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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 Carbon disulfide, CS2, is a volatile flammable liquid used in the manufacture of cellophane. 
On combustion, CS2 is oxidised 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 resultant
gas mixture is treated with excess aqueous alkali. 

What percentage (by volume) of the gas mixture is absorbed by the alkali?

A 40% B 60% C 80% D 100%

2 The metallic ion Xn+ is oxidised to XO3 by MnO4 ion in an acidic solution. If 1.93 x 10 3

moles of Xn+ require 1.16 x 10 3 moles of MnO4 for oxidation, what is the value of n?

A 1 B 2 C 3 D 4 

3 Which of the following species has neither a half-filled nor a fully-filled p subshell?
A Be   B P C S2 D Ca2+

4   Which of the following combinations of property and identities of W to Z gives the shape of 
the graph shown below?

property W X Y Z
A boiling point HF HCl HBr HI
B melting point Na Mg Al Si

C ionic radius F– Na+ Mg2+ Al3+

D first ionisation energy Al Si P S

W X    Y Z

property
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5 Which of the following statements about the properties associated with ionic and covalent 
compounds is correct?
A The only covalent compounds with high melting points are those in which hydrogen 

bonding occurs.
B Any compound that contains both hydrogen and oxygen atoms in its molecule can form 

hydrogen bonds.
C Ionic bonds and covalent bonds cannot both occur in the same compound.
D Ionic compounds differ from metals in that ionic compounds do not conduct electricity in 

the solid state.

6 In microwave ovens, the wave energy produced is absorbed by certain polar molecules. 

Which of the following would not absorb microwave energy?

A CCl4   B CH2F2  C PCl3   D CH3CH2OH

7 An ideal gas obeys the general gas equation pV = nRT. 

Which of the following statements is correct? 
A The density of an ideal gas is directly proportional to its temperature at constant 

pressure.
B The volume of a given mass of an ideal gas is doubled if its temperature is raised from 

20 oC to 40 oC at constant pressure.

C The relative molecular mass of an ideal gas can be estimated by Mr =
pV

mRT where m is 

the mass of the gas.
D For a given mass of an ideal gas, the pressure is directly proportional to its volume at 

constant temperature.

8 For which one of the following equations does the enthalpy change represent the average 
bond enthalpy of the P Cl bond in PCl5?

A PCl5(s)  P(s)  + 5Cl(g) B PCl5(g)  PCl4(g)  +  Cl(g)

C 
5
1 PCl5(g)  

5
1 P(g)  +  Cl(g) D 

5
1 PCl5(s)  

5
1 P(g)  +  Cl(g)

9 For which of the following processes is the entropy change positive?
A Dimerisation of ethanoic acid
B Mixing AgNO3(aq) and NaCl(aq)

C Sublimation of iodine
D Compression of gas volume at constant pressure
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10 Consider the reaction between gaseous compounds A and B to form C: 

A(g)  +  B(g)  C(g)

The mechanism for the reaction was found to be as follow:
  Step 1: 2 A(g) J(g)    fast
  Step 2: J(g)  +  B(g)  C(g) + A(g) slow
  
Which of the following is the correct rate equation?
A Rate = k[A]2 B Rate = k[A]2[B]
C Rate = k[A][B] D Rate = k[J][B]

11 The decomposition of hydrogen peroxide is a first order reaction with respect to hydrogen 
peroxide. The rate equation is

rate = k[H2O2] where k = 0.0495 min
  

Which of the following statements is not correct?
A The half life of decomposition of hydrogen peroxide is 14 min.
B Graph of rate against concentration of hydrogen peroxide is linear.
C Doubling the concentration of hydrogen peroxide will double the rate of decomposition.
D Doubling the concentration of hydrogen peroxide will reduce the half life by a factor  

of 2.

12 The graphs below show the variation of the percentage of gaseous products present at 
equilibrium with temperature and pressure.

                    T2  T1  

                    T2 
  
  

                    T1  

   
        Which of the following systems could the graphs represent?

A N2(g)  +  O2(g)  2NO(g) H = +181 kJ mol 1

B 2SO3(g)  2SO2(g)  +  O2(g) H = +380 kJ mol 1

C 2CO(g)  CO2(g)  +  C(s) H = 173 kJ mol 1

D 4NH3(g)  +  3O2(g)  2N2(g) + 6H2O(g) 1

% products 
at equilibrium

pressure
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13 The equilibrium constant Kp for the following reaction is 0.726 at 1000 oC.  
CO2(g)  +  H2(g)  CO(g)  +  H2O(g)

Which of the following gives the composition of the equilibrium mixture (in mol) when 
0.50 mol of CO2 and 0.50 mol of H2 are mixed at 1 atm and 1000 oC?

14 Dopamine is a neuro transmitter. Its absence from the human brain might lead to Parkinson’s 
disease. 

Which carbon atom in the molecule will be readily attacked by an electrophile?
                                                                          

HO CH2CH

HO

NH2

CO2H

              dopamine

15 The prostaglandins are a group of C20 carboxylic acid molecules containing a five-membered 
ring with two long side chains each. They have an extraordinarily wide range of biological 
effects. The structure of a prostaglandin is shown below. 

  
OH

O

CH=CHCH(OH)(CH2)4CH3

CH2CH=CH(CH2)3CO2H
   

How many stereoisomers does it have?
A 2   B 8   C 16   D 64

CO2 H2 CO H2O
A 0.23 0.23 0.27 0.27
B 0.25 0.25 0.25 0.25
C 0.27 0.27 0.23 0.23
D 0.30 0.30 0.20 0.20

D

C

A

B
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16 Which of the following statements is true about cyclohexane, cyclohexene and 
methylbenzene?
A Only cyclohexane decolourises bromine in the presence of light.
B Only methylbenzene contains sp2 hybridised carbon atoms.
C All three compounds decolourise hot acidified KMnO4 solution.
D All three compounds react with chlorine gas under suitable conditions to produce 

hydrogen chloride gas. 

17 1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in 
agricultural land. The structure of DBCP is shown below.  

C

Br

C

Br

C

Cl

H

H

H

H

H

       
Which of the following is the best way of synthesising DBCP? 
A CH2 CHCHBr2 +   HCl        DBCP

B CH2 CHCH2Cl +   Br2         DBCP

C CH3CH2CH2Cl      +   2Br2 DBCP +  2HBr

D CH3CHBrCH2Br    +  BrCl       DBCP  +  HCl

18 Which compound will not be formed in the reaction between ethene and aqueous bromine in 
the presence of aqueous ammonia? 
A CH2(NH2)CH2OH B CH2BrCH2OH
C CH2BrCH2Br D CH2BrCH2NH2

19 Which property does benzene have as a consequence of the delocalised electrons present in 
its molecule?
A It is a good conductor of electricity.
B It is susceptible to attack by nucleophilic reagents.
C Addition reactions of benzene take place more readily than substitution.
D The carbon-carbon bond length is between that of a C C bond and a C C bond.

20 One mole of compound Y reacts with acidified potassium manganate(VII) solution to give off 
2 moles of carbon dioxide. 

  
What is the possible structure of Y? 
A C6H5CH3 B C6H5CH2CH3

C CH2 CH2 D CH3CH CH2
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21 Which of the following compounds could be prepared by reacting bromoethane with ethanolic 
potassium cyanide and then reducing the product?    
A CH3CH2CN B CH3CH2CH3

C CH3CH2NH2 D CH3CH2CH2NH2

22 Which of the following diagrams correctly represents the transfer of electrons when ammonia 
reacts with a halogenoalkane?

A 
N

H
H H

C

Cl

B N

H
H H

C

Cl

C 
N

H
H H

C

Cl

D 
N

H
H H

C

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 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.

23 When dilute acid is added to an aqueous solution containing nitrite ions, gases are evolved. 

2H+(aq) + 2NO2
–(aq)   H2O(l)  + NO(g) + NO2(g)

Which of the following statements correctly describe the process?
1 NO2

– undergoes disproportionation.
2 H+ is oxidised by NO2

–.
3 H+ acts as a catalyst.

24 In which sequences are the molecules listed in order of increasing bond angle?
1 H2O NH3 CH4

2 SF6 H2O BF3

3 SF6 CH4 CO2

25 Which of the following statements about the Group II metals, calcium, strontium and barium, 
are correct?
1 Second ionisation energy decreases from Ca to Ba.
2 The magnitude of the lattice energy of the metal oxides decreases from Ca to Ba.
3 The magnitude of the enthalpy change of hydration of the metal ions decreases from

Ca to Ba.
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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.

26 Which of the following graphs show the behaviour of a fixed mass of an ideal gas at two 
constant temperatures, T1 and T2 (where T2 T1)?
1 2

3

27 The following kinetics data were obtained for the reaction between nitrogen(II) oxide and 
hydrogen at 700 oC. 

2NO(g)  +  2H2(g)  N2(g)  +  2H2O(g)    

Which of the following statements about the reaction are true?
1 The order of reaction with respect to hydrogen is 1.
2 The overall order of reaction is 3.
3 The initial rate would decrease with increasing temperature.

Initial [NO] / mol dm 3 Initial [H2] / mol dm 3 Initial rate / mol dm 3 s 1

0.250 0.05 1.2 10 6

0.250 0.10 2.4 10 6

0.125 0.10 6.0 10 7

p

1/V

T2 

T1 

p

V

T2 

T1 

T
pV

V

T2 

T1 
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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.

28 Which of the following pairs illustrate geometric isomerism? 

1 C C

H

CH3 CH2CH3

H

C C

CH3

H CH2CH3

H

2 C C

CH3

Cl CH2CH3

H

C C

Cl

CH3 H

CH2CH3

3 C C

H

CH3 CH3

Br

C C

CH3

CH3 H

Br

29  Which of the following compounds will be detected in the reaction between CH2FCH2F and 
chlorine gas in the presence of light?  
1 CHClFCHClF

2 HCl
3 H2

30  A liquid, L, C7H6Cl2, gives a white precipitate when shaken for some time with ethanolic 
silver nitrate. 

What could L be?

1 

CH3

Cl

Cl

2 

CH2Cl

Cl

3 

CHCl2

End of Paper
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C1 PROMOTIONAL EXAMINATION
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Paper 2: Structured and Free Response

7 October 2009                                                                                                       2 h

INSTRUCTIONS TO CANDIDATES
1. This paper consists of 14 printed pages. You should also have a Data Booklet, a set 

of writing paper, a piece of graph paper and a cover page for Section B.
2. Answer all questions in Section A (Structured Questions) in the spaces provided in 

this Answer Booklet.
3. Answer any 2 of the 3 questions in Section B (Free Response Questions) on the 

writing paper provided. 
Begin each question on a FRESH sheet of writing paper. 

4. At the end of the examination, hand in your answers to Section A and Section B
SEPARATELY. 
A NIL RETURN is necessary for any unattempted question for Section B. 
Tie your answer scripts to Section B behind the cover page provided.

INFORMATION FOR CANDIDATES
The number of marks is given in brackets [  ] at the end of each question or part question.
You may use a calculator.
You are reminded of the need for good English and clear presentation in your answers.

FOR EXAMINERS’ USE

TOTAL
Multiple Choice Section A (Structured) Section B (Free Response)

Q1                        / 7 Q1                               / 20

Q2                         / 10 Q2                               / 20

Q3                         / 7 Q3                               / 20

Q4                         / 7

Q5                         / 9 

/ 30 Subtotal                  / 40 Subtotal                         / 40

110
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Answer all the questions in the spaces provided.

1 Chlorine exists as two isotopes, 35Cl and 37Cl.

(a) (i) What do you understand by the term isotopes?

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

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

(ii) Explain why isotopes of the same element have similar chemical properties.

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

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

(b) L2+ has 18 electrons and is isoelectronic with M3–.

(i) Write the electronic configuration of M3–.

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

(ii) Deduce the identities of L and M.

L is ………………… 

M is ………………...

(iii) Explain why L has a melting point of 839 °C while M has a melting point of  
44.1 °C.

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

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

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

[Total: 7 marks]
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2 (a) In an experiment, 1.02 g of potassium iodate(V), KIO3, is dissolved in 250 cm3 of 
deionised water. 25.0 cm3 of the KIO3 solution is transferred into a conical flask, acidified 
with dilute sulfuric acid and added with an excess of aqueous potassium iodide, KI.

In this reaction, IO3
– is reduced to iodine, I2, and I– is oxidised to I2 as well.

(i) Construct the overall balanced equation for the reaction between IO3
– and I–.

The I2 solution obtained is titrated with aqueous sodium thiosulfate, Na2S2O3, using 
starch as an indicator. 29.80 cm3 of the Na2S2O3 solution is needed for complete 
reaction:

I2 +  2S2O3
2– 2I– +  S4O6

2–

(ii) Calculate the concentration (in mol dm–3) of the Na2S2O3 solution.

[4]

(b) In the experiment described in (a), the I2 liberated does not dissolve well in water but is 
soluble in aqueous KI.
The I2 molecules interact with the unreacted I– ions, forming tri-iodide ions, I3

–. The
following dynamic equilibrium is set up:

I2 +   I–    I3
–

(i) What do you understand by the term, dynamic equilibrium?

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

………………………………………………………………………………………………..
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(b) (ii) The equilibrium mixture of I2 and I3
– was titrated with the Na2S2O3 solution as 

though the mixture was simply a solution of I2 in water.

Suggest why the above statement in italics is so in terms of Le Chatelier’s 
principle.

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

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

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

(iii) When a few drops of aqueous silver nitrate, AgNO3, are added to the equilibrium 
mixture, a yellow precipitate is formed. The yellow precipitate does not dissolve in 
aqueous ammonia. State the identity of the yellow precipitate.

Identity of yellow precipitate: ………………

(iv) Draw the dot-and-cross diagram for the I3
– ion.

(v) Suggest why I2 does not dissolve well in water but is soluble in aqueous KI.

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

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

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

[Total: 10 marks]
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3 (a) (i) The value of pV is plotted against p for the same number of moles of three gases, 
A, B and C, where p is the pressure and V is the volume of the gas.

  

Given that the three gases are carbon dioxide, helium and hydrogen fluoride, 
deduce the identities of A, B and C.

A: ………………………………………………………………………………………… 

………………………………………………………………………………………… 

B: 
………………………………………………………………………………………… 

………………………………………………………………………………………… 

C: 
………………………………………………………………………………………… 

………………………………………………………………………………………… 

(ii) State the conditions of temperatures and pressures for A to behave most like an 
ideal gas. 

………………………………………………………………………………………………..
[4]

A

B

C

Ideal gas

pV

p
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(b) The structure of a stable molecule containing atoms of the elements, X, Y and Z of 
atomic numbers from 6 to 16 is as shown below.

X

Y
X

Y

X
YZ

Z

Z

Z

ZZ

Deduce the identities of the elements, X, Y and Z.

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

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

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

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

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

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

[Total: 7 marks]

www.KiasuExamPaper.com 
16



4 Chlorine compounds have many industrial uses. One of the compounds, chloroethane, 
C2H5Cl, has its major use to produce tetraethyl lead (TEL), an anti-knock additive for gasoline. 

The common method of producing chloroethane is through the reaction of ethene gas, C2H4, 
with hydrogen chloride gas, as shown in Reaction I. This reaction gives almost a 100% yield 
of pure C2H5Cl.

Another lesser known method produces chloroethane through direct reaction of ethane gas, 
C2H6, with chlorine gas, as shown in Reaction II. This reaction requires light as an energy 
source. 

Reaction I: C2H4(g) + HCl(g)  C2H5Cl(g)

Reaction II: C2H6(g) + Cl2 (g)  C2H5Cl(g) + HCl (g)

Some thermodynamical information is given below:

Compound G f / kJ mol–1

C2H4(g) +68.0
HCl(g) –95.3

C2H5Cl(g) –60.5

(a) (i) Calculate the standard free energy change of reaction, G r , for Reaction I.

(ii) Given that the standard entropy change of reaction, S , for Reaction I is  
122 J mol 1 K 1, calculate the standard enthalpy change of Reaction I.

(iii) Explain the significance of the sign of S .

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

………………………………………………………………………………………………..
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[3]
(b) (i) r for Reaction II r of 

Reaction I. What can be concluded about the feasibility of the two reactions?

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

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

(ii) In industrial production, Reaction I is chosen over Reaction II. Suggest two 
reasons to justify the choice of Reaction I over Reaction II.            

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

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

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

(c) Reaction I may also be carried out in the presence of solid aluminium chloride catalyst. 
Sketch, on the reaction pathway diagram below, how the reaction would be affected by 
the presence of the catalyst.  

  

         

[4]

[Total: 7 marks]

Progress of reaction

Energy
(kJ mol–1) 

H r

Ea(uncatalysed)
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5 (a) (i) There are four compounds with molecular formula C4H8 which decolourise 
bromine water in the absence of sunlight. Two of these compounds are geometric 
isomers.

Draw the structures of the four compounds below and identify the pair of geometric 
isomers.

I: II:

III: IV:

Geometric isomers: …………………………………..

(ii) Which of the geometric isomers has a higher melting point? Explain.

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

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

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

……………………………………………………………………………………………….. 
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(iii) Draw the structure of a compound with the molecular formula C4H8 which does not 
decolourise bromine water in the absence of sunlight. 

[6]

(b) (i) An alkene, X, is treated with excess hot acidified potassium manganate(VII). 

Draw the structures of carbon-containing products in the boxes below.

CH2

CH3

Hot KMnO4/H+
+

(ii) Y, an isomer of X, produces Z as the only product when treated with excess hot 
acidified potassium manganate(VII). 

Draw the structure of Y in the box below

Hot KMnO4/H+

CH C

CH3 OH

CHO

O

O

[3]

[Total: 9 marks]

X

Y
Z
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sponse Questions [40 marks]

Answer any 2 out the 3 questions.

Write your answers on the writing paper provided. Begin each question on a fresh sheet of writing 
paper.

1 This question is about the chemistry of butane, C4H10.

(a) Butane is often used as a fuel for cooking and camping. To determine the standard 
enthalpy change of combustion of butane, a scientist carried out the combustion process 
in a bomb calorimeter.

In an experiment, 5 g of liquid butane was burnt in excess oxygen and the maximum rise 
in temperature of 1 kg of water was 38.0 oC.

(i) Write the equation, with state symbols, which represents the standard enthalpy 
change of combustion of butane.  

(ii) Calculate the standard enthalpy change of combustion of butane given that only 
80% of the heat produced was used to heat the water.

You may assume the specific heat capacity of water to be 4.18 J g–1 K–1. 

(iii) By using the following data, and relevant bond energy data from the Data Booklet,
construct an energy cycle to determine the standard enthalpy change of 
combustion of butane. Calculate this enthalpy change.

H / kJ mol 1

Enthalpy change of vapourisation of C4H10(l) +21.0
Enthalpy change of vapourisation of H2O(l) +44.0

(iv) Suggest a reason for the difference between the values calculated in (a)(ii) and 
(a)(iii).                                                                                                                      

[9]

(b) Compounds A and B have molecular formula C4H10.

(i) Given that A has a higher boiling point than B, identify the structures of A and B.
Explain.

When A reacts with chlorine gas in the presence of light, three products with the formula 
of C4H9Cl, C, D and E are formed, amongst which D and E are optical isomers.

(ii) Draw the structure of C and the structures of D and E to illustrate optical isomerism.

(iii) Describe the mechanism of A with chlorine to form C.

When B reacts with chlorine in the presence of light, two products with the formula of 
C4H9Cl, F and G, are formed. 

(iv) Identify F and G by drawing their structural formulae.
[11]

[Total: 20 marks]
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2 Ethene is the most produced organic compound in the world. An important use of ethene is in 
the manufacturing processes of ethanol and bromoethane.

(a) Industrially, ethanol is manufactured by the reaction of ethene with steam in the presence 
of concentrated phosphoric acid catalyst, which is coated onto a solid silicon dioxide 
support.

CH2 CH2(g) +     H2O(g)      CH3CH2OH(g)  H = 45 kJ mol 1

            ethene               ethanol

(i) State Le Chatelier’s principle.

(ii) The reaction is carried out at a pressure of 60 atm and a temperature of 300 C.

I In what respects are these conditions not what you might have expected.
II Suggest why these particular conditions are used. 

(iii) Write an expression for the equilibrium constant, Kp, for the reaction.

(iv) Equal volumes of ethene and steam at a total initial pressure of 240 atm are allowed 
to reach equilibrium in a closed vessel. The final pressure is found to be 160 atm. 
Calculate a value for Kp, stating its units.   

(v) Since water is readily available, it would seem sensible to use an excess of steam 
to drive the reaction forward. However in practice, a steam:ethene ratio of 0.6:1 was 
used. From the information about this process given above, suggest why the use of 
excess steam is avoided.

[10]

(b) 1,2-dibromoethane, CH2BrCH2Br, is formed from the reaction of ethene with Br2(l).

(i) Describe the mechanism of this reaction.

(ii) Give the full structural formula of the major product formed when ethene reacts with 
aqueous bromine instead.                                 

[5]

(c) Another unsaturated hydrocarbon that is also an important precursor to many chemical 
reactions is benzene. However, the bond in ethene is localised while the electron 
system in benzene is said to be delocalized.

(i) With the aid of diagrams, explain what is meant by the statement given in italics.

(ii) Suggest a reason why benzene would not react with bromine under the same 
conditions as that described in (b) for ethene.                                                               

[5]

[Total: 20 marks]
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3 Hydrogen peroxide, H2O2, is a colourless liquid, commonly used as an oxidising agent, 
disinfectant, bleach for hair and cloth, and in rocketry as a propellant. 

(a) Hydrogen peroxide reacts with acidified iodide ions to liberate iodine according to the 
following reaction:

H2O2(aq) + 2H+(aq) + 2I (aq) 2H2O(l) + I2(aq)

The rate of reaction was followed by measuring the concentration of the remaining iodide 
ions after fixed time intervals. Two experiments were carried out, starting with different 
concentrations of hydrogen peroxide. The following results were obtained.             

Time/s

Experiment 1 with
[H2O2] = 0.05 mol dm 3

Experiment 2 with
[H2O2] = 0.10 mol dm 3

[I ]/ mol dm 3 [I ]/ mol dm 3

0 10.00 x 10 4 10.00 x 10 4

25 7.45 x 10 4 5.15 x 10 4

50 5.60 x 10 4 2.70 x 10 4

75 4.25 x 10 4 1.55 x 10 4

100 3.15 x 10 4 0.75 x 10 4

(i) To monitor the concentration of the remaining iodide ions, aqueous sodium 
hydroxide was added to portions of the reaction mixture at fixed time interval before 
titrating with a standard solution of aqueous sodium thiosulfate.

Explain why aqueous NaOH was added.

(ii) Using the same axes, plot graphs of [I ] against time for the two experiments.  

(iii) Given that the order of reaction with respect to H+ is zero, use your graphs to 
determine the order of reaction with respect to H2O2 and to I , showing your 
working clearly.

(iv) Construct a rate equation for the reaction and use it to calculate a value for the rate 
constant, including units.                                                                                          

[8]

(b) Under room conditions, hydrogen peroxide decomposes in aqueous solution, liberating a 
slow stream of oxygen. However, with addition of aqueous FeCl3, oxygen is rapidly 
evolved.

(i) State the role of aqueous FeCl3 in the decomposition of hydrogen peroxide.

(ii) With the aid of a Boltzmann distribution, explain how the presence of aqueous 
FeCl3 increases the rate of reaction.

(iii) FeCl3 is often used for the chlorination of methylbenzene. 

Describe the mechanism of the reaction between methylbenzene and chlorine.    
[7]
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(c) Hydrogen peroxide readily decomposes to give water and oxygen.

Hydrogen peroxide is sold by volume strength. For example, a 20-volume hydrogen 
peroxide yields 20 cm3 of oxygen gas measured at r.t.p. for every 1 cm3 of the aqueous 
H2O2 solution. 

(i) Construct an equation for the decomposition of hydrogen peroxide.     

(ii) Determine the concentration, in mol dm-3, of the 20-volume hydrogen peroxide.

(iii) Calculate the volume of gas, in dm3, measured at 150 kPa and 30 oC that would be 
released by 1 cm3 of the 20-volume hydrogen peroxide upon complete 
decomposition.                                                                                           

[5]  

[Total: 20 marks]

~ End of Paper ~
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2009 C1 H2 9647 Chemistry Promotional Examination
ANSWERS FOR STUDENTS

Paper 1 MCQ

1 B 6 A 11 D 16 D 21 D 26 B
2 B 7 C 12 B 17 B 22 C 27 B
3 A 8 C 13 C 18 A 23 D 28 D
4 A 9 C 14 A 19 D 24 A 29 B
5 D 10 B 15 D 20 C 25 A 30 C

PAPER 2 Structured Questions and Free Response Questions 

Suggested Answers and Markers’ Comments

Section A

1 Marker - Chen Sue Ann

(a) (i) Isotopes are different atoms of the same element which have the same
number of protons (or same atomic number) but different number of 
neutrons (or different mass number). 

(ii) Isotopes have the same number of valence electrons or same electronic
configuration.

(b) (i) 1s22s22p63s23p6

(ii) L is calcium, M is phosphorus. [No marks given if no reasoning or working]

E.g. no. of protons in L = 18 + 2 = 20, L is calcium.
M3- has 18 electrons, M has 15 electrons or 15 protons, M is phosphorus.

(iii) Ca has metallic structure, and thus, have strong electrostatic forces of
attraction between the between Ca2+ cations and the sea of delocalised
electrons.

P4 is simple covalent (or has simple molecular structure). Weaker dispersion 
forces (or van der Waals’ forces or instantaneous dipole-induced dipole 
attractions) exist between P4 molecules.    

More energy needed to overcome metallic bonds than dispersion forces, so 
higher temperature required for melting.

ER 2 Structured Questions and Free Response Questions 

ested Answers and Markers’ Comments

on A

arker - Chen Sue Ann

(i) Isotopes are different aaaaaaaaaaatttttttttttooooooooooommmmmmmmmmmsssssssssss ooooffffffffffff the saaaaaaaaaaammmmmmmmmmmmmme element wwhhicch hhaavve the sam
number of protons (((((((((((ooooooooooorrrrrrrrrr saaaaaaaaaaaammmmmmmmmmme aaaaaaaaaaaatttoooooooooooommmmmmmmmmic nnnnnnnnnnnnuuummmmmmmmmmmmber) but ddiiffffeerent number of
neutrons (or differennnnnnnnnnnt mmmmmmmmmmmaaaaaaaaaaaasssssssssssssssssss nuuuuuuuuuummmmmmmmmmbbbbbbbbbbbeeeeeeeeeeer))))))))))))......... 

(ii) Isotopesssssss haveeeeeeeeeeee ttttttttttthhhhhhhhhhhheeeeeeeeeee ssssssssssssaaaaaaaaaaaameeeeeeeeeeee nnnnnnnnnnnnuuuuuuuuuuuummmmmmmmmmmmbbbbbbbbbbbber oooooooooffffffffffff vvvvvvvvvvvvaaaaaaaaaaaalllllllllleeeeeeeeeeeennnnnnnnnncccccccccccce electrons or same electr
conffffffffffiiguuuuuuuuuuuurrraaaaaaaaaaaationnnnnnnnn.

) (i) 1ssssssss222222222222222222222222s22p6333333333333ssssssss22222222222233333333333pppppppppp6

(ii) LLLLLLLLLLLL issssssssssss caaaaallllllllcccccccccccciiiiiiiiiiiuuuuuuuuuuuummmmmmmmmmmm, M iiiiiiissssssssssss ppppppppppphhhhhhhhhhhhoooooooooooosssssssssssspppppppppppphhhhhhhoooooooooorus. [No marks given if no reasoning or work

E.g. nnnnnnnnnnnnoooooooooooo. offffffffffff pppppppppppprrrrrrrrooooooooooottttttttttooooooooooonnnnnnnnnnnnssssssssssss in L = 18 + 2 = 20, L is calcium.
M3-

g
haaaaaaaaaaaasssssssssss 111111111111888888888 eeeeeeeeeeeellllleeeeeeeeeeeectrons, M has 15 electrons or 15 protons, M is phosphor

(iii) Ca has metallic structure, and thus, have strong electrostatic forces 
attraction between the between Ca2+ cations and the sea of deloca
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Marker’s Comment

Qn 1 (a)(i) Generally well defined except many candidates who failed to identify 
isotopes as atoms from the same element and some who defined isotopes as a 
compound/molecule/substance or as merely elements which have the same 
number of protons (or same atomic number) but different number of neutrons. 

Qn 1 (a)(ii) Many candidates attributed the similarity in the chemical reactions of 
isotopes to the same number of electrons but failed to state that chemical 
reactions involve the transfer/movement of valence electrons. Some also stated 
that chemical reactions are dependent on the number of protons of the isotopes. 

Qn 1 (b)(i) Some students gave 2,8,8, the electronic configuration they learnt in 
secondary school. 

Qn 1 (b)(ii) Candidates are required to show working or reasoning in their 
answers but many failed to do so, even though they managed to arrive at the 
correct final answer. Some candidates gave wrong identity due to wrong working.

Qn 1 (b)(iii) Some candidates wrongly identified the bonding in calcium to be 
ionic instead of metallic. Many who correctly identified metallic bonding did not 
explain the nature of the bonding, i.e. strong electrostatic forces of attraction 
between Ca2+ cations and the sea of delocalised electrons. Some also stated the 
presence of intermolecular forces in metals. A number of candidates have a 
misconception that dispersion forces are a type of covalent bond e.g., simple 
covalent bond such as dispersion forces. 

Many candidates wrongly attributed the higher melting point of L to its atom’s 
higher effective nuclear charge, causing its valence electrons to experience 
stronger forces of attraction, and thus require more energy to be removed. They 
may have confused energy required for melting with ionization energies. 

2 Marker – Liw Meng Hong (09S60 to 09S70), Loy Hui Chun (09S71 – 09S7N)

(a) (i) IO3
– +  6H+ +  5I– 3I2 +  3H2O

(ii) No. of moles of IO3
– in 25.0 cm3 =

250
25.0

16312739.1
1.02 = 4.76 10–4

No. of moles of I2 produced = 4.76 10–4

1
3 = 1.43 10–3   

No. of moles of S2O3
2– in 29.80 cm3 = 1.43 10–3

1
2 = 2.86 10–3  

[Na2S2O3] =
29.80/1000

102.86 3
= 0.0959 mol dm–3    

Qn 1 (b)(i) Some students gave 2,8,8, the electronic configuration they learn
secondary school. 

Qn 1 (b)(ii) Candidates are required to show working oorr rreeaassooning in t
answers but many failed to do so, even though they mmaannaaggedd ttoo arrrriivve at 
correct final answer. Some candidates gave wrong ideennttiittyy dduue too wwrroonngg  wwork

Qn 1 (b)(iii) Some candidates wrongly iiiiiiidddddddddddddentifieeeeeddddddddddddddddddddddddddd tttttttttttttttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeee bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbooooooooooooooooooooooooooooooooooooonndding iinn ccaallccium to
ionic instead of metallic. Many who corrrrrrrrrrreeeeeeeeeeecccccccttttttttttttllyyyyyyy iiiiiiiiiiiiiiiiiiiiiiiiidddddddddddddddddddddddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnntttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiiiffffffffffffffffffffffffffffffffffiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddd mmmmmmmmmmeeettaalllliicc bboonnddiing did 
explain the nature of the bondingggggggggggg, i.e. sttttttttttrrrrrrrrrrrrooonnnnnnnnnnnnggggggg eelleeeeeeeeeeeeeeeeeeeeeeeeecccccccccccccccccccccccccccccccccccttttttttttttttttttttttttttttrrrrrrrrrrrrooooooooostaatiicc forcceess oof attrac
between Ca2+ cations and theeeeeeeeeeee sssssssssssseeeeeeeeeeeaaaaaaaaaaa  oooooooooooffffffff ddddddddddddeeeeeelocallllllliiiiiiiiiiissssssseeeeeeeeeeeeeed electronss.. SSomee aalso stated 
presence of intermolecularrrrrrrrrrr fffffffoooooooooorceeeeeeeeeeeesssssssss innnnnnnnn mmmmmmmmmmmmetalssssssssssss. A numberr ooff candidates hav
misconception that dispersssssssssssiiooooooonnnnnnnnnn ffffffffffffoooooooooooorrrrrrrccessssssssss aaaaaaaaaaaarrrrrrrrreeeeeeeeeeee aaaaaaaaaaaa ttttttttttypeeeeeeeeeeee ooooooooooooof covaalleennt bond e.g., sim
covalent bond such aaaaaaaaaasssss ddddddddddddispersiiiiiiion forcccccccccccceeeeeeeeeeees. 

Many canddddddddddddiiiiiiiiidaaaaaaaaaaatttttttttteeeeeeeesssssssssss wrrrrrooooooooonnnnnnnnnnggggggggggglllllllllyyyyyyyyyyyy aaaaaaaaaaatttttttttttttrrrrrrrrrriiiiiiiiiibbbbbbbbbbbbuted ttttttttttthhhhhhhhhhheeeeeeeeeee hhhhhhhhhhhiiiiiiiigggggggghhhhhhhhhhher melting point of L to its ato
higher efffffffffffffeeeeeeeccccccccccctiveeeeeeeeee nnnnnnnnnnnnuuuuuuucleeeeeeeeeeeaaaaaaaaaaaar charrrrrrrrrrggggggggggggeeeeeeeeeeee, ccccccccccccaaaaaaaaaaauuuuuuuuuuuussssssssssssiiiiiiiiiinnnnnnnnnnngggggggggggg iiiiiiiiiittttttttttts valence electrons to experie
stronnnnnnnnnnnnnnggggggggggggeeeeeer ffffffffffffoooooooorces offffffffffff aaaaaattttttttttttttttttttraaaaaaaaaaaacccccccccttttttttttttion, aaaaaaaaannnnnnnnnnndddddddddddd ttttttttttthhhhhhhhhhhuss rrrrrrrrrrreeeeeeeeequire more energy to be removed. T
may hhhhhhhhhhhhhaavvvvvvvvvvvveeeeeeeeeee coooooooooooonnnnnnnnnnnffffffffffffuuuuuuuuuuuusedddddddddd eeeeeeeeeeeennnnnnnnnnnerggggggggggggyyyyyyyyyyyy rrrrrrrrrrrreeeeeeeeeeeqqqqqqqqqquuuuuuuuuuuiiiiiiiiirrrrrrrrrreeeeeeeeeeeeeddddddddd for melting with ionization energies. 

rker – Liw Mennngggggggggggg  HHHHHHHHHHHHong (09S60 to 09S70), Loy Hui Chun (09S71 – 09S7N)

(i) IO3
– +  6H+ +  5I– 3I2 +  3H2O
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(b) (i) Dynamic equilibrium refers to a state of balance in a reversible reaction or 
process in which the forward and reverse reactions are occurring at the 
same rate. The concentrations of reactants and products remain constant.  

