 NO(g) + ½ O2(g) NO2(g)

Answer: D 
Worked solution: 
Only 1 represents both enthalpy of combustion and formation. 2, produces two moles of 
CO, hence is not the enthalpy of formation of CO. 3 is the enthalpy of combustion of 
NO. It is not an enthalpy of formation equation because NO is not an element.

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

cocorrrrecect

other combination of statements is used as a correct respspononsese.

Which of the following properties can bbbbbbbbbeeeeeeeeeeeee explp aiaiaaaaiiiiaiiiineneneneneneneneneneneneeneenenenenennenenennnnenennnenneenennenenneeneeeeeeeeeeed ddddddddd dddd d dd dddd dddddddddddddddddddddd dddddddd inininininininninininininininininininininiiininiiininnnnnnnnnnnnnnn tttttttttttttttttttttttttttttttttttereeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeee mms of f hyhydrdrogogen bon

1 Ammonia is very soluble ininininininininininininin wwwwwwwwwater.

2 Ice is less dense thhthththththththththt aaananaaaaaaa wwwwwwwwwaaaaataaaaaaaa er.

3 The relativevevevevevevevevvvvv mmmmmmmmmmmmmolooooooooooo eculllllllllar massssssssssssss ooofoooooooooo  ethannnnnnnnnnnoioioioioioioioioioioioic cccc c ccccc acacacacacacacacacacacacacid is 120 in benzene.

swer: A  
rked sssssoloo utiioi nnn:

drogennnn bbboono dididingngng formememedd d betwtwtweeeeeennn thththhe eee lone pair of electrons on N atom in am
d the H atatatommm iinnn wawawateteter.
ter molecuuuleeesss in ice ffforororm m m ananan oooppen structure with two hydrogen bonds per molec
anoic acid didid mememerrriseseses ss viviviaaa hyhyhydrogen bonding in benzene.

For which ofofofofofofofofofofofofof tttttttthhheh  following reactions does the value of H represent
standard enthalpy change of combustion and a standard enthalpy ch
formation?
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

33 Which of the following are always endothermic processes?

1 the hydration of a gaseous cation

2 the dissociation of a diatomic molecule into atoms

3 the sublimation of a solid

Answer: C 
Worked solution: 
Energy is needed to break up a covalent bond between two atoms in a molecule. 
Sublimation is the conversion of molecules in a solid into gaseous molecules. That 
requires energy. Hydration involves forming ion-dipole bonds hence is exothermic.

34 The rate equation for the reaction 2A + B C + D is given as
Rate = k[A][B]. The initial concentration of A = 0.20 mol dm-3 and the initial 
concentration of B = 0.001 mol dm-3. 

Which of the following statements regarding the experiments are correct?

1 The half-life for the [B] against time curve is approximately constant.

2 The mechanism for the above reaction involves more than one step.

3 Changing the initial concentration of A to 0.002 mol dm-3 will not affect the 
half-life of B.

Answer: B 
Worked solution: 
Only statement one and two are correct. The concentration of A is 200 times larger than 
B, hence a pseudo 1st order kinetics wrt B is created. 
Rate = k’ [B], where k’ = k [A]

Therefore half-life of B will be approximately constant having a value of t½ = ln 2
0.2 k

.

p

Which of the following are always endothermic processes?

1 the hydration of a gaseous cation

2 the dissociation of a diatomic molecule into atatomommss

3 the sublimation of a solid

swer: C
rked solution: 

ergy is needed to break uppppppp aa covvalala enennttt bobobondndnd betwewwww en twowowowowowowowowowowowowowowow  atoms in a mol
blimation is the conveeersrr ion ofoof mmmolololecececulululesese iiinnn a sososolill ddd into gaseous molecules
uires energy. Hydratiiiononon invnvnvolves s s fofof rmmminininggg ion-dipopopolelele bbboonooo ds hence is exothermic.

The ratttetttttttt  equatatatatatatatatatatattioooooooioon nnnnnnnnnnn fooooooooooor the reacacacacacacacacacacaacactttitttttt onononononononononononnon 222222222A A A A AAAA AAAA A +++++++++++++ BBBB BBBBBB C + D is given as
RaRaRaRaRaRaaRaRaRRaRRaaateeeteteteeeeeeee ============= kkk[A[[[ ][B]. ThThThThThThThThThThThThhe ee e e eeeeeeee iniiiiiii itiaaaaaaaaaaallllll cocococococococococcooconnnncnnnnnnnnn entration of A = 0.20 mol dm-3 and the 
concncncncncncncnncnncncenenenenenenenenenenee trttrtrtrtrtrtrtrtrtrtrt atatatatatataatatataata ioooooooonnnnnnnnnnnnn ofofooooooooo BBBBBBBBBBBBB = 0.000000000000001010101010101010101010101 mmmmmmmmmmmmmolololololololoolololool dddddddddddddddddm-3. 

Which ofofooooooooooo ttttttttttttheeeeeeeeeeeee ffololololoollooooo loolololololollololoowiwwiwiiiiiiingngngngngngngngngngngngng ssssssssssstatatatatatatataaaatatements regarding the experiments are correct?

1 The e hahahahahahhhahahahahahalflflflflfflfflfflflf-lililillilililililiilil fefeffffeffefffff for the [B] against time curve is approximately constant.

2 The mechanism for the above reaction involves more than one step.
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And since stoichiometry shows that 2A of reactants are involved, the reaction will have 
more than one step as the slow step involves only 1A and 1B leaving the other A 
molecule to be involved in the fast step.
Changing the [A] to 0.002 mol dm-3, removes the pseudo 1st order kinetics and the half-
life will not be constant anymore.

35 Consider the equilibrium: 2SO2 (g) + O2 (g) 2SO3 (g) H = 197 kJ mol-1

Which of the following would increase if temperature increases?

1 Amount of SO2.

2 Rate of both forward and backward reaction.

3 Equilibrium constant, Kp.

Answer: B  
Worked solution:  
When temperature increases, equilibrium will shift left to reduce the temperature. Thus, 
[SO2] and [O2] increases. Kp decreases. Both rates of forward and backward reaction 
increase as temperature increases.

36 The graph below shows how the percentage of reactant X(g) that remained in an
equilibrium mixture varies with temperature at pressures of 1 atm and 2 atm.

Which of the following conclusions about the reaction can be drawn from this
information?

1 The equation for the above reaction could be X(g)  Y(g) + Z(g)

2 The reaction is endothermic in the forward reaction.

3 The equilibrium constant Kp decreases as pressure increases.

Temperature

2 Rate of both forward and backward reaction.

3 Equilibrium constant, KpK .

swer: B 
rked solution:  
en temperature increases, equilibrium willl sshih ftttttt  leleleleleleeeeeftftftftfttftfttft totototototototo rrrrrrrrededededededededucucucucucucuccuccucu eeeeee ththththththe e tetetetempmpmpmpmpmpeeeeeerature.

O2] and [O2] increases. Kp decreases.s Bothh rrata esesssss ooooooooooof ffffff f ff fofofofofofofofofofoorrrrwrwrwrwrrwr ararrrrrdddddd anaaaaa dddd babababababackckckckckckwwward re
rease as temperature increases.

The graph below shshshshhshshshshshows hohohohohohohohohohowwwwwwww www ththhthhthhhththt eeeeeeeee pepepeppppppp rcrrrrrrrr enenenennnnnnttatatatatatatat geeeeeee ooooooooof ffff ff f fff rrrerrrrrr actant X(g) that remained
equilibrium mixturrrrrrrreeeeee vavavvvvvvvv riririririririririieseeeeeeeee  witttttthhhhhhhhhh tempmpmpmpmpmpmpmpmpmpeeereeeee ature atatatatatatatatatata ppppppppppprerererererererreressssssssssss ures of 1 atm and 2 atm
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Answer: D  
Worked solution:
As pressure increased from 1 atm to 2 atm, the position of equilibrium shifts left to form 
more reactant X. By LCP, the no. of moles of gas molecules of reactant must be lower 
than that of products.
From low to high temperature, the backward reaction is favoured as the % of X at 
equilibrium increases. Therefore, the forward reaction must be exothermic.
Kp remains constant.

37 Which of the following can affect the magnitude of the solubility product Ksp, of silver 
sulfide, Ag2S, when it is precipitated by passing H2S (g) into aqueous silver nitrate?

1 an increase in temperature

2 the addition of silver nitrate solution

3 the presence of an excess acid

Worked solution: D
Ksp is only affected by changes in temperature

38 A metal hydroxide dissolves partially in water as shown

M(OH)2 (s) + aq   M2+ (aq) + 2OH- (aq) H > 0 

Which of the following are true as temperature increases?

1 Equilibrium is reached at a faster rate

2 [OH ] increases

3 Ksp increases

Answer: A  
Worked solution:  
The forward reaction is endothermic. When temperature increases, the position of 
equilibrium shifts right at a faster rate, achieving equilibrium faster. More OH- ions are 
produced at higher temperatures. Therefore the Ksp is also increased as Ksp = [OH-

][M2+]

sulfide, Ag2S, when it is precipitated by passing H2S (g) into aqueous silver

1 an increase in temperature

2 the addition of silver nitrate solution

3 the presence of an excess acid

rked solution: D
p is only affected by changes in tempepeperatureee

A metal hydroxide dissolveeeveveeeeeveveevessss s s s papapapappapapapapapaparrrrrrrrrrrtitttttttttttt alalalaalalalalalalaallylylylylylylylylyly iiin watetetetetetetteteteeerrrr rrrrrrrrr as shownrrrrr

M(OH)2 (s) + aq   M2++++++++++++ (a(a(a(a(a(a(a(a(aaaaaq)q)q)q)q)q)q)q)q)qq)q)q) ++++++++++++ 222222222222OHOHOHOHOHOHOHOHOHOHOHOHOH- (a(a(a(a(a(a(a(aaaaaaq)q)q)q)q)q)q)q)qqqqq  H > 0 

Which of theheheeheheheheheheheehe fffffffffollowwwwiwwwwwwwww nnnngnnnnnnnn aaaaaaaaaaaaareeeeeeeeeeeee tttttttttttruuuuuuuuuuueeeee eeeeeeee asassasasasssasasas tttttttttttempepepepepepepepepepepepeperaraaaaaaaaaaaatutututututututututututurererererererereeeee iiiiiiincreases?

1 qqEqEqEqEqqEqEqEqqEquilibrbrbrbrbrbrbbrrrrrriuiuiuiuiuiuiuiuiui mmmmmmmmmmmmm isssssssssss rrrrrrrrrrrreachedddddddddddd aaaaaat t t t t ttt aaaa aaaaaaaaa fafafafafafafafafaaaastststststststststststsstererererererereereeee rrrrrrrrrraatataaaaaaaaa e

2 [OO[OO[O[O[O[OOO[O[OOHHHHHHHHHHHHH ]]]]]]]]]]]] iniiininininininnnncrcccrccccrccccrcreaeaeaeaeaeaeaeeae ses

3 KKKKKKKKKKKK ppspspspspspspspspspssK ininnnininnininnninincrcrcrcrcrcrcrcrcrcrcrcrcreaeaeaeaeaeaeaeaeaeeaeaeassssesssssssssssss

swer: A 
rked solution:  

e forward reaction is endothermic When temperature increases the posit
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39 The structure below represents meso-tartaric acid.

C C

OH

COOH

H

HOOC

HO

H

Which of the following statements explains why this isomer of tartaric acid does not
exhibit optical activity?

1 The molecule contains a plane of symmetry.

2 The molecule has net dipole moment which cancels out the rotation of plane 
polarised light.

3 Hydrogen bond formation prevents the molecule from rotating plane-polarised 
light.

Answer: D  
Worked solution:
Even though the compound contains chiral carbon, the plane of symmetry cancel out 
the rotation of plane polarised light.

40 In which one of the following pairs of compounds is the boiling point of the
second compound B higher than the first compound A? 

A B
1 NO2

OH

NO2

HO

2

3
OH O

Answer: B 
Worked solution:
Option 1: Intramolecular H bonding occurs in compound A, it minimises intermolecular 
H bonding, lowering the boiling point. Compound B has intermolecular H bonding.

1 The molecule contains a plane of symmetry.

2 The molecule has net dipole moment which cancelss outt tthe rotatio
polarised light.

3 Hydrogen bond formation prevents the molececululee frfroom rrototatatiningg pplane
light.

swer: D  
rked solution:

en though the compound containnnss s chchc iririralalal carbooon,nn ttthe plane ooooooooooooooofff fff f f fffffff sysysysysyssysysysysysysysysys mmmmmmmmmmmmmmmmmetetetetetetetetetetetetetetetetrrrryrr  cancel o
rotation of plane polarised lighghghgg ttt.

In which one of ttthttttththttththe ee ee eeeeeee fofofofofofofofofofofofof lllllllllllllllllllowooooooooooo innnnnnnnnnnngggggg papapapapapapapapapaapapairirirririririrrrssssssssssss of cccccccccccccomomomomomomomomomomomompopopopopopopopopopopopopoununuuuuunuuuuu ddddsddddddddddd  is the boiling point of
second comomomomomomomomommmomompopopopopopopopooooounddddddddddd BBBBBBBBBBB hihihihihihihihihihihihighghghghghghghghgghghghghererererrerrrrrrrr tttttttttthahhhhhhhhh n theeeeeeeeeeeee fifififififiifif rsrsrsrssrsrsrsrsrsrsrr tttttttt cococococococoococococompound A? 

A B
1 NNNNNNNNNNNOOOOOOOOOOOOO2222222222222

OH

NO2

HO

2
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Option 2: Both A and B have similar Mr but the surface area for Van der Waals’ forces 
of attraction in A is lower than B. Thus boiling point of B is higher.
Option 3: Compound A has intermolecular hydrogen bonding but compound B has pd-
pd forces of attraction. Therefore compound A has a higher boiling point.
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2012 NYJC JC1 H2 Chemistry Promo Exam Answer Key 

1 B 11 D 21 D 31 A
2 A 12 A 22 A 32 D
3 C 13 A 23 C 33 C
4 B 14 A 24 B 34 B
5 C 15 B 25 D 35 B
6 D 16 C 26 D 36 D
7 D 17 D 27 A 37 D
8 D 18 D 28 A 38 A
9 A 19 B 29 B 39 D

10 C 20 A 30 B 40 B
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Section A 

For each question there are four possible answers, A, B, C and D. Choose the one you 
consider to be correct.

1 Bromine gas is toxic. The maximum safe toleration level of bromine gas in air is
0.004 mg dm-3. How many bromine atoms are present in 1 dm3 of air at this
toleration level?

A 1.50 x 1016 B 3.00 x 1016

C 6.00 x 1016 D 3.00 x 1019

2 Group I and Group II ionic hydrides react with water.

H + H2O OH + H2

In an experiment, 1 g of a sample of an ionic hydride is dissolved in excess H2O.
The resulting solution required 24.0 cm3 of a 2.0 mol dm-3 HCl solution for
complete neutralisation.

What is the formula of the hydride?

A CaH2 B LiH

C MgH2 D NaH

3 Carbon disulfide, CS2, a volatile flammable liquid used in the manufacture of 
cellophane, is oxidised on combustion as follows:

CS2 (g) + 3O2 (g) CO2 (g) + 2SO2 (g)

A 20 cm3 sample of carbon disulfide vapour is ignited with 100 cm3 of oxygen. 
The final volume of gas after burning is passed into an excess of aqueous alkali.
What percentage of this final volume dissolved in the alkali? (All volumes are
measured at the same temperature and pressure, conditions under which CS2 is 
a gas.)

A 20% B 40% C 60% D 80%
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4 Which of the following formulae represents a particle with the composition 1
proton, 1 neutron and 2 electrons?
(D represents deuterium, 2H)

A D B D

C H D He

5 The first seven ionization energies of an element are as follows (in kJ mol-1):

790, 1600, 3200, 4400, 16100, 19800, 23800

The outer electronic configuration of the element is

A ns1

B ns2

C ns2 np2

D ns2 np5

6 Which of the following is incorrect for 31P3 ?

A It is more polarizable than N3 .

B It is isoelectronic with argon.

C Its valence p-orbitals are completely filled.

D It is smaller than a phosphorus atom.

7 The C2H2 molecule is linear. What can be deduced from this about the numbers
of and bonds present in the molecule?

A 2 2

B 2 3

C 3 1

D 3 2
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8 Which of the following is the most significant intermolecular force in SO2?

A ionic bonding

B covalent bonding

C Van der Waals’ attractions

D permanent dipole-permanent dipole attractions

9 The variation in bond angles in the molecules of ammonia and water is due to

A the number of lone electron pairs in the molecule

B a bonding electron pair having greater repulsive force than a lone pair

C a greater repulsion between hydrogen atoms in the longer N-H bond
length

D a greater repulsion between the hydrogen atoms in the shorter N-H bond
length

10 For which of the following pairs does the first species have a smaller bond
angle? 

A CH4, SiCl4

B PH4
+, ICl4

C F2O, H2O

D SO3, PH3

11 SF4 reacts with (CH3)4NF to form (CH3)4N+SF5 . Which of the following
correctly describes the shape of the ions in the product? 

Shape of cation (wrt N) Shape of anion

A trigonal pyramidal square planar

B square planar trigonal bipyramidal

C tetrahedral octahedral

D tetrahedral square pyramidal
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12 Which of the following diagrams correctly describes the behaviour of a fixed mass 
of an ideal gas at constant temperature?

A B

C D

13 At constant pressure, the following reaction is exothermic. 

2NO2 (g)  N2O4 (g)

The reaction is

A only spontaneous at low temperatures.  

B only spontaneous at high temperatures.  

C always spontaneous.  

D never spontaneous.

density

pressure

density

pressure

density

pressure

density

pressure
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14 For which of the following is the lattice energy likely to have the greatest
magnitude? 

A lithium fluoride

B lithium iodide

C sodium chloride

D sodium fluoride

15 Phosphine, (PH3), reacts with hydrogen iodide to form phosphonium iodide in the
reaction shown.

PH3 (g) + HI (g) PH4
+I

_
(s) , = 101.8 kJ mol-1

Given that Hf for PH3 (g) = +5.4 kJ mol-1, and Hf for HI (g) = +26.5 kJ mol-1,
what is the standard enthalpy change of formation of phosphonium iodide?

A 133.7 kJ mol-1

B 69.9 kJ mol-1

C +69.9 kJ mol-1

D +133.7 kJ mol-1
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16 The diagram shows the Maxwell-Boltzmann energy distribution curves for 
molecules of a sample of a gas at two different temperatures.

Which letter on the axes represents the most probable energy of the molecules at 
the lower temperature?

17 The rate equation for the reaction

S2O8
2_

(aq) + 2I
_

(aq) 2SO4
2_

(aq) + I2 (aq)

is rate = k[S2O8
2_

(aq)][ I
_
(aq)], where k is the rate constant.

Which of the following conclusions can be drawn from this information?

A The value of k depends on the concentrations of S2O8
2 and I .

B The value of k depends on the rate of the reaction.

C The value of k is dependent only on changes in temperature.

D The rate of reaction is dependent on concentrations of S2O8
2 and I .
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18 Lead is the final product formed by a series of changes in which the rate-
determining stage is the radioactive decay of uranium-238. This radioactive decay 
is a first-order reaction with a half-life of 4.5 × 109 years.

What would be the age of a rock sample, originally lead-free, in which the molar
proportion of uranium to lead is now 1:3?

A 1.5× 109 years

B 2.25 x 109 years

C 4.5× 109 years

D 9.0 × 109 years

19 The equilibrium constant, Kc for the following reaction is 57.0 at 700 K.

H2 (g) + I2 (g) 2HI (g)

What is the equilibrium concentration of HI at 700K if the initial amounts of H2
and I2 are 0.100 mol and 0.200 mol respectively in a 1 dm3 vessel? 

A 0.285

B 0.457

C 1.07

D 1.14

20 The following equilibrium is established when vanadium (II) compounds are 
dissolved in water.

V2+ + H2O  V3+ + 1
2

H2 + OH

How could the composition of the equilibrium mixture be altered to increase the 
concentration of the V3+ ions?

A Adding an acid.

B Adding a dehydrating agent.

C Making the solution more alkaline.

D Adding a reagent that selectively precipitates V3+ ions.
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21 1 x 10 3 m3 of hydrogen iodide was kept at 500K and a pressure of 101 kPa until 
equilibrium was reached and then suddenly cooled to room temperature. The
contents of the vessel were found to require 28.00 cm3 of 0.1 mol dm-3 of sodium
thiosulfate for complete reaction with iodine.

What is the equilibrium constant, KC for the thermal decomposition of hydrogen
iodide 2HI (g) H2 (g) + I2 (g) at 500K?

A 1.96 x 10-3

B 3.32 x 10-3

C 3.74 x 10-3

D 4.24 x 10-3

22 For the equilibrium:

H2SO4 (aq) + HPO4
2 (aq) HSO4 (aq) + H2PO4 (aq)

Which one of the following is a conjugate Bronsted-Lowry acid-base pair?

Base Conjugate Acid

A HPO4
2 H2PO4

B HPO4
2 SO4

2

C HSO4 H2PO4

D HSO4 SO4
2
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23 The graph shows a titration curve of an aqueous alkali with an aqueous acid of
similar concentration.