(ii) During the titration, I2 is removed from solution by reaction with S2O3
2–.

By Le Chatelier’s principle, position of the equilibrium shifts to the left to form 
more I2. Eventually, all the I3

– will be converted to I2.

(iii) AgI

(iv)

(v) I2 molecule is non-polar but water molecule is polar. The two do not form 
favourable interactions. Thus, I2 does not dissolve well in water.

OR: 
I2 molecule forms dispersion forces (accept: instantaneous dipole-induced 
dipole attractions / van der Waals forces) but water molecule forms hydrogen 
bonding. The two do not form favourable interactions. 

I2 is soluble in aqueous KI because the I3
– ion produced can form ion-dipole 

interactions with water molecules.

Marker’s Comment

This question was generally well done. Most candidates scored at least 6 marks.

(a)(i): A large number of candidates did not simplify the overall equation and 
gave the final answer as 2IO3

– + 12H+ + 10I–  6I2 + 6H2O. A few candidates 
included “O2”, “H2” or “OH–” as products. Do study the procedure for balancing 
redox equations. Always check your final equation again in terms of numbers of 
atoms of each element and charges.

(a)(ii): Most candidates remembered the scaling step (from 250 cm3 to 25 cm3). 
A significant number of candidates made mistakes in the molar mass of KIO3 eg, 
used proton numbers (of K and I) instead of Ar, did not include Ar of K. 
Candidates are advised to write clear statements, indicating chemical species 
referred to and units as appropriate, and in a standard/format of presentation that 
is acceptable for A-Level. Show clear working, e.g. multiplication by the mole 
ratio is intentionally left out by some candidates.

(b)(i): Some candidates wrote “rate of product formation is the same as the rate 
at which reactant is used up” -- this is true only if the mole ratio of product 
produced to reactant reacted is 1:1. Some candidates stated “both forward 
reaction and backward reaction are occurring at the same time” -- that would be 
an explanation of the term “dynamic” only.

This quessssssssssstioooooooooooon waaaaaaaaaaaas ggggggggggggennnnnnnnnnneeeeeeeeeeerrrrally weeeeeeeeeeeellllllllllllllllllll ddddddddddddoooooooooooonnnnnnneeeeeeeeeee. MMMMMMMMMMMMooooooooooosssssssssssstttttttttttt cccccccandidates scored at least 6 mar

(a)(i): AAAAAAAAAAA laaaaaaaaaarrrrrrrrrggggggggggggeeeeeeeee nnnnnnnnnnnuuuuuuuuuumbbbbbbbbbbbbeeeeeeeeeeeer offffffffffff cccccccccccaaaaaaaaaaaannnnnnnnnnnnddddddddddddiiiiiiiiddddddddddddaaaaaaaaaaaaaatttttes did not simplify the overall equation 
gave thhhhhhhhhheeeeeeeeeeee ffffffffffffiiiiiiiinal aannnnnnnnnnnssssssssssswerrrrrrrrrrr aaaaaaaaaaaasssssssssss 222222222222IIIIIIIIIIIOOOOOOOOOOO333333333

–––––––– + 12H+ + 10I–  6I2 + 6H2O. A few candida
included “OOOOOOOOOOOO222222222222”,,,,,,,,    “HHH222222222222” oooorrrr “““““““““““OOOOOOOOOOOOHHHHHHHHHHHH–––””””” as products. Do study the procedure for balanc
redox equatttttttttttiiiiiiiioooooooooooonsssssssssss. AAAAAAAAAAAAlllllllllwwwwwwwwwwwwaaaaaaaaaaaayyyyyyyyyyyys check your final equation again in terms of number
atoms of eacccccccchhhhhhhhhhhh eeeeeeeeleeeeeeeeeeeemmmmmmmmmmmmeeeeeeeeent and charges.

(a)(ii): Most candidates remembered the scaling step (from 250 cm3 to 25 cm
A significant number of candidates made mistakes in the molar mass of KIO3

(v) I2 molecule is non-polar but water molecule is polar. Thhee ttwwo do not f
favourable interactions. Thus, I2 does not dissolve weelll in wwater.

OR: 
I2 molecule forms dispersion forces (accept: iinnssttaanttaaneoouuss ddiippoolle-ind
dipole attractions / van der Waals forces) buutt wwwwwwwwwwwwwwwwwwwwwwwwwwwwwaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrr mmmoleccuulee ffoorms hyd
bonding. The two do not form faaaaaaaavvvvvvvvvvvvvooooooooooourabbbbbllllllllllllllleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee  iiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnttttttttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrrrraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaccccccccccccccccccttiioonss. 

I2 is soluble in aqueous KI bbbbbbbbbbbbeeeeeeeccccccccccccause tttttttttttheeeeeeeeeeee I3
–– iiiiiiiiiiiiiiiiiiooooooooooooooooooooooooonnnnnnnnnn prodducced ccaann form ion

interactions with wateeeeeeeeeeeerrrrrrrrr mmmmmmmmmmmoooooooooollllllleeeecccccccccccuuuuullllllllllleeeeeeees.

er’s Comment
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(b)(ii). Do give a “complete story” -- I2 reacted with S2O3
2– (during titration), 

position of equilibrium shifts to the left so as to produce more I2, phrased 
following Le Chatelier’s principle. A significant number of candidates only quoted 
Le Chatelier’s principle but that is as good as no answer!

(b)(iii): A few candidates lost the mark for stating “aqueous AgI”.

(b)(iv): The answer can be deduced by “combining” the dot-and-cross diagrams 
of an I2 molecule and an I– ion! Many candidates have electrons missing, some 
forgot to indicate the overall charge over square brackets. There should be 2 
single bonds and 3 lone pairs around the central I. The following are rejected: 
open circles, open triangles to represent electrons, circular electron “orbits”. 
Some candidates gave a triangular arrangement of the 3 iodine atoms as if they 
are part of a ring. Some candidates drew the electrons in such a way that the 
markers cannot tell which atom do they belong to.

(b)(v): Why I2 does not dissolve well in water? There should be a complete 
comparison between I2 and H2O (either in terms of polarity or the type of 
intermolecular attractions formed by each), followed by a conclusion (eg, no 
favourable interactions between I2 and H2O molecules). Candidates who argued 
in terms of relative strengths of intermolecular forces rarely gave a good answer. 
Some stated that dispersion forces formed between I2 and H2O are not strong 
enough to overcome the hydrogen bonds of H2O. A better argument would be: 
energy released during formation of attraction forces between I2 and H2O does 
not compensate the energy required to overcome dispersion forces between I2
molecules and hydrogen bonds between H2O molecules. “Like dissolves like” is 
a guide, there is no need to quote it because no mark will be given. Some stated 
“I2 is non-polar, so it does not form hydrogen bonds”, “I2 is non-polar, so it does 
not form ion-dipole interactions” -- these are irrelevant generalisations. Other 
incorrect ideas include: “I2 is a compound”, “KI is an organic solvent”, “KI is a 
non-polar solvent”, “KI molecules”, “KI forms dispersion forces”, “I2 forms ion-
dipole interactions with KI”, "break I–I bond".

3 Marker – Ching Mee Yoon

(a) (i) A - hydrogen fluoride; it has strong intermolecular H bonding & hence shows 
greatest deviation from ideal gas behaviour.
  
B - carbon dioxide; it is non-polar with stronger intermolecular dispersion 
forces (larger no of e’s & hence polarisability) than He, but weaker than 
hydrogen bondings than in HF 
Or 
CO2 is the largest but  non-polar – volume of CO2 molecules is significant 
compared to the volume of container, thus it behaves less ideally than He.  CO2
behaves more ideally than HF as dispersion forces are much weaker than H 
bonds. 

C: helium, it is monatomic and non-polar with weak dispersion forces

g g g
are part of a ring. Some candidates drew the electrons in such a way that 
markers cannot tell which atom do they belong to.

(b)(v): Why I2 does not dissolve well in water? There sshhoouulldd bbee a comp
comparison between I2 and H2O (either in terms ooff ppoollaarityy oorr tthhee type
intermolecular attractions formed by each), followedd bbyy aa conncclluussiioonn (eg,
favourable interactions between I2 and H2O moleccuuuuuuuuuuuuuuullllllllllllllllllllleeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssss)))))))))))))))))))))))))). CCCCCCCCCCCCCCCCaandiddaateess who arg
in terms of relative strengths of intermoleeeeeeeeeeecccccccccccccuuuuuuuuuular ffooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrcccccccccccccccccccccccccccccccccccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssss  rrrrrrrrrrrrrrrrrrrrrrrrrraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeelllllyyy ggavee aa ggooood answ
Some stated that dispersion forces formeeeeeeeeeeeedddd bbbbbeeeeeetttttttttttttttttttttttttttttttttttwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwweeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnn IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII22222222222 aaaaaaaaanndd HH2OO aarree not str
enough to overcome the hydrogennnnnnnnnnnn bbbbbbbbbbbbooonds oooooooooooof HHHHHHHHH2O. AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA bettteer aarguummeent would 
energy released during formmmmmmmmmmaaaaaaaaaaaattttttttttiiiiiiiionnnnnnn oooooooooooffffffffffff attttttttttttttttttttttractioooooonnnnnnnnnn forces betwweeeen I2 aand H2O d
not compensate the energyyyyyyyyyyyyy rrequired ttttttttttttoooooooooo ooooooooooovvvvvveeeeeeeeeeeerrrrrrrrrrrrccccccccccccooooooooooooome disperrssiioonn forces between
molecules and hydroooooooggggggggggggen boooooooooooonnnnnnnnnnndddddddddddsssssssssss bbbbbbbbbbbeeeeeeeeeeeetttttttttttwwwwwwwwwwwweeeeeeeeeennnnnnnnn HHHHHHHHHHHH2OOOOOOOOOO mmmmmmmmmmmooooooooooollllllllllecules. “Like dissolves like
a guide, there is no neeeeeeeeeeeeeeeeeeeedddddddddddd to quoooooooooooote it bbbbbbbbbbbbeeeeeeeeeeeecause nnnnnnnnnoooooooooooo mmmmmmmmmmmmaaaaaaaaaaaarrrrrrrrrrk will be given. Some sta
“I2 is non-polaaaaaaaaaaaarrrrrrrrrrrrr,,,,,, so itttttttttttt dddddddddddoeeeeeeeeeeeesssssssssss nnnnnnnnnnnnoooooooooooot ffffffffffffooooooooooorrrrrrrrrrmmmmmmmmmmmm hhhhhhhhhhhydrrrrrrrrrrrrooooooooooooggggggggggggeeeeeeeeeeeennnnnnnnnnnn bbbbbbbbbbbboooooooooooonnnnnnnnnnnnds”, “I2 is non-polar, so it d
not form iiiiiiiioooooooooooon-ddddddddddddiiiiiiiiiipoooooooooooole iiiiiiiiiiiintttttttttteeeeeeeeerrrrrrrrrrrraaaaaaaaaaacttttttttttiiiiiiiiiioooooooooooonnnnnnnnnnssssssssssss” -- tttttttttthhhhhhhhhheeeeeeeeeeeessssssssssseeeeeeeeeeee aaaaaaaaaaarrrrrrrre irrelevant generalisations. Ot
incorrect iddddddddddddeas iiiiiiiiiinnnnnnnnnnccccccclllllllllluuuuuuuuuudeeeeeee: “I2 is aaaaaaaaaaaa cccoooooooooooommmmmmmmmmmppppppppppppoooooooooooouuuuuuuuuuunnnnnnnnnnddddddddddd””””””, “KI is an organic solvent”, “KI
non---ppppppppppppppoooooooooooolllllllllarrrrrrrrrrrr sssssssssssooooolvent””””””””””,,  ““““““““““““KKKKKKKKKKKKIIIIIIIIIII mmmmmmoleeeeeeeeeeeeccccccccccccuuuuuuuuuullllllllleeeeeeeeeeeessssssssssss”, “KI forms dispersion forces”, “I2 forms 
dipole iiiiintttttttttteeeeeeeeeeerrrrrrrraaaaaaaaaaacccccccccccctttttttttttionnnnnnnnnnssssssssssss wwwwwwwwwwiiiiiiiitttttth KIIIIIIIIIIII””””””””””,,,,,, """"""""""bbbbbbbbbbbbrrrrrrrrrrreeeeeeeeeeaaaaaaaaaaaaakkkkkkkkkkkk I–I bond".

arker – Ching Meeeeeeeeee Yoon

(i) A hydrogen fluoride; it has strong intermolecular H bonding & hence
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between the atoms (smaller no of e’s & hence polarisability) than CO2.
Or 
Volume of small non-polar He atoms is insignificant compared to the volume of 
container, thus it behaves more ideally than CO2. 
[must quote: ideal gases are of insignificant gas volume and intermolecular 
forces of attraction]

(ii) High temperature and low pressure

(b) Z is F (or fluorine) as it forms only 1 single covalent bond with X attain stable octet 
configuration, it must be a Group VII element in Period 2.

Y is N (or nitrogen)as it forms 3 covalent bonds to attain stable octet configuration 
(cannot expand its octet); it must be a Group V element in Period 2.

X is P (or phosphorus). It forms 5 covalent bonds and can expand its octet 
configuration as it has 10 e’s around it; it must be a Group V element in Period 3.

Marker’s Comment

Most students got 4 – 6 m. A small number of students did not seem to have 
revised the topic of gases and hence got 0 m for (a).

3(a)(i)
did not give explanation to justify the identities of gases A, B & C
did not indentify the types of molecules (polar/non-polar) and intermolecular 
forces of attraction (H bonds, pd-pd, td-id, dispersion forces)
did not know that A has intermolecular H bonding, gave pd-pd interactions 
instead
simply arranged A, B, C in terms of their Mr /Ar

most did not know that He is monatomic with Ar of 4.0
gave explanation in terms of size of e cloud or polarisability of each gas
did not know how to read the curves in terms of deviation from ideal gas 
behaviour, so gave answers in the reverse order
some did not read carefully, and gave hydrogen as the answer
quite a number considered He to have no forces of attractions between the 
atoms as it is a noble gas.

(ii)
most gave correct answers
some gave r.t.p or s.t.p conditions of P & T or low T and high P; 1 candidate gave 
numerical values of 500 oC for high T and 60 kPa for low P
a handful wasted time explaining why high T & low P

Most students got 4 – 6 m. AAAAAAAAAAA sssssssssssmmmmmmmmaaaaaaaaaaaall nnnnnnnnnumbeeeeeeeeeeerrr oooooooooooooof studentss didd noott sseem to h
revised the topic of gases aaaaaannnnnnnnnnnnddddddddddd hhhhhhhhhheeeeeeeeeeeennnnnnnnnnnccccccccccce ggggggggggggooooooooootttttttttttt 0 m foooooooooooooor (a).

)
did not give exxxxxxxxxxxxppppppppppppplllllllanattttttttttttiooooooooonnnnnnnnnnnn ttttttttttttoooooooooooo jjjuuuuuuuuuuuusssssssssssstiiifffffffffyyyyyyyyyy tttttthhhhhhhhhhhheeeeeeeeeee idennnnnnnnnnnnttttttttiiiiiiiiiiiittttttttttiiiiiiiieeeeeeeeeeeesssssssssss ooooooooooooffffffffffff ggggggggggases A, B & C
did not innnnnnnnnndddddddddddenttiiiiiiiiiiiiffffffffffffyyyyyyyyyyyy theeeeeeeeeee tyyyyyyyyyyyypppppppes oooooooooooofffffffffff mmmmmmmmmmmmooooooooooleeeeeeeeeeeecccccccccccuuuuuuuuuuuullllllleeeeeeeeeeeessssssssssss (((((((((((polar/non-polar) and intermolec
forceeeeeeeeeessssssssssss of aaaaaaaaaaaattttttttttttttttractiooooooooonnnnnnnnnnn ((((((((((((HH bboooooooooonds, pppdddddddddddd---------ppppppppppppdddddddddddd, tdddddddddddd-iiiiiiiiiddddddddddd, diiiiiiiiiisssspersion forces)
did nnnnnnnnnnnnooooooooooooottttttttttt kkkkkkkknnnnooooooooooowwwwwwwwwwww ttttthattttt AAAAAAAAAAAA hassssssssssss iiiiiiiiiiiinnnnnnnnnnttttttttteeeeeeeeeeeerrrrrrrrrrrmmmmmmmmmmmmooooooooooooolecular H bonding, gave pd-pd interacti
insteadddddddddddd
simply arrrrrrrrrrrrraaaaaaaaannnnnnnnnnnngeeeeeeeeeeedddddddddddd AAAAAAAAAAAA,,,,,,, BBBBBB, CCCCCCCCCCCC iiiiiiiiinnnnnnnnnnn ttttterms of their Mr /Ar

most did noooooootttttttttttt    kkkkkkkkkkkknnnnnnnnnnnnoooooooooooowwwwwwwwww tttthhhhhhhaaaaaaaaaaaatttttttttttt He is monatomic with Ar of 4.0
gave explanattttttttttttiiiiiiiiiioooooooooooonnnnnnnnnnnn iiiiiiiin terms of size of e cloud or polarisability of each gas
did not know how to read the curves in terms of deviation from ideal 
behaviour, so gave answers in the reverse order

(cannot expand its octet); it must be a Group V element in Period 2.

X is P (or phosphorus). It forms 5 covalent bonds and can eexxppanndd its octet 
configuration as it has 10 e’s around it; it must be a Group V eelleemmeennt in Perio

er’s Comment
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(b)
many justified answers in terms of the number of bonds each element formed 
without making reference to the attainment of the stable octet configuration when 
a compound is formed; thus leading to deducing Y as a Group III element of Al or 
B and Z as a Group I element of Na or Li
some did not realise atomic number should be from 6 – 16; so gave H as an 
answer for Z
some mistook X as O or S based on claim that it formed 6 bonds
some gave the either or answers, e.g., Y can either be N or P
some mistook X Y C and Z H and thus the molecule is benzene or some 
benzene like organic compounds (based on the alternating single and double 
bonds)

4 Marker – Meta Lee

(a) (i) r f (products) f (reactants)

   = -60.5 (+68.0 + (-95.3))
   = -33.2 kJ mol-1    

(ii) r r r
       = -33.2 + (298)(-0.122) 
       = -69.6 kJ mol

(iii) Standard entropy change of reaction is negative as the system becomes more 
orderly due to a decrease in the no. of gaseous molecules in the reaction.

(b) (i) Reaction II is more spontaneous/feasible than Reaction I.

(ii) Reaction II is slower as it has higher activation energy, as reflected by the 
use of light as an energy source.

Reaction II is a free-radical substitution reaction. Hence, there will be a low 
yield of the desired product, chloroethane due to multiple substitution of 
ethane/ presence of side-products due to the termination stage of the 
reaction, e.g. butane.          

Separation of gaseous products is necessary for Reaction II due to presence 
of gaseous HCl by-product, which incurs additional cost. This additional step is 
not necessary for Reaction I if molar quantities of reactants are used.   

)

arker – Meta Lee

(i) r f (products) f (reactants)))))))))))

  = -60.5 (+688888888888.0 + ((((((------99999999555555555555.33))))))))))))))))))))))))))))))))))))))
   = -33.2 kJ mooooooooooool-1-1---1-1-1-1--    

(ii) r r r
       = -33.2 +  ((((((((((((22222222222298)(-000000000000.11111111112222222222222222222222)))))))))) 
       = -69.6 kkkkkkkkkkkJ mmmmmmmmmoooooooooooolllllllllll

(

(iii) Staaaaaaaaaaannnnnnnnnnddddddddddddarrrrrrrrdddddddddddd eeeeeeeeeeeentrooooooooooooppyyyyyyyyyyyy ccccccccccchhhhhaaaaaaannnnnnnnnnnngggggggggggeeeeeeeeeeee oooooooooofffffffff  rrrrrrrreeeeeeeeeeeeaaaaaaaaaaaacccccccctttttttttttiiiioooooooooooonnnnnnnnnn iiiiiiiissssssss negative as the system becom
orddddddddddddeeeeeeeeeeeerly dddduuuuuuuuuueeeee ttttttto aaaaaaa ddddddecreaaaaaaaaaaaasssssssssssseeee iiiiiiiiiiiinnnnnnnnnnn tttttttttttthhhhhhhhhhheeeeeeeeeeee nnnnnnnnnoooooooo. of gaseous molecules in the re

) (i) RRRRRRRRRRRReeeeeeeeaaaaaaaaaaacccccccccccttttttttttttiiiiiiiiiiiionnnnnnnnnn IIIIIIIIIIIIIIIIII issssssssssss moreeeeeeeeeeee sssssssssppppppppppppoooooooooooonnnnnnnnnttttttttttttaaaaaaaaaaaannnnnnnnnneous/feasible than Reaction I.

(ii) Reeeeeeeaaaaaaaaaaaacccccccccccctttiiiiiooooooooooonnnnnnnnnnnn IIIIIIIIIIIIIIIIII issss sssssssssssslllllllllloooooooooooowwwwwwwwwwwweeeeeer as it has higher activation energy, as reflecte
use ooooooooooooffffffffffff ligggggggggggghhhhhhhhhhht aaaassssssssssss aaaaaaaaaaaannnnnnnnn energy source.

Reactiooooonnnnnnnnnnnn II is a free-radical substitution reaction. Hence, there will 
yield of the desired product, chloroethane due to multiple substit
ethane/ presence of side products due to the termination stage
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(c)

Marker’s Comment

(a)(i)
This question is generally well-done with candidates obtaining the answer 
through drawing of the energy cycle or equation. 
However, some candidates reversed the equation or reversed the direction of 
arrows in the energy cycle. 
A few candidates stated the wrong units or failed to give any units. 

(a)(ii) 
Most candidates were able to use the Gibb’s free energy to derive the 
relationship r r r. 
A lot of candidates failed to realise that the conditions given are set at standard 
conditions (298 K, 1 atm), as indicated by ‘ ’ annotation. Hence, they were unable 
to substitute the correct T into the relationship. 

A significant number of candidates had difficulty in manipulating the 
mathematical equation or failed to realise the discrepancy in the units of r
calculated (kJ mol-1 r (J mol-1 K-1).

(a)(iii)
A lot of candidates failed to discuss the sign of r with respect to the one given 
for Reaction I. 
Most candidates lost mark by not explaining the reason for the decrease in 
entropy in terms of the decrease in the no. of gaseous particles in the reaction.

(b)(i)
This question is generally well-done.
Some candidates failed to make the comparison between the feasibility of the 
two reactions.
A few candidates confused “feasibility” of the reaction with its “likelihood” of 
taking place. The two terms are not synonymous – for instance, a reaction may 
be spontaneous due to its negative r but with very low likelihood of it taking 
place due to its very slow rate, e.g. decomposition of diamond. 

Progress of reaction

Energy
(kJ mol-1)

H r

Ea(uncatalysed)

Ea(catalysed)

This question is generally well-done with candidatess oobbttaiinniinngg the ans
through drawing of the energy cycle or equation. 
However, some candidates reversed the equationn oooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeevvvvvvvvvvveersedd thhee ddirection
arrows in the energy cycle. 
A few candidates stated the wrong units oooorrrrrrrrrrr  ffffffffaaaaaaaaaaaaillllleeeeeddddddddddddddddddddddddddddd ttttttttttttttttttttttttttttttoooooooooooooooooooooooooooooooooooooooooo gggggggggggggggggggggggggggggggiiiiiiiiiiiiiiiiiiiivvvvvvvvvvvvvvvvvvvvvvvvvvvvvvveeeeeeeeeeeeeeeeeeeeeeeeeeeee aaaaaaannyy uuniitts. 

Most candidates were abbbbbbbbbbbbbleeeeeeeeee ttttttttttttoooooooooooo uuuuuuuuuuuseeeeeeeeee   tttttttttthhhhhhhhhhhheeeeeeeeeeee GGGGGGGGGGGGibbbbbbbbbbbbb’sssssssssss free eennergy to derive 
relationship r r r. 
A lot of candiddddddddddddaaaaaaaaaaaaates ffffffffffffaaaaaaaaaaaillllllllllledddddddddddd toooooooooooo rrrrrrrrrrrreaaaaaaaaaaaallllliiiiiiiisssssssssseeeeeeeeee ttttttttttthhhhhhhat tttttttttttthhhhhhhhhhheeeeeeeeeeee ccccccccccccooooooooooonnnnnnnnnnnddddddddddddddiiiiiiiiiitions given are set at stand
conditionsssssssss ((((((((((((2222222222229888888888888  KKKKKKKKKKKK,,,,,,,, 1 aaaaaaaaaaaatmmmmmmmmmm)))))))))), assssssssssss iiiiiiiiinnnnnnnnnnnddddddddddddiiiiiiiiccccccccccaaaaaaaaateeeeeeeeeeeedddddddddddd bbbbbbbbbbbyyyyyyyyyyyy ‘‘‘‘‘‘‘‘ ’’’’’’’ aaaaaaaaaaannotation. Hence, they were una
to subbbbstituuuuuuuuuuuuteeeeeeeeeeee the ccccccccccooooooooorrrrrrrrrrrrreccccccccct T into tttttttttttthhhhhhhhhhhheeeeeeee rrrrrrrrrrreeeeeeeeeeelaaaaaaaaaaaattttttttiiiiiiiiiiioooooooooooonnnnnnnnnnnssssssssshhhhhhhhhhhhiiiiiiiiiippppppppp. 

A sssssssssiiiiiiiggggggggggggnnnnnnnnnnnifiiiiiiiiiiccccccccccccaaaaaaaaaaaannnt nuuuuuuuuuuuummmmmmmmmmmmbbbbbbbbbbbbeeeeeeeeeer ooooooooooooffffffffffff ccccccccccccaaaaaaaaaaaannnnnnnnnnnddddddddddddidates had difficulty in manipulating 
mathemmmmmmmmmmmmatttttttttttiiiiiiiicaaaaaaaaaaallllllllll eeeeeeeeeeeeqqqqqqqqqqqquuuuuuuuuuuuaaaaaaaaaaaationnnnn   oooooooorrrrrrrrrrrr ffffffffffffaaaaaaaaaiiiiiiiiilllllllllleeeeeeeeeeeeddddddddddddd to realise the discrepancy in the units of 
calculateeeeeeeeeeeddddddddddd ((((((((((((kJ mol-1 r (J mol-1 K-1).

)
A lot of candidaaattes failed to discuss the sign of r with respect to the one gi
for Reaction I. 

er’s Comment
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(b)(ii)
Most candidates did not obtain full marks as they failed to provide reasons for the 
low yield of Reaction II. Some candidates gave the vague answers of “variety of 
products” or “multiplicity of products” due to free-radical substitution mechanism 
without providing reasons or at least examples of these products.
A significant number of candidates had the misconception that production of HCl
in Reaction II lowers the yield of the reaction. 
A very common mistake is that most students associated the need for light 
energy in Reaction II to higher cost. This is not true as this light energy is free 
when sunlight/uv light is used. Cost-efficiency of a reaction is not based on just 
one material or one source of energy alone but depends on a multitude of other 
factors, such as cost of reaction vessels, etc.
The answer that emission of HCl in Reaction II is toxic and environmentally 
unfriendly is unacceptable as it is also used as a reactant in Reactant I and may 
also be present in excess. Furthermore, it is also removed in industries from the 
product mixture before emission through methods such as neutralisation. A 
safety and hazard analysis would also have been carried out before production 
on any toxic reactant or waste with appropriate care taken during handling of 
toxic materials.

(c)
Most candidates obtained full marks for this question.
A common mistake is that students mistook AlCl3 to be a homogeneous catalyst.
Please note that the x-axis of the reaction pathway diagram is progress of 
reaction and not time. 
A few candidates confused reaction pathway diagram with Maxwell-Boltzmann 
diagram.
Some candidates did not join the drawn curve smoothly to the original curve, 
resulting in a new, separate curve within the original curve.

5 Marker – Li Jiexun (09S60 to 09S72), Sophie Bobillier (09S73 to 09S7N)

(a) (i)

(ii) The trans isomer has higher melting point. 

This is because it allows for better/closer packing in solid state and the 
intermolecular forces work better. 

The answer that emission of HCl in Reaction II is toxic and environment
unfriendly is unacceptable as it is also used as a reactant in Reeaacctant I and m
also be present in excess. Furthermore, it is also removed in iinnduussttries from 
product mixture before emission through methods such aass nneeuutralisation
safety and hazard analysis would also have been carrieedd oouutt bbeeffore pproduc
on any toxic reactant or waste with appropriate caree  ttaakkeenn duurriinngg hhaanndling
toxic materials.

Most candidates obtained full markkkkkkkkkkssssssssssss ffffffffffffoooooooooooor this qqqqqqqqqqquuuuuuuuuueeeeeeeeeeeestion.
A common mistake is that ssssssssttttttttttttuuuuuuddddddddddddeeeeeeeeeennnnnnnnnnnntttttttttttssssssssssss mmmmmmmiiiiiiiiiiistttttttttoooooooooooook AAAAAAAAAAAlCCCCCCCCCCCCCCl3 to be a hhoommogeneous cataly
Please note that the x-axxxxxxxxxxxiiiiiiiiiiis ooooooooooffffffffffff tttttttttthhhhhhhhhhhheeeeeeeeeeee rrrrrrrreeeeeeeeeeeeaaaaaaaaaaaacccccccccccctttttttttiiiiiiiiiioooooooooonnnnnnnnnnnn paaaaaaaaaaaatttttttttttthhhhhhhhhhhhhhway ddiiaaggram is progress
reaction and not timmmmmmmmmmmeeeeeeeee. 
A few candidddddddddaaaaaaaaaaaaatttttttttes cccccccccccconnnnnnnnnnnffffffffffuuuuuuuuuuuusssssssssssseeeeeeedddddddddddd rrrrrrrrreeeeeeeeeeeeaaaaaaaaaaaccccccccccttttttttttiiiiiiioooooooooooonn ppppppppppppaaaaaaaaaaaattttttttttthhhhhhhhhhhhwwwwwwwwwwwwaaaaaaaaaaayyyyyyyyyyyy ddddddddddddiagram with Maxwell-Boltz
diagram.
Someeeeeeeeee caaaaaaaaaaaanddddddddddddidateeeeeeesssssssssss ddddddddddddiddddddddd nnnnnnnnnnnot joinnnnnnnnnnnn    tttthhhhhhhhhhhheeeeeeeeeeee ddddddddddddrrrrrrrrrraaaaaaaaaaaawwwwwwwwwwwn ccccccccurve smoothly to the original c
resuullllllltttttttttttinnnnnnnnnnngggggggggg innnnnnnn aaaaaaaaaaaa new, sssssssssseeeeeeeeeeppppppppppppaaaaaaaaaaaarrrrrrrrrrate ccccccccccccuuuuuuuuuuurrrrrrrrrvvvvvvvvvvvveeeeeeeeeeee wwwwwwithin the original curve.

arker – Li Jiexuuuuuuunnnnnnnnnnn (((((((((((0000000000099999999999S60 to 09S72), Sophie Bobillier (09S73 to 09S7N)

(i)
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(iii)

(b) (i)

  

(ii)

Marker’s Comment

(a)(i)
Many students are unable to recognize that 2 isomers are the same when the 
orientation of the drawn structure is changed. They think they are different 
isomers and give duplicate answers that are simply re-orientation of another.

Handful of students misinterpret question and give structure of product after 
reaction with Bromine

(a)(ii) 
Handful of references to cis-cis, cis-trans isomers. It could be confusion of 
naming of isomers or confusion with isomers that have 2 double bonds leading to 
4 geometric isomers.

Did not mark for linking to dispersion forces and energy but it should be included.

(b)(i)
Common mistake for students to miss out one of the functional groups either acid 
on carbon 1 or ketone on carbon 3. Or they will random insert –OH groups into 
the structure

(b)(ii)
Many students draw structures with “C” and leave out the –H, they cannot do so 
other than for skeletal formula

Many students either do not read the question or make use of the information 
that X and Y are isomers and simply join up the 2 C=O bonds.

O

O O

OH C
O

O

Many students are unable to recognize that 2 issooooooooommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrrrrrssssssssssssssssssssssssssssssss aaaaaaaaaarree thee ssame when 
orientation of the drawn structure is ccccccccccchhhhhhhhhhhhhaaaaaaaaaaaangggggggeeeeeeeedddddddddddddddddddddddddddd.....  TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTThhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy tttttttttttttttttttttttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhiinnkk theyy aarre diffe
isomers and give duplicate answerss that aaaaaaaaarrrrrrrrrre ssssssssssiimmmmmpppppppppppppppppppppppppppppplllllllllllllllllllllllyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy rrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee--------------oooooooooooooooooooooooooooorrrrrrrrrriiiiiiiiiienntaattiion ooff aannother.

Handful of students misinteeeeeeeeeeeerrrrrrrrrrpppppppppppprrrrrrreeeeeeeeeeeet qqqqqqqquuuuuuuuuuueeeeeeesssssssssssttion aaaaaaaaaaannnndddddddddddddd give struuccttuure off product a
reaction with Bromine

Handful of reeeeeeeeeeefffffffffffeeeeeeerrrrrrrrrrrenceeeeeeeeessssssssss ttttttttttoooooooooo  ccccccccccissssssssss---------cccccccccis, cissssssssssss---------ttttttttttrrrrraaaaaaaaaaaannnnnnnnnnnnss iiiiiiiiiiiisomers. It could be confusion
naming offfffffffff issssssssssssomeeeeeeeeeeeerssssssssssss or coooooooooooonfusioooonnnnnnnnnnnn wwwwwwwwwwwwiiiiiiiitttttttttthhhhhhhhhhhh iiiiiiiissssssssssssoooooooooooommmmmmmmmmmmeeeeeeeeeeeerrrrrrrrrrrrsssssssssss  that have 2 double bonds leadin
4 geeeeeeeeeeeeeeooooooooooommmmmmmmmmmmettttttttttttricccccccccccc isomeeeeeeeeeeeerssssssssssss...