What could be the alkali and acid in this titration?

Alkali Acid

A NH3 (aq) CH3CO2H (aq)

B NH3 (aq) HCl (aq)

C NaOH (aq) CH3CO2H (aq)

D NaOH (aq) HCl (aq)

24 An enzyme was found to operate at maximum efficiency in an aqueous solution
buffered at pH 5. Which of the following would give the necessary buffer solution
when dissolved in 10 dm3 of water?

A 1 mol of HCl and 1 mol of CH3CO2H

B 1 mol of CH3CO2H and 1 mol of CH3CO2Na

C 1 mol of HCl and 1 mol of CH3CO2Na

D 1 mol of CH3CO2NH4

pH

Volume of aqueous acid added
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25 The numerical value of the solubility product of strontium hydroxide, Sr(OH)2, is 
3.0 x 10 4. What mass of Sr(OH)2 is required to prepare a 1 dm3 of saturated
solution?

A 43.0 10 x 121.6  g

B 43.0 10
2

x 121.6  g

C 43.0 10 x 121.6  g

D 4
3 3.0 10

4
x 121.6  g

26 Aluminium hydroxide is a sparingly soluble salt but is often used in tablets taken
to relieve the effects of heartburn and stomach ulcers. In aqueous solution, it
dissociates according to the following equation: 

Al(OH)3 (s) + aq  Al3+ (aq)  +  3OH (aq)

If the solubility product, Ksp of Al(OH)3 is x, what is the value of [Al3+(aq)] at
equilibrium?

A 1
4(x)

B 1
41( x)

3
C 1

41( x)
9

D 1
41( x)

27
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27 The numerical values of the solubility product of calcium carbonate and calcium
fluoride are 8.7 10 9 and 4.0 10 11 respectively at 25 C. 
Which of the following statements is true? 

A Calcium fluoride has a higher solubility than calcium carbonate.

B Addition of sodium fluoride to a saturated solution of calcium fluoride
increases the solubility of calcium fluoride.

C Addition of sodium fluoride to a solution containing calcium fluoride
decreases the solubility product of calcium fluoride.

D Addition of calcium nitrate to a solution containing fluoride ions and 
carbonate ions, both 1 mol dm–3, causes calcium fluoride to precipitate out
first.

28 Compound S has the following structure:

(CH3)2C=CHCH2CH(OH)CH2CH=C(CH3)2

What is the total number of stereoisomers possible for this molecule?

A 0 B 1 C 2 D 3

29 Pyrethrin is a natural insecticide made from some chrysanthemum species.

What is the total number of cis-trans isomers that are possible for this organic 
molecule?

A 2 B 4 C 8 D 16
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30 How many chiral centres are there in the molecule shown below?

Cl

A 4 B 5 C 6 D 7
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Section B

For each of the questions in this section one or more of the three numbered statements 
1 to 3 may be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put 
a tick against the statements which you consider to be correct).

The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

31 Which of the following properties can be explained in terms of hydrogen 
bonding?

1 Ammonia is very soluble in water.

2 Ice is less dense than water.

3 The relative molecular mass of ethanoic acid is 120 in benzene.

32 For which of the following reactions does the value of H represent both a
standard enthalpy change of combustion and a standard enthalpy change of
formation?

1 C (s) + O2 (g) CO2 (g)

2 2C (s) + O2 (g) 2CO (g)

3 NO (g) + ½ O2 (g) NO2 (g)
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

33 Which of the following are always endothermic processes?

1 the hydration of a gaseous cation

2 the dissociation of a diatomic molecule into atoms

3 the sublimation of a solid

34 The rate equation for the reaction 2A + B C + D is given as
Rate = k[A][B]. The initial concentration of A = 0.20 mol dm-3 and the initial
concentration of B = 0.001 mol dm-3. 

Which of the following statements regarding the experiments are correct?

1 The half-life for the [B] against time curve is approximately constant.

2 The mechanism for the above reaction involves more than one step.

3 Changing the initial concentration of A to 0.002 mol dm-3 will not affect the 
half-life of B.

35 Consider the equilibrium: 2SO2 (g) + O2 (g) 2SO3 (g) H = 197 kJ mol-1

Which of the following would increase if temperature increases?

1 amount of SO2

2 rate of both forward and backward reaction

3 equilibrium constant, Kp
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

36 The graph below shows how the percentage of reactant X(g) that remained in an
equilibrium mixture varies with temperature at pressures of 1 atm and 2 atm.

Which of the following conclusions about the reaction can be drawn from this
information?

1 The equation for the above reaction could be X(g)  Y(g) + Z(g)

2 The reaction is endothermic in the forward reaction.

3 The equilibrium constant Kp decreases as pressure increases.

37 Which of the following can affect the magnitude of the solubility product Ksp, of 
silver sulfide, Ag2S, when it is precipitated by passing H2S (g) into aqueous silver
nitrate?

1 an increase in temperature

2 the presence of an excess acid

3 the addition of silver nitrate solution

Temperature
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

38 A metal hydroxide dissolves partially in water as shown

M(OH)2 (s) + aq   M2+ (aq) + 2OH (aq) H > 0 

Which of the following are true as temperature increases?

1 equilibrium is reached at a faster rate

2 [OH ] increases

3 Ksp increases

39 The structure below represents meso-tartaric acid.

C C

OH

COOH

H

HOOC

HO

H

Which of the following statements explains why this isomer of tartaric acid does 
not exhibit optical activity?

1 The molecule contains a plane of symmetry.

2 The molecule has net dipole moment which cancels out the rotation of 
plane polarised light.

3 Hydrogen bond formation prevents the molecule from rotating plane-
polarised light.
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are

correct

1 and 2 
only are
correct

2 and 3 
only are
correct

1 only
is

correct

No other combination of statements is used as a correct response.

40 In which one of the following pairs of compounds is the boiling point of the
second compound B higher than the first compound A? 

A B

1 NO2

OH

NO2

HO

2

3
OH O
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Answer all questions in the spaces provided.

1 Planning (P)

A student is interested to determine the standard enthalpy change of combustion 
C) of propanol, C3H7OH (l), using common apparatus found in the school 

laboratory. 

(a) Calibration of set-up

The student decided he should determine the heat capacity, C, of his 
experimental set-up before using it to determine HC of propanol. 

Given that HC of ethanol, C2H5OH (l), -1, the student first carried 
out an experiment using ethanol to determine the heat capacity, C, of his set-up 
and obtained the following data:  

Mass of ethanol and spirit lamp before combustion = 532.68 g

Mass of ethanol and spirit lamp after combustion = 531.30 g 

Volume of water = 200 cm3

Initial temperature of water = 25.0 oC 

Final temperature of water = 36.3 oC  

Using the data the student gathered, determine the heat capacity, C (kJ K-1), of 
his set-up.

Ans:  

1

 C  TH = 
n

H  nC = 
T
532.68 531.31371  

46.0
(36.3 25.0)

3.640 
3.64 kJ K

ethanol

ethanol

           [2]
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Given that HC of ethanol, C2H5OH (l), -1, the student first ca
out an experiment using ethanol to determine the heat capaccitityy, CC, of his se
and obtained the following data: 

Mass of ethanol and spirit lamp before combustion = 53532.2.6868 gg

Mass of ethanol and spirit lamp after combustion = 5555555555555555555555555555555555555553131313131313131313131313313131313131313131313131313131313133331331313131313131331313133333111111.33.3.3.33333.3.3.33333.33.3.3.3.3.3.3.3.3.3.33.33.3.333.333333.3333.330000000000000000000000000000000000000 gg

Volume of water = 200 cm3

Initial temperature of water = 22222222225555555555.0000000000 oCCCCCCCCCCC

Final temperature of water ========= 333333333366666666.6 333333333 ooooooooooCCCCCCCCCCC 

Using the data the sssssssstuuuuuuuuuudedededededededeededentnnnnnnnnn  gattttttttthehehehheheheheheheered,d,d,d,d,d,d,d,d,d,d dddddddddddetermiiiiiiiiineneneneneneneneneee tttttttttttheheheheheheheheheee heat capacity, C (kJ K-

his set-up.

Ans:::::::::::: 
CCCCCCCCCCC  TTTTTTTTTH =
nnnnnnnnnn

nnnnnnnnnnnnnC =
T

etheeeeeeeeee annnnnonnnnnn l

ethethethethethethethetethethethaanollH 

532.686868686886868686868686666 531.313711371 
46 0

1371
46.0

(36 3 25 0)
46 0

(36 3 25 0)(36 3 25 0)



(b) Determining HC of propanol

The student carried out the experiment using the same set-up, this time using 
propanol as fuel and obtained the following data:
Mass of propanol and spirit lamp before combustion = 538.74 g
Mass of propanol and spirit lamp after combustion = 536.34 g
Volume of water = 200 cm3  
Initial temperature of water = 25.0 oC 
Final temperature of water = 47.2 oC 

Use the data above and your answer in (a) to determine the enthalpy of 
combustion of propanol.

Ans:  

1

C  TH = 
n

 3.640 (47.2 25.0) 
538.74 536.34

60.0
 2020 kJ mol

ethanol

[2] 
(c) Experimental procedures

Draw a labelled diagram to show the set-up the student used to obtain the data for 
determining HC of propanol.  
Hence, describe the procedure for the experiment.

  
 Ans:  

[5] 
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Use the data above and your answer in (a) to determine the enthalp
combustion of propanol.

Ans: 

1

C  TH =
n

 2020 kJ mol

3 640 (47 2 25 0)(47 2(47 2 3.640 (47.2 25.0) 
538 74 536 34

3.640 25.0)(47.2(47.2
538.74 536.34538 74 536 34

60.0

ethanol

Experimental proceddduddddd rerrerrrrrerrr ssssssssss

Draw a labbbbbbbbbbeleeeeeeeeee leddddddddddd didididididididididdiagaa raraaaraaaaaammmmmmmm tototototototoootoo ssssssshohohohohohohohohohohow w w w wwww ww w thththththththhhhe sesesesesesesesesesesetttttttt-------upupupupupupupupupp ththththththththththe student used to obtain the dat
determininnnnnnnnnnggggggggggg HC ofofoffofofofofofoff ppppppprooooooooopapapappapappapanol. 
Henccccccccccccccce,e,e  desesesesesesesesessscrc ibe thhhhhhhhhhhe eeeeeee prprprprprprprprprp ococococococococococo edururururururururreeeeeeeee fofofofofofofofofofor rrrrrrrrrr the experiment.

Ans:  



1. Fill the copper can with 200 cm3 water and set up the apparatus as in the diagram. 
Measure and record the initial temperature of the water with a 0.2 C division 
thermometer.

2. Weigh and record the initial mass of the entire spirit lamp.

3. Light up the spirit lamp. Stir the contents of the copper can to ensure even mixing until 
there is a 5 ~ 10 C rise in temperature. Blow to extinguish the flame and record the 
maximum temperature. 

4. Reweigh the entire spirit lamp

[5] 

(d) Identify a potential hazard associated with this experiment, and suggest how the 
hazard can be kept to a minimum.

Any one of the following points:

Alcohol is volatile and toxic; hence containers of alcohols should be covered when 
not in use / Proper disposal of alcohols after experiment.  

Alcohol is flammable and may cause a fire if ignited accidentally; hence there 
should be no naked flames near the chemicals.  

[2]

(e) A bomb calorimeter is a type of constant-volume calorimeter that is used to 
measure accurately the enthalpy of combustion of a particular reaction.
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Identify a potential hazard associated with this experiment, and suggest how
hazard can be kept to a minimum.

Any one of the following points:

Alcohol is volatile and toxic; hence containers of alcoholololololololoololo ssssssssss shshshshshshshshshshss ouoooooooooo ld bbbbbbbbbbbbbeeeeeeeeeeee cococococococococoococ vevevevevevevevevevevev rrrrrerr d w
not in use / Proper disposal of alcohols after experimmmmmmmmmmmeneneneneneenenenenenenenenenenenennenenennenneneneneneenennnenenneneneeneneneneneeneenneeeneneeneneeeenenenee tttt.t.tt.tt.ttt.t.t.ttt.t.t.ttt.tttt.tt.t......  

Alcohol is flammable and may cause a firrrrrrrrrrrre eeeeeeeeeee ifififififififififififf igngngngngngngngngngngngngngngngngngngngnnnggngngngnggnngnngngngnnnggnnngnnnngngnnnnngngnnngngggnngnngnngnnggngg iitttittititttititittttttttttiititititiiiitittitttitttittttttttitititiii ededededededededededededededededdededddedededdedededededededdddededeeededeeedeeeededeeedeeedddedeedeeeedeeeeeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccididididididididididididididdidididididididdididididdididididdididdidididiidddidididdidddddddi eneneneneneeeeeeenennnneeeneneeeeennnnnnnnnnnnntatatatatatatataatatallllllllllllllly;y;y;y;yyy;y;y;y;y; hhhhhhhhhheneneneneenenenenenenenencecececececececeecce there 
should be no naked flames near theeeeeeeeeeee cccccccccchemiiiiiicaccacacccaccacaccc lslsllslslsllslslsllss. 

A bomb calorimeterererererererrrrr iiiiiiiiisssssssss a tytyyyyyyypepepepepepepepepepepe of ccccccccccconnnnnnnnnnnstant-vovovovovovovovovovolululululululululumememememememememmem  calorimeter that is use
measure accurately ttttttttheheheheehehehehehee eeentntntntntntntntntntnthalppppppppppyyyyy yyyy ofofofofofofofoffof ccccccccomomomomomomomomomoo buuuuuuuuuustststststststtststs ioioioioioioooionnnnnnnnnnn ofofofofofofofofofofof aaaaaaaaaa pparticular reaction.



Though highly accurate, the bomb calorimeter is also complex to use and very 
expensive.

Suggest a reason for the improved accuracy of the Bomb calorimeter compared to 
the experimental set-up you described in (c).

Any one of the following points:

Air jacket around the calorimeter prevents heat loss to surrounding / acts as 
insulator.

Mechanical stirrer helps to ensure heat is evenly distributed in the water; hence 
temperature measured will be accurate.

Water completely surrounds the bomb calorimeter to ensure that heat generated 
will be completely transferred to water.

Sample is ignited electrically; helps minimize error due to heat loss when naked 
flame is used / heat contributed by burning of wick.  

[1]

[Total: 12]
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temperature measured will be accurate.

Water completely surrounds the bomb calorimeter to ensure thththththththhthththht ttattttatttt hhhhhhhhhheat gener
will be completely transferred to water.

Sample is ignited electrically; helps minimize error dueueueueueueueueueeuee ttttttttttoooooooooooo hehehehehehehehheehehh at llllllllllososososososososososoo sssssssssss whwhwhwhwhwhwhwhwhwhwhw en n
flame is used / heat contributed by burning of wick.  

[Tota



2 Halogens can react with each other to form interhalogen compounds.  These 
compounds are of special importance as highly reactive intermediates and for 
providing useful insights into bonding.

(a) (i) Construct dot-and-cross diagrams to illustrate the bonding in BrF3, BrF2
+

and BrF4
-. Use the Valence Shell Electron Pair Repulsion theory to predict 

their shapes.
        

Species Dot-and-cross diagram Shape

BrF3 Br
. .

x
x

x x

F
x .

F

x.x
.

F

x
x

x x
x
x

x x

x x

x
x

x x

. . T-shaped 
wrt Br atom: 3 bp, 2 lp

BrF2
+

.. Br. .
x.

x
x

x x

x x

F
x .

x
x

x
xF

x x

+

Bent 
wrt Br atom: 2 bp, 2 lp

BrF4
-

Br
. . x

x

x x

F

x . F

x x
x
.

x
.

FF
. .

x
x

x x
x
x

x x

x x

x
x

x x

x x
x
x

-

x.

Square planar
wrt Br atom: 4 bp, 2 lp

   

(ii) BrF3 is a covalent compound which exhibits electrical conductivity in the
liquid state at room temperature.  By means of writing an equation, 
suggest an explanation for its electrical conductivity.

                                                              
  BrF3 ionises in the liquid state to give free mobile ions which can conduct 

electricity.

   2BrF3 BrF2
+ +  BrF4

-

           [8] 
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BrF3 Br
x
x

x x

x

F

x.x
.

F
x x

x x

x
x

x x

. T-shaped 
wrt Br atom: 3 bp, 2 lp

BrF2
+

.. Br. .
x.

x
x

x x

x x

F
x .

x
x

x
xF

x x

+

Beeeeeeeeeeennnnnntnnnnn  
wrwrwrwwrwrwrwrwrwrwrwrwrwrwrwrwrwrwwrwrwrwwrwrwrwrwrwwrwrwwrrrwrwrwwrwrrwrwrwrrwrwrrw t t tttttt tttttt t t t t ttt t tttt tttt t ttt t BBBBrBrBrBrBrBrBrBrBBBrBBrBrBBBBBBrBBBBBBBBrBrBBBBrBBBBBBBrBBrBBBBBBBBBBBBBBBBBBBBBBB aaaaaaaaaaatom: 222222222 bbbbbbbbbbpp,p,pp,p,p,p,pp,, 2 lp

BrF4
-

Brrrrrrr
. . xxxxxxx

xxxxxxxxxx

x xxxxxxxxxx

F

xxxxxxxxxxx . F

x xxxxxxxxx
xxxxxxxxxxxx
.

xxxxxxxxxxxx
.

FFFFFFFFFFFFFFFFFFFFFF
. .........

xxxxxxx
x

x x
x
xxxxxxxx

x x

x x

xxxxxxxxxx
xxxx

x xxxx

xxxxxx xxxx
x
x

-------

xxxxxxxxxxxx...

Square planar
wrt Br atom: 4 bp, 2 lp

   

(ii) BrFFFFFFFFFF333333333 isisisisisisisisiss aaaaaaaaaa ccccccccccovovovovovovovoovoo alaalalaalaaaaalenenenenenenenenenee tttt tttttt compound which exhibits electrical conductivity in
liquid ststststststststststs atatatatatatatatatata e aaataaaaaa  room temperature. By means of writing an equa
suggeststststststttttt aaaaaaaaaaannnnnnnnnnn explanation for its electrical conductivity.

                                                              
BrF3 ionises in the liquid state to give free mobile ions which can condu



(b) The compound ICl3 does not exist but the dimer I2Cl6 exists as a yellow solid.

Draw a diagram to illustrate the bonding in the dimer and suggest the bond 
angle with respect to the iodine atom in the dimer. 

 Ans: 

I

Cl

Cl

Cl

Cl

I

Cl

Cl                            

Bond angle with respect to iodine atom: 109O                            
[2] 

(c) 0.270 g of a metallic salt containing the anion IxCly
– decomposed when heated to 

form iodine vapour and the metallic chloride. The iodine evolved was bubbled into 
excess potassium iodide solution. 

The dissolved iodine required 21.30 cm3 of 0.0600 mol dm-3 of aqueous sodium
thiosulfate for complete reaction. When the residue was dissolved in water, the
resultant solution required 6.40 cm3 of 0.100 mol dm-3 aqueous silver nitrate for
complete reaction. 

(i) Determine the value of x and y in IxCly
–.

  I2 + 2S2O32–  S4O62- + 2I–  
2

2 3S O

0.0600n 21.30
1000

 = 1.278 x 10-3 mol

I
n  = 1.278X10-3 mol

3

0.100n 6.40
1000AgNO  6.39X10-4 mol

Ag+(aq) + Cl-(aq) AgCl(s)
  n

Cl
= 6.39 x 10-4 mol  

mole ratio of I-: Cl-  = x : y  
     =1.278X10-3 : 6.39 x 10-4   

= 2 : 1 
  Hence x = 2 & y = 1

(ii) Hence, determine the identity of the metallic element. 
–

x yI Cl
n = 6.39X10-4 mol

  Mr of the metallic salt = 4

0.270
6.4 10

= 421.9 

  Ar of metal = 421.9 – (79.9 X 2) – 35.5 = 133 
Identity of the metallic element: Caesium / Cs  

           [5]

[Total: 15] 
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o d a g e espec o od e a o : 09

0.270 g of a metallic salt containing the anion IxCly
– decoommpososed when 

form iodine vapour and the metallic chloride. The iodinnee evevololveved was bu
excess potassium iodide solution. 

The dissolved iodine required 21.30 cm3 of 00.0.000000.0.0000000000000000000000000060606060606060606060606060606060606060606060060606060606060606060600660600060006060660060006000600060600600006000000000000000000000000000000000000000000000000000 mmmmmmomommmmmmmmmmm l dmm-3-3 ofof aqueou
thiosulfate for complete reaction. WWWheheheheheheheheheehen thhe e eeeeeeee eeeeeee eeee e eee rerererererererererererererererererererererererererererrerereereereerereerereeeereereeerrreeeesisisisisisisissisissisisisisssisisissisissisisisisisisssissisiiisissisiisssisss dududududududududddududududududududududududududududududududdddududududdududududuududuuudduuudduuuuuudueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee wawawwww s didissssololvev d in w
resultant solution required 6.40 cm3 ofofofofofofofofof 00000000 111111111111111111111111111111.11111110000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmolololololololololololololololoolooloololololollolololoololloooolooooolollooloolo dddddddddddddddddddddddddddddddddddddddddddmmmmmmmmmmmmmmmmmmm-3-3 aqaqueueououss silver
complete reaction. 