Did notttttttttttt maaaaaaaaaaaarkkkkkkkkkkk ffffffffffoooooooooooorrrrrrrrr llliiiiiiiiinnnnnnnnnnnkinggggggggggg tttttttttttoooooooooo ddddddddddddiiiiiiiisppppppppppppeeeeeeeeeeeersssion forces and energy but it should be includ

Common misttttttttttttaaaaaaaaaaaakkkkkkkkkkkkeeeeeeeeeeee fffffffffffor students to miss out one of the functional groups either a
on carbon 1 or ketone on carbon 3. Or they will random insert –OH groups 

er’s Comment

the structure
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Section B

1 Marker – Ho Lai Ying (09S60 to 09S73), Sam Lee (09S74 to 09S7N)

(a) (i) C4H10(l)  +  13/2O2(g)        4CO2(g)  + 5H2O(l)

(ii) No. of moles of butane = 5 / (12.0 4 + 10) = 0.0862 mol

0.8 Hc = (1000 4.18 38.0) / 0.0862            
  Hc  = –2304 kJ mol–1    

(iii)

Hc = 21+ {(3 350) +(10 410) +(6.5 496)} –{(8 740) + (10 460)} –(44.0 5)
= –2345 kJ mol–1   

(iv) Bond energies used for the calculations are based on average bond energies of 
many compounds and may not be the value for the actual bonds in the reaction.

(b) (i)

Straight chain molecules have bigger surface area, more polarizable.  

(ii)

Hc = 21+ {(333333333333333 333333333333333555555555555555550000000000000000)))))))))))) +(10000000000 4100000000))))))))))))))) ++++++++++++(6.5 4444444444999999999999999966666666666666666))))))))))))))))}}}}}}}}}}}}}}}} –––––––––––{{{{{{{{{{{{{{{{(((((((((((((8 740) + (10 460)} –(44
=============== –2344444444444445555 kkkkJJJJJJJJJJJJJJ mmmmmmmmmmmmooooooooooooooollllllllllll–11111111   

(iv) Booooooooooooooondddddddddddddddd eneeeeeeeeeeeeerrrrrrrrrrrgggggggggiiiiiiiiiieeeeeeeeeeeeees ussssssssssssssssed for ttttttttttttttthhhhhhhhhhhhhhhhhe cccccccccccccalccccccccccccccccuuuuuuuuuuuuuuulllllllllllllllaaaaaaaaaaaaaaattttttttttttttiooooooooooooonnnnnnnnnnnnnnns are based on average bond en
mmmmmmaaaaaaaaaaaaaaaannnnnnnnnnnnyyyyyyyyyyyyyy compppppppppppppppoooooooooooouuuuuuuuuuuuuunnnnnnnddddddddddddddddsssssssssssssss andddddddddddd mmmmmmmmmmmmmmmmmaaaaaaaaaaaaaaayyyyyyyyyyyyyyyy not be the value for the actual bonds in the 

) (i)

Straight chain molecules have bigger surface area more polarizable
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(iii)

Cl Cl
uv or heat

2ClInitiation:

Free Radical Substitution

Propagation: CH3CH2CH2CH3  +  Cl                        CH3CH2CH2CH2  +  HCl

CH3CH2CH2CH2  +  Cl2                        CH3CH2CH2CH2Cl  +  Cl

Termination: CH3CH2CH2CH2  +  Cl                        CH3CH2CH2CH2Cl

(iv)

Marker’s Comment

This question was the most attempted among the three and most scored well in (b) but 
very poorly in (a). 

(a)(i) Due to the specific nature of the question, many candidates were penalized for 
wrong state symbols, e.g. C4H10(g), H2O(g) or used 2 moles of C4H10 instead of 1. 
Other mistakes include the wrong formula for butane and some candidates have no 
idea what combustion involves.

(a)(ii) This was a straight-forward question and markers were quite surprised that many 
candidates still did not know what the m in m
5g (of fuel) instead of 1000g (of water) as the value for m. There were considerable 
omissions or the wrong use of the 80% in the calculation. The markers were 
frustrated by the lack of the (– value of an exothermic 
reaction! 

(a)(iii) Many candidates did not know how to draw a proper energy cycle. In cases where 
there was an energy cycle, candidates either did not atomise oxygen molecules, 
did not vapourise water or indicated the wrong number of bonds broken (4 C–C
instead of 3 C– f and linked it to elements. For the 
calculations, many candidates did not multiply 5 for the vapourisation of water.

(a)(iv) Almost all candidates scored the mark here. Only a handful of candidates were 
denied the mark due to vague answer or by stating heat loss to the surrounding. 
The markers accepted heat absorbed by the bomb calorimeter as an alternative 
answer.

(b)(i) Most candidates correctly identified the structures of A and B by drawing it out. The 

F            G

question was the most attemppppppppppppppppteeeeeeeeeeeeeddddddd aaaaaaaaaaaaaaaammmmmmmmmmmmmmooooooooooongggggggggggggggg tttttttttttttthhhhhhhhhhhhheeeeeeeeeeeeee ttttttttttttttthhhhhhhhhhhhhrrrrrrrrrrrrree aaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnd mosttt sssccored well in (b) b
poorly in (a). 

Due to the ssssssssssssssssspeeeeeeeeeeeeeeeciiiiiiiiiiffffffffffffffffic naaaaaaaaaatuuuuuuuuuuuuurrrrrrrrrrrrrreeeeeeeeeeee oooooooooooooooooffffffffffffff thhhhhhhhhhhhhhhheeeeeeeeeeeeeee quesssstttttttttttttiiiiiooooooooooooooonnnnnnnnnnnn, mmmmmmmmmmmmmmmaaaaaaaaaaaaannnnnnnnnnnnny candidates were penalized fo
wrong staaaaaaaaaatttttttteeeeeeeeeeeeeeee symmmmmmmmmmmmmbbbbboooooooooooooooools, e.ggggggggggggggg. C4HHHHHHHHHHHH101010100101001011000000(((((((((gggggggggggggggg))))))))))))))),,,, HHHHHHHHHHHHHHHHH2222222222222222OOOOOOOOOOOOOOOOOO(((((((((((((ggggggggggggggggg)))))))))))))    ooooooooooooor used 2 moles of C4H10 instead
Otheeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrr mmmmmisssssssssssssssstaaaaaaaaaaaaaakes innnnnnnccccccccccccccccluuuuuuuuuuuuuuudddddddddddeeeeeeeeeeeeee ttttttttttthhhhhhhhhhhhhe wroooooooooonnnnnnnnnnnnnnnngggggggggggggggg fffffffffffffoooooooooormmmmmmmmmmmuuuuuuuuuuuuuuulllllllllllla for butane and some candidates ha
idea wwwwwwwwwwwwwwwwwwwwwwwwwhhhhhhhhhhhhhhhaaaaaaaaaaaaaaat cooooooooooooommmmmmmmmmmmmmmbbbbbbbbbbbbbbbustiiiiiiiiiiiiooooooooooooooonnnnnnnnnnnnnnnn iiiiiiiinvooooooooooolllllllvvvvvvvvvvvvvvvveeeeeeeeeeeeees.

This wassssssssss a ssssssssssssstraight--------ffffffffffffffoooooooorrrrrrrrrrrrrrwwwwwwwwwwwwwwwaaaaaaaaaaaaaaaaarrrrdddddddddddddddd  qqqqqqqqqqqqqqqquestion and markers were quite surprised that ma
candidatesssssssssss ssssssssssssssssttttttttttttttiiiiiiiiiiillllllllllllllllllllll dddddddddddiiiiiiiiiddddddddddddddd nnnnnnnnoooooooooooooootttttttttt kkkkkkkkkkkkkkkknnnnnnnnnnnnnnnnnow what the 

(iv)

er’s Comment

m in m
5g (of fuel) innnnnnnnnnnnnnnssssssssssssttttttttttttttteeeeeeeeeeeeeaddddddddddddddd oooooooooooooof 1000g (of water) as the value for m. There were conside
omissions or ttttttttthhhhhhhhhhhhhhhhheeeeeeeeeeeeeeee wwwwwwwwwwwwwrong use of the 80% in the calculation. The markers were 
frustrated by the lack of the (– value of an exotherm
reaction! 

F            G
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markers accepted answers by naming the compounds but warn that this practice 
should be avoided in the future unless specifically asked to do so. This is because 
the correct name for CH3CH2CH2CH3 is n-butane and not just butane. 

(b)(ii) Many candidates did not use the 3D structure to illustrate the structures of D and E.
Also, the quality of the 3D structures can be improved by drawing the way as 
shown in the answer scheme. The markers also noticed (but did not penalize) 
many candidates who drew the structure CH3CH2 as H3CH2C as illustrated below:

  
C

H3CH2C
C

CH3CH2

C
H3C

C
CH3

                 

The markers would like to advice candidates to draw the correct structure (as 
shown) in the future as this was highlighted by the Cambridge Examiners during 
their visit this year.
However, we did penalize candidates if they drew the following structure:

     
C

CH2CH3

(b)(iii) Many candidates did not score full marks for this section due to the following 
reasons:

  1. No mention of the name of mechanism
2. No arrows indicating homolytic fission of Cl–Cl bond
3. No indication of initiation, propagation or termination steps
4. Wrote only one step for propagation so the regeneration of chlorine radical 
was not

shown
5. Formula of radical was shown as C4H9 or C3H7CH2
6. Wrong position of unpaired electron that does not result in compound C. 

Candidates should avoid using molecular formula where the structure of the radical 
/ compound is ambiguous.

(b)(iv) This was generally well done except for a number of candidates who did not realize 
that they drew two similar compounds (as illustrated below):

   

H3C C

H

CH3

C

H

H

Cl H3C C

H

CH2Cl

C

H

H

H

similar compounds

               

The markers would like to advice candidates to draw the correecctt sttrruucture (as 
shown) in the future as this was highlighted by the Cambridgge EExaamminers durin
their visit this year.
However, we did penalize candidates if they drew the ffoolllloowwiinng sttrruuccttuurree:

    
C

CH2CH33333333333

) Many candidates did not sccccccccccooooooooooorrrrrrrrreeeeeeeeeee ffffffffffffuuuuuuuuuuuulllllllllllll mmmmmaaaaaaaaaarrrrrrrrrkkkkkkkkkkssssssssssss fffffffffffoooooooooooorrrrrrrrrr tttttttttttthhhhhhhhhhis sssssssssssseeeeeeeeeeeecccccccction duuee to the following 
reasons:

 1. No mmmmmmmeeeeeeeeeeeenttttttttttttiiiiiooooooonnnnnnnnnnn of tttttttttttheeeeeeeeee nnnnnnnnnnaaaaaaaaaaaammmmmmmmmmmeeee oooooooooooof mecccchhhhhhhhhaaaaaaaaaaaannnnnnnnnnniiiiiiiisssssssssssmmmmmmmmmmm
2. No aaaaaaaaaaarrrrrrrrrrrrrowssssssssssss innnnnnnnnnnnddddddddddicaaaaaaaaaaatiiiiiiiiiiiing hommmmmmmmmmmmoooooooooooollllllllyyyyyyyyyyyyttttttttttiiiiicccccccccccc ffffffffffffiiiiiiiiiissssssssssssssssssssssssiiiiiiiiiiioooooooooooonnnnnnnnnnnn  ooooooooooof Cl–Cl bond
33333333333333. NNNNNNNNNNNNo innnnnnnnnnnndicatiooooooooooonnnnnnnnnnn oooooooooooof iiiiiiiiiiiniiiiiiiiiiiitiation,,,,,,, pppppppppppprrrrrrrrrrrrooooooooooooppppppppaggggggggggggaaaaaaaaaaatttttttttttion or termination steps
4. WWWWWWWWWWWWrrrrrrrrrrroooote oooooooooooonnnnnnnnnnnnllyyyyyyyyyy onnnnnnnnnnnneeeeeeeeeee  ssssssstttttttepppppppppppp ffffffffffoooooooooooorrrrrrrrrr pppppppppppprrrrrrrrrrooooooooooooppppppppppppaaaaaaaaaaaaaagation so the regeneration of chlorine radic
wassssssssssss noooooooooooot

shoooooooooooowwwwwwwwwnnnnnnnnnnnn
5. Formmmmmmmmmmmuuuuuuuuuuuullllllllllaaaaaaaaaaaa offfffffffff rrrrrrrrrrrraaaaaaaaaaaadddddddddddiiiiiiiiiiiiccccccccccccaaaaaaaaaaaallllllll wwwwwwwwwwas shown as C4H9 or C3H7CH2
6. Wronggggg pppppppppppoooooooooooosssitttttttiiiiiiiiioooooooooooonnnnnnnnnnnn of unpaired electron that does not result in compound C.

Candidates should avoid using molecular formula where the structure of the ra
/ compound is ambiguous.
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2 Marker – Lee Chay Koon (09S60 to 09S73), Wong Hwee Ming (09S74 to 09S7N)

(a) (i) Le Chatelier’s Principle states that when a system in equilibrium is subjected 
to a change in conditions, the position of equilibrium will shift in a way so as 
to reduce that change. 

(ii) The pressure used for the reaction is not very high even though the forward 
reaction will be favoured at high pressures in order to form less number of 
moles of gaseous products.

However, there is high cost incurred to build structures that can withstand 
high pressures which might not be offset by the increased revenue from the 
higher yield. 

The temperature used for this reaction is quite high and this is not expected 
as the forward reaction is favoured by low temperature so that the 
exothermic reaction can increase the amount of heat in the system. 

However, if temperature used is too low, rate of the reaction will be too 
slow and hence, you will not be able to reach equilibrium quickly. 

(iii) Kp = PCH3CH2OH
 PCH2 CH2 x PH2O

(iv) CH2=CH2(g) +     H2O(g)      CH3CH2OH(g)

Initial P 120          120     
change in P    x   x  + x
Eqm P 120 x             120 x                           x

  2(120 x) + x = 160
  x = 80 atm 

  Kp = (80) / (40)2

  = 0.05 atm 1
   

(v) The concentrated phosphoric acid catalyst which is coated onto a solid silicon 
dioxide support, might dissolve in excess steam and so catalytic function is 
affected.

(b) (i) Electrophilic addition

C C

H

HH

H

Br Br
+ -

H C C H

HH

Br

slow

rate determining step
+ Br

The temperature used for this reaction is quite high and this is not ex
as the forward reaction is favoured by low temmppeerraattuure so t
exothermic reaction can increase the amount of heat inn thhee system. 

However, if temperature used is too low, rattee ooff tthhe reeaaccttiioonn will 
slow and hence, you will not be able to reachh eeeeeeeeeeeeeeeeeeeeeeqqqqqqqqqqqqqqqqqqqquuuuuuuuiiiiiiiiiiillllllllllllllllliiiiiiiibbrrium qquuiicckkllyy. 

(iii) Kp = PCH3CH2OH
 PCH2 CH2 x PH2O

(iv) CH2=CCCCCCCCCHHHHHHHHHHHH22222222222(((((((((((ggggggggggg)))))))))))) ++++++++++++     HHHHHHHHHHH2222222222O(g))))))))))))      CH33CCHH2OH(g)

Initial P 1111111120          120     
change in P    xxxxxxxxxxxx   xxxxxxxxxxxx  + x
Eqmm    PPPPPPPP 1111111122222222222000000000000 xxxxxxxxxxx             11111111111222222222222000000000000 xxxxxxxxxxxx                           x

  2(1222222222222000000 xxxxxxxxxxxx) + x = 1166666666666000000000000
  xxxxxxxxxxxx  = 8000000000000   aaaaaaaaaaaatttttttmm 

  Kpppppppp = (((((((888888888888000000000000)))))))))))) /////////// ((((((((((444444444444000000000000))))))))))))2222222

  ============ 000000000000.000000000000555555555555 aaaaaaaaaaaattttttttm 1
   

(v) The cooooonnnnnnnnnnnnccccccccccccceeeeeeeeeeeentrated phosphoric acid catalyst which is coated onto a solid
dioxide support, might dissolve in excess steam and so catalytic fun
affected.
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H C C H

HH

Br

fast
H C C H

HH

Br Br

1,2-dibromoethane

Br

(ii)

C C

H

H

Br

H

H

O

H   

(c) (i) Two p orbitals overlap sideways to form one localized bond over two 
carbon atoms. The electrons are found between these two carbon atoms. 

The six orbitals contain six electrons which are not localized between 
particular pairs of carbon atoms but are spread over all six carbon atoms.

(ii) The resonance structure gives benzene increased stability towards 
electrophilic reaction, hence a stronger electrophile is needed. 

Marker’s Comment

(a)(i)   
Some candidates mentioned “equilibrium shifts” rather “position of equilibrium
shifts”. This is accepted but do remember the correct phrasing in future.
No mark will be awarded if candidates mentioned “the system will respond to 
counteract these changes” or “it will react in a way to reduce that change…” 

(a)(ii)
Reason must be given when mentioning shift of eqm. position. e.g under high 

H   

(i) Two p orbitals overlap sideways to form one locaalliizzedd bond o
carbon atoms. The electrons are found between these ttwwo ccaarbon atom

The six orbitals cooooooooooonnnnnnnnnnnttttttttttttaaaaaaaaaaaiiiiiiiiiinnnnnnnnn sssssssssssixxxxxxxxxxx electttttttttttrrrrrrrrrroooooooooooooons which aaree nott lloocalized b
particular pairs of caaaaaaaaaaaarrrrrbbbbbbbbbbbooooooon aaaaaaaaaaattttttttttomssssssssssss bbbbbbbbbbbbuuuut arrrrrrrrrrrreeeeeeee sssspread oveer aall six carbon at

(ii) The rrrrrrrrrresssssssssssooooooooooonnnnnnnnnnnnaaaaaaaaannnnnnnnnnnnccccccccccceeeeeeeeeeee structure gives benzene increased stability 
electrrrrrrrroooooooooooopppppppppppphhhhhhhhhhhillllllllliiiiiiiicccccccccccc rrrrrrrrrrrreaction, hence a stronger electrophile is needed. 

www.KiasuExamPaper.com 
38



pressure, eqm. position shifts to right to form less no. of moles of gaseous 
products.

Reason must be given for high cost incurred. No marks awarded if student just 
mentioned “ not economical” or “high production cost”

(a)(iii)   
Many students wrote the units for Kp as Pa-1 even though it should be atm-1. (no 
penalty in this part as they will be penalized in (iv))
Some candidate expressed Kp using [  ], no marks as [  ] represents 
concentration in 
mol dm-3.       

(a)(iv)
Most are able to perform the calculation.      
Many wrote the wrong units for Kp (same problem as (iii)). They will lose the last 
mark for that (1 mark for answer + correct units)
If candidates have converted their answers from atm to Pa, they must show 
working in order to score the mark.

(a)(v) 
Many students think that silicon dioxide (a common form is sand) will dissolve in 
steam!!

(b)(i)   
Generally well done, showed that they put in the effort to study the mechanism. 
However, some students did not start / end their arrows at the right positions. 

(b)(ii)  
Many omitted the bond between O – H and left it as OH.   

(c)(i) 
Must show C atoms in diagrams. If not, student will score 1 mark only if both 
diagrams are shown correctly.
In alkene, most students did not mention overlapping of  the two p orbitals.. Many 
just mentioned “ bond is formed between 2 C atoms and therefore is localised”
In benzene, many did not mention the “the 6 electrons are not delocalised 
between particular pairs of C atoms and spread over all 6 C atoms

(c)(ii)   
Candidates must mention resonance structure for extra stability and not just 
benzene is stable. Most of them scored 1 mark here but they wrote much more 
than required.   

mol dm .       

)
Most are able to perform the calculation.      
Many wrote the wrong units for Kp (same problem as ((iiiiii)))). TThhey wwiilll loossee the 
mark for that (1 mark for answer + correct units)
If candidates have converted their answers fromm  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttttttttttttttttttttttttttmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ttttttttttoo Pa, tthheeyy must sh
working in order to score the mark.

Many students think that sillllllllliiiccccccccccccooooon ddddddddddddiiiiiiiioxiddddddddddddeeeeee ((((((((((a coooooooooooommmmmmmmmmmmmmmmon form iss ssand) will dissolv
steam!!

Generallyyyyyyyyyyy  wwwwwwwwwwwwell ddddddddddddonnnnnnnnnnnne, sssssshhhhhhhhhhhhoooooooooowedddddddd ttttttttttthhhhhhhhhhhhaaaaaaaaaaatttttttttttt ttttttttthhhhheeeeeeeeeeeeyyyyyyyyyyyy  ppppppppppppuuuuuuuuuuuutttttttttttt iiiiiiiiiiinnnnn the effort to study the mechani
Howwwwwwwwwwweeeeeeeeeeevvvvvvvvvvver,,,,,,,,,,,, ssssssssssssome ssssssssssttttttttttttuddddddddddddennnnnnnnnnnntsssssssssss did noooooooooootttttttttttt sssssssssssttttttttttttaaaaaaaaaart /////////// eeeeeeeeeeeennnd tttttttttttthhhhhheir arrows at the right positions. 

Many omiiiiiiiiitttttttttttttteeeeeeeeeeeeddddd tttttttttthhhhhhhhhhhheeeeeeeeeee bbbbbbbbbbbboooooooondddddddddddd bbbbbbbbbbbbeeeeeeeeeeeetttttttttttwwwwwwween O – H and left it as OH.   

Must show C atoms in diagrams. If not, student will score 1 mark only if b
diagrams are shown correctly.
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3 Marker – Ooi Ah Guat (09S60 to 09S73), Phee Peh Ling (09S74 to 09S7N)

(a) (i) NaOH is to remove the H+ so as to quench the reaction. 

(ii) Correctly plot both graphs with labelled axes. 
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(iii) Since half life is constant at approximately 26 s, it is first order with respect to 
iodide ions. 

Find initial rate 
When [H2O2] doubles, initial rate doubles, therefore it is first order with respect to 
H2O2  

(iv) Rate = k[H2O2][I-]

k = 0.224 mol-1 dm3 s-1

(b) (i) Homogeneous catalyst 

000000000000
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(iii) SSSSSSSSSSSiiiiiiiiinncccccccccceeeeeeeeeeee hhhhhhhhhhhaaaaaaaaaalllllllllffffffffffff llllllliiiiiiiifffffeeeeeeeeeee iiiiiiis coooooooooooonnnnnnnnnnnsssssssssssttttttttttttaaaaaaaaaaaannnnnnnnnnntttttttttttt aaaaaaaaaaaaatttttttttttt approximately 26 s, it is first order with resp
ioooooooooooodiiiiiiiiiiiddddddddde ionssssss. 

Find iiiiiiinnnnnnnnnnnnitttttttttiiiiiiiaaaaaaaaaaallllllllll raaaatttteeeeeeeeeeee 
When [[[[[[[[[[HHHHHHHHHHHH22222222222OOOOOOOOOOOO22222]]]]]]]]]] doubles, initial rate doubles, therefore it is first order with 
H2O2  

(iv) Rate = k[H2O2][I-]

www.KiasuExamPaper.com 
40



(ii)

Catalyst provides an alternative pathway with lower Ea. There is greater 
proportion of molecules with KE greater or equal to Ea, leading to increased 
frequency of effective collision and thus rate increases. 

(iii) Electrophilic substitution 

FeCl3 +  Cl2 FeCl4
– +  Cl+

H

+  Cl+
slow

Cl

Cl

fast

HCl

+    FeCl4 +    FeCl3    +    HCl

CH3 CH3

CH3 CH3

(c) (i) H2O2 H2O + ½ O2        

(ii) Volume of O2 generated = 20 cm3

No. of moles of O2 = 20 / 24000 = 8.333 x 10-4

No. of moles of H2O2 = 1.667 x 10-3 

[H2O2] = 1.667 x 10-3 0.001 = 1.67 mol dm-3

(iii) pV = nRT
(150 x 103)(V) = (8.333 x 10-4)(8.31)(273 + 30)    
V = 1.40 x 10-2 dm3

number of molecules

     KE
0                               Eacat Eauncatalaysed

Catalyst provides an alternative pathway with lower Ea. There is greate
proportion of molecules with KE greater or equal to Ea, lleeaaddiinng to incre
frequency of effective collision and thus rate increases. 

(iii) Electrophilic substitution 

FeCl3 +  Cl2 FeCl4
– +  Cl+

HH

++++ CCCCCCCCCCCCllllllll+
slsllllllllowoooooooooo

CCl

Cl

fast

HHHHHHHHHHHHCCCCCCCCCCl

+    FeCl4ll +   FeCl

CH3 CH3

CHCHCHHHHHHHHHH3 CH3

(i) H2O2 H2O + ½ O2        
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Marker’s Comment

This is the least popular question out of the three Free Reponse questions, and 
is generally not well done.

(a)(i)
Quite a handful of students do not know the purpose of adding in aqueous 
NaOH. No marks will be given if candidate merely mentioned that aqueous 
NaOH is for neutralizing the H+ present. The main aim of neutralizing the H+, i.e. 
to quench the reaction, must be mentioned.

(a)(ii)
Some students are unable to plot points properly or even label the wrong axes. 
This will lead to penalty.

(a)(iii)
There are a few candidates who do not know how to find half-life from the graph. 
After finding the wrong half-life, they even insist that the half-lives are constant 
even when they are obviously not! Some concluded that since the half-lives are 
not constant, it must be a second order reaction. This is not true. If half-lives are 
not constant, you can only conclude that it is not a first order reaction (if it is a 
curve).
A large number of candidates did not show the working for half-lives on their 
graph and insist that the half-lives are constant. Do take note that the markers 
are NOT going to read the half-lives from your graph for you to determine 
whether they are constant. You have to label it on your graph yourself and the 
half-lives to be stated. Any unclear working that requires the markers to read the 
graphs on the candidates’ behalf will lead to no credit.
The majority of the candidates missed out the ‘x 10-4’ of the concentration of I-.
As a result, the values of the initial rates are determined wrongly. For such 
cases, you are either penalize under (a)(iii) or (a)(iv) once for wrong initial rate 
values.
Some candidates disappointed the markers by the inability to calculate gradient. 

You have to make use of the formula: Gradient = 
12

12

xx
yy . If unsure of how to 

calculate gradient, do refer to your Secondary 1 or 2 Mathematics Textbook.
Gradient is negative in this case but rate cannot be negative. Thus Rate = -
Gradient.
The rates to be calculated in this question should be initial rate and not rate at 
any other points. If taking rate at other time, the concentration of H2O2 may no 
longer be at 0.05 mol dm-3 or 0.10 mol dm-3 anymore.

(a)(iv)

Error carried forward from (a)(iii) is allowed. However, if no order of reaction is 
deduced in (a)(iii), then no credit will be given for the rate equation.

Some students are unable to plot points properly or even labeell  tthhee wrong ax
This will lead to penalty.

)
There are a few candidates who do not know how ttoooo fffffffffffffffffffffffiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnddddddddddddddddddddddddddddd hhhhhhhhhhhhhaalf-lifee  ffrroomm the gra
After finding the wrong half-life, they eveeeeeeeeennnnnnnnnnnn insisstt tttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttt ttttttttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeee hhalf-liivveess aare cons
even when they are obviously not! Someeeeeeeeeeee  cccccccccccoooooooooooonnnnnnnnnccccccccccccccccccccccccccccccccccllllllllllllllllllllllluuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuudddddddddddddddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeeeeeddddddddddddddddddddddddddddddddddddddd ttttttttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttt ssssssiinnccee tthhee hhaalf-lives 
not constant, it must be a second oooooooooooorrrrrrrrrrrrdddddddddddder reaaaaaaaaaaaacttttttttttttiiiiiiiion. TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTThhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhiiiiiiiiiissssssssssssss iiiiiiiiis nnoot ttrue.. IIff hhalf-lives 
not constant, you can only coooooooonnnnnnnnnnnncccccccccccllllllllluuuuuuuudddddddddeeeeeeeeee ttttttttttthhhhat it iiiiiiiiiiisssssss nnnnnnnot a first oorddeer reeaacction (if it 
curve).
A large number of candidaaaaaaaaaaaatteeeeeeeeeessssssss ddddddddddddiiiiiiiiiidddddddddddd nooooooooooot sssssssssssshhhhhhhhhhhoooooooooooowwwwwwwwwwww theeeeeeeeeeee wwwwwwwwwwwworking ffor half-lives on t
graph and insist thaaaaaaaaaaaat ttttttttthhhhhhhhhhheeeeeeeeeee half-lives aaaaaaaaaaaareeeeeeeeeeee consttttttttaaaaaaaaaaannnnnnnnnnnntttttttttttt........ DDDDDDDDDDDDoooooooooooo take note that the mark
are NOT goinnnnnnnnnnnggggggggggggg to rreeeeeeeeeeeaaaaaaaaadddddddddddd ttttttttttthhhhhhhhhhhheeeeeeeee hhhhhhhhhhhallllllfffffffffff-llllliiiiiiiivvvvvvvvvvvveeeeeeees ffffffffffrrrrrrrrrrrroooooooooooommmmmmmmmmmm yyyyyyyyyyyyooooooooooouuuuuuuuuuuuur graph for you to determ
whether thhhhhhhheeeeeeeeeeeey aaaaaaaaaaaareeeeeeeeeeee  connnnnnnnnnnsssssssssttttttttttaaaaaaaaaaannnnnnnnnnntttttttttttt. YYYYYYYYYYYoooooooooooouuuuuuuuuuuu haveeeeeeeeeee  ttttttttttttooooooooooo llllllllllaaaaaaaaaaaabbbbbbbbbeeeeeeeeeeel it on your graph yourself and 
half-lives tttttttttttoooooooooooo be sssssssssssstttttaaaaaaaaaaattttttttttttedddd....... AAAAAAAAAAAAny unccccccccccccllllllllleeeeeeeeeeeeaaaaaaaaaaarrrrrrrrrrr wwwwwwwwwwwwoooooooooooorrrrrrrrrrrrkkkkkkkkkkkkiiinnnnnnnnnnngggggggggggg ttttttttttthhhhat requires the markers to read 
grapppppppppppppphhhhhhhhhhhssssssssssss onnnnnnnnnnnn tttttttttttthe cannnnnnnnnnndddddddddddiiiddddddddddddaaaaaaattttttttttteeeeeessssssssssss’ behhhhhhhhhhaaaaaaaaaallllllllllllffffffffffff wwwwwwwwwwwwiiiiiill leeeeeeeeeeeeaaaaaaaaaaaddddddd to no credit.
The mmmmmmmmmmmmaajjjjjjjjjjjoooooooooorrrrrrrrrrriiiiiiitttttttttyyyyyyyyyyyy ooooffffffffffff tttttttttthhhhhhhhhhhhe ccccccccccccandiiiiiiiiiiiiddddddddddddaaaaaaaaaaaatttttttttttteeeeeeeeeeeessssss mmmmmmmmmmmmiiiiiiiissssssssssssssed out the ‘x 10-4’ of the concentration o
As a reeeeeeeeeeeesssssssuuuuuuuuuuult, thhhhhhhhhheeeeeeeee valuuuuuuuuuuuueeeeeeeeeeessssssssssss ooooooooooooffffffffffff thhhhhhhhhhhheeeeeeeeee initial rates are determined wrongly. For s
cases, yoooooooooouuuuuuuuuuu aaaaaaaaaaaarrrrrreeeeeeeeeee eeeeeeeeiiiiiiiiitttttttttttthhhhhhhhhhhheeeer pppppppppppeeeeeeeeeeeennnnnnnnnnnnaaaaaaaaaaaalize under (a)(iii) or (a)(iv) once for wrong initial 
values.
Some candiddaaaaaaaaaaaattttttttttteeeeeeeeeeeessssssssssss dddddddddddisappointed the markers by the inability to calculate gradi

You have to make use of the formula: Gradient = 
12

12

xx2

yy2 . If unsure of how
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Some candidates use 
21

2
/

ln
t

k to find rate constant for this reaction, forgetting that 

this equation is only true if overall order of reaction is one. 

(b)(i)
MOST candidates did not mention the word ‘homogeneous’. Some even write 
down ‘Lewis acid catalyst’ as the answer.

(b)(ii)
Do take note that Boltzmann distribution curve should start from the origin and 
should not end up touching the x-axis. The graph should not be symmetrical as 
well.
For candidates who did not label the two Ea clearly, stating that one is with 
catalyst and the other without, no marks will be given.

(b)(iii)
As question mentioned the use of FeCl3, only electrophilic substitution is 
accepted.
Some candidates were unable to give correct equation between reaction of Cl2
and FeCl3 and hence Cl- or FeCl4+ were wrongly used as electrophile to attack 
the benzene ring of methylbenzene. 
Quite a number of candidates did not write down HCl at the last step. 
Penalty is also given if the ‘horse-shoe’ of the intermediate is not drawn properly.
Some candidates failed to recognize that the methyl group is 2,4-directing. If 3-
chloromethylbenzene is given instead, one mark will be deducted.

(c)(i)
Some give H2 and O2 as the products even though the question clearly states 
that water and oxygen are the products.

(c)(ii)
This question will be marked based on your equation in (c)(i), but no ecf within 
(c)(ii).

(c)(iii)
A large number of students used the number of moles of hydrogen peroxide 
instead of the number of moles of oxygen & did not realize that they are 
calculating volume of hydrogen peroxide  instead of volume of oxygen .
Some failed to convert the volume of the gas to dm3 despite the question asking 
for the final answer to be in dm3.

well.
For candidates who did not label the two Ea clearly, statingg that one is w
catalyst and the other without, no marks will be given.

)
As question mentioned the use of FeCl3, only eelleeccttttrroopphilicc ssuubbssttiitution
accepted.
Some candidates were unable to give cccccccccccoooooooooooorrrrrrrrrrrrrrrrrrrrreeecccccccttttttt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqquuuuuuuuuuuuuuuuuuuuuuuuuuuuuuaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiioooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnn bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeettwweeeenn rreeaacction of 
and FeCl3 and hence Cl- or FeCl4444444444+ were wwwwwwwwwwwrrrrrrrrrrrrooooooooongggllllllllllllllllllllyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuussssssssssssssssssssssssssssssssssssssseeeeeeeeeeeeedddddddddd aass eellectrroopphhiile to att
the benzene ring of methylbenzzzzzzzzzzzeeeeeeeeeeeneee. 
Quite a number of candidatttttteeeeeeeeeeesssssssssss ddddddddddddiiiiiiiiiiddddddddddd nnnnnnnnnot wwwwwwwwwwwwrrrrrrrrrrriiiiiiiittttttte doooooooooooowwwwwwwwwwwwwn HCl at thhee llaast step. 
Penalty is also given if the ‘hhhhhhhhhhhhoorrrrrssseeeeeeee-sssssssssssshhhhhhhhhhhhooooooooooeeeeeeeee’ oooooooooffffffffffff tttthhhhhhhhhhhheeeeeeeee inteeeeeeeeeeeerrrrrrrmmmmmmmmmediate iis not drawn prope
Some candidates faaaaaaaaaileeeeeeeeeeeeddddddd ttttttttttttooooooooooo reccooooooooooooggggggggggggnizzzzzzzzeeeeeeeeeee ttttttttttthat theeeeeeeeeee mmmmmmmmmmmmeeeeeeeeeeeetttttttttttthhhhhhhhhhhhyyyyyyyyyyyl group is 2,4-directing. I
chloromethylbbbbbbbbbbbbeeeeeeeeeeeeennnnnnnnnnnnzeneeeeeeeeeeee iiiiiiiiiiiissssssssss ggggggggggggiiiiiiveeeeeeeeeeeennnnnnnnnnnn   iinnnnnnnnnnnnssssssssssstttttteeeeeeeeeeeeaaaaaaaaaaaddddddddddd, onnnnnnnnnnnneeeeeeeeeeee mmmmmmmmmmmmaaaaaaaaaaaarrrrrrrrrrkkkkkkkkkkkk wwwwwwwwwwwwill be deducted.

Someeeeeeeeee ggggggggiiiiiiiiivvvvvvvvvvveeeeeeeeee HHHHHHHHHHHH222 aaaaaaaaaand OOOOOOOOOOOO2 assssssssssss tttttttttttthhhhhhhhhhhheeeeeeeeeeee pppppppppppprrrrrrrrrrrroooooooooooodddddddddddddducts even though the question clearly sta
that waaatttttttttttteeeeeerrrrrrrrrrrr anddddddddddd ooooooooooooxxxxxxxxxxxyyyyyyyyyyyygennnnnnnnnn aaaaaaaaaaaarrrrrrrrrreeeeeeeeee tttttttttthhhhhhhhhhheeeeeeeeeeee pppppppppppproducts.

This question wwwwwwwwwwwwiiiiiiiiiiilllllllllllllllll be marked based on your equation in (c)(i), but no ecf wi
(c)(ii).
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READ THESE INSTRUCTIONS FIRST 
 
Write in soft pencil. 

Complete the information on the optical mark sheet (OMS) as shown below. 
 

 

Write your name 

Write and
shade your 

NRIC  

or FIN number 

Write your CT group 

There are thirty questions on this paper. Answer all questions. For each question, there are 
four possible answers A, B, C and D.  

Choose the one you consider correct and record your choice in soft pencil on the OMS.  

Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 

Any rough working should be done in this booklet. 

  
 
 
 

www.KiasuExamPaper.com 
44



Section A 

1 When a 10 cm3 sample of hydrocarbon was burned in 100 cm3 of oxygen (an excess), 
the final gaseous mixture which contained carbon dioxide and unreacted oxygen was 
found to have a volume of 75 cm3. This final volume of gas was treated with an excess of 
aqueous potassium hydroxide and a further reduction of 40 cm3 was observed. All gas 
volumes were measured at the same temperature and pressure. 
 
What is the formula of the hydrocarbon? 
 

A C2H4 
B C2H6
C C4H8
D C4H10 

2 100 cm3 of 0.02 mol dm–3 of VO2+(aq) is oxidized by 50 cm3 of 0.02 mol dm–3 of an 
oxidizing agent, KXO4. If VO2+ is oxidized to VO3

– by KXO4, what is the final oxidation 
state of X? 
 

A +3 
B +4 
C +5 
D +6  

3 The electronic configuration of four elements are given below. 
Which of the following elements have the highest 2nd ionization energy? 
 

A 1s22s22p1 

B 1s22s22p2

C 1s22s22p63s23p1 
D 1s22s22p63s23p2

 

4 Which of the following particles would, on losing an electron, have a half-filled p subshell?
 

A N 
B Si 
C P– 

D O+  

5 In which one of the following pairs do the molecules have similar shapes? 
 

A CO2 and SO2 
B AlCl3 and NCl3 
C SF4 and SiCl4 
D PCl5 and SbF5  
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6 In which pair of molecules is the boiling point of molecule I lower than that of  
molecule II?  
 

I II

A
 

CO2H
OH

B CH3CH2CH2CH2OH (CH3)2CHCH2OH 

C C

CH2Br

H3C Br
H

  

D
   

7 Which of the following would behave most like an ideal gas at room temperature?  
 

A Ne 
B CH4 
C CO2 
D Cl2  

8 A sample of m g of an organic compound is vaporised in a gas syringe and occupies 
V cm3 at T K and p atm.  
 
What is the relative molecular mass of the compound? 
 

A 273
22400
Vp

Tm  C TV
pm 27322400  

B 273
)273(22400

Vp
Tm  D )273(

27322400
TV

pm  
 

9 Which equation defines the enthalpy change of atomisation of sulfur? 
 

A S8 (s)  S(s)  
B S8 (s)  S(g)  
C S8 (s)  8S(g)  

D S8 (g)  8S(g)   
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10 Crystallization is a purification process which is used to isolate pure, crystalline solids 
from a solution. This process will occur when a supersaturated solution is left to stand, 
allowing solid crystals to precipitate out of the solution. 
 
Which of the following best describes the thermodynamic parameters of crystallization? 
 

H S 
A < 0 < 0 
B > 0 < 0 
C < 0 > 0 
D > 0 > 0  

11 A reaction has the following rate determining step: 
 

X + Y  Z 
 

Which of the following graphs will be obtained when the rate is plotted against the 
product of the concentrations of X and Y, [X][Y]? 
 

A C

B D

 

[X][Y]

Rate

[X][Y]

Rate

[X][Y]

Rate

[X][Y]

Rate
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12 Consider the following reaction between P and Q to form R: 
 

P(aq) + 3Q(aq)  2R(aq) 
 
Equal amounts of P and Q were mixed and allowed to come to equilibrium. The diagram 
below shows the change in number of moles of P and R with time. The total volume of 
the reaction mixture was kept at 2 dm3. 
 

 
What is the numerical value of the equilibrium constant, Kc? 
 

A 50.0 C 6.25 
B 12.5 D 0.231  

13 The compound Lanosterol is a tetracyclic triterpenoid from which all steroids are derived. 

HO
 

Lanosterol 

How many stereoisomers does Lanosterol have? 

 
A 26 C 28 
B 27

 D 29  

14 Which one of the following molecules is not planar? 
 

A ethene C methylbenzene 
B chloroethene D 1,4-dichlorobenzene  

Number of moles 

0.5 

R

P

0 

0.4 

0.3 

0.2 

0.1 

Time 

www.KiasuExamPaper.com 
48



15 Which of the following compounds could be formed when dichloromethane is reacted 
with excess bromine in the presence of sunlight? 

A H2 and CHCl2Br 
B CHCl2Br  and CCl2BrCHCl2 
C CHCl2Br and CH2ClCCl2Br 
D CCl2BrCHCl2 and CH2ClCCl2Br   

16 Ethane reacts with chlorine in the presence of ultraviolet light to form a mixture of 
products. Which of the following statements is false regarding this reaction?  
 

A Both initiation and propagation steps involve homolytic fission. 
B Both initiation and propagation steps produce chlorine radicals. 
C Both propagation and termination steps produce hydrogen chloride. 
D Both propagation and termination steps involve C Cl bond formation.  

17 Compound W is produced when ethene reacts with bromine in the presence of 
concentrated aqueous potassium nitrate, KNO3. 
 
Compound W: 

 
 
Which one of the following could be the intermediate formed in this reaction? 
 

A

 

C

 
B

 

D

  

18 Which alkene gives ethanoic acid as the only product when treated with hot acidified 
potassium manganate(VII)?    
 

A CH3CH=CHCH3 C (CH3)2C=C(CH3)2 
 

B (CH3)2C=CHCH3 D
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19 Methylbenzene is nitrated by a mixture of concentrated nitric acid and concentrated 
sulfuric acid. Which of the following statement about this reaction is correct?  
 

A The mechanism is nucleophilic substitution.  
B The major product is 3-nitromethylbenzene.  
C The electrophile is NO3  ion.  
D Concentrated sulfuric acid acts as the catalyst in this reaction.  

20 When methylbenzene is treated with bromine in the presence of a catalyst and in the 
dark, a mixture of two monobromo isomers is formed. What are the structures of these 
two isomers?  
 

A

CH3

Br  

CH3
Br

 

B

CH3

Br   

C

CH3
Br

  

D

CH3
Br

 

CH3

Br   

21 How many possible alkenes (including cis-trans isomers) can be obtained when  
2-chlorobutane is heated under reflux with alcoholic KOH? 
 

 
2-chlorobutane 

 
A 1 B 2 C 3 D 4  
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22 Consider the following reaction:  
 
C2H5X + OH     C2H5OH + X  where X = Cl or Br.  
 
Which of the following statements is true?   
 

A The reaction takes place more rapidly when X is Cl than when X is Br because 
Cl  has more exothermic enthalpy change of hydration than Br .  

B The reaction takes place more rapidly when X is Cl than when X is Br because 
C Cl bond is more polar than C Br bond. 

C The reaction takes place more rapidly when X is Br than when X is Cl because 
Br  is a better nucleophile than Cl .  

D The reaction takes place more rapidly when X is Br than when X is Cl because 
C Br bond is weaker than C Cl bond.  

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 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.

23 Which statements about a 2.0 g sample of 4He are correct? 
 

1 The number of atoms is the same as the number of oxygen atoms in 24 dm3 of 
oxygen gas at r.t.p. 

2 The number of atoms is the same as the number of ions in 20.29 g of aqueous 
iron(III) chloride. 

3 The number of atoms is the same as the number of electrons in 0.5 g of 
hydrogen gas.  

24 AlCl3 and (CH3)3N reacts in a 1:1 ratio. Which of the following statements are correct? 
  

1 (CH3)3NAlCl3 is obtained as a product. 
2 The bonds around Al atom in the product are tetrahedrally arranged.  
3 There is a dative bond from Al to N in the product.   
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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. 

25 In which of the following will the enthalpy change of reaction be the same in both 
processes? 

1 Combustion of carbon; Formation of carbon dioxide 
2 Atomization of fluorine; Bond energy of fluorine 
3 Neutralization of sodium hydroxide; Dissolution of sodium hydroxide  

26 Which statements about the properties of a catalyst are correct? 
 

1 A catalyst increases the average kinetic energy of the reacting particles. 
2 A catalyst increases the rate of the reverse reaction. 
3 A catalyst has no effect on the enthalpy change of the reaction.  

27 A and B react in a closed vessel to form C: 
 

2A(g) + 2B(s)  3C(g) 
 

The graph below shows the variation in fraction of C in the equilibrium mixture with 
temperature at two different total pressures, p1 and p2. 

 
Which of the following statements are true? 
 

1 The forward reaction is exothermic.   
2 p2 is greater than p1.  
3 Kp increases when the volume of the reaction vessel is increased.   

Fraction of C in 
equilibrium mixture 

p2 

p1 

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.

28 In what ways could two compounds of molecular formula C3H4ClBr be related to each 
other? 
 

1 optical isomers 
2 structural isomers 
3 geometrical isomers  

29 Which of the following alkenes produces 2-bromo-2-methylpentane as the major organic 
compound when hydrogen bromide is added to each of them? 
 

1
 

2
 

3
  

30 A liquid L, C7H6Cl2, gives a white precipitate when shaken for some time with ethanolic 
silver nitrate. Which of the following could be L? 
 

1
 

2

3
  

~ End of Paper ~ 
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2010 C1 H2 Chemistry Promotional Examination Paper 1 Answers 

1 D 16 C
2 C 17 D
3 A 18 A
4 C 19 D
5 D 20 D
6 D 21 C
7 A 22 D
8 A 23 C
9 B 24 B
10 A 25 D
11 B 26 C
12 A 27 B
13 B 28 A
14 C 29 C
15 B 30 B

2010 C1 H2 Chemistry Promotional Examination Paper 1 Answeweeweersr  

1 D 16 C
2 C 17 D
3 A 18 A
4 C 19 D
5 D 20 D
6 D 21 CCCCCCCCCCCC
7 A 22 DDDDDDD
8 A 232322323222232223 CCCCCCCCCCC
9 B 242242424244242424 B
10 A 25 D
11 B 262626226262626262626 CCCCCCCCC
12 A 27 B
13 BBBBBBBBBBB 2828282828828882828282 AAAAAAAAAAAAA
14 CCCCCCCCC 29 CCCCCCCCCCC
15 BBBBBBBBBBBB 3030303030303030330330 BBBBBBBBBBBB
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2

Section A  Structured Questions [40 marks] 

 Answer all the questions in the spaces provided. 
1 (a) Sodium peroxide, 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) Na2O2 is an ionic compound consisting of Na
+
 and O2

2  ions. Draw the dot-
and-cross diagram for the O2

2  ion. 
 
 
 
 
 
 
 
 

  (ii) Write the oxidation number of oxygen in each of following compounds: 
 
Na2O2 : ……………………….                Na2CO3 : …………………………… 
 
 

  (iii) Identify the reactant that underwent disproportionation in the above reaction. 
 
…………………………………………………………………………………. 
 
 

  (iv) A sample of sodium peroxide was completely reacted with excess carbon 
dioxide. The sodium carbonate formed was reacted 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 neutralization. 
 
Calculate the mass of the sodium peroxide in the sample. 

[6] 
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3

(b) When air is inhaled by a person in the submarine, it enters the alveoli of the lungs.
Varying amounts of the component gases exchange with dissolved gases in the
blood. The resulting composition of the alveolar gas mixture is quite different from
that of the submarine atmospheric mixture.

The following table presents data on the composition of four gases in the
submarine atmosphere and in the alveoli.

gas submarine atmosphere/ % by mol alveoli/ % by mol 

N2 78.6 74.7
O2 20.9 13.8

CO2 0.04 5.3
H2O 0.46 6.2

(i) Suggest a reason for the difference in the percentage composition of oxygen
in the submarine atmosphere and in the alveoli.

………………………………………………………………………………………….

………………………………………………………………………………………….

(ii) Given that the total pressure of alveolar gas mixture is 760 Torr, calculate the
partial pressure of oxygen (in Torr) in the alveoli.

(iii) The volume of the alveolar gas mixture at 37.0 oC is 500 cm3.

Calculate the amount of O2 molecules in the alveolar gas mixture, assuming
that the total pressure of the mixture remains at 760 Torr.
(760 Torr = 1.01 x 105 Pa)

[4]

www.KiasuExamPaper.com 
57



2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section A  
 

4

 (c) Blood plasma, which constitutes 55% of blood, is mostly made up of water. Water 
functions as a solvent for the nutrients needed by the body. Some of these 
nutrients are soluble in water through hydrogen bond formation.  
  

  (i) Describe the requirements needed for two molecules to form a hydrogen 
bond between them.  
 

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

………………………………………………………………………………………….
 

………………………………………………………………………………………….
 

 
  (ii) Glucose is an example of a water-soluble nutrient needed by the body.  

 
On the diagram given below, draw one of the hydrogen bonds formed 
between a glucose molecule and water, showing clearly which atoms take 
part in the intermolecular interaction.  
 
 
  

O
HO

HO
OH

OH

OH

 
 

glucose 
  
 
 

  (iii)  Vitamin A is another nutrient needed by the body. However, it is insoluble in 
water.  
 

OH

CH3

H3C CH3
CH3 CH3

 
vitamin A 

 
Explain why vitamin A is insoluble.  

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

 
………………………………………………………………………………………….

 
[4]

 [total: 14]
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2 (a) Under suitable conditions, methane reacts with chlorine to form chloromethane, 
CH3Cl, which was once widely used as a refrigerant. However, due to its toxicity, 
chloromethane is no longer present in consumer products. 

(i) Name the mechanism for the reaction between methane and chlorine.

…………………………………………………………………………………. 

(ii) Write two equations to show the propagation steps of the chlorination of
methane to form chloromethane.

(iii) Suggest and explain suitable reaction condition which maximizes the
production of chloromethane.

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

[4]

(b) In contrast, the iodination of methane is not a useful reaction as it is a reversible
process. The reaction is often carried out in the presence of oxidising agents such
as iodic acid, HIO3, to increase the yield of iodomethane, CH3I.

CH4 (g)+ I2 (g)  CH3I (g) + HI (g) Hr 

(i) HIO3 is known to react with HI to produce I2 as the only iodine-containing
product. Suggest why the use of HIO3 increases the yield of CH3I during the
iodination of methane.

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 
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(ii) 

 
Given the data below, construct an energy cycle and use it to determine the 
enthalpy change of reaction, Hr , for the iodination of methane. 
 
Standard enthalpy change of formation of CH4(g) = 74.6 kJ mol 1 
Standard enthalpy change of formation of CH3I(g) = +14.4 kJ mol 1 
Standard enthalpy change of formation of HI(g) = +26.5 kJ mol 1 
Standard enthalpy change of sublimation of I2(s)= +62.4 kJ mol 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    (iii) Given that the entropy change of reaction, Sr , for the iodination of methane 
is +13.7 J mol 1 K-1, determine the minimum temperature at which the 
reaction becomes spontaneous. 
 
 
 
 
 
 
 
 
 
 
 
 

[5]

[Total: 9]
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3 (a) Nitrogen monoxide gas (NO) is an air pollutant produced by cigarette smoke, 
automobile engines and power plants. It reacts with oxygen to form NO2 (g). 

2NO (g) + O2 (g)  2NO2 (g) 

The kinetics of the reaction was studied and the following results were obtained. 

Initial concentrations / 
mol dm–3 

Experiment 

[NO] [O2] 

Initial rate of 
formation of NO2 / 

mol dm–3 s–1 

1 0.001 0.001 7.0 × 10–6 

2 0.001 0.002 1.4 × 10–5 
3 0.002 0.003 8.4 × 10–5 

 Deduce the order of reaction with respect to each of the reactants, hence write the rate 
equation for the reaction. 

[3]

(b) The following table provides data on how the equilibrium constant, Kp, of the reaction in
(a) varies with temperature.

Temperature/ K ln Kp 
300 28.27
400 21.20
500 16.96
600 14.14

(i) Write the Kp expression for the above equilibrium.
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  (ii) Using the data provided, deduce whether the forward reaction is exothermic or 

endothermic. Explain your reasoning. 
 
…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

 [3]
    
 (c)  NO2 (g) can also be formed from the dissociation of N2O4 (g). 

 
N2O4 (g)  2NO2 (g) 

 
At a certain temperature and an equilibrium pressure of 2 atm, N2O4 (g) is 40.0% 
dissociated. 
 
Calculate the equilibrium constant, Kp, at this temperature, giving its units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2]
[total: 8]
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4 -terpineol is a volatile oil obtained by distillation from the leaves of the 
myrtaceous tree. The structure of -terpineol is given below: 

CH3

C
CH3H3C

OH

1
2

3

4

5

6

(a) State the type of hybridisation exhibited by carbon-4 in -terpineol. Sketch
the hybrid orbitals around it, showing the correct orientation.

[2]

(b) -terpineol reacts with HBr readily. Name and outline the reaction
mechanism for the reaction between -terpineol and HBr for the formation
of the major product. You may use the following structure to represent -
terpineol when you draw the mechanism:

R

CH3

[3]
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(c) In the reaction of -terpineol with HBr, a side product, cineole, with the
following structure is obtained:

CH3

C
CH3H3C

O

 

Suggest how cineole could be formed. 

[1]
(d) Give the structural formula of the organic product when -terpineol is

heated with concentrated acidified potassium manganate (VII). (Note that
the alcohol on the side chain is resistant to oxidation.)

[1]
(e) Describe a simple chemical test to distinguish between -terpineol and the

following compound A:
CH3

C
CH3H3C

OH

[2]
[total: 9]

A =  

www.KiasuExamPaper.com 
64



HCI 2010 C  H2 CHEMISTRYPromotional Examination Paper 2 Section A ANSWERS 
1ai) 

[1]
ii) Na2O2 : ___-1_______________ Na2CO3 : __-2________________ 

[1]
iii) Na2O2 [1]

iv) Number of moles of NaOH used = 23/1000 x 0.5 = 0.0115 mol

Number of moles of HCl in excess in 50 cm3 = 5 x 0.0115 = 0.0575 mol  [1]
Number of moles of HCl reacted with carbonate = 50/1000 x 1.5 – 0.0575

= 0.0175 mol [1] 
Number of moles of sodium carbonate formed = 0.5 x 0.0175 = 0.00875 mol  

= number of moles of sodium peroxide 

Mass of sodium peroxide in sample = 0.00875 x (2 x 23.0 + 2 x 16.0) = 0.683 g [1] 
[ecf allowed – only if working is shown] 

bi) Any possible reason  - [1]
- some oxygen molecules have dissolved in the blood
- some oxygen molecules are consumed by the body
- some oxygen molecules are bonded to the haemoglobin

ii) Partial pressure of O2 in alveolar gas mixture = (13.8/100 x 760) = 105 Torr [1]

iii) pV = nRT
(105/ 760 x 1.01 x 105) x 500 x 10-6 = n x 8.31 x (37.0 + 273)
nO2 = 2.71 x 10-3 mol

[1] – use of pV = nRT equation & correct substitution
[1] – numerical answer and unit (ecf for answer)

ci) Requirements: presence of lone pair on electronegative O, N or F atom in one molecule
[1] and
presence of hydrogen atom bonded to electronegative O, N or F atom in the other
molecule. [1]
(-1 m if student does not mention about molecules in their answer)

ii)  

O
HO

HO
OH

OH

OH

O
H

H

O
HO

HO
OH

OH

OH

O
H

H

or

Any reasonable hydrogen bond with relevant lone pair and partial charges shown [1] 

iii) Vitamin A is not soluble in water as its large non-polar hydrocarbon group is not able to
form favourable interactions with polar water molecule. (or anything to this effect) [1]

[-1 m overall for no units or wrong s.f. in Q1] 

O O
x x 

x x 
x 
x 

x [      ] 
2  

Number of moles of HCl in excess il n 50 cm  5 x 0.0115 0.0575 mol [1]
Number of moles of HCl reacted with carbonate = 50/1000 x 1.5 – 0.0575l

= 0.0175 mol [1]
Number of moles of sodium carbonate formed = 0.5 x 0.0175 = 0.000000000000000000 8787878787878787878755555555 5 mommmmmmmmmm l  

= number of moooooooooleleleleleleleleleleelesss s s ss s sss ofofofofofofofofofoff ssododododododododododododiuiuiuiiiiiuum pep roxide

Mass of sodium peroxide in sample = 0.00875 x (2 x 23.0 ++++++++++++ 22222222222 xxxxxxxxxx 16161616161661616....0.0.0... ) = 0.0.0.0.0.00.0.0 6868686868686868686868333333333333 ggggggggggg [[1]
[ecf allowed – only if working is shown] 

Any possible reason  - [1]
- some oxygen molecules have dddddddddddisisisisisisisisisissssolveddddddddddd innnnnnnnnnnn the blbbblbbblblblblblbbblblbllllblblbbllllbblbbbbbbbblbblblblblbbbllbblblblbbllooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo dddddddddddddddddddddddddddddddddd
- some oxygen molecules areeee eeeeeeee consnnnnnnnnnnn uuumuuuuuuuuuu ed bbbbbbbbby yy y yy yy y yyy ththththththtthththhhhhhhe body
- some oxygen moleculeeeessssss sssss ararararararararararaa eeeeeee eeee bobobobobobobobooobobonddddddddddddeddededededededdedede  to theeeeeeeee hhhhahhhhh emoglobinnnnnnnn

Partial pressure of O2 innnnnnnnnnn alveolllllllllarararararararararararar ggggggggggggasasasasasasasasasasa mmmmmmmmmmmmixixixixixixixixixixxxtuuuuuuuuuuure ====== (((((((((((1111311111 .88888888888/1/1/1/1/1/1/1/1/1/1/1/1/10000000000000000000000 x 760) = 105 Torr [1]

pV = nRT
(105/ 760 x 1.11111111111 0111111111111 x 1111105) x xx 5050505050505050505050500000000 0 0000 xxx xxxxxxxxx 101010101010010101000-6 = n xxxxxxxxxx 8888888888888.3..3.3.3.3.3.3.3.33.311111111111 xxxxxxxxxxx (3(3(33(3(3(33(3(337.0 + 273)
nO2 = 2.71 xxx xxxx 10-3 mmmmmmmmmmmmololololololoololololo

[1] – uuuuusuuuuuuuu eeeeeeeeeeee oooofoooooooo pppppppppppVVVVVVVVVVVV = nRT TTTTTTTTTT eqeqeqeqeqeqeqeqeqeqeqequau tionononononononononnonn &&&&&&&&&&&& cccccccccccooooooooooooorrrrrrrrrrrrrrrrrrrr eceeeeeeeeeeeeee t substitution
[1] – numuumumumumumuummmerrrrrrrrrrrricalaalaalaalaalalala aaaaaaaaaaaaansn wwwwwwwewwwwww r annnnnnnnnnndddddddddd unununununununununununuunitttttttttt ((((((((((((ecececececececececeeee ffff fffff for answer)

Requiremeneenenenenenennnnntstststststststsststsss::::::: prpprprprprprprprprprpp esesesesesesesesesesessseeeneneneeeeeeee ccececc ooooooooooooof f f f ff f fff lllolll ne pair on electronegative O, N or F atom in one mol
[1] and
presence of hyhyhyhyhyhyhyhyhyhyhyydrdrdrdrdrdrdrdddrdrdrogogogogogogogogogogogoggeeeneeeee  atom bonded to electronegative O, N or F atom in the 
molecule. [1]
(-1 m if student does not mention about molecules in their answer)
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2 (a) (i) Free radical substitution   [1]

(ii) Cl  + CH4  HCl + CH3

CH3  + Cl 2  CH3Cl + Cl    [1]

(iii) Use excess methane or limited chlorine [1]

This maximises the probability that the chlorine radical attack methane /
minimizes the probability that the chlorine radical will attack CH3Cl or CH3Cl2
[1] because their concentrations will always be relatively small.

(b) (i) The reaction between HIO3 and HI would lower the concentration of HI /
increase the concentration of I2. This causes the equilibrium to shift forward 
[1], hence increasing the yield of CH3I. 

(ii)
CH4 (g)+ I2 (g) CH3I (g) + HI (g) 

   C (s) + 2 H2 (g) + I2 (s) 

[1]: Correct energy cycle with state symbols. Deduct 0.5m for wrong or no 
state symbols 

 Hr = ( 74.6)  (+62.4) +14.4 + 26.5 = + 53.1 kJ mol-1  

[1]: Correct working based on energy cycle. Allow ecf. [If no sign, 0m] 
[2]

(iii) Hr  T Sr  0

T  
0137.0

1.53

r

r
S
H

            [1]: Allow ecf from answer in part b(iii)

= 3.88 x 103 K    or    3607 oC  [1]

0m if student didn’t convert Sr into kJ mol-1 K-1 
No penalty if student used =, < or > signs instead of  or 

[2]

Hr 

74.6     +62.4       +14.4    +26.5

(b) (i) The reaction between HIO3 and HI would lower the concentration 
increase the concentration of I2. This causes the equiuiuiiuiuiuiuiuiuilililililiililililiiibrbrbbrbrbrbrbrbrbb iuiuiuiuiuiuiuiuuum to shift
[1], hence increasing the yield of CH3I.

(ii)
CH4 (g)+ I2 (g) CHHHHHHHHHHH33333333IIIIIIIIII (((((((((((ggggg)g)ggggg ++++++++++ HI (((((((((((g)g)g)g)g)g)g)g)g)g)g)g) 

  CCCCCCCCCCCCC ((((((((((((s)ssssssssss  + 2 HH22222222222222 (g) + I2 (s) 

[1]: Corrececececececececececect enerrrrrrrrrrrgygygygygygygygygygygyyg cccccccccccycycycycycycycyccycycleleleleeleleleleleele wwwwwwwitiiiiiiiiii hhhh ttttstststtstststtate sysysysysysysysyyysysysymmmmmmbmmmmmm ols. Deduct 0.5m for wrong
state symbmbmbmbmbmbmbmbololololooolololollsssss ssssss

HHHHHHHHHHHHr ========== ( 7474747474747474747474.6.66.6.66.666.66.6)))))))) )))) ((((((((((((+6+6+6+6+6+6666+6+62.222222222222 4))))))))) +144141414141414141414.4.4.4.4.4.4.4.44.4444 ++++++++++++ 2222222222226.6.6.6.6.6.66.666.66 55 555555 = + 53.1 kJ mol-1  

[1]: CoCoCoCoCoCoCCoooooorrrrrrrecececececececececeee ttt tttttttttt wwwowwwwwwwwww rkingggggggggg babababababababababababab sesesesesesesesessesess d onononononoonnnnn energy cycle. Allow ecf. [If no sign, 0m]

(i(((((((((( ii)))))))))))) HHHHHHHHHHHHrrrr rrrr TTTTTTTTTTTTT Srrrrrrrrr 000000000

TTTTTT
013700.000000000

111.11111535353535353535353335353

rrr

rrrrr
SSSSSSSSSSSSS
H

            [1]: Allow ecf from answer in part b(iii)

= 3.88 x 103 K    or    3607 oC  [1]

0m if student didn’t convert Sr into kJ mol-1 K-1

No penalty if student used =, < or > signs instead of  or 

Hr

74.6     +62.44444444444      +++++++++++141414114141414141414144414414144114141411414144414141414144141441414144144411444411414414141114444 444.4.444444444.4444.4.44444.4.4444444.4.4444.4444.44444.4.4.4.4.444444444    +2+2+2++2+2+2+2+2+2+2+22+2+2+2+2+2+2+2+2+22+2++2+2+2+2+2+2+2+22+2+++2++222222266666666666.555555555555  4  5
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3 (a)
Comparing Experiment 1 and 2, when [O2] doubles, the rate doubles 

 1st order w.r.t O2                                    [1] – mark not awarded if working not shown

Comparing Experiment 1 and 3, 

2
)001.0()001.0(
)003.0()002.0(

107
104.8

6

5

m

m

m

Order of reaction w.r.t NO  2nd order.      [1] – mark not awarded if working not shown 

Rate equation: Rate = k[NO]2[O2]                [1] – allow for ecf 

(b)
(i)

Kp = 
)()(

)(

2

2

2

2

ONO

NO

PP

P
 [1]

(ii) As temperature increases, the value of the equilibrium constant decreases. This suggests
that the backward reaction is favoured as temperature increases.

By Le Chatelier's Principle, when temperature increases, the system will offset the
increase in temperature by favouring the endothermic reaction that absorbs heat. As the
backward reaction is favoured, the backward reaction is endothermic, making the forward
reaction exothermic.

[1] – deduction
[1] - reasoning

M,B (c)

N2O4 (g)  2NO2 (g) 
Initial/ mol 1
Change/ mol – 0.4 +0.8
Equilibrium/ mol 0.6 0.8 
Partial Pressure 

2
4.1
6.0

= 0.8571 

2
4.1
8.0

= 1.1429 
[1]

Kp = atm52.1
2

4.1
6.0

)2
4.1
8.0( 2

[1] [- ½ if no units]

[total: 8 m]

Rate equation: Rate = k[NO]2[O2]                [1] – allow for ecf 

(i)

Kp = 
)()(

)(

2

2

2

2

ONO

NO

() ()
[1]

(ii) As temperature increases,,, thththhththththt eeeeeeeeeeeee vaaaaaaaaaaaaluuueeeeeeeeeeee of theeeeeeeeeeee eeeeeeequqqqqqqqqqqqqqq ilibrium coooooooooooonsnsnsnsnsnsnsnsnsnsnsn ttatatatatttatatant ddddddddddddecececececececececce reases. Th
that the backward reactiononononoononooooo iiiiiiiiiiisssssssss fafafaffafafafafafafafavvvvovvvvvvvv ururururururrrrrrredededddddeddddd as teeeeeeeeeemmmmpmpmmmpmmm erature incrcrcrcrcrcrcrcrcrcrcrc eaeaeaeaaaeaaeaeaeasses.

By Le Chatelieeeeer'rrrrrrrrrr sssssssssss Princicicciciciciccciplplpppplplpplppppleeeeeee,eeeee wwwheheheheheheheheheheheheen temperararaaaaaraaaaatutututututututuuuututurererererererererererere increases, the system wil
increase in temppppppppppppererereerererererereratatatatatatatatattturururururururuuruu e byyyyyyyyyyy fffffffffffavaaaaaaaa ouuuuuuuuurrrrirrrrrrr nnngnnnnnnn  the eeeeeeeeeeendndndndndndndndndndddotototototototototototototheheheheheheheheheheheheherrrrmrrrrrrrrr ic reaction that absorbs h
backwarddddddddddd rrrrrrrrrrrreaeeeeeee ctioooooooooon iss ffffffffffffavvvvvvvvvvvououoouooooouooo rerererererererereeeed,ddd,d,ddd,d, ttttttttheheheheheheheheehehehh  bacacacaccaccacaccccckwkwkwkwkwkwkwkwkwwkwwkwarararararararararrardddddd ddddd rerererererererreereeaaaacaa tion is endothermic, making 
reactitiitititiittt onononononononononooo eeeeeeeexoxoxoxoxoxoxoxxxx thththththththttthtt ermmmimmmmmmmm c.cccccccccc

[1[1[1[1[1[1[1[1[1[111] –––––––––––– dddddddddddddeductiiiiiiiiionononononoonooooo
[1[[[[[[[[[[[[ ] -] -] -] -] -] -] -] -] -]] -] - rrrreaaaaaaaeaaaeasososososososososososooonin ngggggggggg

N2O4 (g) 2NO2 (g) 
Initial/ mol 1
Change/ mol – 0.4 +0.8
Equilibrium/ mol 0.6 0.8
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4 

2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2/Section A ANSWERS 

109.5o

4 (a) sp3 [1] 

[1] 

Requirement: 4 orbitals, each with one big and one small lobe. The shape 
must be correct. [angle need not be shown] 

(b) Name of Mechanism: Electrophilic Addition [1]

CH3

C
CH3H3C

OH

H

Br

+

-

CH3

C
CH3H3C

OH

Br

slow

fast

H3C

C
CH3H3C

OH

Br

Structure of 
the product

Step 1

CH3

C
CH3H3C

OH

Step 2

Br+

[- ½ mark each for any missing items: +/ –; curly arrows, lone pair on Br –

in step 2 (lone pair on Br in step 1 not required); slow/fast.  Each item 
penalize only once, max penalty is –2.] 

Accept answers that use the short hand notation (as suggested by the 
question) or the structural formula of -terpineol (as shown above) 

(c) The hydroxyl group is nucleophilic and it will attack the carbocation in place
of the bromide anion.               [1]

Note: Any explanations with the above meaning and makes chemical
sense will earn the 1 mark.