(i) Determine the value ofofofoofofofofofof x annnnnnnnnd y iniiiiiiii  IIIIIIIIIxxxxClyyyyyyyy
––––.......

I2 + 2S2O32– SSSSSSSSSSSSS444444444O62- + 2I– 
2

2 333333333S O2

0.0000000000 060000000000000n 2111111111 3.333300000000
1000000000000000

=========== 1.11 2727272727272727272778888888888 x 10000000000000-33333333333 momomomommomomomomooool

I
n ============ 1.27777777777778X8X8X8X8X8X8X8X8XX8X88 10101011111 -3 mommmmmmmmmm l

3

0.1000000000000000000nnnnnnnnn 66.6 40000000
1010101010101010101011000000000000000000000000000AgNAgNNNNNNNNNNNOOOOOOO3

6.4000000000000 6.6.6.66.6.66.66.6.6.6 3939393939393939393939939X1X1X1X1X1X1X1X1X111X1X111XX110-4 mol

Aggggggggggggg+(a(a(a(a(a(a(a(a(a(aaaaq) + Cl-(a(a(a(a(a(a(a(a(a(a((aq)q)q)q)q)q)qq)q)q)q)q)q  AgAgAgAgAgAgAgAgAgAgAgAgAgCl(s)
n

Cl
========= 6.6.6.6.6.6.6666666 39393939393939939393939 xxxxxxxxxxxx 1010101010010000100-44444444444 mmmmommmmmm l 

mole rattttttttttioioioioioioioiooioooioi  of I-: Cl-  = x : y  y
   =1.278X10-3 : 6.39 x 10-4  

= 2 : 1



3 The decomposition of calcium carbonate follows the equation:

CaCO3 (s)  CaO (s)  +  CO2 (g)

Given that for this reaction, H = + 178 kJ mol 1 and G = + 130 kJ mol 1, 

(a) (i) Calculate a value for the standard entropy change S for the reaction.
       
            
  Using G = H  – T S , 

+130 = (+ 178) – 298 ( S )
S   = + 0.161 kJ mol-1 K-1   

  

(ii) Hence, explain the significance of the sign of S obtained.

S , being positive, means the reaction goes with a decrease in order

of the system. This is due to the formation of 1 mole of CO2(g) in the   

reaction.

[3] 

(b) (i) Calculate the temperature at which the reaction becomes feasible.

Reaction is spontaneous when G < 0
H  – T S < 0   

(+ 178) – T (+ 0.161) < 0  
     T > 1106 K    
  Hence, the reaction becomes spontaneous when temperature is greater 
  than 1106 K.

(ii) State an assumption made in the calculation above.             

   The assumption is that H do not change with temperature

[3] 

[Total: 6] 
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(ii) Hence, explain the significance of the sign of S obbtatainineded.

S , being positive, means the reaction goes wiiiiiiiiiithththththththththhhh aaaaaaaaaa dedededededededededeeeccreaaaaaaaaaaasesesesesesesesesesees iiiiiiiiiinnnnnnnnnnn ororororororororororo der

of the system. This is due to the formation of 1 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmololololololooololololololooooololololoooolololooolooooloooloooooolololooloooooo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ofoofooofooooofofofofofooofoooooooofoofofoofoofooofooofofoooofofofofoooooooooofofofofffofoo CCCCCCCCCCCCCCCOO2(gggggggggg))))))))))) ininininiininii  the   

reaction.

(b) (i) Calculate the temperrrrrrrrrrrrrrrattttttttture atatattatatattt wwwwwwwwhihihihihihihihihihichchchchhchhhhh ttttttheheheheheeheheheh rrrrrrrrrrrrreeeaeeee cttttttttttioiiii n becocomem s feasible.

Reaction is sppppppppppponononononononononononontatatatatatataataaanennnnnnnnnnn oussssssssssss whwwwwwwwwwww enenenenenenennenenenne  G < 000000000
H  – TTTTTTTTTTTTT SSSSSSSSSSSS < 00000000000  

(+ 17171717171717171717171778) ––––––––– TTTTTTTTTTTTT (+ 0.00000000000 161616161616161616166111111111) <<<<<<<<<<<< 000000000 000  
T > 1106 KKKKKKKKKKKKKK

HeHeHeHeHeHeHeHeHHeHeHHencccccccccccce,ee,e,eee,e,e,e,e,e  the rrrrrrrrreaeaeaeaeaeaeaeeaeaeeaeactctctctctctctctctctctttioioioioioioioioii n bebebebebebebebeebebebebecocococococoococoococoomememememememememememememeees spontaneous when temperature is greate
thtththththtttttt annnnnnnnnnnn 11111111111110101010101010101010110066666666666 K.KKKKKKKKKKKK

(ii) State eee anananananananananann aaaaaaaaaaassumumuummmption made in the calculation above.        

 The assumption is that H do not change with temperature



4 In the vapour phase, methanoic acid associates to form dimers.

2HCOOH (g) (HCOOH)2 (g)

At 227 C and 1.50 x 105 Pa, 0.155 g of methanoic acid vapour occupies 69.3 cm3.

Calculate

(a) (i) the average relative molecular mass of the gaseous mixture

5 -6

-1

  

(0.155)(8.314)(227 273)  
(1.50 10 )(69.3 10 )

 62.0  

pV nRT
mpV RT
M

M

g mol

Mr = 62.0 (1 dpl)

[2]

(ii) , the degree of association of methanoic acid, defined as the fraction of 
the methanoic acid that associates, using the formula

r r

r

average M - M (HCOOH)
average M

  Ans: 
average Mr-Mr(HCOOH)

average Mr
62.0-46.0= 2

62.0
= 0.516

[1]
(iii) the partial pressures of HCOOH and (HCOOH)2 at equilibrium.

   Let the initial amount of HCOOH be x. 

      2HCOOH (g) (HCOOH)2 (g)

Initial / mol  x   0 

Change / mol  -  x   + ½  x

   Eqm / mol  x –  x   + ½  x

  
TOT

1 1n = x - 
2 2
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5 6

-1

(0.155)(8.314)(227 273) 
(1.50 10 )(69.3 10 )5 -6

 62.0 

M

M

g mol 
10 )(69.310 )(69.5

Mr = 62.0 (1 dpl)

(ii) , the degree of association ofofofofofofofofofoof methaahahahahahahahahaanononononononnnoic aaaaaaaaaaccicicicicciciciccicicicicicicicicicicicicciciciciciciccicccciccccccciccccccccc d,d,d,d,d,dd,d,d,d,d,d,d,d,ddd,dd,d,dd,d,dddddd,dddd,dddddd,dd,ddddddddddddddddd,d ddddddddddddddddefinneded as ththe e frfraction o
the methanoic acid that asasasasasasasaasassosososososossss cicccccccccc atatatatatatatatataa es, ussssssssinininininini ggggggggggggggggg the formulaa

aaavvvvvvvvvveeeeeerrrrrrragggggggggge MMMMMMMMMMM --------- MMMMMMMMMMMMMMM (HCCCCCCCCCCCCOOH)r rg ( )r raaaaaavvverrrrrragggge M  MMMM (HCCCCCCCCCCOOH)r r

rrraveragggggggggeeeeeeeeee MMMMMMMMMMMaverage MMMMMMMMM

Ans: 

== 22222222

= 0.0.0.000.0.0.0.0.0.5151515151515151555155 66666666666

avererererererererrrrragagggggggggge eeee MMMrMMMMMMMMM ----M----- r(HCCCCCCCCCCCOOOOOOOOOOOOOOOOOOOOOOOOO H)H)H)H)H)H)H)H)H)HHH)H)g ( )))))ave ageee ( COOOOOO ))))))))
avvvvvvvvvvvverrrrerererererererrraaaagagagagaaaa e MrMrMrMrMrMrMrMrMrMMravavvvvveeeereeee aggggggage Mrrrrrr

6262626262626262626266262.0.0.0.0.0.0.0... -4-4-4-4-4-4-4-4-4-4-4-446.0
62.062 0

(iii) the partitititttittiiiiial pressures of HCOOH and (HCOOH)2 at equilibrium.

Let the initial amount of HCOOH be



5

5

4

1
2

1 1.50 1011
2

1 0.5161 1.50 10
1 0.2582
9.78 10

HCOOH TOT
x xP P

x x

Pa

  

2( )

5

5

4

1
2

1
2

1
2 1.50 1011

2
0.2582 1.50 10

1 0.2582
5.22 10

HCOOH TOT

x
P P

x x

Pa

2

5 4 4
( ) can also be found by 1.50 x 10 –  9.78 x 10   5.22 x 10 PaHCOOHP

[2]
(iv) The value of the equilibrium constant Kp for the dimerisation of      

methanoic acid at 227 C.

  
2

4
(HCOOH) -6 -1

p 2 4 2
HCOOH

P 5.22×10K = = = 5.46×10  Pa
(P ) (9.78×10 )

      [1]

(b) (i) State and explain whether the forward reaction is endothermic or 
exothermic.

(c)

The forward reaction is exothermic as bond formation is an exothermic 
 process. 

(ii) Predict the effect on the degree of association of methanoic acid in the 
equilibrium mixture if the temperature is lowered.

  By Le Chatelier’s Principle, system will react to increase the amount of 
  heat. 
  The forward exothermic reaction is favoured / position of equilibrium shifts 
  to the right.

Degree of association will increase.

[3]

[Total: 9] 
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2

5 4 4
( ) can also be found by 1.50 x 10 –  9.78 x 10   5.22 x 105 4 44P(

(iv) The value of the equilibrium constant Kp for the didimemeririsasattion of 

methanoic acid at 227 C.
4

(HCOOH) -6 -1
p 2 4 2

HCOOH

P( 5.22×10K = =2(HCOOH)
p 2 = 5.46×11111111100000000000 Pa-6

(P ) (9.78×10 )2 4
HCOOH

      

(b) (i) State and explain wwwwhwwwww etheheheheheeeheer rrrrr r thtthttttttt e eeeeeeeeee fofofofoofofofoforwrwrwrwwwwrwrwwwwrwwrwardddddddd reacttionon is endothermic
exothermic.

(c)

The forward rrerrrrrrrr acaaaaaaaaaaa tititittitititittitittionooooooooooo  is exexexexxexexexexxexxe otheeeeeeeeeeeeermmmmmmmmmmmmmic as bobobobobobobobobobobobobondndndndndndndndndndndndnd ffffffffffffoooroooooooooo mation is an exothermic 
 processssssssssssss.

(ii) Prrrrrrrrrededededededededdeddict thhhhhhhhhhhe eeeeeeee efeeeeeeeeee feeeeeeeecttttttttt on theeeeeeeeeee deddedededededededed grgrgrggrgrgrgrgg eeeeeeeeeee oooooooooooff ffff fffff asasasasasasasassasasssssosssssss ciation of methanoic acid in the
eqeqeqeqeqeqeqeqequiiiiiiiilill brium mimimimimimimimimimixtxtxtxtxtxtxtxtxtxtxtururururururururrurree eeeeee if tttthehehehehehehehehee ttttttttttemememememememememememperature is lowered.
ByByBBBBBBBBB LLLLLLLLLLLLe eee ChChChChChChChChChChChChChatatatatatatatttatatatteleeeeeeeeeeee ier’s s ssss ssss s PrPrPrPrPrPrPrPrPrPPrPrinnnnnnnnnnnnciciciciciciciciciciciciiplpppppppppppp e,eeeeeeeeee  system will react to increase the amount of 
heeeeeeeeeeeeeatattattatattatattat........
The fofofofofofofofofofofofoforwrwrwrwrwrwrwrrwrr ararararararararararararddddddddddddd exexexexexexexexxexexexototototototototototooto hhhhehhhhhhh rmic reaction is favoured / position of equilibrium shi
to the ririririrriririririirir ghghghghghghghghghghgg ttttttttt..
Degree of association will increase.



5 (a) Part of the structure of Vitamin D is shown below.

R

(i) Vitamin D is optically active. Briefly explain what you mean by the term    
       optically active.          

  The molecule can rotate plane polarized light.

(ii) By means of an asterisk (*), identify the chiral centre(s) in the above 
structure. 

  Ans: 

R

(iii) How many stereoisomers would you expect this form of Vitamin D to have?    
You can assume that the R group does not have any stereocenters. Show 
your calculation clearly.         

(5 2)2 128

[3]

**
*

*

*
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R

(i) Vitamin D is optically active. Briefly explain what you meeanan bbyy the term 
      optically active.          

The molecule can rotate plane polarized light.

(ii) By means of an asterisk (*), identiffffffffffy yyyyyyyyy ththtttthttttht e e ee ee e eeee chchchchchchchchchchchchchchchchhchchchchchchhchchchchchhchchchchchchhhhchcchchccccccccccchiriririririririririririririririririrrrrrirrrrrrrrrrrrrrririrriiirrrirriirrrrralalaalalaalalalalalalalalalalaalalalalaaaalaalaalalalalalallalaaalllalaaaaalalaaaalala cccccccccccccccccccccccccccccccccccccccccccccccceneneneneneneneenenenenenenenenenenenenenenenenenneneeneeneneneneeenenenenenennneneneneenntrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrrtrttrtrtrtrtrtrtrtrtrtrtrtrtrttrtrtrtrrrtrrrtrrtttt e(e(eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s)s) iinn ththee ababove 
structure. 
Ans: 

R

(iii) How many stereoisomers would you expect this form of Vitamin D to ha
Y th t th R d t h t t Sh

*****
******

***

****



(b) (i) Draw the displayed formula of all isomers of C2H2Br2. 

 Ans:    

      

(ii) Circle the stereoisomers present in your answer to (b) (i).  
   

  Circle correctly

(iii) Name the type of stereoisomerism shown and explain the origin of this 
stereoisomerism.

  cis-trans/ geometrical isomerism 
due to restricted rotation about the C=C double bond. 

(iv) From your answer to (b)(ii), suggest and explain which stereoisomer has a 
higher boiling point.   
The cis isomer is a polar molecule 
with permanent dipole – permanent dipole (pd-pd) forces of attraction 
between molecules 
The trans isomer is a non-polar molecule 
with weak van der Waals (vdW) forces between molecules. 
Strength of pd-pd > vdW  
More energy required to overcome, cis isomer has higher boiling point. 

 [7] 

[Total: 10] 
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Circle correctly

(iii) Name the type of stereoisomerism shown and explainn tthehe ooririgigin of this 
stereoisomerism.

cis-trans/ geometrical isomerism 
due to restricted rotation about theeeeeeee CCCCCCCCC=CCCC dddddououououououuublblblblblblbbb ee e e ee bobobobobobobooondndndndndnnnn ....

(iv) From your answer to (b)(ii), suuuuuuuugggggggggggggggggggggest annnnnnnnnddddddd exeeeeeeeeee pllllllllaiaiaiaiaiaiaiaiaaiaiaiaiaaiaiaaiaiaaiinnnnnnnnnnnnnnnnnnnnnnnnn whwhwwhwhwwhwwhwhwhwhwwhwhwhwhw ich stereoisomer has a
higher boiling point.    
The cis isomer is a polaaaaaaaaaaaaaaar moleculeeeee 
with permanent dddddddipipipipipipppppole – pepeppepepepepermrmrmrmrmrmrr anenenenenenenent dipoleeeee (p(p(p(p(p(p(pddddddddd-pdppppppp ) forces of attraction 
between molecuuuuuuuuleeeeeeeessssssssss
The tranannanananannanans isisisisisisooomoooooo errrrrrrr is sssssss aaaa a a nononoonnonononononnnnnnn-popopopppppopolar momomoomomomomomooleleleleleleleeecuccuucucucucuuc leleeeeeleeel  
wiwwwwwww th wwwwwwwweeeaeeee k vaaaaaannnnnnnn dedddddd r rrrrr rrr WWWWWWWWaals (v(vvv(v(vvvvvdWdWdWdWdWdWdWdWdWdW))) ))))))) foooooooorcrcrcrcrcrcrcesesesesesesees bbbbbbbbbeeteeeee ween molecules.
StStStStStStSSSSSSStSSSSS reeeeeeengngngngngngnggthththththtthh ooooooooof fff ff f pdpppppp -pdpddddpdpdpdpdpd > vdWdWdWdWdWdWdWWWW 
Morerererererereeee eeeeeeeeenergy y requququququuququiriririririrrededededededededded ttttttto oo ooooo ovovvovvovvvercome, cis isomer has higher boiling point. 

[Tota
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Answer all questions in the spaces provided.

1 Planning (P)

A student is interested to determine the standard enthalpy change of combustion 
 ( HC) of propanol, C3H7OH (l), using common apparatus found in the school 

laboratory. 

(a) Calibration of set-up

The student decided he should determine the heat capacity, C, of his 
experimental set-up before using it to determine HC of propanol. 

Given that HC of ethanol, C2H5OH (l), -1, the student first carried 
out an experiment using ethanol to determine the heat capacity, C, of his set-up 
and obtained the following data:  

Mass of ethanol and spirit lamp before combustion = 532.68 g

Mass of ethanol and spirit lamp after combustion = 531.30 g

Volume of water = 200 cm3

Initial temperature of water = 25.0 oC 

Final temperature of water = 36.3 oC  

Using the data the student gathered, determine the heat capacity, C (kJ K-1), of 
his set-up.

  [2]
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(b) Determining H C of propanol

The student carried out the experiment using the same set-up, this time using 
propanol as fuel and obtained the following data:
Mass of propanol and spirit lamp before combustion = 538.74 g
Mass of propanol and spirit lamp after combustion = 536.34 g
Volume of water = 200 cm3  
Initial temperature of water = 25.0 oC  
Final temperature of water = 47.2 oC 
Use the data above and your answer in (a) to determine the enthalpy of 
combustion of propanol.

[2] 

(c) Experimental procedure

Draw a labelled diagram to show the set-up the student used to obtain the data for 
determining HC of propanol.  
Hence, describe the procedure for the experiment.
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 [5] 

(d) Identify a potential hazard associated with this experiment and suggest how the 
hazard can be kept to a minimum.

[2]
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(e) A bomb calorimeter is a type of constant-volume calorimeter that is used to 
measure accurately the enthalpy of combustion of a particular reaction.

Though highly accurate, the bomb calorimeter is also complex to use and very 
expensive.

Suggest a reason for the improved accuracy of the Bomb calorimeter compared to 
the experimental set-up you described in (c).

[1]

[Total: 12]
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2 Halogens can react with each other to form interhalogen compounds.  These 
compounds are of special importance as highly reactive intermediates and for 
providing useful insights into bonding.

(a) (i) Construct dot-and-cross diagrams to illustrate the bonding in BrF3, BrF2
+ and 

BrF4
-. Use the Valence Shell Electron Pair Repulsion theory to predict their 

shapes.
        

Species Dot-and-cross diagram Shape

BrF3

BrF2
+

BrF4
-

                                                                            
    

(ii) BrF3 is a covalent compound which exhibits electrical conductivity in the liquid 
state at room temperature.  By means of writing an equation, suggest an 
explanation for its electrical conductivity.

                                        

                      [8]

www.KiasuExamPaper.com 
203



(b) The compound ICl3 does not exist but the dimer I2Cl6 exists as a yellow solid.
   
  Draw a diagram to illustrate the bonding in the dimer and suggest the bond 

angle with respect to the iodine atom in the dimer. 
   
  

  Bond angle with respect to iodine atom :  
[2] 

(c) 0.270 g of a metallic salt containing the anion IxCly
– decomposed when heated 

to form iodine vapour and the metallic chloride. The iodine evolved was 
bubbled into excess potassium iodide solution. 

The dissolved iodine required 21.30 cm3 of 0.0600 mol dm-3 of aqueous sodium
thiosulfate for complete reaction. When the residue was dissolved in water, the
resultant solution required 6.40 cm3 of 0.100 mol dm-3 aqueous silver nitrate for 
complete reaction. 

(i) Determine the value of x and y in IxCly
–.
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(ii) Hence, determine the identity of the metallic element. 
   

[5]

[Total: 15] 

3 The decomposition of calcium carbonate follows the equation:
    

CaCO3 (s)  CaO (s)  +  CO2 (g)
  

Given that for this reaction, H = + 178 kJ mol 1 and G = + 130 kJ mol 1, 

(a) (i) Calculate a value for the standard entropy change S for the reaction.
       
            
   

(ii) Hence, explain the significance of the sign of S obtained.                    

[3] 
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(b) (i) Calculate the temperature at which the reaction becomes feasible.

                  
(ii) State an assumption made in the calculation above.             

[3] 

[Total: 6] 

4 In the vapour phase, methanoic acid associates to form dimers.

2HCOOH (g) (HCOOH)2 (g)

At 227 C and 1.50 x 105 Pa, 0.155 g of methanoic acid vapour occupies 69.3 cm3.

Calculate

(a) (i) the average relative molecular mass of the gaseous mixture
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(ii) , the degree of association of methanoic acid, defined as the fraction of 
the methanoic acid that associates, using the formula: 

r r

r

average M - M (HCOOH)
average M

   

(iii) the partial pressures of HCOOH and (HCOOH)2 at equilibrium.

    

(iv) the value of the equilibrium constant Kp for the dimerisation of      

       methanoic acid at 227 C.