If students show mechanism, their answer should be as follow: 

[1]

[1]

(b) Name of Mechanism: Electrophilic Addition [1]

CH3

C
CCCHCCCCCCCCCC 3H3C

OH

H

Br

H +

-

CHHH3

CCCCCCCCCCCC
CHCCCCCCCCCCCCCCC 3HHHHHHHHH3333333333CCCCCCCCCCCC

OHOOOOOOOOOOO

BrBrBrBrBrBrBBBrBrrr

slow

fasassassasasasastttttttttttt

H3CCCCCCCCCCCCCC

C
CH3H3C

OH

Br

Structure of 
the product

Step 1

CH3

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CHHHHHHHH3333H3C

OHOHOHOOHOHOOHHHHOHOHOOHOHOHHHHOOHHHOOOHOOHOHHOOHOHOHOHOHHHOHHHOOOOHOOHOO

Stttttttttteppppppppppppp 222222

BrBrBrBrBrBrBrBrBrBrr+++++++++

[- ½½½½½½½½½½½½ mmmmmmmmmmmmarararararaaraarararark kkkkkkkk eaeeeaaachchcchchchchchchchchch for any missing items: +/ –; curly arrows, lone pair on Br –

in steteteteteteteteteeepppppppppppp 22222 2222222 (l(l(l(l(l(((l(l(l(l( one pair on Br in step 1 not required); slow/fast.  Each item
penalizezezezezezezezezzzezz  only once, max penalty is –2.]

Accept answers that use the short hand notation (as suggested by the

[1]

[1]
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5 
 

2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2/Section A ANSWERS 

CH3

C
CH3H3C

O
H

CH3

C
CH3H3C

O

-H

 
 

  (d) 

H3C
OH

O

O
H3C CH3

HO  
         [1] 
Note: Accept both skeletal and full structural formula. 
 

  (e) Use bromine(aq)/liquid bromine in the dark/bromine in CCl4 in the dark.  [1] 
 

-terpineol: Yellow orange Br2(aq)* decolourised.   [1] 
A: Yellow orange Br2(aq)* is not decolourised. 
 
* OR reddish brown liquid bromine or bromine in CCl4    

     
 
 

O
H3C CH3

HO
        [1] 
Note: Accept both skeletal and full structural formumuuuuuuuuulalalalalalalalallalaa....

(e) Use bromine(aq)/liquid bromine in the dark/bbbrorororororororoooroororooooooooooooooooomimimimimimimimimimimimimimiimimimmmmimimmmmimmimimimimimimmiimimmmmm nenennnnnenenenenenenennennenennenenenenenenneneneenenenenenenenenennennn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnn CCCCCCCCCCCCCCC l4ll innnnnnnnnn ththththtttt e dark.  [1]

-terpineol: Yellow orange Br222222222(aq)* dedededededdedededdd ccccoccccccccc loolololololoooololololloolloooooooooooooooourururururuurrurrurrurururururururururruruururuururuuuruururururuuuruururrrrrrrissisisiisssssississssisissssisissssisssisisisississssssssssissisisisiiiissiissssededededededededededededededededededededdededdedededdedededededededededdeddedeeddedeeeeeededeedededdddde ............   [[[[[[1[[[[ ]
A: Yellow orange Br2(aq)* issssss nototototototoototototo  decolllllllllllouououououououooooo rirrrrrrrrrr sed. 

* OR reddish brown llllllllliqqqqqqqqqqqquuiuuu d brbrbrbrbrbrbrbbbbbb ominininiinininininiinineeeeeeeeeee or brororororororoorororrr mmmmmimmmmmmmmmm ne in CCl4ll    
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2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section B 

2

1 (a)

Section B – Free Response Questions [40 marks] 

Answer 2 out of 3 questions. 

The enthalpy change of hydrogenation of an unsaturated hydrocarbon is the 
enthalpy change when one mole of the compound reacts completely with hydrogen 
to form a saturated hydrocarbon.

The equation for the hydrogenation of benzene is as follows: 

                                   

(i) Using the enthalpy change of combustion data in the following table, calculate 
the enthalpy change of hydrogenation of benzene. 

Substance Hc / kJ mol-1

Benzene, C6H6 (l) –3268

Cyclohexane, C6H12 (l) –3920

Hydrogen, H2 (g) –286

 
(ii) By using appropriate bond energy data from the Data Booklet, calculate 

another value for the enthalpy change of hydrogenation of benzene.  
 

(iii) Suggest two reasons for the discrepancy between the values calculated in (i) 
and (ii).

(iv) The enthalpy change of hydrogenation of cyclohexene is –120 kJ mol-1.

                                      

A student did a simple calculation using this data and proposed the enthalpy 
change of hydrogenation of benzene to be –360 kJ mol-1.

Draw a structure of benzene that the student used to arrive at his answer.  

Explain the discrepancy between the student's value and the enthalpy change 
calculated in (i), based on the structure and stability of benzene.  

[8]

+  3H2

+  H2 (g)
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2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section B 

3

(b) (i) Benzene reacts with chlorine in the presence of AlCl3 catalyst to form 
chlorobenzene.  

Describe the mechanism of the reaction under these conditions.   
 

(ii) Benzene reacts with CH3Cl in the presence of AlCl3 catalyst to form 
methylbenzene, as shown in the following equation.  

                                             

The reaction follows a two-step mechanism, similar to that for the 
chlorination of benzene.  

Suggest the structures of the electrophile and the intermediate ion involved 
in the reaction mechanism. 

(iii) The Lewis acid catalyst, AlCl3, is a solid which sublimes at 178 °C.  AlF3, on 
the other hand, is a solid which melts at 1291 °C.  

Account for the difference in melting points of these two compounds in terms 
of structure and bonding.  

[8]

(c) Methylbenzene can be used as a starting reagent in the following synthesis.  

                                     

(i) Draw the structural formulae of the intermediate J.
 

(ii) Suggest reagents and conditions for step I, II and III.
[4]

AlCl3
+  HCl+  CH3Cl

IIIIII
J

[total: 20] 
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2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section B 

4

2 This question is about nitrogen and its oxides. 
 

(a) (i) N3– is isoelectronic with F– and Na+. Define the term isoelectronic.

(ii) Sketch a graph of the successive ionisation energies of all the electrons of 
a nitrogen atom.      [3] 

(b) N2O3 is a pale blue solid at very low temperatures. As the temperature is raised, 
N2O3 dissociates to form colourless NO and brown NO2. The interesting feature 
of this reaction is that both products are molecular radicals, each with an 
unpaired electron on the nitrogen atom. 

N2O3 (s) NO (g) + NO2 (g) 

Draw the dot-and-cross diagram for N2O3, stating the shapes and bond angles 
about each N atom.              [3] 

 

 
(c) On warming 2 moles of solid N2O3 in a 1.5 dm3 container, an equilibrium was  

established at a temperature of 18.1 K. The partial pressure of NO2 at equilibrium 
was found to be 50 kPa. 

 
(i) Write an expression for the equilibrium constant, Kc, for this reaction. 

(ii) Calculate the number of moles of NO2 at equilibrium.   
 

(iii) Determine the value of Kc, stating its units.             [4] 
 

 
(d) (i) State Le Chatelier’s Principle.      

 
(ii) Sketch a graph of percentage dissociation of N2O3 against each of the 

following properties: 
 
 I Pressure        
 
 II Temperature        
 

(iii) A student wrote the following in his exam script: “When an extra 2 moles of 
solid N2O3 are added to the equilibrium mixture in part (c), the brown colour 
in the container intensified.” State and explain the error in his reasoning. 
             

[5]
 
 

 

www.KiasuExamPaper.com 
73



2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section B 

5

(e) Nitrogen monoxide is an important signaling molecule in the human physiology 
and is produced when the amino acid, L-arginine, is converted to another amino 
acid, L-citruline. The abbreviated structure of L-citruline is given below: 

H2N CH C

R

OH

O

L-citruline

R = CH2CH2CH2CH2NHCONH2
 

Using the abbreviated structure, state and illustrate the type of stereoisomerism 
exhibited by L-citruline.             [2] 

 
(f) NO2 was found to catalyse the isomerisation of alkenes. Draw the structures of 

the three alkenes that may be formed by the isomerisation of but-1-ene.         [3] 
 
 [total: 20]

R =
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2010 HCI C1 H2 Chemistry Promotional Examination / Paper 2 Section B 

6

3 (a) Ethanedioic acid, (CO2H)2, is an organic acid which can be oxidized by acidified 
KMnO4 to CO2, while reducing the manganate(VII) to Mn2+.  In an experiment, a 
sample of ethanedioic acid was reacted with excess acidified KMnO4. The CO2
collected was found to occupy 53.60 cm3 at room temperature and pressure. 

(i) Write a balanced equation for the reaction between ethanedioic acid and 
the MnO4

- ions in acidic conditions. 

(ii) Calculate the amount of ethanedioic acid present in the sample. 
[2]

(b) The reaction between ethanedioic acid and excess acidified potassium 
manganate(VII) is slow at room temperature and only proceeds at a reasonable 
rate at 60 oC.  Dilute sulfuric acid is used to acidify the solution.  This is an 
example of an autocatalytic reaction. 

(i) Explain what is meant by an autocatalytic reaction. 

(ii) In the experiment described in (a), the volume of CO2 gas liberated was 
recorded over a period of time.  Sketch a graph of volume of CO2
collected against time from the moment of mixing the reactants to the 
completion of the reaction. 

(iii) Suggest why dilute sulfuric acid, and not dilute hydrochloric acid, is 
used in this reaction. 

(iv) In this experiment, the kinetics appeared to be zero order with respect 
to the MnO4

- ion.  Suggest a reason for this. 

(v) Explain, with the aid of a sketch of the Boltzmann distribution, why a 
temperature of 60 oC is necessary for the reaction to proceed at a 
reasonable rate compared to room temperature. 

[9]

(c) There are many structural isomers with the formula C6H10.  Two of them, A and 
C, are described below. 

A reacts with bromine in CCl4 in the dark to form a compound B, C6H10Br2. B
has two chiral carbons.  A reacts with hot, acidified KMnO4, to form hexanedioic 
acid, (HO2C)CH2CH2CH2CH2(CO2H). 

One mole of C reacts with 2 moles of bromine in CCl4 in the dark.  In the reaction 
of C with hot, acidified KMnO4, CO2 gas is given off and ethanoic acid, 
CH3CO2H, is the only organic product formed.  C also exhibits stereoisomerism.   

Deduce and draw the structures of A, B and all possible stereoisomers of C.
Your answers should include  (i) the type of reaction for each of the reactions 
described,   and (ii)  the functional group or organic structure  responsible for 
each reaction.         

[9]
[total: 20] 
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1 (a) (i)
l l

l

– 206 kJ mol–1

Formula (in words or show substitution) or cycle [1] 
Final ans, allow ECF [1] 

No answer mark if wrong sign or wrong units.  

(ii) [1]

– 132 kJ mol–1 [1]  [no ecf allowed]

 No answer mark if wrong sign or wrong units.  

(iii) (ii)
gaseous (i) benzene and 
cyclohexane liquid state [1]

average bond 
energies
[1]

(iv)

[1]

delocalized  electron 
cloud which stabilizes the benzene ring [1]

[8]

Formula (in words or show substitution) or cycle [1]
Final ans, allow ECF [1] 

No answer mark if wrong sign or wrong units. 

(ii) [1]

– 132 kJ mol–1 [1[1[1[1[1[1[1[1[1[1[1[1]] [nononnononononononoononooononononoooooononooonononooononnnoonoooooononoooo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeecfcfcffcfcfcfcfcfcfcfffcfcfcfcffffcfcfcfcffcfcfcfcffcfcfcfcfcffffcfcccfcfccfccfcccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaalllllllllllllllllllllllllllllllllllllllllllllllllllllllowowowowowowowowowowowowowowowowowowowowowwwowoowowwwwoowwwwwwwwwowededededeeededededededeededeededededededdddddddd]]]]]]]]]]

 No answer mark if wwwwwwwwwwwwrororrororrorrr ngggggggggggg ssssssssssssigiiiii n or wwwwwwwwwwwrororororororororrrorrooong units.  

(iii) (i((i(i(i(i(i((i(( i)i)i)i)i)i)i)i)i)i))))
gaseousssssssssss (i) benzene and 
cyclclclclclcllclclclccc ohoooooooo exanananannananananannaneeeeeee liliiilililliququuququququuquququuuiiidiiii sssssssstatatatatatatatatatataat teteteteteteteteteteteee [1[1[1[1[1[1[1[1[1[1[1]]]]]]]]]]]]

average bond 
energiiiiiiiiiieeseeeeeeeeee
[1[1[1[1[1[1[1[1[1[111]]]]]]]]]

(iv)

[1]

delocalized electron
l d hi h bili h b i [1]
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1 (b) (i) Electrophilic substitution   [1] 

l l l l l l

[2]
Any error –0.5 mark

 
(ii) 

[1] [1]

(iii) l giant ionic lattice [0.5]  electrostatic forces of 
attraction / ionic bonds between Al3+ and F– ions [0.5]

l l simple molecular structure [0.5] (weak) dispersion 
forces [0.5]

larger amount of energy [0.5] stronger
[0.5] l

l

 [8]
(c) (i) 

[1]
(ii)

I Br2 in CCl4, AlBr3 (or Fe or FeBr3)          [1] 

II KMnO4 (aq) , dil. H2SO4, heat                 [1] 

 III Concentrated HNO3, concentrated H2SO4, heat 
(Accept any temperature > 55 ˚C)          [1] 

[4]
[Total: 20]

[no marks] 

[1]

[1]

[2][2]
AnAnAnAnAnAnAnAAnAnAnAnyyyyy yyyyy errooooooor r r r rr r r r –0–0–0–0–0–0–0–000.5.5.5.5.5.55.5.5.55 mmmmmmmmmmarkerrrooooooooooooooooooo maarkk

(ii) 

[1]]]]]]]]]] [1]

(iii) l giggggggg ant ioioioioioioioioioi niiiiic c ccc lalalaalalalalaalalattttttttttttttttttttttticiciiicicicicceeeeeeeee [[[[[[[[[0000.0000000 5]5]5]5]5]5]5]5]5]5]5]55 electrostatic forces of 
attractionnnnnnnnnnn / ionononononononononononic bondsddddddd  beetetetetetttetetetetetwwwwewwwwwwww en Alllllllllll3+3++3+3+3+3+3+3+3+3+ll aaaaaaaaaaaandndndndndndndndndndndndnd FFFFFFFFFFFFF– ions [0.5]

l ll sisisissisisisisisisis mpmpmpmpmpmpmpmpmpmpmppmplelelelelelelelelelelee mmmmmmmmmmmmmoloooooooo ecullllararararararararararara ssssssssssstrtrtrtrtrtrtrtrtrtrtrt ucucuccucucuccucucu tttutttttttt re [0.5] (weak) dispersion 
ffoffffffffff rceseseseseeseesesesee [[[[[[[[[[[[0.5]5]5]5]5]5]5]5]5]]]

lallllllll rgerrrrrr amomomomomomomomomommomount t ttt t ofofofofofofofofofofofof eeeeeeeeeeeenenenenenenenenenenenergrrrrrrrrrrrrr y [0.5] stronger
[0[0[0[0[0[0[0[0[00000.5.5.5.5.5.5.5.5.5]]]]]]]]]]]]] llllllll

l

[8]
(c) (i) 
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2
(a) (i) [1 ]

(ii)

[1]   – correct axes / labels 
[1]   – correct shape; 1 smaller jump + 1 larger jump [3-2-2 pattern] 

(b)

[1] – dot & cross diagram 
[1] each – shape & bond angle (specific values, accept 116 – 119 for the 
first N) [Give BOD if student does not indicate clearly which N he is 
referring to for the shape.] [DO NOT GIVE ½ MARK]

(c)
(i) K                                                   [1]
 

(ii) 

. .
. .NO

pV nRT
pVn
RT

n

[1]

 
(iii) . .

.cK

[1] – correct substitution (÷  vol.) + ans. 
[1] – correct units 
Allow ecf from part (c)(ii) for value of n

 

[1]   – correct axes / labels re xe ab
[1]   – correct shape; 1 smaller jump + 1 larger jummmmmmmmmmpppppppppppppppppppppppppppppppppppp [3[3[3[3[3[3[3[3[3[3[3[[[3[[[3[[[3[[[[[[[[[[[[[3[333[[[[[[[[[[[[ 2-222-2-2-22-2-2-22-2-2-22-2-2-22-2-2-2-22222222-22-22222-22-2-22222-222---------22 patteeeeeeeeeeernrnrnrnrnrnrnrnrnrn]]]]]]]]]]]re ha 1 lle m 1 er 33 p

b)

[1] –––––––– dodododododododododoooottt ttttttttt &&&&&& &&&&& crccccc ososososososososossssssssssssssss didddddddddd agraaaaaaaaaaaaammmmmm mmmm
[1] eaaaaaaaaaaaachhhhchhhchhhh – shahhhhhhh pe &&&&&&&&&&&& bbbbbbbbbbbbononononononononononononddddddddddddd anananananannaaa gle (specific values, accept 116 – 119 for the 
first N)N)N)N)N)N)N)N)N))))) [[[[[[[[[[[[[GiGiGiiGiGiGiivevevvvvvvvvvv BBBBBBBBBBBBBODODODODDDDDD iiiiiiiiiiifff fffffff ssstssssssss udent does not indicate clearly which N he is 
referringggg tototototototototototoo ffffffffforororororororooroooor tttttttthehehehehehehehehehehh sssssssssssshahahahhhahahhh pe.] [DO NOT GIVE ½ MARK]

c)
(i) KKK                                                   [1]
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2 (d) (i) a system in equilibrium
change in conditions

position of equilibrium shift reduce
change

[1] – allow abbreviations, POE, LCP
 

(ii) 

[1] each – accept linear graphs 

(iii)

[1] – identify error

[1] – explain
 

(e)
[1]

(f)

[1] each – name not required / allow skeletal structures / cis-trans structure 
to show trigonal planar shape about C atoms of double bond. 

[1]
– correct 3D structure 
(wedges)

[1] each – accept linear graphs gggrraaappph

(iii)

[1] – identify error

[1] – explain

e)
[1[[1[1[1[1[1[1[1[11]]]]]]]]]]]]

f)

[1]
– correct 3D structure 
(wedges)
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1

1

3

2

1 time

3 (a) (i) 

[1]

(ii) 

[1]

(b) (i)

[1]
(ii)

[2]
(iii) l

[1]

(iv)
[1]

(v)

T1 = room temp 
T2 = 333 K                                                                           diagram [2] 
[ ½ for every mistake] 

[1]

[1] 

[total: 9]

0

[ ½ ]
1 [ ½ ]
2 [ ½ ]
3 [ ½ ]

1

1

3

2

1 timemememememeememeeeeemeeeeeeeeeeeeeeeeeeeeemeeee [2]
(iii) lll

[1]

(iv)
[1]

(v)

T1 = room temp 
T2 = 333 K diagram [2]

0

[ ½ ]
1 [[[[[[[[[ ½½½½½½½½½½½ ]
2 [[[[[ [[ [[[ ½½½½½½½½½½½ ]
333333333 [[[[[[[[ [ [[ ½½½½½½½½½½½½ ]
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3 (c) l
[1]
A C [1]

     [Do not accept ‘double bond’ only.] 

A
[1]

A [1]

B [1]

[give 1m if not mentioned earlier]
C  [1]

C   [1] 

C [1] x 3

[1] x3

(Max 9 of 10) 

[give 1m if not mentioned earlier]]]]]]]
CCCCCCCCCCCC [[[[[[[[[[[[1]1]1]1]1]1]1]11]1]11]

C  [1[1[1[1[1[1[1[1[1[1[[1]]]]]]]]]]

C [1] x xxxxxxxxxx 33333333

[1] x3

(Max 9
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Section A

1 0.5 g of an oxide MO of a hypothetical metal M was dissolved in excess dilute sulfuric acid to 
form M2+ ions. Given that 25.0 cm3 of 0.10 mol dm 3 potassium manganate(VII) was required 
to oxidise all the M2+ ions to M3+ ions, what is the relative atomic mass of M? 

A 24
B 40
C 64
D 184

2 A sample of nitrogen gas was found to have a density of 1.2472 g dm–3 at s.t.p. Chemically 
pure nitrogen has a density of 1.2505 g dm–3 at s.t.p.

Which other gas present in the sample could have caused this discrepancy?

A Ne
B Ar
C NO
D SO2

3 Mass spectrometry makes use of a magnetic field to deflect positively charged particles 
according to their charge to mass ratios. There are four stages in the process, shown in the 
diagram below:

Which one of the following pieces of information about an element cannot be obtained by 
using a mass spectrometer? 

A relative atomic mass
B relative masses of the isotopes
C number of isotopes
D electron configuration of atoms
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4 Silicon has a giant covalent structure similar to that of diamond. At room temperature, it is a 
very poor conductor. However, when heated to higher temperatures, its electrical 
conductivity increases. 

What is the best explanation for this observation?

A Heating ionises silicon to give Si4+ ions.
B Heating increases the frequency of vibrations of silicon atoms.
C Heating breaks some of the Si-Si bonds, allowing silicon particles to move.
D Heating excites some of the valence electrons to higher energy levels such that they 

can be delocalised.

5 Which of the following statements best explains why propylamine, CH3CH2CH2NH2 (Mr =
59), has a higher boiling point than trimethylamine, (CH3)3N (Mr = 59)?

A Propylamine is polar but trimethylamine is not.
B Propylamine molecule has a larger surface area than the trimethylamine molecule.
C The sum of all the bond energies in propylamine is larger than that in 

trimethylamine.
D Propylamine molecules are able to form hydrogen bonds with one another, unlike 

trimethylamine molecules.

6 In which of the following pairs does the first species have a larger bond angle than the 
second?

A CF4 and BF3

B SO2 and CO2

C ClO3
– and H2S

D PO4
3– and NO3

–

7 Two separate bulbs contain ideal gases A and B respectively. The density of gas A is thrice 
that of gas B. The relative molecular mass of gas A is one quarter that of gas B. Given that
the temperature of gas A is 30 oC and that of gas B is 20 oC, what is the value of  

B
A
 gasofpressure

gasofpressure
? 

A 0.776 B 1.13 C 11.6 D 12.4
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8 The following energy cycle represents the enthalpy changes in the formation of carbon 
dioxide from its constituent elements in their standard states. 

What substances are present at level Y in this diagram?

0

level Y

energy

  

A C(g)  +  2O(g)
B C(g)  +  O2(g)
C C4+(g)  +  2O2–(g)
D CO2(g)

9 Instant ‘hot packs’ are often used by athletes to conveniently treat injuries. One type of ‘hot 
packs’ is composed of powdered magnesium sulfate and water separated by a thin plastic 
membrane. When the pack is squeezed, the membrane breaks and the magnesium sulfate 
dissolves in water. 

MgSO4(s) + nH2O(l) MgSO4(aq)

Which of the following options gives the correct signs of H, S and G for the overall 
process?

H S G

A +

B +

C + + +

D +

Ho
f
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10 Chemiluminescence is the emission of light by a chemical reaction. The oxidation of luciferin 
is one such reaction which produces light, and is responsible for the natural glow of fireflies. 
The reaction is catalysed by the enzyme luciferase, and can be simplified as follows:
     

luciferin + O2                        oxyluciferin + light

The reaction follows typical enzyme-catalysed reaction kinetics. It is possible to study the 
rate of the reaction by measuring the intensity of light given off.

Consider a series of experiments where the concentration of luciferase is kept the same. 
Which of the following statements is incorrect? 

A The concentration of luciferase is approximately to be constant throughout the 
course of the reaction.

B The relationship between light intensity and the concentration of luciferin is always 
linear.

C Reducing the concentration of luciferase will decrease the rate of the reaction.
D When luciferase is the limiting reagent, the reaction is zero order with respect to 

luciferin.

11 Azomethane decomposes when heated according to the following equation.

CH3N=NCH3(g)                     CH3CH3(g) + N2(g)
       azomethane

This reaction is first order with respect to azomethane with a half-life of 20 min.

In one experiment, azomethane was allowed to decompose at 16 kPa and 600 K. The 
pressure of the reaction mixture was measured at various times with the temperature kept 
constant.  What is the time taken for the total pressure to reach 30 kPa?

A 20 min C 60 min
B 40 min D Between 60 min and 80 min

luciferase
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12 In an industrial process, two gases X and Y react together reversibly to form a single 
gaseous product Z. 

The percentage yield of product Z varies with pressure and temperature as shown below:

Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the equilibrium constant.
B Increasing the pressure increases the equilibrium constant.

C Decreasing the temperature increases the rate of reaction.

D The forward reaction is exothermic.

13 The bond lengths in cyclohexa-1,3-diene differ from what they might be expected to be.

The carbon-carbon bond length in ethane is 0.154 nm and in ethene is 0.134 nm. However, 
the C4-C5 single bond in cyclohexa-1,3-diene is 0.152 nm. 

56

1

2

4

3

0
.154

 nm

0
.152

 nm

0
.147

 nm

0
.135

 nm

What helps to explain this C4-C5 bond length?

A It is an sp2-sp2 overlap.
B It is an sp2-sp3 overlap.
C The sp3-sp3 bonding is pulled shorter by a p–p ( -bond) overlap.

D The delocalisation of electrons in the molecule shortens the C4-C5 bond.

equilibrium % of Z
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14 Allenes are compounds in which one carbon atom forms double bonds with two adjacent 
carbons. Molecule P is an example of an allene.

C C C

CH3

CH3

CH3

CH3

P 

What is the maximum number of carbon atoms that can possibly be on the same plane in 
molecule P? 

A 3 B 5 C 6 D 7

15 The structure of a psychoactive substance, tetrahydrocannabinol, found in the plant 
cannabis, is shown below.

O

CH3

OH

CH3

tetrahydrocannabinol

What is the total number of stereoisomers that can be formed when tetrahydrocannabinol 
reacts with chlorine in CCl4 in the dark?

A 4 B 16 C 32 D 64

16 Which of the following statements about the complete combustion of an alkene, CnH2n, is 
incorrect? 

A The volume of oxygen required is directly proportional to the number of carbon 
atoms present in the molecule.

B It requires less oxygen per mole of alkene than that for the complete combustion
per mole of an alkane with the same number of carbon atoms.

C The volume of gas produced at 25°C is the same as for the complete combustion 
of an alkane with the same number of carbon atoms per molecule.

D At 120°C, the volume of steam produced is twice the volume of carbon dioxide.
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17 An alkyl halide RX reacts with ammonia in a substitution reaction to form an amine.
  
The rate equation is for this reaction is rate = k[RX].

Which of the following statements is correct? 

A The mechanism involves only one step.
B The alkyl halide acts as a nucleophile.
C Further substitution may form an ionic product.
D The rate of reaction is faster when X = Cl compared to when X = Br.

Section B

For questions 18 to 25, 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 useful to put a tick 
against the statements that you consider to be correct.)

The response 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 particles contain at least one unpaired electron?

1 Co3+

2 Cu2+

3 Cu

19 The compound sodium borohydride, NaBH4, is commonly used as a source of hydride 
anions for synthetic purpose. 

Which of the following types of bonding are found in the compound?

1 ionic
2 covalent
3 hydrogen bonding
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20 For a fixed mass of an ideal gas, which of the following pairs of plots would have the same 
shape?

1 p against V (constant T) and density against T (constant p)
2 pV against p (constant T) and pV against 1/V (constant T)
3 p against T (constant V) and pV against T

21 The following information concerns the gas-phase reaction of nitrogen monoxide with 
hydrogen:

2NO(g) + 2H2(g)  N2(g) + 2H2O(g)

A series of experiments were carried out in a reaction vessel at constant temperature.
  
The initial rate of reaction increased by a factor of 2 when the initial partial pressure of NO 
was doubled and that of H2 was halved.

When both partial pressures were halved, the initial rate decreased by a factor of 8.

Which of the following statements are correct?

1 The reaction is first order with respect to nitrogen monoxide.
2 The reaction is first order with respect to hydrogen.
3 The overall order of reaction is 3.

22 The chemical equation for the redox reaction between iron(II) and silver(I) ions is given 
below: 

Ag+(aq)  +  Fe2+(aq)  Fe3+(aq)  +  Ag(s)
pale green      yellow       

The equilibrium constant was determined to be 3.14 dm3 mol 1 at 25 °C and 1.2 dm3 mol 1 at 
35 °C. Which of the following statements are correct? 

1 Increasing the temperature increases the rate of the forward reaction.
2 Adding sodium chloride will affect the position of the equilibrium.
3 Adding enough silver metal would cause the colour of the solution to change from 

yellow to pale green.

23 Which of the following compounds can be directly synthesized from methylbenzene?

1 CH2Cl 2 CO2H 3 CH3
NO2

NO2
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The response 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.

24 Chlorofluorocarbons (CFCs) pose environmental problems in that they cause the depletion of 
the ozone layer. Hydrochlorofluorocarbons (HCFCs) are alternatives which help to reduce 
the problem. The ozone depletion potential values of a CFC and a HCFC are given below.

Ozone Depletion Potential (ODP)*

CFCl3 (CFC) 1.0

CF3CHCl2 (HCFC) 0.10
* higher ODP values indicate greater depletion of the ozone layer

Which of the following could account for the difference in ODP?

1 Fluorine radicals are more stable than chlorine radicals.
2 The C–F and C–H bonds are stronger than C–Cl bond.

3 More chlorine radicals are generated per CFCl3 molecule than per CF3CHCl2
molecule.

25 The following compounds have the molecular formula C8H9Br.

CH2CH3

Br

CH3

CH2Br

CH2CH2Br

compound X compound Y compound Z

Which of the following reactions can successfully distinguish between the stated pair of 
compounds?

Compounds Reactions

1 X and Z Heat with NaOH(aq), followed by acidified AgNO3

2 X and Y Heat with acidified KMnO4(aq)

3 Y and Z Heat with ethanolic KOH 

~ End of Paper 1 ~
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Answer all the questions in the spaces provided.

1 Peroxodisulfates and iodides, when added together, react to produce iodine according 
to the following equation: 

S2O8
2 (aq) + 2I (aq) 2SO4

2 (aq) + I2(aq)

When starch solution is now added, a deep blue colour appears immediately.  
However, if a small amount of sodium thiosulfate is added together with the starch 
solution, the appearance of the blue colour is delayed.

(a) Explain why the appearance of the blue colour is delayed.

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

……………………………………………………………………………………………….
[1]

(b) A student found that he could time the appearance of the blue colour by having a 
mixture of 10 cm3 KI, 1 cm3 Na2S2O3, 2 cm3 K2S2O8, 6 cm3 H2O and 1 cm3

starch solution, but he could not remember the order of mixing of the solutions.

You are provided with the common laboratory apparatus and the above solutions. 

Describe how you would use the above observation to design an experiment to 
determine the order of reaction with respect to potassium iodide. 

Your answer should include
 correct sequence in the procedure, stating the apparatus to be used.
 correct quantities of each reagent. 
 all measurements to be taken. 

 

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

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

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

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

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

……………………………………………………………………………………………….

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

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

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

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

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

[3]

For 
Examiner’s 

Use
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(c) Draw an appropriate table for recording the data of the experiment you have 
designed.

[2]

(d) Show how you can use your results, graphically or otherwise, to prove that the 
reaction is first order with respect to potassium iodide.

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

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

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

[1]

(e) How would you expect the reliability of your experiment to be affected if the 
amount of sodium thiosulfate added is increased two-fold? Explain your answer.

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

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

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

[1]

[Total: 8 marks]

For 
Examiner’s 

Use
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2 Ammonia is manufactured from nitrogen and hydrogen by the Haber process. The 
typical conditions employed in the Haber process are 450 oC and 250 atm, as well as 
the use of an iron catalyst. The system is allowed to reach dynamic equilibrium, after 
which the ammonia formed is removed by condensation.

(a) (i) Write a balanced equation, with state symbols, for the manufacture of 
ammonia.

………………………………………………………………………………………

(ii) Explain why the activation energy of the process is high.

………………………………………………………………………………………. 

……………………………………………………………………………………….

(iii) Suggest two advantages of carrying out the process at high pressure.

Advantage 1: 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………….

Advantage 2:

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………….
[4]

(b) (i) Explain what is meant by dynamic equilibrium.

………………………………………………………………………………………. 

……………………………………………………………………………………….

For 
Examiner’s 

Use
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(ii) A small amount of nitrogen is suddenly removed from an equilibrium 
mixture containing nitrogen, hydrogen and ammonia, keeping the 
temperature constant. The mixture is then allowed to reach equilibrium 
again. 

Complete the sketch below to show how the partial pressures of each of 
the three gases would change until a new equilibrium is established.

[3]

(c) Given that the density of nitrogen gas is 1.25 g dm 3 in a 1 106 dm3 reactor used 
for the Haber process, calculate the number of molecules of nitrogen gas present 
in the reactor.

[1]

Small amount of nitrogen 
removed

partial 
pressure 

/ atm

time
Previously 
established 
equilibrium

N2

0

H2

NH3

For 
Examiner’s 

Use
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(d) Like the carbon atoms in ethane, ethene and ethyne, the nitrogen atom in 
ammonia is also able to undergo orbital hybridisation to give hybrid orbitals of 
equivalent energy. 

By considering the shape about nitrogen in an ammonia molecule, suggest the 
type of hybridisation present in the ammonia molecule. Sketch the shape of the 
hybrid orbitals around the nitrogen atom in the ammonia molecule. 

Type of hybridisation: ……………………………..

[2]

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 as a rocket fuel.

(e) (i) Draw the structure of a hydrazine molecule.

(ii) Explain why hydrazine is soluble in water.

………………………………………………………………………………………. 

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

(f) (i) Liquid hydrazine reacts with oxygen to give nitrogen gas and steam. 

Write a balanced equation, including state symbols, for the above reaction.

………………………………………………………………………………………. 

(ii) By using appropriate bond energy data from the Data Booklet, calculate a 
value for the enthalpy change of the reaction in (f)(i).

For 
Examiner’s 

Use
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(iii) The actual enthalpy change of the reaction in (f)(i) is more exothermic than 
the calculated value in (f)(ii). One reason for this discrepancy in values is 
that the bond energy values from the Data Booklet are average bond 
energies. 

Suggest another possible reason for this discrepancy.

………………………………………………………………………………………. 

……………………………………………………………………………………….

(iv) The enthalpy change of combustion of ethane is found to be  
1560 kJ mol 1. Suggest why hydrazine is used as a rocket fuel instead of 

ethane.

………………………………………………………………………………………. 

……………………………………………………………………………………….

(v) Predict how the feasibility of the reaction in (f)(i) varies with temperature, 
showing your reasoning.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

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

[Total: 18 marks]

For 
Examiner’s 

Use
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3 (a) (i) Dichloroethene is widely used in the industry as precursors for plastics. It 
exists as three possible isomers, A, B and C, where A and B are geometric 
isomers. The table below shows the physical properties of each of the three 
isomers.

Draw the structure of each isomer in the correct box below and label each 
isomer as “cis” or “trans” accordingly.

isomer A B C 

melting point/ oC -50 -81 -122

boiling point/ oC 47.5 60.3 31.9

dipole moment/ D 0 1.9 1.3

structure     

Cl

C

Cl

C

H

H

(ii) Explain how geometric isomerism arises in alkenes.

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

………………………………………………………………………………………….
[4]

(b) (i) When isomer C reacts with HBr, there are 2 possible products. In the boxes 
below, draw the intermediate for the reaction that produces each of the 
products.

Cl

C

Cl

C

H

H

C C

H

H

Br

Cl

Cl

H

C C

H

H

H

Cl

Cl

Br

I:

II:

For 
Examiner’s

Use
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(ii) In reality, product I is almost exclusively formed. With reference to the
intermediates, explain why this is so.

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

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

(c) (i) An assumption of an ideal gas is that the collisions between gas particles are
perfectly elastic. State two other assumptions of an ideal gas.

Assumption 1: ……………………………………………………………………….. 

…………………………………………………………………………………………. 

Assumption 2: ……………………………………………………………………….. 

…………………………………………………………………………………………. 

(ii) The value of pV is plotted against p for each of the isomers of dichloroethene 
in the gaseous state in the diagram below. 

Using relevant data from the table in (a)(i) and the boxes provided, identify 
the isomer A, B or C that is responsible for each of the graphs.

Explain your choice.

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

………………………………………………………………………………………….
[4]

[Total: 10 marks]

pV

p
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4 (a) Omega-3 fatty acids are essential fatty acids vital for normal metabolism. 
Eicosapentaenoic acid (EPA) is an example of a fatty acid with the molecular 
formula C20H30O2.

O

OH

It is also commonly represented as a circle linked to a tail, as shown below:

(i) The following diagram shows the arrangement of EPA molecules in water.

Give reasons for this arrangement.

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

carboxylic 
acid head

hydrocarbon 
tail
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Examiner’s 

Use

www.KiasuExamPaper.com 
101



(ii) EPA molecules can also arrange themselves in the form shown below under 
certain conditions. 

 
 

Suggest a condition under which such an arrangement occurs. 

…………………………………………………………………………………………

…………………………………………………………………………………………

[3]

(b)

O

HO

HO OH

OH

OH

HO OH

OH

HO

OHHO

Compound X

(i) State the reagents and conditions required for the synthesis of X from EPA.

…………………………………………………………………………………………

…………………………………………………………………………………………

(ii) On the structure of X above, circle all chiral centres.
[2]
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(c) Docosahexaenoic acid (DHA) is another unsaturated omega-3 fatty acid
containing multiple double bonds. A 0.100 g sample containing equimolar
quantities of EPA and DHA was dissolved in an appropriate solvent.  

The solution was reacted with a freshly prepared solution of 1.60 g of bromine in 
200 cm3 of CCl4. It was found that 34.9 cm3 of the bromine solution was required 
to completely react with the fatty acids. 

(Mr of Br2 = 159.8; Mr of EPA = 302; Mr of DHA = 328) 

(i) Calculate the concentration (in mol dm 3) of the prepared solution of 
bromine in CCl4.

(ii) Calculate the total number of moles of C=C double bonds present in the 
sample.  

(You may assume that all other parts of EPA and DHA are unreactive.)

(iii) Hence, calculate the number of C=C double bonds in one molecule of 
DHA. 
 

[4]

[Total: 9 marks] 

~ End of Paper 2 Section A ~
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Write your answers on the writing paper provided.

1 Gasoline and diesel fuels are mixtures of hydrocarbons. In a typical car engine, 
hydrocarbons are burnt by combining with oxygen. Atmospheric nitrogen, which is also 
present in the engine, combines with oxygen to form nitrogen oxides. 

(a) A sample is found to contain the following hydrocarbons:

pentane, heptane, 3,3-dimethylpentane

Rank the hydrocarbons in order of increasing boiling points. Explain your answer.

Hence, suggest a method by which the hydrocarbons can be separated.
[3]

(b) When pentane is mixed with chlorine in the presence of uv light, the following 
reaction takes place:

CH3(CH2)3CH3 + Cl2 CH3(CH2)3CH2Cl + HCl

(i) Briefly outline the mechanism of this reaction. You may use RCH3 to 
represent pentane.

(ii) The presence of nitrogen monoxide, NO, is known to slow down the 
chlorination of pentane.

Draw a dot-and-cross diagram of a molecule of NO. By considering the 
electron distribution in the NO molecule, suggest how it slows down the 
reaction.

(iii) Using data from the Data Booklet, explain why pentane is less readily 
brominated than chlorinated. Your answer should make reference to the 
process of propagation in your mechanism in (b)(i),

[7]

(c) During the starting of vehicles, incomplete combustion of hydrocarbons is likely to 
occur due to low air-to-fuel ratios. 

A sample of pentane was combusted in a car engine during vehicle starting. It was 
found that the enthalpy change when 1 mol of pentane was burnt in limited supply 
of air was 2707 kJ. Under this condition, carbon monoxide, a poisonous gas, is 
produced along with carbon dioxide and steam.

The enthalpy changes of formation of the compounds are given below.

Substance Hf / kJ mol 1

C5H12(l) 147
CO2(g) 394
CO(g) 110
H2O(g) 242

Using the given information, calculate the ratio of amount of carbon dioxide to 
carbon monoxide formed in this combustion.

[3]

www.KiasuExamPaper.com 
105



(d) In the exhaust gases of cars, carbon monoxide and nitrogen monoxide are present 
according to the following equilibria: 

2CO2(g)  2CO(g) + O2(g)   H > 0

N2(g) + O2(g)  2NO(g)  H > 0

The amounts of carbon monoxide and nitrogen monoxide are to be minimized in 
order to achieve lower pollution level.

Explain qualitatively what temperature and pressure (high or low) you would
suggest for the car engine in order to achieve low pollution.

[2]

(e) 0.10 mol of NO2(g) is introduced into a 1.48 dm3 evacuated closed container at  
300 K.

The following equilibrium is established:

2NO2(g)  N2O4(g)

and the equilibrium pressure is 1.00 atm (101 kPa).

Calculate 

(i) the total number of moles of gases at equilibrium, assuming that the gases 
behave ideally.

(ii) the percentage of NO2 that has reacted.

(iii) Kp for the reaction at 300 K.
[5]

[Total: 20 marks]
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2 (a) Ethene reacts readily with bromine in tetrachloromethane, CCl4.

(i) Describe the mechanism of this reaction. 

(ii) Identify the rate-determining step and explain why it is so.
[4]

(b) Alkenes are generally more reactive than alkanes because the electrons of the 
C=C double bond in alkenes are more vulnerable to attacking species than those 
in a bond. 

(i) With the help of a labelled diagram, explain why the statement in italics is 
true.

(ii) By using the bond energies givien in the Data Booklet, determine the 
strength (in kJ mol–1) of the and of the carbon-carbon bond in alkenes. 

Account for the difference in strength between the and the bond.
[4]

(c) In concentrated ethanoic acid, a colourless liquid propenyl ethanoate reacts with 
bromine, an orange liquid, slowly enough for the reaction to be followed by usual 
laboratory techniques. The structure of propenyl ethanoate is given below.

CH2 CHCH2 O C

O

CH3

propenyl ethanoate

To determine the order of reaction with respect to bromine, a series of experiments 
were carried out at a constant temperature and with the same initial concentration 
of propenyl ethanoate, varying only the initial concentration of bromine, [Br2]. The 
following results were obtained.

experiment number 1 2 3 4 5

[Br2] /mol dm–3 0.2 0.4 0.5 0.6 0.8

[Br2]2 /mol2 dm–6 0.04 0.16 0.25 0.36 0.64

initial rate of change for 
[propenyl ethanoate] 
/mol dm–3 s–1

0.065 0.26 0.40 0.59 1.00

(i) Use these data to plot a suitable graph and hence determine the order of 
reaction with respect to Br2. 

(ii) Given that the rate of reaction is directly proportional to the concentration of 
propenyl ethanoate, write the rate equation for the reaction.

(iii) Given that the initial concentration of propenyl ethanoate for each 
experiment is 0.02 mol dm–3, calculate the rate constant for the reaction, 
stating its units.

(iv) Estimate the time needed for 1% of propenyl ethanoate to have reacted in 
experiment number 1.
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(v) What visible changes would you expect to observe as the reaction 
proceeds? 

(vi) Suggest a suitable experimental technique that can be used to study the 
rate of the reaction between propenyl ethanoate and Br2.

(vii) Suggest why water was not used as the solvent in this experiment.
[9]

(d) (i) Organic compound A, C8H12, reacts with hot, concentrated acidified 
KMnO4 to form the following organic product. 

CHO2C

CH3

CH2CH2

CO2H

CO2H

Draw the structure of A. 

(ii) When ozone gas, O3, is passed into a solution of an alkene, an ozonide is 
formed. Treatment of the ozonide with zinc dust and water produces two 
organic products.

C C

R''

HR'

R    

C
R

R' O

O O

C
H

R''
   

C
R'

R
O O C

H

R''
+

ozonide

(R, R' and R'' may be alkyl groups, benzene rings or hydrogen.)

Suggest the structures of the organic compounds B and C in the following 
reaction scheme.

CH3CH2CH=CHCH2CH3 

[3] 

[Total: 20 marks]

Zn, waterO3

B C
O3 Zn, water
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3 (a) Ethylbenzene is an example of an aromatic hydrocarbon. 

(i) Write a balanced equation for the oxidation of ethylbenzene using hot, 
acidified KMnO4.

(ii) Given that the percentage yield is 80%, what is the mass of the organic 
product formed when 1.00 g of ethylbenzene undergoes the oxidation 
reaction in (a)(i)?

(iii) Ethylbenzene can be prepared by the reaction of benzene with 
chloroethane, CH3CH2Cl. This reaction is Friedel-Crafts alkylation and it 
occurs via a mechanism similar to that of the chlorination of benzene.

+ CH3CH2Cl CH2CH3 +      HCl
AlCl3

                                           ethylbenzene

I Explain why the reaction above would not occur in the absence of 
AlCl3. 

II Describe the mechanism of this reaction.
[7]

(b) Deuterium, D, is a heavy isotope of hydrogen.

When deuteriobenzene undergoes Friedel-Crafts alkylation as in (a)(iii), a mixture 
containing ethylbenzene and 3-ethyldeuteriobenzene is produced.

D D

CH2CH3

deuteriobenzene 3-ethyldeuteriobenzene

Under the conditions used for alkylation, the carbon-deuterium bond is broken as 
often as a carbon-hydrogen bond.

Suggest why the molar ratio of ethylbenzene to 3-ethyldeuteriobenzene produced 
is 1:2.

[2]

(c) The C-D bond actually has a higher bond strength than a C-H bond, yet 
predeuterated benzene, C6D6, is alkylated at the same rate as normal benzene, 
C6H6. 

What conclusion can you draw about the mechanism of the alkylation reaction?
[1]
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(d) Suggest how you would distinguish the following compounds by carrying out only 
two simple chemical tests. You should state the reagents and conditions for each 
test, and describe the expected observations for each compound.

CH3

cyclohexene benzene methylbenzene
[4]

(e) (i) The enthalpy change of hydrogenation of an unsaturated hydrocarbon is the 
enthalpy change when one mole of the compound reacts completely with 
hydrogen to form a saturated hydrocarbon. The enthalpy change of 
hydrogenation of cyclohexene, C6H10(l), is 120 kJ mol 1.

Write an equation of the reaction that represents the enthalpy change of 
hydrogenation of cyclohexene.     

(ii) Naphthalene, C10H8(s), is another example of an aromatic hydrocarbon. 
When naphthalene is fully hydrogenated, decalin, C10H18(s), is formed. The 
enthalpy change of hydrogenation of naphthalene is . 

naphthalene decalin

hydrogenation

The resonance energy of naphthalene can be defined as the energy 
difference between the actual structure of naphthalene (I) and the 
hypothetical polyalkene structure (II).

actual structure
of naphthalene

(I)

hypothetical polyalkene
structure 

(II)

Calculate the resonance energy of naphthalene, by drawing a suitable 
energy level diagram, and incorporating relevant data from (e).

(iii) Explain the significance of the resonance energy.

(iv) Using the information from above, calculate an approximate value for the 
enthalpy change of hydrogenation for the actual structure of anthracene.

actual structure
of anthracene

(III)

hypothetical polyalkene
structure 

(IV)

[6]

[Total: 20 marks]

~ End of Paper 2 Section B ~
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2011 C1 CHEMISTRY PROMOTIONAL EXAMINATION
ANSWERS

PAPER 1 - MCQ

1 A 6 C 11 C 16 D 21 C
2 A 7 D 12 D 17 C 22 B
3 D 8 A 13 B 18 A 23 A
4 D 9 A 14 B 19 B 24 C
5 D 10 B 15 B 20 A 25 B

PAPER 2 SECTION A - STRUCTURED QUESTIONS

Marker: Ho LY (11S60 – 11S69, 11S6B - 11S71); Kelvin Tan (11S6A, 11S72 – 11S7N)

1 (a) Thiosulfate present reduces the iodine produced. The blue colour only appears after all 
the thiosulfate has been reacted. [1 mark for both points, no ½ mark]

(b)
1. Using a burette, transfer 10.00 cm3 KI and using another burette transfer 1.00 

cm3 of Na2S2O3 into a 25 cm3 conical flask.  Use a measuring cylinder to 
measure and add 6 cm3 water into the conical flask.

2. Using a third burette, transfer 2.00 cm3 K2S2O8 into a small beaker.  Using a 
second measuring cylinder, measure and add 1 cm3 starch solution.

3. Quickly transfer contents from step (2) to the conical flask in step (1). Swirl once 
quickly.

4. Start the stopwatch immediately.
5. Stop the stopwatch at the first appearance of blue colouration.
6. Repeat steps 1 to 3 but varying the volumes of KI and water such that their 

combined volume remains 16 cm3. The volumes of the other reagents are kept 
constant across experiments.

Note: students cannot use sampling and titrimetric method 

Marking points:
Concept [1 mark]
All reagents mixed together and measuring time taken for blue colour to 
appear. Carry out at least one more experiment where the volume of KI is 
varied.

Sequence [1 mark]
Note: For solutions before mixing and starting timing
S2O8

2- (oxidising agent) and S2O3
2- (reducing agent) cannot be in the 

same solution
S2O8

2- and KI cannot be in the same solution

Apparatus for measuring of solutions (either measuring cylinder or burette 
is acceptable, but precision must be correct) and time (stopwatch) [½ 
mark] 

Vary Volumes of KI and deionised water such that total volume of solution 
after mixing is kept constant across experiments [½ mark]

r: Ho LY (11S60 – 11S69, 11S6B - 11S71); Kelvin Tan (11S6A, 11S72 – 11S7N)

a) Thiosulfate present reduces the iodine produced. The blue colourur oonlnly y apa pears af
the thiosulfate has been reacted. [1 mark for both points, no ½½ markrk]]

b)
1. Using a burette, transfer 10.00 cm3 KI and usinngg aanotothher bubureretttte e trtransfe

cm3 of Na2S2O3 into a 25 cm3 conical flasaskk.k.k.k.k.k.k.k.k.kk.k.k.kk.k.kkkk.kkkkkkkk  UsUsUsUsUsUssUsUsUsUsUsUsUsUsUsUsUsUsUUUsUsUsUUUUUUUUUUUU e eeeeee a memeasasururing cylin
measure and add 6 cm3 water intooooooooooo ttttttttttttthe connnnniciccciccccccccicccccciccccciccccccicci alalalalaaalaaaaaaalaaalaalalallalallalalaaaaaaa fffffffffffffffffffffffffffffffffffflalalaalalalalallalalalalalalalalalaalalalallaaaaaaaskskskkskskskskskskskskskskskskskskskskkskskkskskskskskkkskskssskkskks .........

2. Using a third burette, transfer 2.000000000000000 ccccccccccccmmmmmmmmm333333333333333 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK2222222222222222222222222222222SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS2222222222222222222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO888888888888888888888 inninininininininintoo aa smallll bbeaeaker.  U
second measuring cylinderrrrrrrrrr, memmmememmememmmm asure eeeeeeeeee annnnnnnnnnnnd addddddd 1111111111 cm3 ststararch ssololututiion.

3. Quickly transfer connnnnnnnnnnnteteetetetetetetetetetentnntntntntntnnntnn ssssssssssss frfrfrfrfrfrfrfrfrrrfromomomomomomomoomomoom ssteteteteteteteteteeep (2) toooooooooooooo the conicall fflasask in step (1). Swir
quickly.

4. Start the sttttttttttttopopopopopoopopopopo wawawwwwwwwwww tch iiiiiimmmmmmmmediateteeeeteeeeeeelyyyyyyyyyyyy.
5. Stoppppppppppp ttttttttttttthe stooooooooooopwwwwwwwwwwwatatatatataatatatatatatchchchchchchhhhhchch aaaaaaaaaat thththththththththhhhe fiiifiififffffirsrsrsrsrsrsrsrsrssstttt ttttttt appepepepepepepepepepepeeararararararararararrrananananananananananana cecececececececececcec ooooooooooof blue colouration.
6. ReReReReReReReReReReReRepeeeeataaaaaaaaaaa ssssssssteppsppspspsppspspspsp 111111111111 ttttttttto 3 3333333333 bubuubububububububububutttttt ttt vavvvavvvavvavavav ryryryryryryryryryryryryinininininininininininngggggggggggg ththththththththtththe eee ee eeeeee volumes of KI and water such tha

coooocooocoocooombinnnnnededededededededededee  vololololololollummmmmmmmmme remamamamamamamamamaamaainiininiininiiniini s sss sss ssss 1111611111111 ccccccccccccmmmmmmmmmmmm3333333. ThThThThThThThThThThThThe volumes of the other reagents ar
coccococccococcoc nstantt aaaaaaaaaacrcrcrcrcrcrcrrrrrrosossssossssssssss sssssssss expeeeeeeeeeeeeriririririririririr memememememememememememennnnntnnnnnnn s.

Note: :::::::: stststststststtstts uduuuuuuuuuu ents cannnnnnnnnnnnonononononononononononot t t t tt tt t t t usususususususususususse eeee eee ssssassssssss mpling and titrimetric method 

Marking ppppppppppppooooioiooooooo ntntntnttntntnttttnts:s:s:s:s:ss:s:s:s:s:s:
Connnnnnnnnnnncecececececececececeeeptptptptptptptptptptptpt [1[1[1[1[1[1[1[1[1[1[1[1 mark]
All reeeeeeeeeaaaagagaaaaaaa ents mixed together and measuring time taken for blue colour t
appear. Carry out at least one more experiment where the volume of KI 
varied.

www.KiasuExamPaper.com 
111



(c)
Expt 
no.

Volume
of KI
(cm3) 

Volume
of 
Na2S2O3
(cm3)

Volume
of 
K2S2O8
(cm3)

Volume
of H2O
(cm3) 

Volume
of starch
(cm3) 

Time
(s or 
min)

1
2
3
4
5

All measurements of volumes and time to be recorded (headings only) [1 
mark]

Units match data recorded (recorded data may not be complete but a 
minimum of volume of KI and time is required) [1 mark]

(d) Possible answers:

Graph of 1/time against volume of KI (or vice versa). Straight line graph with a 
positive gradient. 

Graph of lg (1/time) against lg (volume of KI). Straight line graph with gradient = 
1.

Calculate volume of KI x time. Constant value obtained for all experiments. 

Compare 2 experiments where volume of KI has been doubled. Time taken 
should be halved.

[1 mark for any correct answer]

(e) Possible answers:

Less reliable because initial rate is not being measured.
Less reliable because thiosulfate may cease to be the limiting reagent and blue 
colour will never appear.
More reliable because time taken for blue colour to appear is longer, hence 
smaller error due to human reaction time. 

[1 mark for any correct answer]

Comments:

(a)
Most students mentioned that thiosulfate would react with iodine but did not explain why 
the blue colour is eventually formed.

There were students who wrongly believed that thiosulfate would react with starch, or that
sodium iodide would be formed, or that the solution would be diluted affecting the rate of 
reaction, or that there was an equilibrium present that would be affected. 

(b)

Many students did not get the sequence correct, mixing KI and peroxodisulfate together 

Units match data recorded (recorded data may not be complete but 
minimum of volume of KI and time is required) [1 mark]

d) Possible answers:

Graph of 1/time against volume of KI (or vice versasa).). SStrtraaighhtt lilinene ggraraph w
positive gradient.

Graph of lg (1/time) against lg (volulululuulululuuululuumemmmmmm  of KKKKKKKKKKKKKKKKKKIIIIIIIIIIIIIIIIIIIIIIIIII).).).))).).)).)).))).)).))))....))))))))) SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStrtrtrtrtrtrtrtrtrtrtrtrtrttrtrtrttttrtrtttrttrtrrtrrraiaaiaiaiaiaiaiaaiaiaaiiaiaaiaaaiaaiaaaaiaiaiaaaiaiaiaaaaa ghghhghghggghghgghghghghghgghgghghghgggghgggghgghghgggg t t lil ne ggraraphph wwith grad
1.

Calculate volume of KKKKIIIIIIIIII xxxxxxxxx x tittttttttt memmemememmememememee. CoCCCCCCCCCC nstaaaaaaaaaaantnnntnnnnnnn vvvvvvvvvvvvvvalue obtainenedd ffor alall l exexperiments

Compare 2 experimememememeemeememmmmem ntnnnnnnn sssss whwhwhwhwhwhwhwhwhwhwhwherererererererererrrreeeeeeeeeee vovovovovovovovovovvv lulululululululuuuuumememememememememememee ooooooooooof KIIIIIIIIII hahhhhhh s beenen ddoubled. Time take
should be hahahahahahahahahahahahalvlvlvlvlvlvlvlvlvvved.

[1 mark for r rr rr rrrrr ananaanananananaanaaa y cooooooooooorrrrrrrrrrrrrecececececceccecctttttttttttt annnnnnnnnnnnswswswswswswswswswswswswererereerererereererer]]]]]

e) Possiblllellllllll  answewewwewewewewewwew rsrsssssssssss:

LeLeLeLeLeLeLeLeLeLeeesssssssssssssssssssssss  reliablbbbbbbbbbb e e e e eeeeee e bebbbebbbbb caaaaaaaausususususususususususseeeeeeeeeeee ininnininininininininnititiititittititittitiaiaiaiaiaaiaaiaiaiaaaalll rate is not being measured.
LLLLeLeLeLLLLLesssssssssssssssssssss rrrrrrrrrrrreleleeellele iaiaiaiaiaiaiaiaaaaable bebeebebebebebebbecacacacaacacacacacaaauuusuuuuuuuu eeeeeeeeeeee ththththththtttttt ioioioioioioioioii sulfate may cease to be the limiting reagent and
cococococococcoccooolour will neneneneneneneneneneneneveveveveveveveveveveveverrrrrrrrr rr apapapapapapapapapapapappppppepppppp ar.
MoMoMoMoMoMoMoMoMoMoMoMorerererererererereerere rrrrrrrrelelelelelelelelleleliaiaiaiaiaiaaiaaiaiaiablblbblbllblblleeeeeeeeeee bebebebebebebebebebebebeccccacccccccc use time taken for blue colour to appear is longer, henc
smmmmmmmmmmmmalalaaalalaalalalalalleleeleleleleleleeerrrrrr rrrrrr errorrrooor rrrr ddddudddddd e to human reaction time.

[1 mark for anaaaaaaaaaa y correct answer]
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first before adding starch and thiosulfate.

Many students did not give a clear description of the steps taken. They mentioned 
measurement of volumes of solutions but did not indicate where or when additions are 
made.

Students placed the beaker of solution on top of “an insert with the words ‘stop timing if you 
cannot read these words’ ”. They were confused with the sulfur-forming reaction carried out 
during the practical in Term 4.  

(c) 

Students did not record down the headings for the volumes of starch, H2O and thiosulfate. 

1/time was improperly labeled as “rate of reaction” (1/time is PROPORTIONAL to the rate 
of reaction, i.e. it measures the RELATIVE rate) – penalized under units (rate does not 
have units of s-1!) 

(d)

Many incorrect answers involved plotting a concentration versus time graph and to look for 
a constant half-life. Students did not read the question carefully as the question asked 
them to use their results.

(e)

Incorrect answers mostly involved stating that the rate of reaction would or would not be 
affected.

Marker: Loy HC (All)

2 (a) (i) N2(g) + 3H2(g) 2NH3(g) [1] 

(ii) A large amount of energy is required to break the strong N N triple bond in N2.
[1]

(iii) Advantage 1: The forward reaction involves a reduction in the number of moles 
of gas. By Le Chatelier’s Principle, a high pressure would shift the position of 
equilibrium to the right and gives a higher yield of ammonia. [1]

Advantage 2: A high pressure also increases the rate of reaction as the 
molecules also collide with higher frequency, leading to higher number 
of effective collisions. [1]

(b) (i) Dynamic equilibrium refers to a state of balance in a reversible reaction in which 
the rate of forward reaction and the rate of backward reaction are equal. The 
concentrations of the reactants and products remain constant but the reaction 
continues to occur in both directions. [1]

1/time was improperly labeled as rate of reaction  (1/time is PROPORTIONAL to th
of reaction, i.e. it measures the RELATIVE rate) – penalized under units (rate do
have units of s-1!) 

Many incorrect answers involved plotting a concentration vverersusus s tit mme ggraraphph aandnd to lo
a constant half-life. Students did not read the question cccccararefefefffffffffffffffffefffffeefululuuu lyy as ththee ququestion
them to use their results.

Incorrect answers mostly involveveevevevevevevevevedddddddddddd ststststststststsssts atatatatatatatatattininininininiininnng ggggggggg that thhhehhehehhhhhe rate of reacctioionn wooululdd or would 
affected.

r: Loy HC (AlAlAlAlAlAlAlAlAlAlAlAll)

a) (i(i(i(((((( ))))))))))) NNNNNNNNNNNN2222(g) + 3H3H3H3H3H3H3H3H3H33H3 222(g(g(g(g(g(g(g(g(gg(g) )) )) ) ))) 2NHHHHHHHHHHHH33333333333(g(g(g(g(g(g(ggg(gg(g)))))))))) [1]

(ii) AAA AAAAAAAA largggeeeeee eeeeee aaaaamaaaaaa ouuuuuuuuuuuntntntntntntntntntnntn oooooooooof fffffffffff eneneeneneneeeneene erererererererererererergy is required to break the strong N N triple bond in
[11111111111]]]]]]]]]]]]

(iii) Adddddddddddvavavavavavavaavavavavantntntntntntntntntnttn agggaggaggggaggge e e e e e e eeee 1: The forward reaction involves a reduction in the number of 
of gasasasasasasasasasasasas........ BBBBBByBBBBBB  Le Chatelier’s Principle, a high pressure would shift the posi
equilibrium to the right and gives a higher yield of ammonia. [1]

Ad t 2 A hi h l i th t f ti
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(ii)

Marking points:
sharp decrease in partial pressure of N2, followed by increase to attain new 
equilibrium (but does not rise above original partial pressure) [1]
increase in partial pressure of H2 and decrease in partial pressure of NH3 to 
attain new equilibrium (must indicate new equilibrium on sketch) [1]

(For information: Ratio of change of partial pressures of N2:H2:NH3 to attain 
new equilibrium is 1:3:2.)

(c) No. of molecules of N2 = 623 101106.02
28.0
1.25 = 2.69 1028 [1]

Comments:

(a)(i) Zero mark for the following cases: double headed arrow not used, no state symbols, 
incorrect state symbols e.g. NH3(aq). 

(a)(ii) Zero mark for the following cases:

o A vague statement like "energy is needed to break bonds", students must specify the bond 
of concern (which is the strong N N triple covalent bond in N2). 

o Explanation in terms of intermolecular forces, this is not relevant. Intermolecular attractions 
between gas molecules are weak and are unlikely to affect chemical reactions.

o Explanation in terms of endothermic or exothermic nature of the reaction or in terms of 
entropy or G. Not accepted. H, S and G --- these are Energetics/ Thermodyamics 
concepts, they do not give information about Kinetics or whether a reaction has high or low 
activation energy. Students should also be aware that the reaction is exothermic --- i.e., 

Partial 
pressure 

/ atm

time
Previously established 

equilibrium

N2

0

H2

NH3

New equilibrium established

Marking points:
sharp decrease iiiiiiiinnnnnnnnnnnnnn pappppppppp rtrtrrtrtrtrtrtrtttttiaiaaiaiaiiiaiaalllllllllllll prprprprprprrprrrprprrrp eseeeeeeeeeee sure oooooooffffff fffffffffffffff N2, followeded bby incrcreease to atta
equilibrium (buttttttttttttttttttt dddddddddddooooeoooo s nonnn t riiiiiiissssessssssssssss aaaaaaaaaaaboveveveveeveveevevevevev ooooooooooooooooooriginal partiaiaial pppressure) [1]
increase in partttrtrtttrtttttttiaiaiaiaiiii lllllllll prrprprprrprrrprprrrprp eseseseseesesesesesesesee sususususususssussusususussureeeeeeeeeeeeeee oooooooooooooofffffff ffffffff HHHHHHHHHH22222222222222 aaaanaaaaaaaaaa d dededededededededeededededededecccccrccccccccc ease inn ppartial pressure of N
attain nnnnnnnnnnnneweweewewewwwweww eeeeeeeeeeeeeeeeequqqqqqq ilibbb iiiiiiirium (muuuuuuuuuuuuuuuusttttttttttttttt indicattttte e eee eeeeeeeeee neneneneneneneneneenenenenenenewwww wwwwwwwwwww eqeeeeeeeee uilibrium on sketch) [1]

(FFFFForrrrrrrrrrrrr infnfnfnfnfnfnfnfnfnfnfnffffforo maaaaaaaaaationonononononoononononononononon:::::::: RaRaRRaRaRaRaRaRRaRaaRaRaatitittitititititiiiiioooooooooooooo offfffffffff chhhhahhhhhhhh ngngngngngngngngnggngngggge eeeeeeeeeee ofofofofofofofofofofofofofofofof parararararararararaararrra ti lllalllll pressures of N2:H2:NH3 to atta
neeeeeeeeeeeeeew eqeqeqeqeqeqeqeqeqeqeqeqeqeqquiuiuiuiuiuiuiuiuiuiuiuiuiu libriuiuiuiuiuiuiuiuiiuii mmmmmmmmmmmmmmm iiiiiisiiiii  1:333333333333333:2:2:22:22:2:22222222:2: ........)))))))))))))))))

c) Nooooooooooooooooo........... offofofofoffofofofofofofofofofoff mmmmmmmmmmmmmmololllolololollloloo ececececeecececeececcccccululuululululuuluuluuules ooooooooooooooooffffff ffffff NNNNNNNNNNN2 = 623 101106.6666.66666666 0000200000000000000000
222828282828282828282222 .000.0.000.0000.0000
1.11.....2525252525252525252522525252525

1106.6.6.6.6.6.6.666.66.66.000000002000000000000000 = 2.69 1028 [1]

ments:

(i) Zero mark for the following cases: double headed arrow not used, no state symbo
correct state symbols e g NH3(aq)

titimeme
Previously established 

equilibrium

0

3

New equililililibrbrbrbrbrriuiuiuiuummmmmm eeeestablblblblisisisishehehehedddd
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total energy released during bond forming > total energy needed for bond breaking.

o Some students explained that the reaction requires a collision between one N2 molecule 
and three H2 molecules and that is very difficult. Not accepted. The equation in (a)(i) is an 
overall equation which does not give information about the molecularity of the rate-
determining step.

o Terms like "bonds between N2 and H2 molecules", "bond energy between N2 and H2". The 
bond of concern is the strong N N triple bond in N2 molecule. Some students wrote about 
"breaking bonds between N and H atoms", incorrect isn't that the N–H bonds to be 
formed in the NH3 molecules?!

(a)(iii) Students are required to give the advantages and their correct reasoning to gain the 
marks --- higher yield of NH3 by le Chatelier's principle, high pressure favours the forward 
reaction as that gives less number of moles of gas; higher rate of production of NH3 high 
pressure forces the gas molecules more closely together or increases the number of molecules 
per unit volume (not area) increases frequency of collisions increases rate of reaction.

o Some students started their answers with "At high temperature…" but the question states 
high pressure!

o Some students linked le Chatelier's principle/shift in position of equilibrium/extent of 
forward reaction to rate of reaction. This is not appropriate.

o High pressure probably does not affect/improve the orientation for collision between 
reactant molecules. High pressure does not affect/increase the fraction of reactant 
molecules with kinetic energy  Ea. High pressure probably does not increase the kinetic 
energies of the reactant molecules. The effect of pressure on reaction rate for a gas-phase 
reaction is like the effect of concentration.

o The gas molecules are forced closely together --- this is a better description than the terms 
"pack" and "packing" used by many candidates. The terms "pack" and "packing" are more 
appropriate for solid lattices.

o Some students explained that high pressure is used so that it becomes easier to liquefy 
and remove the product NH3 --- not given full mark liquefaction of NH3 by cooling is 
carried out at a later stage of the manufacturing process. Here, the temperature is 450 oC, 
NH3 is unlikely to liquefy.

o Explanation in terms of ideal gas behavour (at high pressure) is not relevant.

(b)(i) Use the word "equal" rather than "equivalent". 

Some students stated that the "forward and backward reactions are equal". Incorrect, the 
forward and backward reactions are different reactions, they cannot become equal! 

Some students stated that the concentrations of the reactants and products are equal, this 
may not be true.

(b)(ii) Draw the curved-part of the profiles as shown in the suggested answers. 

Some students showed that there are small sudden increases in PH2 and PNH3 at the time of 
disturbance. This may be true but we are not required to show that. Show only the sudden 
decrease in PN2 since it was only N2 that was suddenly removed from the previously 
established equilibrium. Some students showed that the sudden increases in PH2 and PNH3 are 
larger than the sudden decrease in PN2, this is incorrect and penalised. 

action as that gives less number of moles of gas; higher rate of production of NH3 hi
essure forces the gas molecules more closely together or increases the number of mol
r unit volume (not area) increases frequency of collisions increaaseses raratet  of reactio

Some students started their answers with "At high temperature……"" bubutt ththee question st
high pressure!