         

[6] 
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(b) (i) State and explain whether the forward reaction is endothermic or 
exothermic.

(ii) Predict the effect on the degree of association of methanoic acid in the 
equilibrium mixture if the temperature is lowered.

[3]

[Total: 9] 
5 (a) Part of the structure of Vitamin D is shown below.

R

(i) Vitamin D is optically active. Briefly explain what you understand by the 
term “optically active”. 

       

(ii) By means of an asterisk (*), identify the chiral centres in the above 
structure.   
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(iii) How many stereoisomers would you expect this form of Vitamin D to have?    
You can assume that the R group does not have any stereocenters. Show 
your calculation clearly.         
  

[3]

(b) (i) Draw the displayed formula of all isomers of C2H2Br2. 

(ii)  Circle the stereoisomers present in your answer to (b) (i).  

(iii) Name the type of stereoisomerism shown and explain the origin of this 
stereoisomerism.
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(iv) From your answer to (b)(ii), suggest and explain which stereoisomer has a 
higher boiling point.   

 [7] 

[Total: 10] 

[End of Paper]
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THESE INSTRUCTIONS FIRST

our name and class on all the work you hand in.
n dark blue or black pen on both sides of the paper.
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Answer all questions on the writing paper provided. 

1 In concentrated ethanoic acid, bromine adds to an ester, propenyl ethanoate, 
CH2=CHCH2OCOCH3, slowly enough for the orders of reaction with respect to 
bromine and ester to be determined in the laboratory. 

  

CH2 CH CH2 O C CH3

O
Br2+ CH2 CH CH2 O C CH3

OBr Br

  
Experiments were carried out with large excess of ester at room temperature. The 
change in concentration of bromine was tracked over time by pipetting 25.0 cm3

samples of the reaction mixture at regular intervals and mixing the samples with an 
excess of potassium iodide solution. A displacement reaction occurs and iodine and 
bromide are formed. Iodine is extracted and then titrated with sodium thiosulfate 
solution, Na2S2O3 (aq), of a certain concentration.

The concentration of ester was then varied, keeping the concentration of bromine 
constant. The following results were obtained:

  

Time / s

Experiment 1 
[ester] = 2.0 mol dm-3

Experiment 2
[ester] = 3.0 mol dm-3

2-
2 3S OV needed / cm3  2-

2 3S OV needed / cm3

0 40.00 40.00
100 28.10 23.80
200 18.00 12.55
300 12.05 7.35
400 9.25 4.85

(a) (i) Suggest how shape and bond angle changes at the labelled carbon C
in the overall equation above. 

   It changes from trigonal planar (120o) to tetrahedral (109o).

  (ii) Suggest a reason why concentrated ethanoic acid is a suitable solvent 
for the reactants rather than water.

[4]
Bromine and ester are largely non-polar hence able to form significant 
van der Waal’s interaction with ethanoic acid molecules. 

OR 
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Experiments were carried out with large excess of ester at room temperature
change in concentration of bromine was tracked over time by y pipipep tting 25.0
samples of the reaction mixture at regular intervals and mixingg the ssamples w
excess of potassium iodide solution. A displacement reactionon ooccccururss and iodin
bromide are formed. Iodine is extracted and then titraatetedd wiwith ssododiuumm thios
solution, Na2S2O3 (aq), of a certain concentration.

The concentration of ester was then variiiiiiededededededededededed, keeeepeppppepepppepepepepepepeppepeppppepepepepepppepeepepepepeppppppepeppppinininininininininininininininininininininininininininininnninnnnnnnng ggg g gg g ggg gg gggggggggg g ggggggg gg ggggggg thththtththththththtththththththththththhthththththhththhhthhththhhhthtthhhhhhthe ee eeeee ee ee e eeeeeeeeeeeeeeeeeeeeeeee cococc ncenntrtratatioion of br
constant. The following results were obtaineeeeeeeeeeed:d:d:d:d:d:::::

Time / s

Expepepepepepepepepepperiririririrrrir memememememememememementtttttttttt 1111 
[ester]]]]]]]]]]]]]]]]]]] ======== 2.0000 momomomomomomomomol dmdmdmdmdmdmdmdmdmdmm 3-3

ExExperiment 2
[eststerer] = 3.0 mol dm 3-3

2-
2 3333333333S OOOOOOOOOOO2

VVVVVVVVVVVS neeeeeeeeeeedeededededededededededededededededededede /////////// cm3 2-
2 3S O2

VS needed / cm3

0 4040404040404040404040.0.0.0.0.0.0.0.00.000000000000 40.00
10100101010101010100 282828288282828288.1.1.1.1.1.1.1.1100000000000 23.80
2020202020202000000000000 18181818181818181818.0.0.0.0.00.0.0.00000000000000000 12.55
300000000 12.05 7.35
400 9.25 4.85

a) (i) Suggest how shape and bond angle changes at the labelled carb
in the overall equation above



   The reactants are not soluble in water as the weak van der Waal’s 
interaction formed between ester/bromine and water molecules are too 
weak to break the strong hydrogen bonds between water molecules. 

  

(b) (i) Define the term order of reaction.

Order of reaction is the power to which the concentration of a reactant is   
raised in the rate equation.

(ii) Using the same axes, plot graphs of 2-
2 3S O

V against time for experiments 
1 and 2. Use your graphs to determine the order of reaction with respect 
to Br2 and ester, showing your workings clearly. State an assumption 
made in your calculation.  

   Assumption: 2-
2 3S O

V is directly proportional to [Br2] present. 

Graphs should be plotted with the following correctly:

2-
2 3S O

V on y-axis vs time on x-axis

Units for both axes

Data points

0

5

10

15

20

25

30

35

40

45

50

-50 50 150 250 350 450

To determine order of reaction wrt Br2
Working in graph (1m) 

Constant half-life + conclude 1st order wrt Br2 (1m)

1st t1/2 = 120s 2nd t1/2 = 250-125s =125s

2-
2 3S O

V / cm3

time / s
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1 and 2. Use your graphs to determine the order of reaction with re
to Br2 and ester, showing your workings clearly. StStatate an assum
made in your calculation. 

 Assumption: 2-
2 3S O2

V
S is directly proportional toooo [[[[[[[[BrBrBrBrBrBrBBBrBB 22222222] ] ] ]] ]]] ]] prppppppp esssssssseneeneneneneeeennt. 

Graphs should be plotted with the fooooooooolllllllllllllllllllllllllllllllllllllllllllowowowowowowowowowowowowowoowowowowowowowowowowoowowowowowowowowowwwwowoooowwwowowwowwowoo iniiniiininininininininininininininininininininininiininininnininininnnninnnniininnnggggggggggggggggggggggggggggggggggggggggggggg cocccccccc rrececececececeecctltltltltltltlttlt yyyyyyyyy:

2-
2 3S O2

V
S on y-axis vs timeeeeeeeeee ooooooooooon x-axxxxxxxxxxxississisisiss

Units for both axexexexexexexeexexxxxxx sssssssss

Data poinnnnntnnnnn s

20

25

30

35

40

45

5050

3



From the graph of [ester] = 3.0 mol dm-3, 
t1/2 is a constant at 125s  

Order of reaction wrt Br2 = 1 

OR

From the graph of [ester] = 2.0 mol dm-3, 
t1/2 is a constant at 180s  

Order of reaction wrt Br2 = 1 

To determine order of reaction wrt ester

Tangents drawn in graph 

For graph with [ester] = 2.0 mol dm-3

Relative Initial Rate = 40.0
270

= 0.1481 cm3 of S2O3
2- per s

For graph with [ester] = 3.0 mol dm-3

relative initial Rate = 40.00
180

= 0.2222 cm3 of S2O3
2- per s

When [ester] is increased by 1.5 times ( 3.0 =1.5
2.0

), the rate of reaction also 

increases by 1.5 times ( 0.2222 1.5
0.1481

)

  Order of reaction wrt ester = 1

(iii)  Hence, suggest the rate equation and calculate the rate constant k,
stating its units.

[11] 

rate = k [ester][Br2]

Using initial rate and [ester] from experiment 1, 
3 2-

2 3
-3 3 2-

2 3
-1 3 -1

0.1481 cm  of S O  per sk =  (1m)
(2.0 moldm )(40cm  of S O )

   = 0.001851 mol  dm  s    (1m for units)

Alternatively, students can use pseudo-first order method,
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Tangents drawn in graph 

For graph with [ester] = 2.0 mol dm-3

Relative Initial Rate = 40.0
270

= 0.1481 cm3 of S2O3
2- per s

For graph with [ester] = 3.0 mol dmmmmmmmmmmm----333333333

relative initial Rate = 40.00
188888880

= 0.22222222222222222 cccccccccccmmmmmmmmmmm3 oooofooooooo SSSSSSSSSSS2OOOOOOOOOOO3
2- peeeeeeeeer s

Whenenenenenenenenenenen [eeeeeeeeeesttttsttttttereeeeeeeee ] isssssssssss incncncncncncncncncncncrerererererererereeeasasasasasasasasasasa ededededededededededd by yyyyyyy 1.....55555555555 titititititittit mememememememememmmesssssssss (((((((((( 3333333333.00000000000 =1.5
2.0

), the rate of reaction a

ininniniininininnnccccrccccccc eaeeaeaeaeaeaeaeaeeases byyybyyyyyyyy 1111111111.5.5.5.5.5.5.5.5.5.55 tttttttttiiimiiiiiii essssssssss ((((((((((( 0.0.0.0.0.0.0.0.00.0 222222222222222222222222222222222 1.5
0.0.0.0.0.0.0.0.0.00.1414141414141414144144444444481

)

OOOrOOOOOOO derrr rrrrrrrr ofofofofofofofofofofo  reactctctctctctctctctctc ioioioioioioiioioioionnnnnnnnnn wrwrwrwrwrwrwrwwrwrw tttttttt t eseeeeeeeee ter = 1

(iii) HeHeHeeHeeHeeHeencncncncncncncncncn e,e,e,e,e,e,e,e,e, sssssssssssuggest the rate equation and calculate the rate const
statttttttttininininininininininnggggg gggggg its units.



180

2

2

1/2

-1 3 -1

rate = k[ester][Br ]
rate = k'[Br ]     where k'=k[ester] (constant)  (1m)

ln2k' = 
t

ln2from experiment 1: k (2.0) =  = 0.00193mol dm s (1m for units)

  
(c) Suggest an alternative method for studying the kinetics of the reaction. 

    [1] 
Use a colorimeter to track changes in concentration of reddish brown Br2

(d) (i)  Experiments 1 and 2 were conducted at room temperature.
Experiment 1 was repeated with the same initial concentrations of 
bromine and ester at 35 oC. Suggest the volume of sodium thiosulfate 
needed for titration of the first sample withdrawn at 100 s. 

2-
2 3S O

V = approximately 14 cm3 (since rate doubles with a 10 oC rise in 
temperature).

(ii) With the aid of a suitable diagram, explain in terms of the Collision 
Theory, why an increase in temperature results in an increase in rate.  

[4] 

    [Total: 20]

 

 

 

 

 

                 

                  

Boltzmann Diagram
- Correct Axes and label Ea 
- Two curves and labeled T2>T1

- Correct shading and legend   

Number of 
molecules 

T1

T2

EnergyEa

Temperature T2 > T1
  

             1
  

             T2
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d) (i) Experiments 1 and 2 were conducted at roroomom temper
Experiment 1 was repeated with the same inittiaal ccono centratio
bromine and ester at 35 oC. Suggest the voluumeme ooff ssodium thios
needed for titration of the first sample withddrarawnwn aat t 1000 ss.

2-
2 3S O2

V
S = approximately 14 cm3 (sinceeeeeeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrratatatatatatatatatatatatatatatatatataaatataaatatatataatatataataatatatattttaatatatte eeee eeeee eeeeeee eeeeeeee eeeeeee eeeeeeeeeeeeeee dodododododododododododoooodododododododdodododoodododododoododoododododododoododoodooooododdooububbbbbbbubuuubbbbles wiwiwiwiwiwiwiwiiw thththththththththth aaaaaaaa 10 oC r

temperature).

(ii) With the aid of fff aaaaaaaaaa suitititititittttableeeeeeeeeee dddddddddiaiaiiaiaiaiaiaiaagrgrgrgrgrgrrgrgrgrramamamamamamammmamamammmmmm, explain inn tterms of the Co
Theory, whyhhyhhy an inininininininnnnncrcrrcreaeaeaeaeaeaeaeaeaasesesesesesesesesesese iiiiiiin tetetetetetetetetetetempmpmpmpmpmpmmpmpm eerererererererereraturrrrrrrrrrre e ee ee e eee results iin an increase in ra

[Tot

of 
s

TTTTTTTTTTT1

TTTTTTT2222222222

Temperature T2 > T1
 

             
 

             



When temperature is increased, average kinetic energy of particles increases. 
Hence more molecules will have energy larger than Ea / more collisions with 
energy greater than Ea. Frequency of activated collisions increases and hence 
rate increases.
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2 Drinking water may contain small amounts of contaminants. As overdose of these 
contaminants may have detrimental effects on health, strict standards for the 
different contaminants are set. Haloacetic acids are identified as a common water 
pollutant. These acids are the undesirable by-products formed when water is 
disinfected using chlorine. Consumption of water containing high levels of haloacetic 
acid over a long period of time increases the risk of cancer.

Haloacetic acids are carboxylic acids in which a halogen atom takes the place of a 
hydrogen atom in ethanoic acid. 

One of the haloacetic acids is chloroethanoic acid, CH2ClCOOH. 

O 
||

CH2Cl – C – OH

Chloroethanoic acid (Ka = 1.3 x 10-3 mol dm 3 at 298 K)

(a)  (i)  Write an expression for the Ka of chloroethanoic acid, CH2ClCOOH.

]l
l

2 2
a

2 2

[CH C CO ][HK
[CH C CO H]

(ii) Hence, determine the concentration of chloroethanoic acid in a sample 
with pH 2.5.

pH = 2.5
[H+] = 10 2.5 mol dm 3 

l+
a 2 2H K [CH C CO H]     

[CH2ClCO2H] =0.00769 mol dm-3

(iii) The pH of a sample of ethanoic acid is 2.4. The value of Ka for ethanoic 
acid at 298 K is 1.8 x 10-5 mol dm-3. 

Using the data provided, compare the relative strengths of 
chloroethanoic acid and ethanoic acid in terms of their behaviour in 
water.  

Ka of chloroethanoic acid is larger. Hence, there is greater extent of 
dissociation in water, making chloroethanoic acid a stronger acid.
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O 
||

CH2Cl – l C – OH

Chloroethanoic acid (Ka = 1.3 x 10-3 mol dm 3 atat 22989 KK))

(a) (i) Write an expression for the Kaaaaaaaaaa ofoooooooooo  chlororororororrorrrrrrrrrrorrrrrrroeoeoeoeoeoeoeoeoeoeoeoeoeoeeoeoeoooeoeoeoeooeoeoeooeooooeoeeoooeoeoeoeoeoeoeeooooeeeththththththththththththhthhththhhththththththththththhhhthhhththththththththhhthanananananananananananananananananaananananannananananannaannnnanannnnnnnnna oioioiooooioioioioioioioioooioioiooiooioiioioioioioooioioooioooioo c c cccc aacid, CHCH22CClCOOH

]2 2
a

2 2

[CH C CO ][Hl2 2lK
[CH C CO H]H]H]H]H]H]H]H]HH]]l2 22222222l

(ii) Hence, ddddddddddetetetetetettettterereeeeereeeermimimimimimimimmimim nennn ttttttttttheehehehehehehehehehe cccccccononononononononononcccecccccccc ntrararararararaaaratitttttttttt ononononononononononn ooooooooooof f f f ff ff ff f chchchchchchchchchchhchloroethanoic acid in a s
withththhththththhthh pppppppppppH 2.5.

pppHpppppppp  = 2222222222.55555555555
[H[H[H[H[H[H[H[HH+] = 100000000000 2.22222222 5555 5555555 mmmmmommmmm l dmdmdmdmdmdmdmdmdmdmdm 3 333333333

a 2 2a 22a 2aa 2a 22K [C[C[C[CC[CCC[C[C[CH CH CH CH CH CH CH CH CCH C COCOCOCOOCOCOCOCCOO H]la 2 2a 2a 2a 22a 222a 22222222222 lll     

[C[C[C[CCC[CC[C[CCHHHHHHHHHH222222222CCCCCCCCCCClCOCOCOOOOOOOO2HHH]HHHHHH  =0.00769 mol dm-3

(iii) The pH of a sample of ethanoic acid is 2.4. The value of Ka for eth
acid at 298 K is 1 8 10-5 mol dm-3



(iv) The temperature is increased to 350 K. Predict and explain how the 
increase in temperature will affect the Ka and pH of the chloroethanoic 
acid.  

[6] 

Dissociation is an endothermic process. Increase in temperature will 
favour the dissociation more, thus, increasing the Ka, hence more H+ is 
formed, lowering the pH.

(b) 20.0 cm3 of 0.01 mol dm-3 chloroethanoic acid was titrated against       
0.01 mol dm-3 sodium hydroxide. 

(i) Identify the species present at region A. Hence, explain, with the use of 
relevant equation(s), why the graph remains relatively flat at this region.  

CH2ClCOOH, CH2ClCOO Na+

This is the buffer region.    

When small amount of OH is added, 

CH2ClCOOH + OH CH2ClCOO + H2O 
        

(ii) State the value of x and calculate the corresponding pH at this point.

20.00 cm3 

amount of CH2ClCOONa = 20.0/1000 x 0.01 = 2 x 10-4 mol

[CH2ClCOONa] = 2 x 10-4 x 1000/40.0 = 0.005 mol dm-3

Kb = 10-14/1.3 x 10-3 = 7.69 x 10-12 mol dm-3  

[OH-] = -127.69×10 (0.005) = 1.96 x 10-7 mol dm-3

pOH = 6.7, pH = 7.3 

x

pH

VNaOH / cm3

A
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(i) Idennnnnnnnnntify theheheheheheheheheh ssssssssssspepepepepepepepepep ciciciciciciciccciciesesssssssss ppppppppppprerererererererereresesesesesesesesesesesennntnnnnnnnn  at t ttttttt rererererererererereregigigigigigigigigigig onononononononononono  AAAAAAAAAA. Hence, explain, with the u
rererererererererrereleeeeeeeeeeevavaavavaavaavaant eeeququququququququququatatatatatatatatataa iooioioioioioiooonnnnnnnnnnn(s(s(s(s(s(s(s(s(ss( ))))))))))),,,,,,,, why thththththththththt e eeeeeeeee grgrgrgrgrgrgrgrgrgrg apapapapapappapapa hhhhhhhhh remains relatively flat at this r

CCCCHCCCCCCC 2ClllllllllCOCOCOCOCOCOCOCOCOCOCOOHOHOHOHOHOHOHOHOHOO ,,,,,,,,, CH22222222CCCCCCCCClllllllllllCOCOCOCOCOCOCOCOCOCOCOO NaNaNaNNNaNaNaNaNaNa+

ThThThThThThThThhhhisisisisisisisss iiis thttthttththttt e bubuubuubuububububuffffffffffffffffffffererererererererere rrrrrrrregegegegegegegegegegegioooooooooooon.  

WhWhWhWhWhWhWhWhWhWhW eeneeneneneenee  smsmsmsmsmsmsmsmsmsmsmalaaaaaaaaa llllll amamaamamamamamaamamount of OH is added,

CHHHHHHHHHH2222222222CCCCCCCCCClllllllllCOCOCCOCOCOCOCOCCOC OH + OH CH2ClCOO + H2O
        

(ii) State the value of x and calculate the corresponding pH at this poin

xxxxxxxxx

pH

VNaOHH // ccm3

AA



(iii) Hence suggest a suitable indicator and the colour change for this 
                            titration.    

[8] 
  Phenolphthalein, Colourless to pink

(c) Fluoride is added to drinking water to promote dental health. However, a 
standard for fluoride ion concentration has to be enforced as drinking excessive 
fluoride over a long period of time may cause bone disease.

(i)        Calcium fluoride, CaF2, is sparingly soluble in water. The numerical 
value of the solubility product, Ksp, for calcium fluoride in water at 25oC
is 1.5 x 10-10. Calculate the solubility of calcium fluoride at this 
temperature. 

Let solubility of CaF2 be x mol dm-3. 

Ksp = [Ca2+][F-]2 = (x)(2x)2  

1.5 x 10-10 = 4x3 

x = 2.64 x 10-4 mol dm-3

(ii)  In the United States, the Environmental Protection Agency (EPA) sets a 
standard for fluoride ions to be 2 mg / L to protect against a condition 
called dental fluorosis. A sample of heavily polluted water was found to 
contain 30 mg / L of fluoride.  

By means of calculations, predict whether there will be precipitation 
when 50 cm3 of 0.100 mol dm-3 of calcium nitrate solution is mixed with 
50 cm3 of the sample of fluoride ions in the polluted water.                  
(1 L = 1000 cm3) 

[F-] = 30 x 10-3/19.0 = 0.001579 mol dm-3

Ionic product = [Ca2+][F-]2  = (0.100/2)(0.001579/2)2  

= 3.1 x 10-8 mol3 dm-9 > Ksp

Yes a ppt will form. 

(iii) The numerical value of the solubility product of calcium carbonate is 
5.0 x 10-9. A student concluded that since Ksp of calcium carbonate is 
larger than calcium fluoride, the salt is more soluble. Comment on his 
prediction.

[6] 

[Total: 20]
Ksp = [Ca2+][CO3

2-]
[Ca2+] = -95.0×10 = 7.07 x 10-5 mol dm-3   

since solubility of CaCO3 is smaller than CaF2, CaCO3 is less soluble.
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y
temperature.

Let solubility of CaF2 be x mol dm-3.

Ksp = [Ca2+][F-]2 = (x)(2x)2  

1.5 x 10-10 = 4x3 

x = 2.64 x 10-4 mol dm-3

(ii)  In the United Statess,,,,,,, thtt e eeeeeeeee EnEnEnEnEnEnEnEnEnEnE vironmmmmmmmmmmmeeeeneeeeeeeeeeeeeee tal Protecctitionon Agegencncy (EPA) 
standard for fluororororororororororo ididididididddddeeeeeeeeee ioioioioioioioioionnnsnnnnnnn ttttttttttto o bebbb  2 mmmmmmmmmmmmmmmmg / L to prorotetect against a con
called dental fluoooooooooorooooooooooosiisisiisisiisis sssssss.ssss AAAAAAAAA sssssssssamamamamamamamamammmplplplplplplpppp e e eee e eeee ofofoofofofofofoo  heaeaeaeaeaeaeaeaeaeaeavivvvvvvvvvv ly polllulutted water was fou
contain 303030303030303003030 mmmmmmmmmmmg g ggg g gg gg / L of fluoridddddddddddeeee.eeee   

ByByByByByByByByByByB mmmmmmmmmeaeeeee nssssssssss oooooooooooffffff ffff cacacacacacacacacacacalclccccccululuulululuuululationssssssss, prprprprprprprprprprededededededeedede icccccccccct ttttttt whether there will be precip
wwwwhwwwwww ennnnnnnnn 50505050505050505000 cmmmmmmmmmm3333333333 of 0.111111110000000000000000000000 mmmmmmmmmmmolololololololoolol dddddddddddmmmmmmmmmmm-3-3-3-3-3-3-3-3-3-33 ooofofoofooofof calcium nitrate solution is mixe
50555  cmmmmmmmmmm3 ofofofofofofofofo  the ssssssssssamamamamamamamamamamample of fluoride ions in the polluted w
(1(1(1(1(1(1(1(1(1(1 LLLLLLLLLL =========== 11111111110000000000000000000000 000000 cmmmmmmmmmmm3333333333)))))))))))

[F[F[F[F[F[F[F[F[FF-]]]]]]]]] ========= 30303030303000 xxxx 111111111100000000000-3-3-3-3-3-3-3-3333/1/1/1/1/1/1/1/1/1/1/ 9.9999999 0 = 0.001579 mol dm-3

Iooooooooninininininininininiccccc cccccc prprprrprprprprprprprododododododododododo uct = [Ca2+][F-]2 = (0.100/2)(0.001579/2)2  

= 3.1 x 10-8 mol3 dm-9 > Ksp



3 Crude oil is one of the most actively traded commodities and its price is expected to 
soar as the world economy recovers from the global economic crisis. It is a vital 
source of hydrocarbons for the manufacture of many useful commercial products as 
well as the most important source of fuel in the world today. Octane, C8H18, obtained 
from distillation of crude oil, is a chief fuel in petrol.

(a) The diagram below shows an energy cycle involving octane.

(i) Name the enthalpy change represented by H1 . 

H1 represents the standard enthalpy change of formation of octane.  

   
(ii)  Based on the given energy cycle and the following data, calculate the 

standard enthalpy change of combustion of octane.  

H1                       =   250 kJ mol 1 

Hc (carbon)       = 393 kJ mol 1

Hc (hydrogen)   =   286 kJ mol 1

[3] 
By Hess’ Law,

H1 + H3 = H2

standard enthalpy change of combustion of octane, H3   
= H2 – H1                       
= [8 (–393) + 9(–286) ]  – (–250)
= – 5468 kJ mol–1

= – 5470 kJ mol–1 

H1

H2 H3
+  12½O2 (g) +  12½O2 (g)

8C (s) + 9H2 (g)        C8H18 (l)

8CO2 (g) + 9H2O (g)

www.KiasuExamPaper.com 
220

(i) Name the enthalpy change represented bbbbbbbbbbbbbbby yyyyyyyyyyyyyyy yyyyy yy yy yyy yyyyyy yyyyyyyyyyy HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH1111111111 ..

H1 represents the standard eeeeeeeeeeentntntntntntntnttthahaaaaaaaaaaaaaaaaaaahaaaaaahhh plppplplpplplplppppppppppppplppppppppppplplppplppplpppppppppppppppppy y yy y yy yyyyyy y yyyy y y yy yy y y yy yy yyyy y yyyyyy y yyyyyyyy chchchchchchchchchchchchchchchchchhchchhchcchchhchhchhchchchchchchchcchchcccchhcchhccchccccc ananananananananananananannanannananananaananananaanananannanaannnnnannngggggggggggegegegegegegggggggggggggg oooooooooooooooffffff fff fofofofofofofofooformrmrmmrmrrrmrrmatatatataaattatatioioioioiooooooonnnnnnnnnn of octa

 
(ii)  Based on the givivivivivivivivivivivii eeeeneeeeee ennnnenn rgy y y yyy yy yyy cycycycycycycycycycycycle e e e e e e e e ee aaaanaaaaaaaaaaaaaa d the folllowowiing data, calcula

standard enthalppppppppppy yy yyyyy yy chchchchchchchchchchchananananananananannngegegegegegegegegegge ooooooooof cocococococococococombmbmbmbmbbmbmbmbmbm ustiononononononononononon of octanne.  

HH11111111111                      ========  252525252525252525250000000000 kJJJJJJJJJ mmmmmmmmmmmololololooololololol 111111

HHHHc (c(((((((( arrrrrrrrrrbobooboboobooboboon)n)n)n)n)n)n)n)nn)      ========== 399999999933333333333 kJkJkJkJkJkJkJkJkJkJk mmmmmmmmmmmoloolololoolololl 1

Hc (hhhhhhhhhhydydydydydydyyyyy rorororororororr gggeggggggg n)  ==========   282828282828282828866666666666 kJkJkJkJkJkJkJkJkJkJkJ mmmmmmmmmmmoooolooooooo 1

ByByByByByByByByByByBy HHHHHHHHHHHesesesesesesesesesesss’’’’’’’ LLLLLLLLLLLaw,

HHHHH111111111 ++++++++ HHHHHHHHHHH3333333333 = H2

stananananannanananaa dadadadadadadadaadardrdrdrdrdrdrdrdrdrdrd enthalpy change of combustion of octane, H3  
= HHHHHHHHHHHH2 – H1                      
= [8 (–393) + 9(–286) ]  – (–250)
= 5468 kJ mol–1

H2HH H3HH
+  12½O2 (g) + 112½2½OO2 (g)

8CO2 (g) + 9H2O (g)



(b) Auto-ignition of petrol can cause damage to the internal combustion engines. 
Branched-chain alkanes are known to be more resistant to auto-ignition than 
straight-chain alkanes. Petrol blends typically contain mixtures of the straight-
chain octane and its branched-chain isomers. The isomers may be 
distinguished by the number of monochlorinated products formed upon reaction 
with limited amount of chlorine.

(i) Draw the structural formula of any one monochlorinated product 
obtained in the reaction of straight-chain octane. How many different 
monochlorinated products can be formed from this reaction? Hence, 
give the ratio of these monochlorinated products formed.   

CH2CH2CH2CH2CH2CH2CH2CH3

Cl   
(or draw the structure for 2–chloro, or 3–chloro, or 4–chloro–octane)

4 isomers 

Proportion will be        6      :     4       :      4      :       4
Or             3      :     2       :      2      :       2

                                                         (1–choro: 2–chloro:3–chloro:3–chloro) 

(ii) Draw the structural formula of another isomer of octane which reacts 
with chlorine to form only one monochlorinated product.

(CH3)3CC(CH3)3              

(iii) Explain how you would expect the boiling point of octane to compare 
with that of the isomer that you have drawn in (b)(ii).    

[7] 

Boiling point : octane > branched isomer 

Greater surface area for intermolecular instantaneous dipole–induced 
dipole attractions or van der Waals forces between the straight 
chain/elongated molecules of octane (or less surface area for 
intermolecular instantaneous dipole–induced dipole attractions or van 
der Waals forces between the spherically shaped branched chain 
isomer),  
Hence more energy is needed to overcome the stronger instantaneous 
dipole–induced dipole attractions or van der Waals forces in octane.

  (c) Oil spills have recently dominated world news. One of the cleaning methods 
involves the use of dispersants, which break up the oil into tiny biodegradable 
droplets. 

   2-butoxyethanol, CH3CH2CH2CH2OCH2CH2OH, is one of the components in a 
dispersant used in the recent oil spill in the Gulf of Mexico.
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2 2 2 2 2 2 2 3

Cl  
(or draw the structure for 2–chloro, or 3–chloro, or 444444444–––––– hhhchhchchhhlololololoololooooro–octane

4 isomers 

Proportion will be        6      :     4       :      4 4 44 44 4 444444     :::::::::::::::::::::::      4
Or            3      :     2       :      2 2 2 2222222 22 22222 22 222 2222 222222222222 22222222222222    :::::::      2

                                               (1–choro: 2–––––––––––chchchhchchhhhhhlooooooorororororororororororooroorrororororooorororoooooororoooooorrrooorooooorrro:3:3:3:3:33333:33:3:33333:3:33333:3:33:333:3:333:3:3:33:3333333333:3333333–––––––––––––––––––––––––––––––––––––chchchchchchchchcchchchcchchchchchchchchchchchchchchchchccchchchchhccchhchccc lolololololoololololololololololoooloololloooloolooololooooororororoooororororororororororororororororororoororororoorrorrorooooo:33:333333:333:3:3:33:3:33333333333:3:3:3:3:3:3:3:3:3::33––––––––––––chchchchchchhhhc loloolooololllolorororororooororo) ) ) )) ) )))

(ii) Draw the structuuuuuuuuurarrrarararrarr llllllll fofofofofofofofofooormmrmrmrmrmrmrmrmrmmulululullululllaaaaaaaaaa ofoooooooooo  anooototooooothhhhehhhhhhh r isomerer ooff octane which 
with chlorine to ffffffffffffffffforrororororororororm mmmmmmmmmm onononononononononono lylyylylyylylyly onoonononononononononeeeeeeeeee momomomomomomomomomomonononononononononononochloooooooooooorirrrrrrrrrr nated prprooduct.

(CH3)3CCCCCCCCCCCC(CCCCCCCCCCCHHHHHHHHH333333333))))))))))333333             

(iii) EEEExEEEEEEE plllllllllaiaaiaaaaaaa nnnnnnnnnnn hoooooooooow yyyyyyoyyy u wowowowowowowowowowow ulululululululululldddddddddd exexexexexexexexexexe pepepepepepepepepepepectctctctctctctctctctct ttttttttttthehhhhhhhhhh  boiling point of octane to com
wwiwwwwwwww th thhhhhhhhhhhatatatatatatatatatat oof ffff thhhhhhhhhhe isommmmmmmmmererererererererere ttttttttttthahahahahahahahahahat yoyoyoyoyoyoyoyoyoyoy uuuu uuuuuu haaaaaaaaaave drawn in (b)(ii).

BoBBBBBBBB iling popopooopopopopoooinnnnnnnnnnntttt tt t t ::::: ocococococococococococtatatatatatattatatatane > branched isomer 

GrGrGrGrGrGrGrGrGrGrreaeaeaeaeaeaeaeaeaeaeateteteteteteteteteter susususuuuuuuurfrrfrfrfffrfrfface area for intermolecular instantaneous dipole–in
dipopopopopopopopopooleleleleeleleelelee aaaaaattractions or van der Waals forces between the st
chaiiin/elongated molecules of octane (or less surface are
intermolecular instantaneous dipole–induced dipole attractions o
der Waals forces bet een the sphericall shaped branched



(i) Suggest values for the C–O–C and C–O–H bond angles in a molecule of 
2-butoxyethanol.  

  
C–O–C  : 105   
C–O–H  : 105   

(ii) By reference to the type of intermolecular forces, suggest how              
2-butoxyethanol interacts with water and oil.

[3] 

Hydrogen bonding formed between H2O molecules and alcohol –OH 
groups (and/or the ether group, –COC–) allows 2–butoxyethanol 
molecule to dissolve in water;
van der Waals forces formed between the non–polar hydrocarbon chain 
of the molecule and oil molecules allow 2–butoxyethanol molecule to 
dissolve in oil. 
(These interactions allow the oil to break up into tiny droplets which are 
more easily removed.)

(d) Natural gas, the gaseous component of crude oil, is commonly used as an 
industrial fuel. Natural gas consists mainly of methane. The equation for the 
combustion of methane is shown below.

CH4 (g)  +  2O2 (g)  CO2 (g)   +   2H2O (l)                   Hc = 890 kJ 
mol 1 

(i) A boiler in an industrial process requires 9.0 x 1010 dm3 of methane, 
measured at 25 C and 1 atm, to raise the temperature of water at 20 C
to its boiling point. 

Assuming no heat loss, calculate the mass of water in the boiler. 

n (CH4) burnt = 9.0 x 1010 /24 = 3.75 x 109 mol  

Heat produced from burning = 3.75 x 109 x 890 kJ  

Heat absorbed by water = 3.75 x 109 x 890 x 1000 = mc T 
  

m (H2O) = 3.75 x 109 x 890  x 1000/(4.18 x 80)    
             = 9.98 x 1012 g  

 (ii) Use the bond energies given in the Data Booklet to calculate another 
value for the standard enthalpy change of combustion of methane.

  [Use a value of 805 kJ mol 1 for the bond energy of C=O in CO2.]  

Hc = [ 4(C–H) + 2(O=O)] – [2 (C=O) + 2 x 2 (O–H)] 

= (4 x 410)  + (2 x 496)   – [ (2 x 805) +  (4 x 460) ]
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molecule to dissolve in water;
van der Waals forces formed between the non–polar hydrocarbon 
of the molecule and oil molecules allow 2–w butoxyyyyyyyyyeteteteteteteteteee hahahahahhhahahhaanol molec
dissolve in oil. 
(These interactions allow the oil to break up into o  tititititititit nynynynynynynyyy dddddddddrorororororooorr pppplpppppp ets which
more easily removed.)

d) Natural gas, the gaseous component of cruddddee e e e e eeeeeee ee eeeee ee eeeeeee oioioioioioioioioioioooioiooioioiooioioooiooiooioiooooioioioiooioooooooooill,ll,lllll,l,ll,l,l,l,l,l,l,l,l,l,lll,ll iiiiiiiiiiiiissssss ssssss commmmononlly used 
industrial fuel. Natural gas consists  mammmmmmmmm inlylyyyyyyyyyy ooooooooooooooooooooooooooooooooooooooooooooof ffffffffffffffff f fffffffff f fffffff memememememmemememememememememememememememmemememememeemememememememmeeemmmem ththththththththththththththththththththththththhthththththhthtthhtthhhthhttththhhhaaaaananaaaaaaaaaaaaaanaaaaaanaaaaaaaaaaa ee. Thehe eeququation f
combustion of methane is shown belowowowowowowowowowww.

CH4 (g)  +  2O2 (g)  CCCCOCCCCCCC 2 (g(g(g(g(g(g(( )))))   ++++++   2HHHHHHHHHHH222222OOOOOOOOOOOOOOOOOO (l)                  Hc = 8
mol 1 

(i) A AAAAAAAAAA bobobobobobobobobboboililllillilllereeeeeeeeee  innnnnnnnnn anananananananananaa iiiiiiiiindndndndndndndndndnddusususususussusususstrttrttrtrtrtrtriaaaaaaal prprprprprprprprprrprocococococococococco esesesesesesesesesesesssss ssss rrerrrrrrr quires 9.0 x 1010 dm3 of met
mmmmemmmmm asssssssssururuuuuuuuu edeeeeeeeeee aaaaaaaaaat 25 C ananananananananananandd 11111111111 atatatatatatatatatatatm,mm,m,m,m,m,m,m,m,m ttttttttttto oooooooo rrrarrrrrrrr ise the temperature of water at 
ttottt  its booooiooooooo liiiiiiiiingngngngngngngnngngng pppppppppppoint.......

Assuuuuuumimimimimimimimimim ng nnnnnnnnnno oooooooooo heheheheheheheheheheh atatatataatatatatata llllllllloooosooooooo s, calculate the mass of water in the boiler.

nnnnnnnnnnn (C(C(C(C(C(C(C(C(C(C( HHHHHHHHHH444444444)))))))) bubuubuuuubububurnrnrnrnrnrnrnrnrnrnttttttt t = 9.0 x 1010 /24 = 3.75 x 109 mol 

Heatatatatatatatatatatat produced from burning = 3.75 x 109 x 890 kJ 

Heat absorbed by water = 3 75 x 109 x 890 x 1000 = mc T



= 2632 – 3450 = – 818 kJ mol–1 

(iii) Suggest a reason for the discrepancy between the value you have 
obtained in (d)(ii) and that quoted in (d)(i). What additional quantitative 
information can be calculated from the difference in these values?

[7] 

[Total: 20]

In (d) (i), H2O is in the liquid state, but in (d)(ii) H2O is in the gaseous 
state as bond energy refers to the energy needed to break covalent 
bonds in gaseous molecules. 
Enthalpy change of vapourisation of H2O can be calculated from the 
difference in values.
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Answer all questions on the writing paper provided. 

1 In concentrated ethanoic acid, bromine adds to an ester, propenyl ethanoate, 
CH2=CHCH2OCOCH3, slowly enough for the orders of reaction with respect to 
bromine and ester to be determined in the laboratory. 

  

CH2 CH CH2 O C CH3

O
Br2+ CH2 CH CH2 O C CH3

OBr Br

  
Experiments were carried out with large excess of ester at room temperature. The 
change in concentration of bromine was tracked over time by pipetting 25.0 cm3

samples of the reaction mixture at regular intervals and mixing the samples with an 
excess of potassium iodide solution. A displacement reaction occurs and iodine and 
bromide are formed. Iodine is extracted and then titrated with sodium thiosulfate 
solution, Na2S2O3 (aq), of a certain concentration.

  
The concentration of ester was then varied, keeping the concentration of bromine 
constant. The following results were obtained:

  

Time / s

Experiment 1 
[ester] = 2.0 mol dm-3

Experiment 2
[ester] = 3.0 mol dm-3

2-
2 3S OV needed / cm3  2-

2 3S OV needed / cm3

0 40.00 40.00
100 28.10 23.80
200 18.00 12.55
300 12.05 7.35
400 9.25 4.85

(a) (i) Suggest how shape and bond angle changes at the labelled carbon C
in the overall equation above. 

   (ii) Suggest a reason why concentrated ethanoic acid is a suitable solvent 
for the reactants rather than water.

[4] 
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(b) (i) Define the term order of reaction.

  (ii) Using the same axes, plot graphs of 2-
2 3S OV against time for experiments 

1 and 2. Use your graphs to determine the order of reaction with respect 
to Br2 and ester, showing your workings clearly. State an assumption 
made in your calculation.  

   
  (iii)  Hence, suggest the rate equation and calculate the rate constant k,

stating its units.
[11] 

(c) Suggest an alternative method for studying the kinetics of the reaction. 
    [1] 

(d) (i)  Experiments 1 and 2 were conducted at room temperature.
Experiment 1 was repeated with the same initial concentrations of 
bromine and ester at 35 oC. Suggest the volume of sodium thiosulfate 
needed for titration of the first sample withdrawn at 100 s. 

  (ii) With the aid of a suitable diagram, explain in terms of the Collision 
Theory, why an increase in temperature results in an increase in rate.  

[4] 

    [Total: 20]

www.KiasuExamPaper.com 
226



2 Drinking water may contain small amounts of contaminants. As overdose of these 
contaminants may have detrimental effects on health, strict standards for the different 
contaminants are set. Haloacetic acids are identified as a common water pollutant. 
These acids are the undesirable by-products formed when water is disinfected using 
chlorine. Consumption of water containing high levels of haloacetic acid over a long 
period of time increases the risk of cancer.  

Haloacetic acids are carboxylic acids in which a halogen atom takes the place of a 
hydrogen atom in ethanoic acid. 

One of the haloacetic acids is chloroethanoic acid, CH2ClCOOH. 

O 
||

CH2Cl – C – OH

Chloroethanoic acid (Ka = 1.3 x 10-3 mol dm 3 at 298 K)

(a) (i) Write an expression for the Ka of chloroethanoic acid, CH2ClCOOH.  

(ii) Hence, determine the concentration of chloroethanoic acid in a sample 
with pH 2.5.

(iii) The pH of a sample of ethanoic acid is 2.4. The value of Ka for ethanoic 
acid at 298 K is 1.8 x 10-5 mol dm-3. 

Using the data provided, compare the relative strengths of 
chloroethanoic acid and ethanoic acid in terms of their behaviour in 
water.  

(iv) The temperature is increased to 350 K. Predict and explain how the 
increase in temperature will affect the Ka and pH of the chloroethanoic 
acid.  