Some students linked le Chatelier's principle/shift in posititioiooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn oofofofofofofofofofofofofofofofofoffofoofofooffofoooooo eeeeeeeeeeeeququilibririumum/e/exxtent of 
forward reaction to rate of reaction. This is nooooooooootttttt ttt tttt appropoppppppppppppppppppririririrriiiririrrriiririrririrrirrirrrrr atatatatatatatatatatatataaatataatatatatatatatatatataatatatatatttata e.e.eee.e.e.ee.ee.e.e.ee.e.eeeeeeeee.eeee.ee.e.eeeee

High pressure probably does not affectctcttctctctctcttcc /i/i/i///i/i/i/i/i/i/impmmmmmmmm roveeeeeeeeeeee thhhehhhhhhhhh  oririiiiiiiiiiienenenenenenenenneneneneneneneneneneneneeenennnnnnntatatatatatatatatatatatatatatatatataatatatatataataataatataaatattttt tittttitittttittttitititittiooooooonoo fforo ccoollisiionon bbetween 
reactant molecules. High pressureeeee doddddddddd esesesesesesssssss nonononononononnnonnot affectcctctctctctccctct/iiiiiiincnnnnnnnnnnnnn rease the frfraccttion ooff rreactant 
molecules with kinetic energy EEEEEEEEEEEEa. HiHiHiHiHiHiHiHiHiHHighghgggggggggg pppppppppppprereeeeeeeeeeessure ppprprprprprprprprprpp obably doeess nonot increase the kin
energies of the reactant molecccccccccccculllllllles. ThThThThThThThThThThThT eeeeeeee efefefefefefefeeee fefefefefefefffefefef ctctctctctctctctcttt oooooooofffffffffff prprprprprprprprprprprprrese suuuuuuuuuuurerrrrrrrrr  on reeacacttion rate for a gas-p
reaction is like the effececcccccccccctttt ttt tttt of connnnnnnnncecececececececececececentntntntntntntntntntnn raraarararaararaarar tititititttitititittionononononononononononon.

The gas molecuuuuuuuuuuuleleeleleleleleeleelees areeeeeeeeeee fooooooooooorcrcrccccccccccededededededdedededede ccccccccccccloseseseseseseseseseseseselylyyylylylyylylyly tttttogogogogogogogogoggogo etheeeeeeeeeeeer rrr r r rrrr --------- thththththththththththisisisisisiisissisis iiiiiiiissssssss a better description than the 
"pack" and "pappppppppppp ckckckckckckckckckckckinnnnnnnnnnnng"ggggggggggg  usssesssssssss dddddddddddd bybybybybybybybybybybyb mmmmmmmmmmmmanannnnnnnnnanany yyyyyyyyyyy candddddddddddididididididdididdididatatataaaatatatata esesesesesesesesesesees. ThThThThThThThThThThThe terms "pack" and "packing" are m
appropriateee eeeeeeee fffofffffffff r soooooooooolilllllllll ddddddddd lall tttticiiiiiiiii eeeeseeeeeee .

Someeeeeeeeeeeeee stututututututututututudedededededddedededdentntntntntntntntntntntntssssss ssssss explaiaiaiaiaiaiaiaiaiaineneneeneneeeeenedddddddd thatttttttt hhhhhhhhhhhh gigiggggggggggh hh hhhhh h hh prprprprprprprprprprprpreseeeeeeeeeeee sure is used so that it becomes easier to lique
and remommomomommmommmm veeeeeeeeeeee thehehehehehehehhehehhe pppppppppppproroororororoororooduddddddddddd ct NNNNNNNNNNNHHHHHHHHHHH3333333 --------- - nonononononononononononot ttttttttt given full mark liquefaction of NH3 by cooling is
carried ouuuuuuuuuuut tt ataatataaataataaa  a later sssssssssssstatatatatatatatatatatatagegegegegegegegegegegege ooooooooooofffff ff ff fff thththththththththththhee eeeeeeee manufacturing process. Here, the temperature is 45
NH3 is unlikkkkkkkkkkkkelelelelelelelelellelely y y y yyyyyyy totototototototototototo liqiqiqiqiqiqiqiqiqiqqqueueuueueueuuuueueueffffffffffffy.y.y.y.y.y.y.y.yyyyf

Explanation in ttttttttttteeereeereeeeee msmsmsmsmsmsmsmmsmsmsms of ideal gas behavour (at high pressure) is not relevant.

(i) Use the word "equal" rather than "equivalent". 
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Students are also penalised for the following errors:

o The lines do not go horizontal at the same time (which means a new state of equilibrium is 
attained at that time). Please use a ruler to draw the horizontal line. 

o New equilibrium partial pressure of N2 previous equilibrium value.

(c) Many students stopped after determining the number of moles of N2 (44643 mol); the 
question asked for the number of N2 molecules! 

Students who calculated an incorrect number of moles (e.g. due to incorrect Mr) and hence an 
incorrect number of molecules are given zero mark, no ecf mark is given for this 1 mark 
question.

Students should work from the 1.25 g dm–3 density and 1 106 dm3 reactor volume given 
in this question part --- it may be a different reactor from the one in (a). Students who used pV 
= nRT substituting 250 atm and 450 oC taken from (a) hence obtaining a different answer, are 
given zero mark. 

Marker: Li JX (11S60 – 11S69; 11S6B – 11S75); Ching MY (11S6A; 11S76 – 11S7N)

2 (d) sp3 hybridization [1]

[1]

must show small lobes
hybrid orbitals must point in tetrahedral direction

[no ecf if type of hybridization predicted wrongly]

(e) (i)

N N
H

H

H
H

[1]

(ii) Hydrazine is soluble in water since its molecule can form hydrogen bonds 
with water.   [1]            (Soluble alone no mark! )  

(f) (i) N2H4 (l) + O2 2 (g) + 2H2O (g)     [1]

(ii) N2H4 (l)   + O2 2 (g)      +       2H2O (g)     

4x N H  (4x390)    O=O (496)         N N (994)       4 O H (4x460)
1 x N N (1x160)         

B.E. (bonds broken) - B.E. (bonds formed)
= (1560 + 160) – (994 + 1840)

udents should work from the 1.25 g dm density and 1 10 dm reactor volume given
this question part --- it may be a different reactor from the one in (a). Students who use
nRT substituting 250 atm and 450 oC taken from (a) hence obtaining aa didiffffererent answer
ven zero mark. 

r: Li JX (11S60 – 11S69; 11S6B – 11S75); Ching MY (11S1S1SSSSSSSSSSSSSSSS6A6A6A6A6A6A6A6A66A6A66A66A66666666A6A6666 ;;;;;;;;;;;;;;;;;;;;; 11111111111111111111 SS7S 6 –– 1111S7S7N)

d) sp3 hybridization [1]

[1]]]]]]]]]

muuuuuuuuuuuuuuststststtststtststtttt shoooooooooooow wwwwwwwwwwwww smsssssssssssssss aaaalaaaaaaaaaaa l loooooooooooooobbbbebbbbb s
hyyyyyyyyyyyyyyyy rbrbrrrrrbrrrrrrrrrid orbitttitttttttttttalaaaaaaaaa sss sss s s ssssssss mmmummmmmmmmmmmm ssstsssssssss  point iiiiiiiiiiinnnnnnnnnnnnnn teteteteteteeteteteeteteeteetrtrtrtrtrtrtrtrtrtrtt ahhhhhhhhhhhhhhhhedededededededededededededededdral diddddddddddddd rection

[noooooooooooooo ecfcfcfcfcfcfcffffffffff iiiiiiiiiffff fffffff tytytytytytytytytytytytytytyyyypepepeppeppepppppppppp oooooooooooooooof ff f fff f ffff f f ff hyhhhhhhh bridizzzzzzzzzzzzzzzzataaataaataaaaa ioioioioioioioioioooooooonnnnnnnnnnnnnnn prprprprprprprprprprprprppprrredededededeededeedee icted wrongly]

e) (i)

N NNNNNNNNNNN
H

H

HHHHHHHHHHHHHHH
H

[1]
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= 2216 – 2834
= -618 kJ mol 1                                             

correct working [1] 
correct answer and units [1]
e.c.f from (e)(i) and (f)(i)

(iii) Hydrazine is in liquid state in this reaction. To use bond energy values from the 
Data Booklet, all the bonds have to be in gaseous state. 

Or student has to identify specifically that the enthalpy change of vapourisation 
of hydrazine was left out. [1]

(iv) Any possible reason to the same effect [1]
Ethane is in gaseous state while hydrazine is liquid. Thus hydrazine is 
easier to transport.

The by-products of combustion of hydrazine is water vapour and 
nitrogen which are harmless while ethane may produce carbon 
monoxide (if combustion is incomplete) or carbon dioxide.

(v) –

.                              
Reaction is feasible at all temperatures.    [1]
[1/2] if student states how feasibility varies but not that it is feasible at all 
temperatures.
e.c.f. from (f)(ii)                                                           

Comments:

Q2d) The most common error is that students gave sp2 hybridisation as the answer. They failed 
to realize that ammonia has 3 bond pairs and 1 lone pair of electrons around it and that the 
4 electron pairs have to distribute themselves in a tetrahedral manner, hence requiring that 
the central nitrogen atom to have sp3 hybridisation.

All 4 hybrid orbitals must be drawn. Many students also did not draw the hybrid orbital lone 
pair on the nitrogen exists in.

A number of students do not realize that each sp3 hybrid orbital consists of a large lobe and 
a small lobe and randomly draws the small lobe in a wrong orientation.

Some students do not realize that the lone pair of electrons on the nitrogen exists within 
one of the hybrid orbitals and leaves the 4th hybrid orbital out of the drawing

  
 spx hybridisation is written with superscript, not subscript

Q2ei) Many students did not give the correct shape of the molecule which is trigonal pyramidal 
with respect to the two nitrogen atoms. Many also left out the lone pairs of electron on the 
nitrogen atoms.

Other common errors include using dot-cross diagram, double/triple bonds for the bond 
between the two nitrogen atoms.

ments:

The momomomomomomomomomomomomm stsssss  coooomoooooooo mon eeeereeeeeeee rororororororoooooor r isisisisisisisisisisis that t t tt t t t ststststststststststststududududududududududududeeeeeneeeeeee ts gave sp2 hybridisation as the answer. They
to realilililillilililiiiiizezezezezezezezezezezee thahahhahahahahahahahaat tttt ttt ttt ammmmmmmmmmmmmommomommmmmmmom ninininininininiiiiiaaaaaaaaaaaa hasssssssssss 333333333333 bobobobobobobobobobobobondndndndndndnddddd ppppppppppppaaaaaaiaaaaaaaa rs and 1 lone pair of electrons around it and th
4 electrooonononooooooo ppppppppppppairs hhhhhhhhhhhhavavavavavavavavvavavave to ddddddddddddisisisisisisisissisi trtrtrtrtrtrtrtrtrtribibibibibibibibibibibibututututututututttu eeeeeee eeeee themselves in a tetrahedral manner, hence requirin
the centraaaaaaaaaalllll lll niniinininnininiiitrttttttttt ogogggggggggggene atotottototototottt mmmmmmmmmmmm tototototototototototoo hhhhhhhhhhhavavavavavaaaaaa e sp3 hybridisation.

All 4 hybrid orbrbrbrbrbrbrbbrbrbrbrbitititittittitittitalalalalalalalalalaa s mumummumumumumumumumumust be drawn. Many students also did not draw the hybrid orbita
pair on the nitrogogogogogogoggogogogoggeneneneenenenenenennen exists in.

A number of students do not realize that each sp3 hybrid orbital consists of a large lob
ll l b d d l d th ll l b i i t ti

(iv) Any possible reason to the same effect [1]
Ethane is in gaseous state while hydrazine is liquid. Thus hydraz
easier to transport.

The by-products of combustion of hydrazine isis wwaater vapou
nitrogen which are harmless while ethahanene mmayay produce c
monoxide (if combustion is incomplete) oror ccararbobonn dioxoxididee.

(v) –

.
Reaction is feasible aaaaaaaaaaatttttttttt alalalalalalalalalalalllllllll teteteteteeeetempmpmpmpmpmpmpmpmpmpmperaturrrrrrrrrrressessesesesesesssesesess.    [1]
[1/2] if student staaaaaaaaaaaateteteteeeeeeees ss hohohohohohohohohohohohoww fefefefefefefeeeeeeasasssssssssssibilittttyyy yyyyyyyyy vvvvvvvavvvvvv ries but nnotot that it is feasible
temperatures.
e.c.f. frommmmmmmm (f(f(f(f(f(f(f(f(f(f(f( )()()()()()())()()()(iiiiiiiiii )                                                       
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Q2eii) Many students mention that hydrazine has lone pairs on the nitrogen hence allowing it to 
form hydrogen bonds with water. This is technically a false statement as simply having lone 
pairs does not allow a molecule to form hydrogen bonds. Also, having a lone pair does not 
automatically make a bond polar.

  
Many students also do not realize hydrazine itself is also able to form hydrogen bonds. 
Ammonia is not the only nitrogen containing compound that can form hydrogen bonds

Many students think that the N-H bond and O-H bonds are the hydrogen bonds. These are 
covalent bonds, not hydrogen bonds. 

  
Students were able to identify hydrogen bonding within hydrazine and water and/or that the 
interactions between hydrazine and water are favourable but could not identify or did not 
state hydrogen bonding between hydrazine and water.

Some students have the wrong concept of the dissolution process. The molecule does not 
have to break up to dissolve.

Q2fi) Some students gave N2H2 as the formula even though the formula is stated in the 
question. Some also wrote the wrong state symbol for steam. Please read carefully.

Q2fiii) Some students were unable to identify that bond energies involved gaseous reactants. 
Many also did not realize that the reaction would be more endothermic not more 
exothermic when the state of hydrazine is taken into account.

Some students were able to identify that certain enthalpy changes were left out but gave 
the wrong enthalpies such as enthalpy change of solution, hydration or atomization.

Q2fiv) Quite a number of students mentions overheating of the rocket engine or that the highly 
exothermic reaction would cause the rocket to explode or that the more endothermic 
reaction of hydrazine makes it safer which demonstrates that students do not understand 
how rockets work.

Some students still said that hydrazine gives a more exothermic reaction even though from 
their calculations, it clearly does not.

Q2fv) Many students did not realize the reaction is feasible at all temperatures.  

Some students are still confused whether entropy increases or decreases when more gas 
particles are formed. And also whether feasibility increase or decrease with respect to 
changes in Gibb’s Free Energy.

Some students attempted wrongly to answer the question using Le Chatelier’s Principle or 
collision theory  

Some students have the wrong concept of the dissolution process. The molecule do
have to break up to dissolve.

Some students gave N2H2 as the formula even though thee foformrmululaa is stated 
question. Some also wrote the wrong state symbol for steamm. PlPleaeasse reaead d caarerefuf lly.

Some students were unable to identify that bond enerergigigigigigigigigigigigigiggigiggigigggggggggg eseseseseeseeeeeeeeeeeeeeeeeesseeeeseeseese iiiiiiiiiiinvnnnnnnnnvnnnnnnnnnnnnnn oolvedd gagaseseous reac
Many also did not realize that the reactionoooooooooo  wouuldlddddddddddddddddddddddddddddddd bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeeeeeeeeeeeeeeeeeeeeeeeeeeee mommommmommommmommomommmmmmommmmmmmmmmmmmmmmoommmmmmm rere endndotothehermr ic not
exothermic when the state of hydrazine is takekekekekkkekekkk n nnnnnnnnnn innnnnntototootooooooooootooootooooooooooo aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaccccccccccccccccccccccccccccccccccccccccccccccccccccccccououououououououououououououououououououououououououououuuuouooooouo ntntntntntntntntntntntnntntntnntntntnnntntntnnntttnnnn .........

Some students were able to identify yyyy ththththththththththththatatatatatatatatatttt certainnninninnnnnn eeeeeeeeeeeeentnn halpy channgegess weerere lleft out bu
the wrong enthalpies such as eeeeeeeeeentntntntntntntntntntnnthahahahahahahahahahahahalplplplplplplplplplppyyyyy yyyyyyy chchchchchchchchchchchanananannanannnnnge of ssoosoosososoosososososoolution, hydraattionon or atomization.

Quite a number of studddddddddddents mmmmmmmmmmmeneeeee titiitititiitititiononnnonononononononssssssssssss ovovovovovovovooooo ereeeeeeeeee heheheheheheheheheheheeatatatatatatatatatataa ininininininining offffffffffff tttttttttthhhhehhhhhhhh  rocket engine or that the
exothermic reaction wowowwowwwwwow ululululululululululld d d ddd dddddd cause the rororrorrorrrrororocccckcccccccc et to exexexexexexexexexexexexplplpplplplplplplpplplodododododododododododode or that the more endoth
reaction of hydrrrrrrazaaaaaaaaaaaa ine mamamamamamamamamamamakekekekekekekekekekekek s itiititititititititit safafafafafaafafafafa ererrr wwwwhihihihihihihihihihh cchc dddddddddddememememememememememememononononononononononono ststststststststssss rarararararaararaarararattettt s that students do not unde
how rocketsss wowowowowowowowowoowoworkrkrkrkrkrkrkrrr .

Somemeemeeeeeeeee ssssstudededeedededededededeents stillllllllllll sasaasaaaaaaasaid thaahahahahahahahaaat hydrazazazazazazazazazazazazininninininnininnnineeeeeeeeeeee givevevevevevevevevevvevesss ssssssss a more exothermic reaction even thoug
their cccacccccccccccc lclclclclclclclclllcuuuuluuuuuuuu atatatatatatatatatatatatioioioioioioioooooonsnnnnnnn , it ccccccccccclellllllllll ararararaaararaaaa lylylylylylylylylylylyl  doeoeeeeeeeeeoeoesssss sssssss nonononononononononononot.t.t.t.t.t.tttt.tt.

Many stuuuuuuuuudedededededeedeededed ntnnnnnnnnnnn s did not t tt t t t rererererererererererer alalalaalalalalalalala izizizizizizzzzizizze eee ee e ee thththththththththththhe reaction is feasible at all temperatures. 

Some studentnnntntntntntnntnn sssss sssssss arararararararararararareeeeeeeeeee sststtsttillllllllllllllllll l ccccocococccccc nfused whether entropy increases or decreases when mo
particles are fofofofofofofofofoffoformrmrmrmrmrmrmrmr edededededededededededed. And also whether feasibility increase or decrease with resp
changes in Gibb’b’b’b’b’b’b’b’b’b’b sssssssss sss Free Energy.

Some students attempted wrongly to answer the question using Le Chatelier’s Princ
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Marker: Lee CK (11S60 – 11S69; 11S6B – 11S75); Liw MH (11S6A; 11S76 – 11S7N)

3 (a) (i)

Isomer A B C 

Structure

Cl

H

H

Cl

Cl

H

Cl

H

Cl

Cl

H

H

Cis or Trans 
Isomer trans cis

[1] for each structure
[1] for correct labeling of cis and trans
[ 1] overall if students does not give 120o for drawing of structure

(ii) [1] The presence of the pi bond restricts the rotation of the molecule and 
two different groups attached to each carbon of the C=C bond.

(b) (i)

Cl

Cl

H

H

[1] for both intermediates. No penalty for wrong bond angle

(ii) [1] The intermediate for I is more stable compared to II as the positively 
charged carbon is not destabilized by the 2 electron withdrawing chlorine
substituents attached to the positively charged carbon. Hence I is the 
preferred product.
Or words to the same effect including vice versa.

(c) (i) [1] The volume of the gas particles/molecules is negligible compared to the 
volume of the container.

[1] The forces of attractions and repulsion between gas particles/molecules
are negligible.

Answers using random motion or kinetic energy are not accepted.

H

H

H

Cl

Cl

Br

H

H

Br

Cl

Cl

H

I: 

II: 

H

H

Cl

Cl

H

H

H

H

Cl

Cl

Cis or Trans 
Isomer trans cis

[1] for each structure
[1] for correct labeling of cis and trans
[ 1] overall if students does not give 120o for drawing of sstrtrucuctuturer

(ii) [1] The presence of the pi bond restricts thhee e e eeeee eeeeee ee ee rorororrorrrrrrrrrrrrrrrooor tatatataaataatatataaataaatatataaaaataatataaaaatititttttttittttitttitttittionon of ththee momollecule a
two different groups attached tooooo each cacaaaaaaaaaaaaaaaaaaaaaaaaaaarbrbrbrbrbrbrbrbrbrbrbbrbbbbrbrbbbrbrbbrrrrbrbbbbbbbbbbonooonononononnnononononooonooonoonoonononononononononoonnonooonooonno ooooooooooooooooooooooooooooooof ffff f fffffffff fffffffffffffffffffffffff ththtttttttt ee C=CC bobondnd.

(b) (i)

Cl

Cl

H

H

[[1[1[1[1[111[[ ]]]]]]]]]]]] foffffffffff rrr r bobobobobobobobobobobobothttttttttttt  intermediates. No penalty for wrong bond angle

(ii) [1111111111]]]]]]]]]] The intermediate for I is more stable compared to II as the pos
charged carbon is not destabilized by the 2 electron withdrawing ch
substituents attached to the positively charged carbon Hence I i

H

H

Cl

Cl

Br

H

Br

Cl

Cl

H

I: 

II: 

H

H

CCCCCll

CCCCCCCCCCl

HHHHHHHHHH

HHHHHHHHHHHH

H

H

CCCCCCCCCCCl

CCCCCCCCCCCClllllllll
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(ii)

[1] No marks awarded if no explanation offered. Award this mark if 
explanation is attempted

[1] Greater boiling point implies greater overall intermolecular force and 
hence greater deviation from ideal gas behavior. (or words to the same 
effect)
Not sufficient if student just quotes boiling point. They must link 
to intermolecular force and deviation from ideal gas behavior.

Comments:

(a) (i)
Well done.
Many students did not read the question carefully and did not label cis and trans.
Almost all the students remembered to draw the correct shape of the alkenes.

(a) (ii)
Very badly done.
Most students only mentioned the restricted rotation due to the pi bond and did not identify 
the condition of having geometric isomerism (2 different groups attached to each C of the 
C=C).
Students should note that it is 2 different groups and not 2 different atoms attached to each 
C.

(b) (i)
Well done.

B

C

A

pV

p

[1] No marks awarded if nonooooooooooo eeeeeeeeeeeexpxppxpppppplalalalaaaaaalalaallaalaaaalaaaaaaaal nanananananaanananaaanananananaaananaaaaananananananananaananaannnnnn tititiititititiititititiitititititititititttititititttiiionononoononononononoononononononoonononoonononoononnonnononnn oooooooooooooooooooooooooooofffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffeeeeerereeeeeee eded. AwAwarardd this m
explanation is attemptptpttttptp edeeeeeeeeeee

[1] Greater boillllllininninininnininininngggggggggggg popopopopopopopopopopopoiniiiiiiiii t tttttttt immmmmmmmmmmplpp ies gggrgrrrgggggggg eeeeeaeeeeeeee ter overall inintermollecular force
hence greater deeeeeeeeeeviation frromomomomomomomomomoom idedeeededeeded alalalalalalaalalalalall gas behavioiorr. (or words to the
effect)
Not suuuuuuuuuufficccccccieieieieieieieieieieieent if studennnnnnnnnnnnt just qqqqqqqqqquououououooouoouoouotetetetetetetetetetetetessssssssssss boiling point. They must
toooooooooooo intermmmmmmmmmmmmolololoolololololooo ecececececececececececculuululululululullaraaraaaraaaaaa  fororororororororororrrceeeeeeeeeeee aaaaaaaaaaandndnndndndndndndndndnd devevevevvvvvevveviaiaiaaiaiaiaaiaaiaiatitittitititititittt ononononononononononono fffffffffroororororooroorooommmm mmmmmmm ideal gas behavior.

ments:

Well done.
Many studenttttttttttttssssssssss didididididididddidid dddddd dddddd nonooooon t t t t t t t t read the question carefully and did not label cis and trans.
Almost all the stututututututuutututuudededededededededededed nts remembered to draw the correct shape of the alkenes.

p
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(b) (ii)
Not well attempted.
Many answers were not clearly explained.
Some students did not identify the intermediate they were discussing in their answers and 
lost the mark.
One common misconception by students was using Markovnikoff's rule to explain which 
carbon was attacked by the electrophile.
A few students referred chlorine as deactivating without realizing the term deactivating is 
used with benzene.
Some students thought that H atom was electron donating!!

(c) (i)
Answers were not as good as expected.
"Volume of gas" was not accepted because it is equal to the volume of the container the 
gas occupies. [Volume of gas volume of gas molecules]
"Intermolecular forces of attraction between gases" was not accepted. (Gases may mean 
different gases)

(c) (ii)
Very badly done.
Majority compared the dipole moments instead of the boiling points.
Any correct labelling of the gases without any explanation would not be awarded any 
marks.
Students must compare the intermolecular forces using their boiling points.

Marker: Fan YT (All)

4 (a) (i) When dissolved in water, the molecules will arrange themselves in such a way that 
the polar heads containing the carboxylic acid groups will face outside so as to be 
in contact with water where the polar heads are able to form hydrogen bonds with 
water molecules [1], whereas the non-polar long chain alkyl tails will face inwards
where they will have favourable dispersion forces with one another.  [1] 

(1 mark for stating hydrogen bonds between carboxylic acid and water; 1 
mark for stating dispersion forces between the alkyl chains)

(ii) When EPA is dissolved in a non-polar solvent [1]

Accept other possible answers like: When EPA is dissolved in oil,  
tetrachloromethane etc.

Reject: organic solvents; very little or no water. 

Answers were not as good as expected.
"Volume of gas" was not accepted because it is equal to thee vovolulumeme of ththee cocontntaia ner t
gas occupies. [Volume of gas volume of gas molecules]
"Intermolecular forces of attraction between gases" wasassssssss nnnnnnnnnnnnnnnnnnnnnnnnnnnototototototototototototototottottotototototttotototttttootootoootoooooott aaaaaaaaaaaaaaaaaaaaaaaacccccccccccccccccccccccccccccccccccccccccccccccccccccepepted.. ((GaGases s may m
different gases)

Very badly done.
Majority compared the e ee ee eee e didididididididididdidipopoppopopopopopopp le momomomomomomomomomomomoments innsnsnsnsnnsnsnsnsnnstet ad of thththththththhththhtheeeeeeeeeeee boboboboboboboboboboboboiliiiiiiii ing points.
Any correct labeeeeeeeeeeeelllllllllllll ing ofofofofofofofofofofofof thehehehehehehehehehehehe gggggggggggasasasasasasasasasasssesesesesesesee wwwwwwwwwwwwitttttttthohhohohohhohohohohoututututututututututtut anyynyyyyyyyyyy eeeeeeeeeeexpxpxpxpxpxpxpxpxpxpxpxplalalalalalalalaaaaananaanananananananananaaatitititititititititititit on would not be awarded any 
marks.
Students mmmmmmmmmmmuuusuuuuuuuuu t compmpmpmpmpmpmpmpmmm araaaaaaaaaaa e thhhhhhhhhhhe intermmmmmmmmmmmmooooloooooooo ececececececccececececuuuluuuuuuuu ararararararararararara ffffffffffffororoororororororororcecececececeecececeesssssssssss using their boiling points.

r: Fan YT (All)l)l)l)l)l)l)l)l)l)l)l)

) (i) When disssssssssssssssssossssss lved in water, the molecules will arrange themselves in such a way
the polar heads containing the carboxylic acid groups will face outside so as
in contact with water where the polar heads are able to form hydrogen bonds
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(b) (i) Cold dilute acidic KMnO4. (Accept cold dilute alkaline KMnO4) [1]

(ii)

O

HO

HO OH

OH

OH

HO OH

OH

HO

OHHO

 

[all 10 chiral carbons have to be identified to score 1 mark; ½ mark awarded 
if student used an astericks to indicate the chiral centre; no mark if there is 
any chiral carbon not identified] 

(c) (i) nbromine used for preparing solution = 1.60/159.8 = 0.0100 mol

[Br2] = 0.0100/0.200 = 0.0500 moldm-3 [1] 

(ii) nbromine = 0.0500 × 34.9 × 0.001 = 1.745 × 10-3 mol

Since bromine reacts with a double bond in a 1:1 ratio,

ndouble bond = nbromine = 1.75 × 10-3 mol (3 s.f.) [1]  

(½ mark for calculating nbromine without equating to ndouble bond) 

(iii) Since there are equal number of moles of DHA and EPA, 

nDHA = nEPA = 0.100/(302+328) = 1.587 × 10-4 mol [1]

Let x be the number of double bonds per molecule of DHA.

Total number of moles of double bonds = 5 × nEPA + x × nDHA  

1.745 × 10-3 = 5(1.587 × 10-4) + x(1.587 × 10-4) 

x = 5.996 = 6 = number of double bonds in DHA [1]

Comments:

(a)(i)
Many candidates could identify and hence elaborated on the presence of hydrogen 
bonding between the carboxylic acid head and water molecules. However, most did not 
write about the existence of dispersion forces between the hydrocarbon tails. 
A lot of candidates wrote about the carboxylic head being ‘hydrophilic’ and hydrocarbon tail 
being ‘hydrophobic’ without explaining the intermolecular forces that are present. 
Some weaker candidates loosely used the word “react” (instead of “interact”) and “bonds” 
(instead of intermolecular forces) in their explanations, ie. the hydrocarbon tail do not 
“react” with water to form ‘bonds”.

[all 10 chiral carbons have to be identified to score 1 mark; ½ mark awa
if student used an astericks to indicate the chiral centre; no mark if the
any chiral carbon not identified] 

) (i) nbromine used for preparing solution = 1.60/159.8 = 0.0100 momoll

[Br2] = 0.0100/0.200 = 0.0500 moldm-3 [1]

(ii) nbromine = 0.0500 × 34.9 × 0.001 = 1.745 × 10-3 mmomomomomomomomomomomoooooomomomoomommommomomoommmmoooolllllllllllllllllllllllll

Since bromine reacts with a doubuuuuuuuuu le bonnnnnnnnnnnd dd ininiiiiiiii aa 1111111111111111111111111111111:1:111:1:111:11:1:1:1:1:1:1:11:1:1:1:1:1:1:1:111111111:11 rrrrrrrrrrrrrrrrrratatatatatataaaatatataatataataatataataatatatataaaaaa ioioioioioiioioioioioioiiiiiiioiioioioioioo,

ndouble bond = nbromine = 1.75755757575557575755 ×××× 1111111111100000000000-33333 momomomomomomomomomomomol (3 s.fffffff.)........  [[[[[1[[[[[[[[[ ]  

(½ mark for calculatinggggggggggg nnnbrobbbbbbbb mineeeeee iiiiwiwiwithththththththttthhhouououououuuuuuuuttttttttttt eqeqeqeqeqeqeqeqeqeqeqequauauauauauauuauuuu tingggggggggggg tttttttttttttooo ooooooooo ndouble bond) 

(iii) Since there areeeeeeeeeeee eeeeeeeeeeeeququququququqququqqqualalalalaalalalaalall nummmmmmmmmmmmbebebebebebebebebebeberrrrrr rrrrrr ofofofofofofofofoffofof mmmmmmmmmmmmolesssssssss oooooooooooof f fffffff DHDHDHDHDHDHDHDHDHDHHDHA AA A A AAA AAAA anananananananannandd EPA, 

nDHAAAAAAAAAA ======== nEPEPEPEPEPAEPEPEPEPEP = 0.1000000101001000/0/0/0/0/0/0/0/0/0/0/0/(3(33(3(33(((((( 02020202020202022222+3+3+3+3+3+3+3+3+3+3+3+32828282828828282882828)))))))))) ) = 1.1.1.1.1.1.1.1.1.111 5858585858585858585858587 7777777777 ××××××××× 111101111111 -4 mol [1]

LeLeLeLeLeLeLettt ttttttttt xxxxxxxxxxxx be the nnnnnnnnnnnnumummmmmmmmmmmbebebebebebebebebebebeber of ddddddddououououououououououo blblblblblblblblblbblbleeeeeeeeeeee bondds per molecule of DHA.

TTToTTTTTTTTT taaaaaaaaaaaal numbmbmbmbmbmbmbmbmbmbmbmberererererererereeee  of momommomomomoomomomomoleeleleeleleleleleees ss s ssssssss ofoffofoffffff ddddddddddddouble bonds = 5 × nEPA + x × nDHA 

1.744444444444455555555 555 ××××××××××× 1010101010101010111 -3-3-3-3-3-3-333-333 =========== 5(5(55(555(5(5(5(((1.1.11111111 5858585858585858585858587 × 10-4) + x(1.587 × 10-4) 

x = 5.99999999999996 666 6666 6666 ============ 6 66666666666 = number of double bonds in DHA [1]
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(a)(ii)
Many candidates could write that a non-polar solvent is used and/or name an example of 
such a solvent, eg. benzene, tetrachloromethane, hexane etc.
Quite a number simply wrote the term “organic solvent”, without indicating whether the 
organic solvent is polar or non-polar, as they probably are not aware that organic solvents 
could also be polar.
Some candidates thought that ethanol could be used, without realizing that it is also a polar 
solvent that can form hydrogen bonds with EPA.

(b)(i)
Most candidates could identify that the reaction is mild oxidation, and were able to state the 
conditions for the reaction. However, the bulk of the candidates wrote that the reaction is to 
be done in an alkaline medium instead of the acidic medium (because a carboxylate salt 
would be formed in an alkaline medium), though no penalty was given. 
A few candidates wrote “room temperature” instead of “cold” and were given half credit.
Some candidates wrote “potassium manganate solution” without indicating the oxidation 
state of the manganese, and were also given half credit.
Quite a number of candidates are still confused over the differences in conditions between 
mild oxidation and oxidative cleavage.

(b)(ii)
Very well done, though a few circled the carboxylic acid carbon. 

(c)(i)
Generally well done, though quite a number of candidates had calculation errors.
Some candidates tend to write nBr and [Br] instead of nBr2 and [Br2], even though their 
calculation was for the latter, but was not penalized.
A number of candidates wrongly divided the number of moles of Br2 by 34.9cm3 instead of 
200cm3. 

(c)(ii)
Very well done, except for a few mistakes in calculation.
Some did not equate number of moles of double bond to number of moles of bromine.
A large number of candidates calculated for the number of double bonds (11) instead of the 
number of moles of the double bond.

(c)(iii)
Many candidates assumed that 1.587 × 10-4 is equivalent to the number of moles of DHA 
plus EPA, or the number of moles of sample (number of moles of the sample should be 
3.174 × 10-4). 
Many did not attempt this part of the question due to lack of time.