[6] 
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(b) 20.0 cm3 of 0.01 mol dm-3 chloroethanoic acid was titrated against        
0.01 mol dm-3 sodium hydroxide. 

(i) Identify the species present at region A. Hence, explain, with the use of 
relevant equation(s), why the graph remains relatively flat at this region.  
                  

(ii) State the value of x and calculate the corresponding pH at this point.

(iii) Hence suggest a suitable indicator and the colour change for this 
                             titration.    

[8] 

(c) Fluoride is added to drinking water to promote dental health. However, a 
standard for fluoride ion concentration has to be enforced as drinking excessive 
fluoride over a long period of time may cause bone disease.

(i)        Calcium fluoride, CaF2, is sparingly soluble in water. The numerical 
value of the solubility product, Ksp, for calcium fluoride in water at 25oC
is 1.5 x 10-10. Calculate the solubility of calcium fluoride at this 
temperature. 

(ii)  In the United States, the Environmental Protection Agency (EPA) sets a 
standard for fluoride ions to be 2 mg / L to protect against a condition 
called dental fluorosis. A sample of heavily polluted water was found to 
contain 30 mg / L of fluoride.  

By means of calculations, predict whether there will be precipitation 
when 50 cm3 of 0.100 mol dm-3 of calcium nitrate solution is mixed with 
50 cm3 of the sample of fluoride ions in the polluted water.                  
(1 L = 1000 cm3) 

(iii) The numerical value of the solubility product of calcium carbonate is 
5.0 x 10-9. A student concluded that since Ksp of calcium carbonate is 
larger than calcium fluoride, the salt is more soluble. Comment on his 
prediction.

[6] 
[Total: 20]

x

pH

VNaOH / cm3

A
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3 Crude oil is one of the most actively traded commodities and its price is expected to 
soar as the world economy recovers from the global economic crisis. It is a vital 
source of hydrocarbons for the manufacture of many useful commercial products as 
well as the most important source of fuel in the world today. Octane, C8H18, obtained 
from distillation of crude oil, is a chief fuel in petrol.

(a) The diagram below shows an energy cycle involving octane.

(i) Name the enthalpy change represented by H1 . 
     

(ii)  Based on the given energy cycle and the following data, calculate the 
standard enthalpy change of combustion of octane.  

H1                       =   250 kJ mol 1 

  Hc (carbon)       =   393 kJ mol 1

Hc (hydrogen)   =   286 kJ mol 1

[3] 

(b) Auto-ignition of petrol can cause damage to the internal combustion engines. 
Branched-chain alkanes are known to be more resistant to auto-ignition than 
straight-chain alkanes. Petrol blends typically contain mixtures of the straight-
chain octane and its branched-chain isomers. The isomers may be 
distinguished by the number of monochlorinated products formed upon reaction 
with limited amount of chlorine.

(i) Draw the structural formula of any one monochlorinated product 
obtained in the reaction of straight-chain octane. How many different 
monochlorinated products can be formed from this reaction? Hence, 
give the ratio of these monochlorinated products formed.  

(ii) Draw the structural formula of another isomer of octane which reacts 
with chlorine to form only one monochlorinated product. 

(iii) Explain how you would expect the boiling point of octane to compare 
with that of the isomer that you have drawn in (b)(ii).    

[7] 

H1

H2 H3
+  12½O2 (g) +  12½O2 (g)

8C (s) + 9H2 (g)        C8H18 (l)

8CO2 (g) + 9H2O (g)
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  (c) Oil spills have recently dominated world news. One of the cleaning methods 
involves the use of dispersants, which break up the oil into tiny biodegradable 
droplets. 

   2-butoxyethanol, CH3CH2CH2CH2OCH2CH2OH, is one of the components in a 
dispersant used in the recent oil spill in the Gulf of Mexico.

(i) Suggest values for the C–O–C and C–O–H bond angles in a molecule of 
2-butoxyethanol.  

  
(ii) By reference to the type of intermolecular forces, suggest how              

2-butoxyethanol interacts with water and oil.
[3] 

(d) Natural gas, the gaseous component of crude oil, is commonly used as an 
industrial fuel. Natural gas consists mainly of methane. The equation for the 
combustion of methane is shown below.

CH4 (g)  +  2O2 (g)  CO2 (g)   +   2H2O (l)                   Hc = 890 kJ 
mol 1 

(i)   A boiler in an industrial process requires 9.0 x 1010 dm3 of methane, 
measured at 25 C and 1 atm, to raise the temperature of water at 20 C
to its boiling point. 

Assuming no heat loss, calculate the mass of water in the boiler. 

(ii) Use the bond energies given in the Data Booklet to calculate another 
value for the standard enthalpy change of combustion of methane.

  [Use a value of 805 kJ mol 1 for the bond energy of C=O in CO2.]  
  

(iii) Suggest a reason for the discrepancy between the value you have 
obtained in (d)(ii) and that quoted in (d)(i). What additional quantitative 
information can be calculated from the difference in these values?

[7] 

[Total: 20]
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Chemistry Promotional Examinations 2012
Section A

Part 1: For each question, there are four possible answers,A, B, C and D. Choose the one
you consider to be correct.

1 Alkenes are compounds of carbon and hydrogen. If 0.560 g of an alkene of general 
formula CnH2nis burned in excess oxygen, how many moles of H2O are formed?

A 0.0400 C 0.0800 

B 0.0600 D 0.400 

2 Solution X contains iron(II) ions. Solution Y contains MnO4
– ions. 25.0 cm3 of X required, 

in acidic conditions, 20.0 cm3 of Y for complete reaction. What volume of Y would be 
required to oxidise 25.0 cm3 of X in neutral conditions?

The half equations for the reduction of MnO4
–in acidic and neutral conditions are:

MnO4
– +  8H++   5e– Mn2+ +  4H2O 

MnO4
– +  2H2O  +  3e– MnO2 +  4OH–

A 20 x 15 cm3 C 20 x 54 cm3

B 20 x 35 cm3 D 20 x 53 cm3

3 In an experiment, 32.50 cm3 of 0.500 mol dm-3 Na2SO3 reacted exactly with 100 cm3 of 
solution containing 1.39 g of KIO3.

The half equation for the oxidation of SO3
2- is shown below:

SO3
2-(aq)  +  H2O(l) SO4

2-(aq)  +  2H+(aq)  +  2e

What is the final oxidation state of iodine after reaction?

A +1 B -1 C 0 D +5

4 Which of the following species has two unpaired electrons?

A Cr3+ B Ni2+ C Ca D V

5 Which of the following species is not linear in shape?

A XeF2 B CS2 C NH2
– D BCl2

+

www.KiasuExamPaper.com 
231



6 One flask contains 1 dm3 of helium at 2 kPapressure and another flask contains 2 dm3 of 
neon at 1 kPa pressure. The two flasks are connected at constant temperature. 

The final pressure is 

A 1 13 kPa B 1 12 kPa C 1 23kPa D 2 kPa

7 The number of molecules present in a gas with a volume of 2.0 dm3 at 27oC and at 
6.0 x 105 Pa is

A 6.0 x 105 x 6.02 x 1023 x 2.0
   8.31 x 300

B 6.0 x 105 x 6.02 x 1023 x 2.0 x 10-3

       8.31 x 27

C 6.0 x 105 x 2.0 x 10-3

       8.31 x 300

D 6.0 x 105 x 6.02 x 1023 x 2.0 x 10-3

      8.31 x 300

8 Which graph best represents the behaviour of an ideal gas at constant temperature where 
the ratio of the number of moles of gas in containers W and Z are 3:1 respectively? 
( refers to the density of the gas.)

A C

B D 1
P 

V

W
Z

PV
 T 

W

Z

V

P
ZWP

W

Z

V
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9 The enthalpy changes for two reactions are given by the equations:

   2Cr(s)  +  
2
3 O2(g)  Cr2O3(s)  H  =  1130 kJ

   C(s)  +  
2
1 O2(g)  CO(g)   H  =  110 kJ

What is the enthalpy change, in kJ, for the following reaction?

3C(s)  +  Cr2O3(s)  2Cr(s)  +  3CO(g)

A 800 B +800 C 1460 D +1460

10 oincorrect?

Reactions So

A N2(g) + 3H2(g) 2NH3(g) positive

B HCl(aq) + NaHCO3(aq) NaCl(aq) + CO2(g) + H2O(l) positive

C H2O(l) H2O(s) negative

D NH4NO3(s) NH4
+(aq) + NO3

-(aq) positive

11 Which of the following statements about the intermediate complex, [C6H6Cl]+, formed 
during the monochlorination of benzene is correct? 

A It is planar.

B It contains a chiral centre.

C It contains a sp3 hybridised carbon atom.

D It can exist in either a cis or a trans form.

12 Which compound cannot be synthesised from propan–1–ol within 2 steps or less?

A 1-bromopropan-2-ol C ethanoic acid

B propanone D propanoic acid
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13 Phenol can be converted to a compound Hin a two-step synthesis as shown below.

Which of the following statements is correctwith regards to the given reaction scheme?

A Stage I may involve the use of Cl2 in CCl4.

B Stage I may involve the use of ethanoic acid and concentrated H2SO4 as a catalyst.

C Stage II may involve the use of aqueous Cl2.

D Stage II may involve the use of ethanoyl chloride.

14 Compound F has the formula C7H14.

The reaction of F with hot acidified potassium manganate(VII) yields two products, G and 
H.

G can be converted to H with the use of aqueous alkaline iodine followed by acidification 
with aqueous sulfuric acid. 

Which of the following shows the structure of compound F? 

A C

B D
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15 In the presence of a dilute alkali, some aldehydes and ketones undergo the ‘aldol reaction’ 
where they dimerise to form hydroxycarbonyl compound (an aldol). For example, 
ethanaldimerises in this way to form 3–hydroxybutanal.

Which of the following carbonyl compounds will undergo the aldol reaction to produce the 
aldol shown below?

A CH3CH2CHO C CH3COCH3

B CH3CH2CH2CH(CH3)CHO D CH3CH2COCH3

Part 2: For each of the questions in this section, one or more of the 3 numbered statements 
1 to 3 may be correct. 

Decide whether each of the statements is or is not correct. (You may find it helpful to put a tick 
against the statements which you consider to be correct.) 

The responses A to D should be selected on the basis of

A B C D

1,2 and 3 are 
correct

1 and 2 only 
are correct

2 and 3 only 
are correct

1 only is 
correct

No other combination of statements is used as a correct response.

16 Which of these statements correctly describe an electron shell with the principal quantum 
number n = 2?

1 This shell can accommodate a maximum of eight electrons.

2 Electrons occupy the orbitals starting with that of the lowest energy.

3 An orbital in this shell may be spherical or dumb-bell shaped.

17 The bond in the compound XY is likely to be ionic rather than covalent if

1 X is a large cation

2 Y is a small anion

3 X has a large positive charge
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The responses A to D should be selected on the basis of

A B C D 

1,2 and 3 are 
correct

1 and 2 only 
are correct

2 and 3 only 
are correct

1 only is 
correct

No other combination of statements is used as a correct response.

18 Which of the following have the same value as the standard enthalpy change of formation 
of carbon monoxide?

1 f
o(CO2)

2 f
o(CO2 c

o(CO)

3 c
o

c
o(CO)

19 K is a derivative of the antibiotic doxycycline which is often used in treating acne.

K 

Which of the following statements about K is correct?

1 K turns potassium dichromate green on warming.

2 There are 5 chiral centres in each molecule of K.

3 Each mole of K produces 5 moles of H2 when reacted with excess sodium metal.
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The responses A to D should be selected on the basis of

A B C D 

1,2 and 3 are 
correct

1 and 2 only 
are correct

2 and 3 only 
are correct

1 only is 
correct

No other combination of statements is used as a correct response.

20 Which of the following compounds cannot be formed when ethylbenzene is treated with 
chlorine in the presence of sunlight? 

1

2

3
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1 Planning (P)

FA 1 is a solution containing a mixture of ethanedioic acid, H2C2O4 and sodium ethanedioate, 
Na2C2O4. The concentration of the dibasic acid, H2C2O4, in FA 1 is approximately 0.30% by 
mass. In order to determine the concentration of Na2C2O4 in FA 1, two titrimetric experiments 
described below need to be conducted.

For 
Examiner’s 

Use 

(a) Experiment 1
A redox titration was performed using potassium manganate(VII) to oxidise the
ethanedioate ions, C2O4

2– in the mixture to carbon dioxide. It was found that 25.0 cm3 of
FA 1 required 20.00 cm3 of 0.02 mol dm-3 KMnO4 for reaction.

(i) Write a balanced ionic equation for the reaction between MnO4
– and C2O4

2–.

(ii) Calculate the number of moles of MnO4
– used to react with 25.0 cm3 of FA 1.

(iii) Hence, calculate the number of moles of C2O4
2– present in 1 dm3 of FA 1.

[3]
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(b) Experiment 2
An acid-base titration is to be performed where FA 1 was titrated against aqueous NaOH. 

For 
Examiner’s 

Use

(i) Write a balanced equation for the reaction between NaOH and the acid in FA 1.

(ii) Calculate a suitable concentration for the NaOH solution that would be needed to 
titrate against 25.0 cm3 of FA 1. Assume that the density of the ethanedioic acid 
solution is 1.0 g cm-3. 

(iii) Assuming that the concentration of NaOH calculated in (b)(ii) is available in the 
laboratory, write a detailed procedure for this titration.

[7]
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(iv) Using your answers in (a)(iii), (b)(ii) and given that the titre volume in Experiment 2
was V cm3, show how you would determine the concentration in mol dm-3 of
Na2C2O4 in FA 1.

For 
Examiner’s 

Use

[2]

[Total: 12]
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2 (a) Explain the following: For 
Examiner’s 

Use

(i) The first ionisation energy of barium is larger in magnitude than the first ionisation
energy of caesium.

(ii) The second ionisation energy of barium is larger in magnitude than the first
ionisation energy of barium.

[3]

www.KiasuExamPaper.com 
243



(b) (i) Barium reacts vigorously in cold water.

Write the equation, including state symbols, for the reaction of barium with water. 

For 
Examiner’s 

Use

(ii) 6.00 g of barium is placed in 100 cm3 of water. The resultant solution is then reacted
with 100 cm3 of 1.2 mol dm–3 of HCl(aq). Upon mixing, the temperature of the
mixture increased by 6.1 oC.

Calculate the enthalpy change for the neutralisation reaction.

(iii) Explain how the enthalpy change of neutralization for the reaction will be different
when ethanoic acid is used?

[5]
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(c) Alkynes can be converted to alkenes using hydrogen gas and a suitable catalyst.

       R1         R2

R1- C-R2 + H2        C=C
H     H

For 
Examiner’s 

Use

Use suitable bond energy values from the Data Booklet to calculate the enthalpy 
change for the hydrogenation of ethyne, H- -H to form ethene, C2H4.        

[2]

[Total: 10]
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3 (a) The carbon atoms present in the organic compound A shown below has undergone 
orbital hybridisation to give hybrid orbitals of equivalent energy.

O

COOH

Compound A 

For 
Examiner’s 

Use

(i) Suggest the type(s) of hybridisation exhibited by the carbon atoms in compound A.

         

(ii) Using hybridisation theory, explain why cyclohexane is not a planar molecule.             

[3]
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(b) When two ammonia molecules are coupled together by removing a hydrogen atom each,
a hydrazine molecule, N2H4, is produced. Hydrazine is a colourless, oily liquid which is
used in rocket fuels, chemical manufacturing, and as boiler water treatments.

For 
Examiner’s 

Use

(i) Draw a ‘dot-and-cross diagram’ to show the electronic structure of a molecule of
N2H4. By considering the number of bonding and non-bonding electron pairs,
suggest and explain the likely shapes and bond angle (with respect to the nitrogen
atoms) of this molecule.

(ii) 1 mole of hydrazine reacts with 2 moles of boron trifluoride, BF3 to form the addition
product, N2H4(BF3)2.

State and explain why BF3 can be bonded to hydrazine and describe the chemical
bonds that are formed during the reaction.
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(iii) Draw a diagram to illustrate the likely shape and bonding in N2H4(BF3)2, with
respect to the nitrogen atoms in the product.

For 
Examiner’s 

Use

(iv) The boiling points of NH3 and N2H4 are -33 oC and 114 oC respectively.
Explain the difference in boiling points for the two compounds in terms of their
structure and bonding.

[7]

[Total: 10]
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4 Ionone is a sweet-smelling substance found in a variety of essential oils. It is a significant 
contributor to the aroma of roses, even at low concentration, and is an important fragrance 
chemical used in perfumery.

For 
Examiner’s 

Use

(a) Ionone can be prepared in the laboratory according to the following reaction sequence.

                                                                        step 1

Intermediate

                                                                        step 2

Ionone

Suggest the reagents and conditions used in steps 1 and 2. [2]

Reagent and condition for step 1: ____________________________________________

Reagent and condition for step 2: ____________________________________________
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(b) Organic compounds B and C are formed when ionone is heated with acidic KMnO4.
Further reactions are then carried out with compound C, which has the molecular formula
C3H4O3.

For 
Examiner’s 

Use

(i) Draw the structural formulae of organic products B to F in the spaces provided in
the reaction scheme.

+

B

D

+ CHI3

C
C3H4O3

E

Reaction 1

acidic 
KMnO4

heat

Ionone 

dilute HCl
reflux

F

LiAlH4

aqueous alkaline iodine 
warm

www.KiasuExamPaper.com 
250



(ii) Name the type of reaction that has taken place in reaction 1. Describe the
mechanism for this reaction, including curly arrows showing movement of electrons,
and all charges.

For 
Examiner’s 

Use

Type of reaction: _________________________________________

[8]

[Total: 10]
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5 This question is about the C6 alcohols. For 
Examiner’s 

Use

(a) Values of the acid dissociation constants, Ka, for some weak acids are given below.

Acid Formula Ka / mol dm-3

Cyclohexanol 1.0 x 10-16

Phenol 1.3 x 10-10

Explain in terms of their molecular structures why cyclohexanol and phenol have 
significantly different Ka values.      

[2]

(b) (i) Describe a chemical reaction by which you can distinguish between
2-methylpentan-2-ol and 2-methylpentan-3-ol. State the reagents, conditions and
the observations with each compound.

OH

OH
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(ii) In the laboratory, hexan-2-ol can be synthesised from hexan-1-ol in 2 steps.
Suggest the sequence of reaction for the conversion, stating clearly the reagents,
conditions and the intermediate compounds formed.

[5]

(c) Organometallic compounds, usually a metal attached to an R group, can be used to
convert carbonyl compounds to alcohols. An example involving lithium can be seen
below:

=O +  R’
OH2 ’’  + LiOH

|   |
R’ R’

With the help of the above reaction in a synthesis route, hexan-2-ol can be converted to a 
C7 alcohol, 2-methyl-hexan-2-ol, in 2 steps. Write the reagents and conditions required 
for the conversion, including the intermediate compounds.     

[3]

[Total: 10]
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1 Planning (P)
(a) (i) 2MnO4

- + 5 C2O4
2- + 16H+ 2Mn2+ + 10CO2 + 8H2O

(ii) Amt MnO4
- reacted = 20/1000  x  0.02 mol =  4.00 x 10-4 mol

(iii) 2MnO4
- 5C2O4

2-

Amt C2O4
2- present in 1 dm3 FA 1  =  4.00 x 10-4 x 5/2 x 1000/25 = 4.00 x 10-2 mol

(b) (i) H2C2O4 +  2NaOH   Na2C2O4 +  2H2O

(ii) Conc. of acid = 0.30% by mass
1 dm3 of FA 1 contains 0.3/100  x 1000 g H2C2O4 =  3.00 g H2C2O4 

1 dm3 FA 1 contains 3/90 mol H2C2O4 = 3.33 x 10-2 mol H2C2O4

25.0 cm3 FA 1 contains 25/1000 x 3.33 x 10-2 mol H2C2O4 = 8.33 x 10-4 mol H2C2O4 

Number of  moles NaOH needed to react with 25.0 cm3 FA 1 = 8.33 x 10-4 x 2 mol
= 1.67 x 10-3 mol

Assume titre volume of 20.00 cm3 of NaOH.
Concentration of NaOH needed =  1.67 x 10-3 x 1000/20  =  0.0835 mol dm-3

(iii) 1. Pipette 25.0 cm3 of FA 1 into a 250 ml conical flask.

2. Add 1-2 drops of phenolphthalein as indicator.

3. Titrate with NaOH until the mixture turns from colourless to permanent pink.

4. Repeat the titration until consistent readings are obtained ie titre values differ
by ±0.10 cm3

Appropriate apparatus & capacity
Indicator and colour change at end point
Consistent readings

(iv) Number of moles NaOH used = V/1000 x 0.0835 mol  = 8.35V x 10-5 mol

Number of moles H2C2O4 in 25.0 cm3 FA 1 =  8.35V x 10-5 / 2 mol
= 4.18V x 10-5 mol

Number of moles C2O4
2- from H2C2O4 in 25.0 cm3 FA 1 = 4.18V x 10-5 mol

Number of moles C2O4
2- from H2C2O4 in 1 dm3 FA 1 = 4.18V x 10-5 x 1000/25

= 1.67V x 10-3 mol

Number of moles C2O4
2- from H2C2O4 and salt in 1 dm3 FA 1 = 4.00 x 10-2mol

Number of moles C2O4
2- from salt in 1 dm3 FA 1 = 4.00 x 10-2 – 1.67V x 10-3 mol

Conc Na2C2O4 = 4.00 x 10-2 – 1.67V x 10-3 mol dm-3
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(ii) Conc. of acid = 0.30% by mass
1 dm3 of FA 1 contains 0.3/100  x 1000 g H2C2O4 =  3.00 g H2CC22OO44 

1 dm3 FA 1 contains 3/90 mol H2C2O4 = 3.33 x 10-2 mol H22CC2OO4

25.0 cm3 FA 1 contains 25/1000 x 3.33 x 10-2 mol H2CC22OO44 == 8.333 xx 1100-44 mom l H2

Number of  moles NaOH needed to react with 2525555555555555555555 0.0.0000.00000.0000.0.0.0.0.0.0.0.0.00000.0.0000000.0.000000... cccccccccccccccccccccccccccccccccccccccccccccccmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm33333333333333333333333333333333333333 FAFAFAFAFAFAFAFFAFAFAFFFAFFFFFFFFFFFFAFFFFFFFFFFFFFFFAFFFFFFFFAFFFAF 11 = 8.8.3333 xx 110-4 x 2 m
= 11.6767 xx 1100-3 mol

Assume titre volume of 20.00 cmmmmmmmmmm3 of NaOOOOOOOOOOH.H.H.H.H.H.HH.H.H.H
Concentration of NaOH needed ========== 111.1.1.1.1111.67 x 100000000000-333333333 x xxxxxxxxxx 1000000000000000//////2/2///// 0  =  0.0.080 355 mmolol dm-3

(iii) 1. Pipette 25.0 cccccccccccccccccmmmmmmmmm33333333 of FFFFFFFFFFA 1 inininiinininininntoooooooooo a 2505050505050550555 ml conical flasask.k.

2. Add 11111111111-2 222222222 drdddddddddd ops offfffff phenolpppppppppphhhhthhhhhh halein aaaaaaaaaas sssss ssss s inininininininninnndidididididididididid caccccccccc tor.

3. TiTTTTTTTTT trateee eeeee wwwwiwwwwww thhhhhhhhh NaOOOOaOaOaOOOOOHHHHHHHH ununuunununununtititititititit lllll ttthtt e mmmmimimmimimimm xxxtxxxxxx urrrrrrrrrree eeeeeee tututttutututututurrrrnrrrr s from colourless to permanent

4. ReReReReReReReReRReR pepepepepepepepepepeeatttttttt thhhhehhhhh  titrationonononononononononon untntntntntntntntntn il cccccccccconononononononononononsisisisissisisis stststststststststenenenenenenenenenenent readings are obtained ie titre value
by ±±±±±±±±±±±0.1010101010101010101010 cccccccccccm3

ApApApApApAApApAAA proppopopopopopopopopoprirriririrrirririatatatatatatatatata eeeeeeeeee apapapapapapapappapapppppapppppp ratus & capacity
Indiiicacacacacacacacatoototototototototoorr r r r rrrr ananannananananannd ddddddddd colour change at end point
CoCoCoCoCoCoCoCoCoConsnsnsnsnsnsnsnsnsnssisisisisisisisisisissteteteteteteteteetetennntntnnnnn  readings

(iv) Number oooooooooof f f fffff mmmmmmmmmmmoolololooooooo es NaOH used = V/1000 x 0.0835 mol  = 8.35V x 10-5 mol

Number of moles H2C2O4 in 25.0 cm3 FA 1 =  8.35V x 10-5 / 2 mol
= 4 18V x 10-5 mol



2 (a) (i) ium is larger in magnitude than the first IE of caesium as barium 
has greater number of protons (hence a stronger nuclear charge) compared to 
caesium. Shielding effect remains effectively constant as electrons are on the same 
quantum shell. 

Hence electrons in barium are closer and held more strongly by the nucleus and
more energy is required to remove the electron from barium.

(ii) 1st IE: Ba Ba+ + e-

2nd IE: Ba+  Ba2+ + e-

re removed from the barium ion, the remaining electrons are
fewer and reduction in screening effect and held more strongly by the nucleus which
has the same number of protons (nuclear charge remains unchanged) hence more
energy is required to remove the next electron to form Ba2+.

(b) (i) a(s) + 2H2O(l) Ba(OH)2 (aq) + H2 (g)

(ii) Ba(OH)2(aq) + 2 HCl(aq) BaCl2(aq) + 2H2O(l)

No of moles of HCl = 0.12 mol
No of moles of Ba(OH)2 = 6/137 = 0.0438 mol

2 is limiting.

= 200  x 4.18 x 6.1 = 5.10 kJ
(Or q = = 200  x 4.18 x 6.1 = - 5.10 kJ must have sign)

No of moles of water formed = 0.0438 x 2 = 0.0876 mol

H = - 5.10 /0.0876 = - 58.2 kJmol-1

(iii) Ethanoic acid is a weak acid and has a low degree of dissociation in solution. The
heat evolved from the neutralisation process is absorbed by the ethanoic acid to
further dissociate it to provide H+(aq) ions for the neutralisation with the base. Hence
the enthalpy change for the reaction is less exothermic than that of a strong acid being
neutralised by a strong base.

(c) H    H 
H- -H + H-H C=C

H    H 

– Bonds formed 
= 1H- – (C=C + 2C-H) 
= 436 + 840 – (610 + 2(410))
= - 154 kJmol-1
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fewer and reduction in screening effect and held more strongly by the nucleus wh
has the same number of protons (nuclear charge remains unchangnged) hence m
energy is required to remove the next electron to form Ba2+.

(i) a(s) + 2H2O(l) Ba(OH)2 (aq) + H2 (g)

(ii) Ba(OH)2(aq) + 2 HCl(aq) BaCl2(aq) + 2H2O(l)

No of moles of HCl = 0.12 mol
No of moles of Ba(OH)2 = 6/137 = 0.0438383838383838383888 mmmomomomoomomoooommm llll

2 is limiting.

========== 2020202020202020200000 00000 xxxxxxxxxxx 4.1111111118 x xxxxxxxxx 6.1 ======== 55555.555555555 10 kJ
(Or q = = 200 xxxxxxxxxxx 444444444.1.... 8 xxxxxxxx xxx 6666666.666 111111 = - 5.555555555 10001010010101001 kJkJkJkJkJkJkJkJkJJkJk  mususussususussssussususst ttttttt have ssigignn)

No of moles of wwwwwwwwattttttttttereeeeeeeee fffffffffforoooooooooo med ========= 0.044444444438388888888 x 2 = 0000000.00000000000878787878787878787878766666666666 mmmommmmmmmmm l

H ========== - 5.5.55.5.5.5.5.5.55 100000000000 /0.00000000008777777777766666666666 =========== - 5858585858585555 .2.2.2.2.2.2.2.2.222 kJmooooooooolllllllll-1-1-1-1-1-1-111

(iii) Etttttttttthaaaaaaaaaanoic aciccciciciciciciciid isisiiiiiii aaaaaaaaaa wwwwewwwwww ak aciciciciciciciciciddddddddddd anananananaanaanaa d hahahahahahahahahaassss sssss a low degree of dissociation in solution. T
heheheheeeeheeheeatatatatatatatataaa eeeeevovovovovovovovvovoolvlvlvllvllvvvved frorororororororororrommmmmmmmmm tttthttt e neneneneneneneneneneututututututuututrarararararararararalilililililiililiisasasasasasasasasasaaaaaaasation process is absorbed by the ethanoic acid
fuuuufuuuuuurtheheeeeeeeeeer dididididdidididid ssssssssssssssssssococococcociaiaiaiaiaiaiaiaiaaate it tototototototototo pppppppppprorororororororoovivivivivvvvivideddedededededededede HHHHHHHHHHH+++(aq) ions for the neutralisation with the base. He
the eeeeeeee ennnnnnnnnnthtttttttt alpy chaaaaangngngngngngngngngn eeeeeeeeeee fofofofoofofofofor rrr rr r rr ththththththhthhhhe eeeeeeeeee reaction is less exothermic than that of a strong acid be
neutrarararararararararaaliililiiliiiilisesesesesesesesesess d ddddd dddd bybyyyyybyyyyy aaaaaaaaaaa ssstronononononononononoo gggggggggg bababababbabbbb se.

(c) H    H 
H- -H ++++++++++++ HHHHHHHHHH-H C=C

H    H 



3 (a) (i) sp2,  sp3

[2]
(ii)

Every carbon atom in    is bonded to 2 carbon atoms and 2 hydrogen
atoms. Hence, these carbon atoms used sp3 hybrid orbitals for the formation of
the 4 sigma bonds. sp3 hybrid orbitals are arranged in a tetrahedral/non-planar
manner. Therefore, cyclohexane cannot be a planar molecule.

(b) (i)

N N
H

H

H
H NH

H H
HNx

xx
xx

xx

4 electron pairs around each N atom
3 bond pairs and 1 lone pair
To maximise stability and minimum repulsion, the arrangement of electron pairs
around each nitrogen is tetrahedral
since lone pair-bond pair repulsion is greater than bond pair-bond pair repulsion the
shape is trigonal pyramidal at each nitrogen atom.

Bond  angle :1070 

1 mark  for dot-cross diagram    
1  mark for deducing shape at each nitrogen atom
1 mark for bond angle

(ii) In BF3, B has only 6 electrons around it and hence has an empty orbital (or is
electron deficient). Hence, B can accept the 1 lone pair of electrons from N 
in N2H4 via dative bonding to attain a stable octet configuration. Since 
there are two nitrogen atoms in hydrazine two moles of boron trifluorides can 
be bonded  to 1 molecule of hydrazine

(iii)

Dotted lines and tetrahedral arrangement to be shown for at least one N atom. [5]
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H
H

x

4 electron pairs around each N atom
3 bond pairs and 1 lone pair
To maximise stability and minimum repulsion, the arranngegemementnt of elelecectronon ppairs
around each nitrogen is tetrahedral
since lone pair-bond pair repulsion is greater than bobobooobobooooondndndndndndndnddndndndndndndndndndndndndnddndndndndndndndndndndndddndnddnddddnnnnddndndnndnnnd pppppppppppppppppppppppppppppppppppppppppppppaiaiaiaiaiaiaiaiaiiiiaiaaaiaiaiaiaiaaiaaaaaaaaaiaaiaiaiaiiairrrrrrrrrrrrrrrrr--bbond ppaiairr rerepulsion t
shape is trigonal pyramidal at each nitrogogogogogogggogogogeneeeee  atoomm.m.m.m.m.m.m.mm.m.m.m.m.m.m.m.m.m.mm.m.m..m.mm..

Bond angle :1070 

1 mark  for dot-cross diagram    
1  mark for deducing shapepepepepepepepeppe aaaaaaaaattttttttt t eaeaaaaaaaaaachhhhhhhhhh nititititititititittrogen attatatatoooomoooooo
1 mark for bond angle

(ii) In BF3, B hhahahahhahhhhh s onononononononoononnlylyllyyyyy 6 electcc ronsssssssss aaaarrrorrrrrr und it ananananananananananandddddddddd hehehehehehehehehehehennnnnnnnnnce has an empty orbital (o
electrrrrronoooooooooo  deffffffffffficiiiiiiii ieieieieieeieieieieentntntntntntntntntn )))))))))). HeHHHHHHHHHH ncncncncncncncncncce, BBBBBBBBBB cccccccccccaaaanaaaaaa  acacacacacacacacacca cecececececececececeeptptptptptptptptptptpt ttttttttttthehehehehehehehehehehe 1 lone pair of electrons from
innnnnnn NNNNNNN22222222222HHHHHHHHH444444444 via dadadadadadadadadaatititititititittitt veveveveveveveveveee bbbbbbbbonononononononononding totototototoototot  atatatatatatatatatattatatatatatatatatainnnnnnnnnn a stable octet configuration. Sin
ttththththtttheeereeeee e aaaaraaraaaa eeeeee twoooo ooooo nininininininininn tttrttttttt ogen aaaaaaaaaatototototototototototomsmsmsmsmsmsmsmsmsmss iiiiiinnnnnnnnnnn hyhyhyhyhyhyhyhyhyhyh drdrdrdrdrdrdrdrdrdrd azazazazaazazazaaazine two moles of boron trifluorides c
beeeeeeeee bondededededeeeeeed dddd to 1 moleculelelelelelelelelelle ooooooooooof f f f f f ff f f f hhhhyhhhhhh drdrdrdrdrdrdrdrrdrdrazazazazazazazazaza ine

(iii)



(v) Both NH3 and N2H4 are discrete molecules with simple molecular structure,
capable of forming hydrogen bonding between their molecules. 

However, more extensive hydrogen bonding is formed between N2H4
molecules due to a greater number of lone pairs present on N atoms (or 
greater number of H atoms per molecule). 
Hence more energy is required to break the intermolecular hydrogen 
bonding in N2H4. Thus N2H4 has a higher boiling point than NH3.

4 (a) Reagent and condition for step 1: acidic KMnO4 or K2Cr2O7, heat

Reagent and condition for step 2: alcoholic KOH, reflux

* Answers to steps 1 & 2 can be switched, but reject acidic KMnO4 in step 2 as it 
will oxidise alkene.

(b) Organic compounds B and C are formed when ionone is heated with acidic KMnO4.
Further reactions are then carried out with compound C, which has the molecular formula 
C3H4O3. 

                     

+

B

D

+ CHI3

C
C3H4O3

E

Reaction 1

acidic 
KMnO4

heat

Ionone 

dilute HCl
reflux

F

LiAlH4

Aqueous alkaline Iodine
warm
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Reagent and condition for step 2: alcoholic KOH, reflux

* Answers to steps 1 & 2 can be switched, but reject acidic KMMnOnO44 inin step 2 as
will oxidise alkene.

Organic compounds B and C are formed when ionone is heheatateded witth h aca iddicic KMn
Further reactions are then carried out with compound C, whhicchh hahass tthe mmololececulularar form
C3H4O3.

++

B

+ CHI3

C
C3H4O3

Reactio

acidiccccccccccc 
KMKMKMKMKMKMKMKMKMKMnOnOnOnOnOnOnOnOnOnO4

heheheheheheheheheatatatatatatatatatat

Ionone 

Aqqqqqqqqqqueueueueueueueueueueooouo s alkaline Iodine
warm



(ii) Type of reaction: nucleophilic addition

Step 1: Nucleophilic attack of CN

                   + : CN

Step 2: Protonation of the negatively charged oxygen atom

H – CN +                  + CN

Equations with correct intermediate
Partial Charges, lone pair of electrons, slow/fast, arrows to indicate electron
flow

[Total: 10]

5 (a) The larger the Ka value, the stronger is the acid. 
Strength of acid depends on the stability of the anion when the acid ionises.

Stability of anion is as follows: 

O

>

O-

For phenoxide, the lone pair of electrons on the oxygen atom is delocalised into the
benzene ring. The negative charge on the phenoxide ion is dispersed, thereby
stabilizing the ion. Thus, protons leave the phenol molecules more readily to form
the stable phenoxide ion.

In comparison for 

O-

, the negative charge is confined to the oxygen atom. Also,
the cyclohexyl (alkyl) group in the ion is electron-releasing and it intensifies the
negative charge density on the oxygen atom and this destabilizes the anion. The
protons do not leave the cyclohexanol molecules readily, thus phenol is more acidic
than cyclohexanol.

(b) (i) Test: To each compound in separate test tube, add acidified manganate
(VII) and heat.
Observations: For test tube containing 2-methylpentan-3-ol, purple
manganate (VII) is decolourised. For test tube containing 2-methylpentan-2-
ol, purple colour remains.

OR 
Test: To each compound in separate test tube, add acidified dichromate (VI)
and heat.
Observations: For test tube containing 2-methylpentan-3-ol, the colour of the

slow

fast

+
-

:
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H – CN +                 + CN

Equations with correct intermediate
Partial Charges, lone pair of electrons, slow/fastst,, ararrorowsws to inndidicacatete eelectro
flow

[Total: 

The larger the Ka value, the stronger issssssssss thehhehehehehehhhh  acid. 
Strength of acid depends on the ststststststststststababababababababababililiililiililllitii y yyyyyyyy offfffffff the aniiiiiiiiiionnononononononnonnno  when the accidid iionisseses.

Stability of anionnn is as folololololololollllololololololololooowsswswswswsswsswsws:::::::

O

>>>>>>>>>>>

O-OO

Forrr rrrrrr ppppppppphenooooooooooxixixixixixixiiideddddddddd , thttttttt ee eee eeeee lone pppppppaiaiaiaiaiaiaaiaiaair r rr r r r rrrr ofofofofofofofofofofo eeeeeeeeeeeleleleleleleleleleleectctctctctctctctctctctrorororororororororor nsnsnsnsnsnsnsnsnsnsn ooooooooooon the oxygen atom is delocalised into
beeeeeeeenznznznznzznznznzzzene ringngngngngngnngngn . TTTThhehhhhhhhh negativeveveeveeeeeee cccccccccchahahahahahahahahahah rgggggggeeee eeeeeee ooonoooooo  thehhhhhhhhhh  phenoxide ion is dispersed, there
stsssssssss ababababababababaabiliililililii izizizizizizizizzzing theeeeeeeeee ioooooooooonn. TTTThTTTTT ussussssssss, prprprrprprprprprototototototototoototonoonononononoononnns leave the phenol molecules more readily to fo
thhhhhhhhhe ststststststststststabababababababababbble pppppppppheheheheheheheheh nonnnnnn xideeeeeeeeeee iiiiiiionononononononononnn......

In commmmmmmmpapapapapapapapapap risosososososososoosoon n n nnnnn nn fffoffffff r 

OOOOOOOOO-OO

, the negative charge is confined to the oxygen atom. Also
the cyclohohohohohohohohohohohheeeeexeeeeee yl (alkyl) group in the ion is electron-releasing and it intensifies the
negative charge density on the oxygen atom and this destabilizes the anion. Th
protons do not leave the cyclohexanol molecules readily, thus phenol is more acid

fast
:



solution will turn from orange to green. For test tube containing 2-
methylpentan-2-ol, orange colour remains in the solution. 

(ii) CH3CH2CH2CH2CH2CH2OH CH3CH2CH2CH2CH(OH)CH3        

2marks for reagents and conditions, 1mark for intermediate.

(c) Organometallic compounds, usually a metal attached to an R group, can be used to 
convert carbonyl compounds to alcohols. An example involving lithium can be seen  
below:
                            =O +  R’

OH2 ’’  + LiOH
                         |                                            |

                                 R’                                          R’

With the help of the above reaction in a synthesis route, hexan-2-ol can be converted to a 
C7 alcohol, 2-methyl-hexan-2-ol, in 2 steps. Write the reagents and conditions required 
for the conversion, including the intermediate compounds.                                              [3]

                                                               Acidified KMnO4, reflux
CH3CH2 CH2 CH2CH(OH)CH3                                               CH3CH2CH2CH2CH2COCH3

                                                                                                                                                  CH3 –Li & H2O   

                                                                                  CH3CH2CH2CH2C(CH3)(OH)CH3 

2 marks for reagents and conditions, 1 mark for intermediate.
[Total: 10]

CH3CH2 CH2 CH2CH=CH2

Excess 
concentrated 
H2SO4, 180 oC 
   

cold concentrated. 
H2SO4 followed by H2O,
warm at 80 oC 
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2marks for reagents and conditions, 1mark for intermediate.

Organometallic compounds, usually a metal attached to an R ggroroupup,, cacan be used
convert carbonyl compounds to alcohols. An example invollvivingng llitithihiumum can be se
below:
                            =O +  R’

OH
’’’’’’’’’ +++++++++++++ LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLiOiOiiiOiOiOiOiiiiiOiiOiiOOi HH

                         |                                            |
                                 R’                                          R’R’RRRRRRRRRRRR

With the help of the above reaction in aaaaaaaaaa syyynyyyyyyyy thesisssssssssss roooouooooooooooooo te, heh xan-22-olol ccan bbe e cconverted t
C7 alcohol, 2-methyl-hexan-2-ololololololololoo , ininnnininininn 22222222 ststststststststststepepepepepepepepepe sssssssssss. Writeeeeeeeee tttthtttttt e reagentss aannd condditions requi
for the conversion, including thhhhhhhhhhhhhe    intermediaaaaaaaaaatetetetetetet cocccccccccc mpmpmpmpmpmpmppmpmpmpooooouooooooooooooo nds.                                             

                                                              AAAcAAAAAAAA idified KMKMKMKMKMKMKMKMKMKMMnOnOnOnOnOnOnOOOnOnO4444444444, reflux
CH3CH2 CH22 CH2222222CHHHHHHHHHH(O(O(O(O(O(O(O(O(O(O(OH)H)H)H)H)H)H)H)HH)H CHHHCHHCHHCHH3 333333333                                          CHCCCCCCCCC 3CH2CH2CH2CH2COCH3

                                                                                                                                             CH3 –Li & H2O  

                                         CH3CH2CH2CH2C(CH3)(OH)CH3

2 marks for rrrrr rerererererererereeeagagagagagagagagagaga ennnnnnnntststststststststss aaaaaaandndndndndndndndndnnd ccccccccccooonoooo ditions, 1 mark for intermediate.
[Total: 



Section B
Answer all questions. Begin each answer on a separate sheet of paper.

1 (a) This question is about organic compounds with molecular formula C4H8O2. 

One compound with molecular formula C4H8O2 is the ester, ethyl ethanoate.

Here are two possible reaction routes for the synthesis of ethyl ethanoate:

Reaction ICH3CH2OH(l) + CH3CO2H(l)CH3CO2CH2CH3(l) + H2O(l)

Reaction IICH3CH2OH(l)  + CH3COCl(l)CH3CO2CH2CH3(l) + HCl(g)

(i) State the chemical reagent required for Reaction I.

(ii) r of Reaction II.

Use the following data:

Hf /  kJ mol-1

CH3CH2OH(l) – 278

CH3COCl(l) – 275

CH3CO2CH2CH3(l) – 481

HCl(g) – 92.3

(iii) , of Reaction II is positive or negative.
Explain your prediction.

(iv) Hence explain, in thermodynamic terms, if heat is required for Reaction II to be
feasible.

[7]

heat
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(b) CompoundsA, B and C are isomersof ethyl ethanoate, also having the molecular formula
C4H8O2.

All three compounds A, B and C produce white fumes with solid PCl5 in the cold.

Compounds A and Bproduce an orange precipitate with 2,4-dinitrophenylhydrazine whereas
compound C does not.

Only compound A gives a silver mirror with Tollens’ reagent.

When alkaline aqueous iodine is separately warmed with the three compounds, only
compounds A and Bproduce yellow precipitate.

Compounds A and Bare also optically active. When compound B is reacted with LiAlH4 in
dry ether, the product formed is optically inactive.

CompoundCcan exhibit cis-trans isomerism and when it reacts with hot acidified KMnO4, the
only products formed are CO2 and H2O.

Deduce the structures of compounds A, B and C, explaining your reasoning.

[11]

(c) Compound D,CH(OH)=CHCH(OH)CH3, is another isomer which has the molecular
formula C4H8O2.

Draw  all possible stereoisomers of compound D. [2] 

[Total:20]
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2 Compound E, 2-methylbenzoic acid, is used as an intermediate for the synthesis of dyes 
and pesticides.

C
OH

O

CH3

Compound E

Compound Mr Boiling Point / °C

C
OH

O

CH3

Compound E

136 259

CH2

CH3

CH2 CH3

1-methyl-2-propylbenzene

134 186

(a) Explain the difference in the boiling points of the above compounds. [2] 

(b) Explain why compound E is miscible with propanone, but is only slightly miscible with 
water. [3]
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(c) Compound F can be formed when compound E undergoes bromination.

C
OH

O

CH3

Compound F
Br

(i) State the reagents and conditions for the reaction.

(ii) Another product, which is the isomer of compound F, is also formed in the 
reaction. Draw the displayed formula of the product.

(iii) Name the type of reaction and describe the mechanism for this reaction, 
including curly arrows showing the movement of electrons, and all charges.

[5]

(d) Compounds G and H are isomers of each other. 

Both compounds react with hot, alkaline KMnO4. Draw the structures of the organic 
products formed.  [2]

(e) Two students were arguing about the number of geometrical isomers compound H
exhibits. Alice mentioned in her argument that compound Hhas 4 geometrical
isomers. Another student, Ben, argues that there are 8 geometrical isomers. State 
and explain whether you agree with Alice’s or Ben’s argument. [2]

Compound HCompound G
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(f) Ring-Closing Metathesis (RCM) is an efficient and practical method to synthesise 
cyclic alkenes. Compound G undergoes RCM to form compound J as shown:

 

(i) Upon reacting compound J with HBr at room temperature, 2 products are 
obtained. 

Draw the structures of compoundsK and L. 

(ii) Suggest a possible reagent and condition to confirm that compound J has 
undergone a complete reaction with HBr.

(iii) Besides HBr, other halogen-containing reagents such as BrCl can also react 
with compound J.

Name the type of reaction and describe the mechanism for this reaction, 
including curly arrows showing the movement of electrons, and all charges.

[6]

[Total:20]

Compound G Compound J
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1 (a) (i) Concentrated sulfuric acid. [1]

(ii)   
CH3CH2OH(l) +  CH3COCl(l)                CH3CO2CH2CH3(l) +   HCl(g)

                           4C(s)  +  9/2H2(g)  +  O2(g)  +  ½Cl2(g)

By Hess’ Law,

Hr    – 278 – 275   =   – 481 – 92.3

Hr =    – 20.3 kJ mol–1
[3]

(iii) Positive. There is an increase in the amount of gas molecules present in the 
system after the reaction leading to an increase in degree of disorder. There 
are more ways to arrange the particles in the system and therefore entropy 
increases. [1]

(iv) Consider:  –

T is always positive and in this reaction H is negative whereas S
is positive.

G would always be negative suggesting that reaction is spontaneous 
regardless of temperature of reaction and heat is not required. [2]

(b) Compounds A, B and C undergo substitution with PCl5. 
All three compounds contain –OH group. 

(Note: students who wrote that compounds A, B and C are alcohols were NOT 
awarded the mark – carboxylic acids would have a similar reaction with PCl5.)

Compounds A and B undergo condensation reaction with 2,4-DNPH whereas 
compound C does not undergo condensation reaction with 2,4-DNPH.

Compounds A and B are ketone or aldehyde; compound C is neither a 
ketone nor aldehyde. 

Only compound Aundergoesoxidation with Tollens’ reagent.
Compound A contains aldehyde functional group while compound B
contains ketone functional group.

(Note: student needs to identify compound A as aldehyde AND compound B as 
ketone to be awarded the mark.)

CompoundsA and Breact with warm alkaline aqueous iodine whereas compound 
C does not.

Compound A has –CH(OH)CH3 group (since the other O atom in 
compound A is found in the aldehyde functional group).

Compound B has –CH(OH)CH3 or –COCH3 group. 

– 278 + (– 275) – 481 + (– 92.3)

Hr
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Hr =  – 20.3 kJ mol–1

(iii) Positive. There is an increase in the amount of gas moleecculess ppresent in t
system after the reaction leading to an increase in degrgreeee ooff didissorder. The
are more ways to arrange the particles in the systemem aandnd ttheherereforee entrop
increases.

(iv) Consider:  –

T is always positive and in tttttttttthihhhhhhhhh s reaccccccccccctioooonoooooo  HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH isisiisisisiisisisisiiiiiiiiisisisisisisisisisisisisisiissssiisisisisisisisisiisis neneneneneneneneneneneneneneneneneneneenenennenenneneeenenenenenneneneneeeneneenenenennnnneegggagagagagagagagaggagaggagg tiveve whw ereaeas s S
is positive.

G would always bbbbbbbbbbbbbbbbe e e eeee ee negative sssusssssss gggggggggggggggggggggesesesessesesesesstttitttttttt nnnnngnnnnnnnnnn  that reactiionon iis spontaneous
regardless of tempppppppppereeeeeeee ttattatttaturururururururureeeeeeee eee ofofofofofofff reeeeaeaeaeaeee ctctcctctctctctcctc iooioioioioioionnnn nnnnnnn and hehehehehehheheheheh at is not required.

Compounddddddddddds A, BBBBBBBBB aaaaaaaaandndndndndndndndndndnd CCCCCCCCCCC ununununununuuu deddedededededdedergrgrgrggggggooooooo ooo susususususususususs bstititititititittiititutututututututututuutititititittitititt ononononononononono wiwiwiwiwiwiwiwiwiwithththththththththt  PCl5.
Allllllllllllllllll thhhhhhhhhhhrerrrrrr e ccoccccccc mpmpmpmpmpmpmpmpmpmm ououououououououuundndndndndndndndndnds ssssssss coccccc ntainnnnnnnnnn –––––––OHOHOHOHOHOOHOHOHOHO gggggggrororororroorororoup.

(Note: stuuuuuuuuudeeeeeeeeeeents wwwwhwwwwww oooooooooo wrrrrrrrrrotttttttteeeeeeee that ccccccccccomomomomomomomomomomompopopopopopopopopopop unnnnnnnnnndsdsdsdsdsdsdsdsdsdsds AAAAAAAAAA, BBBBBBBBBBB and C are alcohols were NOT 
awaaaaaraaaaaaaaaaa dedededededededededed d thhhhhhhhhhhe mark ––––– cacacacaccacacacacac rbrbrrbrrbrbrbrbrboooxooooooo ylicccc aaaaaaaaciciciciciciciciccicidsdsdsdsdsdsdsdsdsds wouldldldlddddldd have a similar reaction with PCl5.)

Compmpmpmpmmmmmmm ooooouoooooo nds A anaananaaaanaa dddddddddd BBBBBBBBBBB ununununununununnddededededededededergo condensation reaction with 2,4-DNPH whereas 
compouououououououououououndndndndndndndndndndd CCCCCCCCC dodododododododododoesesesesesesesessss nnnnnnnnnnnototototototototott undergo condensation reaction with 2,4-DNPH.

CoCoCoCoCoCoCoCoCoCoCompmpmmpmpmmmpmm ouuuuoo ndndndndndndndnddnds A and B are ketone or aldehyde; compound C is neither a 
keeeeeeeeeetotototototototoototonenenenenenenenenenene nor aldehyde. 

Only compound Aundergoesoxidation with Tollens’ reagent.
Compound A contains aldehyde functional group while compound B



Compounds A and B are optically active.
Compounds A and B have at least one chiral carbon centre and have no
plane of symmetry and have non-superimposable mirror images. 

Compound B undergoes reduction with LiAlH4 in dry ether to form a product that 
is optically inactive.

The product from reduction of compound B has a plane of symmetry. 
The product from reduction of compound B is a secondary alcohol. 

(One additional mark was awarded if student provided the structure of the secondary 
alcohol formed from reduction of compound B, i.e. CH3CH(OH)CH(OH)CH3) 

 
Compound C can exhibit cis-trans isomerism and undergoes strong oxidation with 
hot acidified KMnO4 to form only CO2 and H2O.

Compound C contains C=C bond with 2 different groups on each C in the 
C=C bond. 
 

Compound A: CH3CH(OH)CH2CHO 

 
 
Compound B: CH3CH(OH)COCH3 
 
 
 
 
Compound C: CH2(OH)CH=CHCH2OH 
 

(both cis and trans representations of compound Care accepted)

(Note: maximum number of marks award for deduction is 8) [11]

(c)  
 

where R is
 
 

 
  

where R’ is
 
 

[2]

[Total:20]
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hot acidified KMnO4 to form only CO2 and H2O.
Compound C contains C=C bond with 2 different groups on each C in th
C=C bond. 

Compound A: CH3CH(OH)CH2CHO

Compound B: CH3CH(OH)COCHHHHHHHHHH3333333333

Compoundndndndnddnddndndd C: CHCHHCHHCHHCHHH22222222222(O(O(O(O(O(O(O(OOOOH)H)H)H)H)H)H)HHH)CHCCCCCCCCC =C=C=C=C=C=C====CHCHCHCHCHCHCHCHCCCHHHHHHHHHHH2OHHHHHHHHHH

(b(b(bb(bbbbbb( ottttttttthhhhhhhhhh cccciccccccc s and trtrtrtrtrtrtrttrt annnnnnnnnns s rererererererererereepresssssssssenenenenenenenenentatatatatatatatatatatatitititiiiiitititionooooo s of compound Care accepted)

(Note: mmmmmmmmmaxaxxxxaxxxxxaximmmmmmumumumumumumumumumumm nunununuuuuununuumberrrerrerererrerr oooooooofffff ffffff mamamamamamamammamam rkrkrkrkrkrkrkrkkrkrks aaaawaaaaa ard for deduction is 8)

where R is

CCCCHHHH3333 CCCC

HHHH

OOOOHHHH

CCCCHHHH2222 CCCCC

OOOO

HHHHHHHH

CCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH333333333333333333333333333333 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

HHHH

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOHHHH

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

CCCCCCCCCCCCCCCHHHHHHHH33333333

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCC

CCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH2222OOOOHHHHHHHHHHHH

HHHHHHHHHHHHHHHHHHHHHHHHHH

HHHHHHHH

CCCCHHHH2222OOOOHHHH

CCssCCssss

CCCCHHHH3333

RRRR
He e HrereHHeeee

OOOOHHHH

CCCC

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH3333

RRRR
HHHH

OOOOHHHH

CCCC CCCC

HHHH

OOOOHHHH

HHHH

* *



2 (a) Both compounds have simple molecular structures.
1-methyl-2-propylbenzenehas van der Waals’ forces of attraction between its 
molecules. Compound E has both van der Waals’ forces of attraction and 
hydrogen bonding between its molecules.

Since these molecules have similar Mr, similar electron cloud size, more energy
is required to break the hydrogen bonding and van der Waals’ forces of attraction
between the molecules of compound E. Therefore, compound E has the highest 
boiling point.

[2]

(b) Propanone and water have simple molecular structures. Propanone has van der 
Waals’ forces of attraction between its molecules while water has hydrogen 
bonding between its molecules.

Note: Compound E’s structure and bonding need not be mentioned here again, as it has 
been mentioned in (a).

As formation of van der Waals’ forces of attraction and hydrogen bonding 
between compound E and propanonereleases sufficient energy to break both the 
van der Waals’ forces of attraction between propanone molecules as well as van 
der Waals’ forces of attraction and hydrogen bonding between molecules of 
compound E, compound E is miscible with propanone. 
As formation of hydrogen bonding between compound E and water
releases insufficient energy to overcome all the stronger hydrogen bonding 
between water molecules, as well as van der Waals’ forces of attraction and 
hydrogen bonding between molecules of compound E, compound E is only 
slightly miscible in water.

[3]

(c) (i) Br2(l) in the presence of anhydrous FeBr3 under room conditions [1]

(ii)

[1]

(iii) Electrophilic substitution
Slow/fast step, partial charges, lone pair of electron
Curly arrows to indicate electron flow [3]
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bonding between its molecules.

Note: Compound E’s structure and bonding need not be mentioned hherere e agagain, as it h
been mentioned in (a).

As formation of van der Waals’ forces of attraction and d hyhydrdrogo enen bbonding 
between compound E and propanonereleases sufficcieientnt eenenergyy toto bbrereakak both
van der Waals’ forces of attraction between propapapaaapaapapaanonononononononoonononononononononononononoononononoonnononononoonoonooonooonnnnononnonnoneneneeneneneneneneeneeeneneeneneeeeneneenneennneneeeeennennenenne mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmooleculleses asas well as v
der Waals’ forces of attraction and hydydydydydyddydydydydrogen bobobobobobobobobobobobooboboboooooboobobobobobooboooooooobobooooboboboooooooooooooondndndndndndndndndndndndndndndndndndndndndndndndndndndndndnddndnddnddddddndddddndndndndndnddndndininininininininininininininininininiininininininininininnnininnininnininniingggggggggggggggggggggggggggggggggggggggggggggggg bebebebebbeebebebebebebebebbbebebbeeebbebbeebeebebebbbbebebeebebbbbbebbbbbebeb twtwtwtttwtween momolelecucules of 
compound E, compound E is miscible eeeeeeeee wiiwiwiwiwwiwiwiwiithhhhhthhhhhhhhtt  pprprprprpprprprprprrprprprrprrpprppprprprrrrrrprprrprrprpprrprprpprrpprprpprrpropopopoopopopopopopopopoppopopopopopopopopoopopopopopopoppopopopopopopopopopoopopopoppopoopoppppppppppppppananananaanaanananananananananannanannnanaananaanannnanaanananananananananaaanananaanaannaaaanannnononononononoonononononononononononononononononnononooonnonnononononnoonnnonooonnnnneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee............
As formation of hydrogen bonddddddddddinnnnnnnnnnggggggg betwwwwwwwweeeeeeeeeee nnnnnnnnnnn compmpmpmppmpmpppppppmpppppppppououououououououououoouoooououooo nd EE anandd waateterr
releases insufficient eneeeeeeeeeerggrgrgrgrgrgrgr yyyyyyyyy tototototototottotoo ooooooveveveveveveveevevv rcrrrrrrrrrr ome aalaaaaaaaaa l thtttt e strongerr hhydydrogeenn bonding 
between water moleccccccccuuuuluuuuuuuu eeeseeeeee , as welllllllllll asasasasasasasassasas vavvvvv nnnnnnnnn dededeeedededededeeeeeeer Waals’ forcrceses of attraction and 
hydrogen bondiddddidid ng betttttttttwewwwwwwwwww enn mmmmmmmmmmmoloolololoolololecececececececee uluuulululuuuu esesesesesesesesess ooooooooooffff fffff compmpmpmpmpmpmpmppmppoouooooo nd E, compound E is only 
slightly miscibbblbbbbb e eee e ee e e innnnnnnnn wwwwwwwwwwwater.

(i) BrBrBrBrBrBrBrBrBrBr2(l)))))))))) ininininin tttttttttthe ppppppppppreeeeeeeeeeseseseseseseseseseencncncnccncncncncnceeee eeeeee ofofofofofofofofff aaaaaanhnhnnhnhnnhhyddddddddddrororororororororoorousuusususususususu FFFFFFFFFFFeBeBeBeBeBeBeBeBeBeBr3 under room conditions

(ii)

(iii) Electrophilic substitution



C
OH

O

CH3

FeBr3 + Br - Br FeBr4- + Br+
Step 1:

Br+

Step 2:

slow C
OH

O

CH3

Br

H

C
OH

O

CH3

Br

H

Step 3:

fast C
OH

O

CH3

Br

FeBr4
-

+ FeBr3 + HBr

Note: AlBr3 would also be accepted as the catalyst. The circled-arrow is not a 
marking point.

Note: Mechanism for the formation of isomer or compound F would be awarded 
marks. 

(d)

 

and  [2]

(e)

 
 
I agree with Alice’s argument as Compound Hhas 4 geometric isomers. 
Note: No mark for stating Alice is correct without giving any reason, or for 
supporting it with the wrong reason (such as presence of chiral centres and 
molecule having no plane of symmetry).
There is 1 double-bond (C=C) and the cyclohexane ring present in Compound [2]

2nd C=C

1st C=C

Compound H
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C
OH

CH3

Br
fast C

OHOH

CHCH33

Br

F 4

+ F+ FeBr3 + HBr

Note: AlBr3 would also be accepted as the catalylyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyysstststststtstststststtststtststststststttststststttststststststsststststsssssss ........ ThThThTThThThThThThThThhhThThThTThTThTTThThThTThThTThTThhTThThTThThTThThThThThThThThThTThThTThTThThhhThThTThTTTTThT eeeeeeeeeeeeee eee eeeeeeeeeeeeeeeeeeeeeeeeee cic rrcled-aarrow is not a 
marking point.

Note: Mechanism for the formatatatatatatatatattioioioioioioiooioionnnnnnnn of isooooooooooomememememeeememeer orr ccccccccccccccccccccccccccccccccccccomomomoomomomooomoomomommmomoooomomomomoooooommmoomooooomooomomomppppppppoppp unndd FF woululdd bebe awarde
marks. 

and 

H

FeBr4
-



Hwhich exhibits geometric isomerism due to its restricted rotation and that there 
are 2 different substituents attached to each carbon atomin the C=C and the two 
carbon atoms in cyclohexane. 

(f) (i)

Draw the correct product of addition of HBr.

Label which is major or minor / Compound K and L [2]

(ii) Br2 (aq) – bromine water, room temperature
Cold, dilute, acidic KMnO4

Acidic KMnO4, heat [1]

(iii) Electrophilic addition

Either major/minor product drawn will be accepted.

Step 1:

Br Cl
+ -

slow + Cl-

CH3
CH3

Br

Step 2:

+ Cl-

CH3

Br

fast CH3

Br

Cl

OR [3]

Compound K Compound L
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Label which is major or minor / Compound K and L

(ii) Br2 (aq) – bromine water, room temperature
Cold, dilute, acidic KMnO4

Acidic KMnO4, heat

(iii) Electrophilic addition

Either major/minor product drawnwnwnwnwnwnwnwnwnnwn will bebebebebebebebebeee aaaaaaaaaacccccccccc epepepepepepeppppppppppppppppppppppppppppppteteteteteeeteteeeteteteteteteeeeteteteetetetetetetetetetetetettteeteteetetttteetttetetteeeeeeed.d.ddddd.dddd.d.dddddddddd.ddd.dddddd.ddd.dd.ddd.dddddddd.dd.dddddddd

Step 1:

Brrrrrrrrrr CCCCCCCCCCllllll
++++++ -

slow + Cl-

CCHCCCCCCCCCC 3333333333
CH3

Br

StSSSSSSS eeepeeeeee 2:

+ Cl-

CHCHCHCHCHCHCHCHCHCHC 3

Br

fast CH3

Br

Cl

OR



Br Cl
+ -

slow + Cl-

CH3
CH3

+ Cl-

CH3

fast CH3

Cl

Br

Br

Br

1 mark for balanced equations for both steps, with the correct carbocation
1 mark for curly arrows, partial charges, fast and slow steps

[Total:20]
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Cl

1 mark for balanced equations for both steps, with the correrectct ccara bocation
1 mark for curly arrows, partial charges, fast and slow steppss