Most candidates could identify that the reaction is mild oxidation, and were able to sta
conditions for the reaction. However, the bulk of the candidates wrote that the reactio
be done in an alkaline medium instead of the acidic medium (becaussee a cacarboxylate s
would be formed in an alkaline medium), though no penalty was givenen.
A few candidates wrote “room temperature” instead of “cold” anandd wewere ggiviven hhala f cred
Some candidates wrote “potassium manganate solution” witithohouut iinndicatatinngg ththe e ooxidat
state of the manganese, and were also given half credit.t.
Quite a number of candidates are still confusesesesesessessesesedddddddddddd ovvvererererrerreerrrerrrrrrrreeerrr ttttttttttttttttttttheheheheheheheheheheheheheehehehehehehehehehheeheheeeeheheeheheeeeeehhhehehehh ddddddddddddddddddddddddddddddifififffififififfififfiffffifffiiiffiifififfffffffefefefefefeefefefefefefefefefefefefeefefefefeeeefererererererererererererereerererererererereeeereeeeeeeeeeeencncnnnnnnnnnnnnnnnnnnnn eses iinn cocondndititioi ns betw
mild oxidation and oxidative cleavage.

Very well done, thoughhhhhhhhh aaaaaaaaaaa few ccccccccciririririririrrrrrrclcclclclccclclcclclededededededededededee ttttttttttthehehehehehehehehehehehe caaaaraaaaaaaa bobobbbbbbobooxyxyxyxyxyx llic acacacacacacacacacacaca idididididididididdidd carbon. 

Generally wewewewewewewewewewewewell donnnnnnnne,eeeeeeeeee ttttttttttthoooooooooougggggggggggh quite eeeeeeeeee aaaaaaaaaaaa nununununuuuuuunun mbmbbmbmbmbmbmbmbmbmbmberererererererererererer ooooooooooofff fffffff cacacacacacacacacacacandidates had calculation errors.
Someeeeeeeeeeeeee canananananananananananandiiiiiiidadadadadadadadadadadadatettetetttetetes tendnndnndndndndndndn ttttttttttttooooooooo writeeeeeeeeeee nnnnnnnnnnnnBrrrrrr anananananananananananandddddddddddddd [Br] instead of nBr2 and [Br2], even though thei
calculatatatatatatattttttioioiioioii n wawawawawawawawaaaaasssssssss ss fofofffofofofofoff r rr ththththththtththththt e latterrrrrrrrrrrr,,,,, bubububububububububuub t tttttttt wawawawawawawawawawawaawass ssssssss not penalized.
A numberrrrrrrrrr ooooooof fffffffffff caccc ndndndndndndndidattttttttttesesesesesesesesessss wwwwwwwwwwwwrororororororororrongngngngngngngngngngnnglylylylylylylylyl  divided the number of moles of Br2 by 34.9cm3 inste
200cm3.

Very well done, except for a few mistakes in calculation.
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PAPER 2 SECTION B - FREE RESPONSE QUESTIONS

Marker: Sam Lee (11S60 – 11S69, 11S6B - 11S71); Sophie (11S6A, 11S72 – 11S7N)

1 (a) Order: pentane 3,3-dimethylpentane heptane [1/2]

Pentane has the smallest no. of electrons/size of electron cloud, thus weakest 
dispersion forces. Less energy required to overcome these forces, hence it has 
the lowest boiling point. [1]

3,3-dimethylpentane is a branched-chain hydrocarbon and thus has smaller 
surface area than heptane. It has weaker dispersion forces, thus lower boiling 
point than heptane. [1]

Separated by fractional distillation [1/2]

(b) (i) Free radical substitution [1]

Cl Cl Cl2
uv

Initiation:

Propagation: ClRCH3 + RCH2 + HCl

RCH2 + Cl2 RCH2Cl + Cl

Termination: Cl2 Cl2

RCH2 Cl+ RCH2Cl

2  RCH2 RCH2CH2R

[½] initiation step
[1] both propogation steps
[½] termination steps

Penalties:
-½ for putting the unpaired radical on the incorrect atom 

(ii)
N O

[1]

NO has a single unpaired electron which causes it to react with the radicals in 
the reaction. [1]

(iii) In the first propagation, 

For chlorination, 
H = 410 – 431 = -21 kJ mol-1

For bromination, 
H = 410 – 366 = +44 kJ mol-1

Since the first step of bromination is endothermic, it occurs less readily as 
compared to chlorination. [1]

[1]

(b) (i) Free radical substitution [1]

Cl Cl ClCl22
uv

Initiation:

Propagation: ClRCH3 ++ RCRCHH22 +

RCH2 + CCCCCCCCCCCCCCCCll22 RCRCHH22Cl +

Termination: ClCCCCCCCCCCC22222222222 Cl2

RCRCRCRCRCRCRCRCRCRCRCRCHHHHHHHHHHH2 ClClllClClCCCCC++++++++ RCH2Cl

2 222222222 RRRRRRRRRRRRCHCHCHCHCHCHHHCHCHCCH2 RCH2CH2R

[½] inittttttttttttiaiaiaiaiaiiaaaaatitittititititiiionononononononononononon stttetttttttt p
[1[1[1[1[1[1[1[1[1[1[11]]]]]]]]]] bob th prprprprprprprprprppp opoopopopopoopopooo ogatatatattatatatatatioioioioioioioioioioioionnnnnnnnnnnn ststststststststststststepepepepepepepepepepepepppsssssssssssss
[½[½[½[½[½[½[½[½[½[½[½½]]]]]]]]]]]] tetetetetetetetetetet rmmmmmmmmmmmminatiooooooooon nnnnnnnnn ststststststststststss epepepepepepepeppepepepssssssssssss

PePePePePePePePePePePePenanananananananananananaltttttttttttieieieieieieieieieieieiessss:sssssss
---------½½½½½ ½½½½½½½ fofoofofofofofofofofofor rrrrrrrrrr puuuuttttttttttttininininininininnnnnggggg ggggg the unpaired radical on the incorrect atom 

(ii)
N O

[1]
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OR
In the second propagation, 

For chlorination, 
H = 244 – 340 = -96 kJ mol-1

For bromination, 
H = 193 – 280 = -87 kJ mol-1

In the second propagation step, chlorination is more exothermic than 
bromination, hence it occurs more readily. [1]

(c)
C5H12(l) + ((11+x)/2) O2(g) xCO2(g) + (5-x)CO(g) + 6H2O(l)

5C(s) + 6H2(g) + ((11+x)/2) O2(g)

Correct method and application of Hess' Law and calculations [2] 

Ratio of CO2: CO = 3:2  [1] (no e.c.f.)

(d) To minimize the production of carbon monoxide and nitrogen monoxide, the 
reverse exothermic reaction should be favoured. A low temperature should be 
used so as to absorb the excess heat given off by the reverse reaction.[1]

Pressure has to be high to minimize production of carbon monoxide as the 
reverse reaction has less gaseous molecules. [1]

(e) (i) pV = nRT
(101 x 103)(1.48 x 10-3) = n(8.31)(300)
No. of moles of gas = 0.05996     [1]

(ii) 2 NO2(g) N2O4(g)
Initial/ mol 0.1 -
Change/ mol -2x x
Equilibrium/ mol 0.1 – 2x x

Total = 0.1 – x = 0.05996
x = 0.04004           [1]

Percentage reacted = (0.04004 x 2) / 0.1 x 100% = 80.1%  [1]

(iii)

Kp = 22
2

42

1
05996.0
01992.0

1
05996.0
04004.0

NO

ON

P
P [1]

    
    = 6.05 atm-1 [1] (answer must have correct units)

Allow working and answer in Pa and kPa. 

-147
-394x (5-x)(-110) 6(-242)

-2707

[1]

(c)
C5H12(l) + ((11+x)/2) O2(g) xCO2(g) + (5-x)CO(g) + 6H2O(l)

5C(s) + 6H2(g) + ((11+x)/2)) OO22(g(g))

Correct method and applicatiooooooooooooon of HHesessesssessssssssssssssssssssssss's's's's's's's's's's's's'ss's's'ss's'ssssssssss LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLawawawawawawawawawawawawawawawwawawawawawawwaawawwawwawwwwwwwwww anaanaanaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa dd calccululatatioionsn  [2] 

Ratio offffffff CCCCCCCCCCCCO2: COOOOOOOOOOOO =========== 3:22  [1[11111[1[1[11[11111[1[11[1[1[1[[1[[1[1[1[[1[1[1111111]]]]]]]]]]]]]]]]]]]]]]]]]] (n(((n(n(n(n(n(nn(n(n(((n(n(n((((((n((n(n(n(n(nooooooo ooo e.c.c.f..)

(d) To minimize the prodddddddddducucucucucuucucucucucuctititititititttttt onononononoonononononon oooooooooooof cacacacacacacaccaaaarbrbrbrbrbrbrbrbrbrbbon monoonnononononnonononoooxoooooo ide and nnittrogogen monoxide, the
reverse exothermic rrrrrrrrrrreaaaaaaaaaaactionnnnnn shshshshshshshshshsshouououououououououuououlddldldlllll bbbbbbbbbbeeeeeeee e faffafafafafafafafaffavvvovvvvvvvvvv uredededededeeeedeeed. A loww tetemperature should
used so as to o oooo oo o abaaaaaaaaaa sorbbbbbbbbbb tttttttttthehehehehehehehehehehehe eeeeeeeeexcxcxcxcxcxcxcxcxcxccxcesesesesesesesesesesesess heheheheatataataatatataaat ggivenennenennennennn oooooooooooofffffffffffffffffff by the reverse reaction.[1]

Pressuusuuuuuuuuuurerrrrrrrrrr  hasssssssssss toooo ooooooo bebebebebebebebebebebbe hhhhhhhhhhhigigigigigigigigigigigighh totototototototottototo minnininininininnnnimimimimimimimmiii izeeeeeeeeeeee prprprprprprprprprprprprododododododododododododucucucucucucucucucuucu tititititiitiititttiit oooonooooooo  of carbon monoxide as the 
reeevevevevevevevevevevevev rsssssssseeeeeeeeee rerererererererererereeactiiiiiiiiononononononononononon hhhhhhhhhhhasasasasasasasasasasasas llllllleseseseeeeee s sss s s s s s sss gagggggg seououououououuouououououssssssssssss momomomomomomomomomommoleeleleleleeleeel ccuccccccccc les. [1]

(e) (iiiiiiiii))))))))))) pV = nRT
(1((((((((((( 00010000000000  x 103)(1.48 x 10-3) = n(8.31)(300)
No. of moles of gas = 0.05996     [1]

(ii) 2 NO2(g) N2O4(g)
Initial/ mol 0.1 -
Change/ mol -2x x
Equilibrium/ mol 0.1 – 2x x

-147
-394x (5-x)(-110) 6(6(--2242)

-2707

www.KiasuExamPaper.com 
125



Comments:
(a)

The question calls for a ranking in order of increasing boiling point. As such, answers with 
the opposite ranking (even though correct), or with no ranking, were penalized. 
Students should mention the size of the electron cloud, as it is the polarisability of the 
electron cloud that influences the strength of dispersion forces that exist between 
molecules, rather than the surface area. 
Many answers referred to intermolecular forces of attraction but did not mention what kind 
of forces these were. 
When attempting to compare the surface area of the electron clouds, candidates should 
compare hydrocarbons of the same molecular mass. Many candidates compared 3,3-
dimethylpentane (C7H16) with pentane (C5H12) and incorrectly concluded that the 
unbranched pentane should have a higher b.p.
It is irrelevant to talk about packing of molecules when comparing boiling points. Packing is 
relevant to a discussion on the melting point of compounds.

(b)(i)
This question was generally well answered, however:

Too many candidates omitted the name of the mechanism.
Some forgot to label the names of the individual steps in the mechanism (i.e. initiation, 
propagation, termination)
Some candidates did not show the fish-hook arrows in the homolytic fission of the Cl-Cl
bond.
Quite a number of students mis-labelled the position of the unpaired electron, particularly 
on the pentyl radical, placing it on the R group, rather than on the correct C. 
A large proportion of candidates formed "RCH2RCH2" from the combination of two pentyl 
radicals, showing a weak understanding of the condensed structural formula notation.  

(b)(ii)
On the whole, most candidates were able to give the correct dot-and-cross diagram for NO. 

Some candidates placed more than 8 electrons around either N or O without realising that 
neither could have an expanded octet. 
A handful of candidates gave the Lewis structure rather than the dot-and-cross diagram.
Legends should not be used for dot-and-cross diagrams.
Most candidates realized that there was an unpaired electron on the NO molecule, but 
failed to refer to it appropriately, incorrectly calling to it as a 'radical', 'free electron', 
'delocalised electron', 'very reactive electron', 'single electron'.

(b)(iii)
This part was poorly answered. 

Many candidates referred to the initiation or termination steps in free radical substitution, 
when the question specifically asked for the propagation step.
Candidates who did not quote any data from the Data Booklet were not awarded full credit.
The majority of candidates referred to the bond-forming process, and in particular the 

unbranched pentane should have a higher b.p.
It is irrelevant to talk about packing of molecules when comparing boioililingng ppoints. Pack
relevant to a discussion on the melting point of compounds.

uestion was generally well answered, however:
Too many candidates omitted the name of thhhhhhhhhhheeeeeeeee memmmemmmmmmmm chchchchhchchhhhhhhhhhhhhhchhhhhhananananananananananananananananananaaaanaanananannnannnnaannnanisissisisisisisisissssissisisisisisisssisiisiisisiiisisisisssisssm.m.m.m.m.m.m.m.mmmm.m.mm.mm.mmm.m.mm.mmmmm.m.m.mm.mm..
Some forgot to label the names of the  ininininnininininninndiddddddd vidualalalaaalalalaaall ssssssssssstetttttttt pss iiiiinnnnnnn nnnnnnnnnnnnnnnnnnnn thththththththththththththththththththththththththththhthhththhthttttt eeeeeeeeee meechc ananismm (i(i.e.e. initiation
propagation, termination)
Some candidates did not showwwwwwwwwwww ttttttttttthhhhhehhhhhh ffisiisisissiisisissish-hoooooooooooookokokokokokokkokkkk arrowwowowwowwwwwowwsssssssssssssss in the homolo yytiic fission of the Cl-
bond.
Quite a number of studududududududdeneneeeneeeneneenentstststststststststststs mis-labebebebbbebbebbeb lleddddd thhhhehhhhhhh  positiooooooooooonnnnnnnnnnnn ofofofofofofofofofofofof tttttttttttthehhehehehhehehehehhe unpaired electron, particul
on the pentyl raaaaaaaaaaadididdididididddiddd cal, ppppppppppplaaaaaaaaaaaciciciciciciciciciccc ngngngngngngngngngngngng iiiiiitttt tttttt onononoooooooo ttttttttttttheheheheehehheheheh RRRRRRRRRRR gggggggggggroupupupupupupupuppupupup,, rararararararararararaathththththththththththt ererererererererereere ttttttttttttthhhhhahhhh n on the correct C. 
A large propopopopopopopopopopopo ooorooooooooo tionononononononononnn oooooooooooof caaaaaaaaaaaandndddndndndnddidididididididididdiddata esssssssssss ffffffffffforororororororororororormemememememememmemememedddddddd """"""""""RCRCRCRCRCRCRCRCRCRCRCRCHHHHHHHHHHHH22222222222RCRCRCRCRCRCRCRCRCRCRCR H2" from the combination of two pe
radicaaaaaaaaals, shhhhhhhhhhoooowoooooooo ing aaaaaaaaaaa wewewwewewwewwweww akakakakakakaakkkk uuuuuuuuuuunderstttttttttanananananananananananandidididididididiiingngngngngngngngngngngn oooooooooooof ffffffffff thththththththththththt eeeeeeeee cococococoocococococondensed structural formula notation

e whole, mostststststststststsss ccccccccccccanananananananananananndiddddddddddd dadadadadadadadadadadadatetttetetettttt s weweweweweweweweweweweerererererererererererere able to give the correct dot-and-cross diagram for NO.
Some candidadadadadadadadaaaaatetetetetetetetetetetetessssssss sss plplplplplplplacacacacacacacacacacacaceede  more than 8 electrons around either N or O without realising
neither could haaaaaaaaaaavevevevevevevevevevevev aaaaaaaaan expanded octet. 
A handful of candidates gave the Lewis structure rather than the dot-and-cross diagra
Legends should not be used for dot and cross diagrams
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formation of a C-Cl bond being more exothermic than the formation of a C-Br bond. While 
this is true, they failed to consider the accompanied bond-breaking process, which is 
different in each case (as the former requires the breaking of a Cl-Cl bond, while the later 
requires the breaking of a Br-Br bond).
Some candidates mixed up the two propagation steps, incorrectly combining the bond-
breaking and bond-making processes. 

(c)
In general, candidates either did very well or very poorly for this part.

Candidates who solve this question by trial and error, or omitted crucial working steps were 
awarded little to no credit.
Many candidates were unable to calculate anything, although they attempted to draw an 
appropriate energy cycle.

(d)
This question was very well answered by the majority of candidates.

A handful of candidates confused their right and left. They are advised to use 'backward' 
and 'forward' instead. 
Ideally, candidates should make reference to Le Chatelier's Principle at least once.
Candidates were expected to explain their choice of conditions. Answers with no 
explanation on why the equilibrium shifts in a particular direction were not awarded full 
credit.

(e) (i)/(ii)/(iii)
Answers to this part were very disappointing, especially since it was very similar to a question 
discussed in Equilibrium Tutorial Q6(a). 

Some candidates did not realize that the initial gas was not at r.t.p. and hence, that they 
could not use molar volume at r.t.p to find no. of moles of gas.
Many candidates attempted to solve part (ii) without drawing an I-C-E table, and did not 
arrive at the correct answer. No marks were given for answers that did not have 
appropriate working shown.
Some candidates confused Kc and Kp. 
Some candidates hedged their bets, and drew square brackets around the terms (e.g. 
[P(N2O4)].
Most candidates who solve part (iii) expressed units correctly. But some failed to take the 
correct units when they tried to change from atm to Pa or kPa. 

Many candidates were unable to calculate anything, although they attempted to draw
appropriate energy cycle.

uestion was very well answered by the majority of candidates.
A handful of candidates confused their right and left. They aarere aadvdvissed tto o ususe e 'b'baca kwa
and 'forward' instead. 
Ideally, candidates should make reference to Le Chatelelieieeieieieeeeieeieieeieieieeieeeeeeeeiiei r'r'r'rr'rr'rr'r'r'r'rr'r'rr'r'rr'rrrrrrrrr s sssss ss sssssss ssss s ss sss ss sss sssssss PrPrPrPrPrPrPrPrPrPPrPrPPrPrPrPrPPrPPrPrPPrPrPrPrPrPrPPPrrrPPP inninininininininiiiiiiiiiiiiii ciciple aat lleaeasts  once.
Candidates were expected to explain their chhhhhhhhhhhhoioooooooooo ceccecececececececce ooooooooof f ffffff fffffffff fffff fffffffffffffff f cococococococococococcocococcocccococccccoccocoococococcccccoc ndndndndndndndndndndndndndndndndndndndnndndnndndnddndnddddddnnddddddddnddititititititititiittttttitititittittitiititiitttioioioioioiooioioioioiioioioioioiioiiiioioiooooonnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnnsnssnsnnnsnssssnssn . AnAnAA swswererss wiw thth no 
explanation on why the equilibrium shiiiiiiiiftftftftftftftftfttftfts sssssssssss in a ppppparaaaaaaaaaaa tititititititittitticucccccc laarrrr dididdiddiidididididididididiididdddidddididididddddirereeerererereereeerererererrerecctctctctctctctctc ionn wewere notot aawwarded fu
credit.

(ii)/(iii)
ers to this part were veryyyyyyyyyyyy dddddddddddisisisisisisisisisisssapapapapapapapapappoppoppopopoppopppointititititititititititt ngngngngngnggggggg,,,, eseseseseseseseseeee pepepeppepppppp cialllalallalala lylyylylylyyylylylyy ssssssssinininininininnnnincececececececececececece iiiiiiiiiiiit wwwwwwwaww s very similar to a questio
sed in Equilibriumumumumumumumummmmm TTTTTTTTTTTTutorrrrrrrrriallllllllllll Q6Q6Q6Q6Q6Q6Q6Q6Q66Q6Q6(a(a(a(a(a(a(a(((( ).))))))))  
Some canddddiddddddd dddaddddddddd tes sssssss diiiiiiiiiiidddddddddddd nooooooooooot rrrrrerrrrrrr alize thththththththththtththataaatatataaatatatat tttttttttttthehehehehehehehehehehehe iiiiiiiiiininnininininnininnin tittttttttttt alalalaalalalalalalal ggggggggggggaaaaasaaaaaa  was not at r.t.p. and hence, that th
could d dd ddd ddddddd nnonnnnnnnnnn t ususususususususususususe molarrrr rr rrrrrr vovoooooooooooluuuuuuuuuumemeememeeeemeememe at r.t.pppppppppppp totototototototototototo fffffffffffiiiiniiii dddddddd noonononononoonononon . of moles of gas.
Many ccccccccccccannnnnnnnnnnndiiiiiiiiiiidadadadadadadadaddddateteteteeeeeeessssss ssssss atataaaaaaaa tempmmmpmpmpmpmpmmmm teddddd tototototototototototot sssssssssssooloooooooooo veveveveveveveveveeveve ppppppppppppppaaraaaaaa t (ii) without drawing an I-C-E table, and did n
arrive at tttttttttt thtttttt eeee eeeeeeee corrececececeecececececececttttt ttttt answwwwwwwwwwwwererererererereerererer....... NoNoNoNoNoNNoNoNoNoNoNo mmmmmmmmmmmmarks were given for answers that did not have 
appropriatattttttttttteeeeeeeeee wwwwowwwwwwww rkkkkkkkkkkingggggggggg shshhhshshshshshshshowowowowowowowowwowowown.n.nn.n.nn.n.n.n.n
Some candidadadadadadadadadadadadatetetetetetettteessssssss ssss cccocccccccc nfnfnfnfnfnfususususususususususususedeeeeeeee Kc and Kp. 
Some candidateteteeteteteteteees sssssssssss heheheheheheheheheheheedged their bets, and drew square brackets around the terms (e.g
[P(N2O4)].
Most candidates who solve part (iii) expressed units correctly. But some failed to take
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Marker: Loo KH (11S60 – 11S69, 11S6B - 11S71); Lim JY (11S6A, 11S72 – 11S7N)

2(a) (i) [1] name of mechanism: electrophilic addition

[1] correct slow step: two correct arrows, + & – charges indicated on Br–Br, 
drawing of bromonium or carbocation intermediate, 'slow' indicated, Br– formed
[Give ½ mark if there is at least one correct item; 0 marks if more than 2 
mistakes] 

Br Br

C C
H

H

H

H

+

C C
H

H

H

HBr

slow

+
bromonium ion 
intermediate

+    Br

[1] correct fast step: two correct arrows (for bromonium ion intermediate) or one 
correct arrow (for carbocation intermediate), one arrow flows from lone pair on 
:Br–, drawing of product, 'fast' indicated
[Give ½ mark if there is at least one correct item; 0 marks if more than 2 
mistakes] 

fast C C

H

H H

HBr

Br

C C
H

H

H

HBr
+

Br

(ii) [1] The first step of the mechanism is rate-determining step. 

Possible reasoning: 
first step requires the non-polar Br–Br to be polarised by the C=C double 
bond, Br + then "pulls" out a pair of electrons from C=C; while in the second 
step, there is an attraction between "fully-charged" positive and negative 
ions; so the first step is probably more difficult or slower to occur than the 
second
(if carbocation is drawn as the intermediate) first step involves bond 
breaking (C=C to C-C and Br-Br) and forming, second step involves only 
bond forming, so the first step is probably more difficult or slower to occur 
than the second

[This mark is given only if a sensible reason is given to explain why the 
first step is rate-determining.]

(b) (i) [1]

C C
H

H

H

H

[1] As shown in the diagram, the electrons are much more exposed or 

bond

bond

H H H HBr
+

bromonium ion 
intermediate

[1] correct fast step: two correct arrows (for bromooniniumum iioon intnterermemedid aate) o
correct arrow (for carbocation intermediate), ononee eee eeeeeeeeee e e eee eeeeee ararrrrrrrrrrrrrrrrrororrrorrrororrrororrorororororrrrorrrrrrr w w flowws s frfromom lone pa
:Br–, drawing of product, 'fast' indicated
[Give ½ mark if there is at leasssssssttttt ttttttt ooonooooooooo e e eee cococococococoococococococococococooocoocoocococcoccccoccooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrecececececececececececececececececececeeceececececeeecececeecct ttttt tt ttttt ttttt tttttttt t ttttt t t itittitititittttititittttttittittttitiitttttememememememememmememememememememeemeemememmmmmmmmememmmmmmmmmmeee ;; 00 mamarkrkss ifif more th
mistakes]

fafaffafafafaffaaastststststststststssst CCCCC CCCCCCCC

H

H HH

HBBBBrBBBBBBBB

Br

C C
H

H

H

HHHHHHHHHHHBr
+

BrBrBrBrrrrrrB

(ii) [1] ThThThThThhThThhThThhe firsssssssssssst ttttttt ststststststststststststepepepep of ff f ffffff f the meeeeeeeeeeeechchchchchcchchchchchhannnnnnnnnnnnisisisisisisisisisiisi mmmmmmmmmmmm ississsisisisisisss rararararaaraaraarar tetetetetetetetetetetete-------determining step. 

PoPoPoPoPoPoPoPoPoPP sssssssssssssssssssssssibibibibibibibibibibibble reaeaeaeaeaeaeaeaeaeaeaassssossssssss ningngngngngngngngngngngng:::::::::::
fiffiffffifififif rsrsrsrsrsrsrsrsrsrssstttttt tttt stststststststststssts ep rrrrrrrrrreqeqeeqeqeqeqeqeqeqeqequiuiuiuiuiuiuiuiuiuiuirererererererereeeresssssss tththththttttttt e non-polar Br–rr Br to be polarised by the C=C d
bond, BBBBBBBBBBBBrr + thththththththththththt enennenenennenenenenn """"pppppuppp lls" out a pair of electrons from C=C; while in the se
ststststststststsststs epepepepepepepepepepepep, ththhthththththtththerererererererererererereeeeeeeeee isisisisissisisissss an attraction between "fully-charged" positive and neg
iooioioioioioioioioioionsnsnsnsnsnsnsnsnsnsnss; sosoooosooosoo ttttttthhhhhehhhh  first step is probably more difficult or slower to occur tha
sesesesesesesseseseesecocococococococococoocondndndndndndndnnnn
(if carbocation is drawn as the intermediate) first step involves
breaking (C=C to C-C and Br-Br) and forming, second step involves
bond forming so the first step is probably more difficult or slower to
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available than those in the bond, therefore more vulnerable to attacking 
species particularly electrophiles. [Accept other sensible reasoning e.g. 
higher electron density on top and bottom of the two carbon atoms.]

(ii) [1] Strength of bond = +350 kJ mol–1

Strength of bond = +610 – 350 = +260 kJ mol–1

[½ mark each]

[1] bond is stronger than bond because bond is formed by head-to-head 
overlap between orbitals which gives a larger region of overlap compared to 
the side-to-side overlap for bond.

(c) (i) [1] Plot graph of initial rate against [Br2]2

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70

[1] This gives a straight line that joins to (0, 0). Thus, rate [Br2]2, order 2 with 
respect to Br2. [This mark is not given if there is no justification]

(ii) [1] Rate = k [propenyl ethanoate] [Br2]2

(iii) Using data from expt 1,

2
2 ][Brethanoate][propenyl

rateinitial
k =

2(0.2)0.02

0.065 = 81.3 mol–2 dm6 s–1

[1] value of k
[1] Units

[Students can use data from any of the experiments.] 

(iv) [1]
Decrease in [propenyl ethanoate] = 

100
1 0.02 = 2.00 10–4 mol dm–3

Estimated time needed = 
0.065

102.00 4
= 3.08 10–3 s  

Remarks: This is only an estimation because we have assumed that the rate of 
change for [propenyl ethanoate] remains constant at 0.065 mol dm–3 s–1 during 
that time period of 3.08 10–3 s.

initial rate
/mol dm–3 s–1

[Br2]2 /mol2 dm–6

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0.000000000000 0.0505050505055050505055 0.10101010101010101010100 0.000000 151511155151515155 000.0000 20 0.0.0.0.00.00...2525252555252525252525 00000.00000 3033033303030333 000.0000000 35 0.40 0.45 0.50 0.55 0.60 0.65 0

[111111111111]]]]]]]]]]]] ThThThThThThThThThThThThisisisisisisisisssss ggggivivivivivivivivivvvveseseseseseseesesesees aaaaaaaaaaa straiaiaiaiaiaiaiaaaaa ghghghghghghghghghghg ttt ttttttttt lilllllilllineneneneneneneneneeeee tttttttttttthhhhhahhhhh t joins to (0, 0). Thus, rate [Br2]2, order 2
rererererererererereeespecttttt ttttt totototototottottt  Br22222222222........ [T[T[T[T[T[T[T[T[T[T[T[ hihihihihihihihihihhiis sss ssss s sss mammmmmmmmmmm rk is not given if there is no justification]

(ii) [1] RaaRaRaRaRaRaRaRaRaaateteeteteteteteteteee = kkkkkkkkkkkk [[[[[[[[[prpprpprppprprprppropopopopopopopopopopopopeneeeeeeeee yl ethanoate] [Br2]2

(iii) Usinggggggggggg dadaadadaddadadadadadad ta from expt 1,

2][Brethanoate][propenyl

rateinitial
k =

2(0 2)0 02

0.065 = 81.3 mol–2 dm6 s–1

initial rate
/mol dm–3 s–1

[Br[B 2]]22 /mol/ l22 dmd –66
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(v) [1] Decolourisation of orange Br2.

(vi) [1] State the parameter to be monitored e.g. colour intensity of Br2.
State the instrument used to monitor this parameter e.g. colorimeter.

(vii) [1] Any one possible reason:
Ethanoic acid may be a better solvent than water as its hydrocarbon 
portion can form dispersion forces with Br2 and propenyl ethanoate 
molecules. [no marks for not stating that bromine does not dissolve in 
water]
The rate of reaction would be too fast in water.
The ester might be hydrolysed in the presence of water.

(d) (i) [1] A: CH3 CH CH2

or    
(note: this compound is highly unstable due to angle strain on the double 
bond in the cyclopropene ring)

(ii) [1] B:
C

CH3CH2

O

O O

C
H

CH2CH3

H

[1] C:

O C

H

CH2CH3

Comments:
This question was generally poorly attempted with many students scoring less than 10 marks.

(a)(i):

Most candidates were able to score at least 2 marks. 

Several candidates did not write the name of the mechanism. 

Some candidates failed to identify the mechanism as an electrophilic addition, and 
confused it with electrophilic substitution or even free radical substitution. 

Some candidates misread the question and drew the mechanism of the addition of 
hydrogen bromide instead of bromine. 

Many candidates drew the arrows wrongly, with the arrow originating from the bromine 
molecule instead of the double bond. 

(i) [1] A: CH3 CH CH2

or  
(note: this compmpmpmpmppmpmppmpmpmpouououououououououououndndndndnddndndndnddd iiiiiiisssssss hiiiiiighghghghghghghghghggg lylylylylylylylylylylyy unssstttaatattattttatt bbbbbblbbbbbbbb e due to angn lele strain on the dou
bond in the cyccclccccccccc opopopopopopopopppproroororororoooooropepepepepepepepepepepp nenenenenenenenenene rrrrrrrrrrinnnnnnnnnng)g)gg)g)g)g)g)g)g)gg)

(ii) [1] B:
CCCCCCCCCCC

CHHCHCHCHCHCHHHHHH3CHCCCCCCCCCCC 222222222222

OOOOOOOOOOO

O OOOOOOOOOOOO

C
HHHHHHHHHHHH

CHCHCHCHCHCHCHCHCHCHCHCH222222222CHCHCHCHCHCHCHCHCHCHCHCH33333333333

HHHHHHHHHHHH

[111111111111]]]]]]]]]]]] C:C:C:C:C:C:C:C:C:C:C:C:

O CCCCCCCC

H

CHCHCHCHCHCHCHCHCHCHCHCH2CH3

ments:
uestion was generally poorly attempted with many students scoring less than 10 marks
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Other common mistakes would be not writing in the “slow” step as well as the partial 
charges on the bromine molecule.

(a)(ii):

A few candidates failed to identify the rate-determining step as the first step.

Many candidates only identified the first step as the rate-determining step because it is the 
slow step, but did not discuss in terms of bonds broken.

(b)(i):

Most candidates were unsure of what the question wanted and did not draw the cloud 
above and below the alkene molecule. Instead, they drew a diagram showing all the 
hybridized and unhybridized orbitals in the molecule, which does not show why the 
electrons are more exposed.

Some candidates explained that the C=C double bonds are more vulnerable to attack 
because a bond is weaker than a bond, which is not what the question wants.

Some used the term “delocalized electrons” wrongly when discussing bonds. 

(b)(ii):

Most candidates were able to correctly calculate the bond strength of the and bonds.

However, a few candidates used a triple bond to calculate the strength of the bond, which 
cannot be accepted because the question asks for the strength of the carbon-carbon 
bond in alkenes. 

A few candidates used C-H bond energy in their calculations instead of C-C bond energy.

Most candidates mentioned that the head-on overlap of bond is stronger than side-on
overlap of bond without mentioning that this is because a head-on overlap gives a larger 
region of overlap as compared to side-on overlap, and were not awarded marks 
accordingly.

(c)(i):

Most candidates plotted the wrong graph of initial rate vs [Br2] instead of initial rate vs 
[Br2]2. As a result, they obtained a parabola, which cannot be used to conclude that the 
reaction is second order with respect to Br2. Candidates need to recognize that the 
question gave the values of [Br2]2 for a reason!

Some candidates used their graphs to find half-life, which is impossible since neither of the 
axes drawn was a measurement of time.

Some candidates concluded that the reaction is second order with respect to Br2 without 
using a graph, and so cannot be awarded any marks because the question specifically 
mentioned the word “hence”.

Quite a number of candidates who plotted correctly lost marks because they were careless 
in the plotting or did not write in the units on the axes. 

Candidates who plotted the graph correctly but did not justify why the rate was second 

hybridized and unhybridized orbitals in the molecule, which does not show why 
electrons are more exposed.

Some candidates explained that the C=C double bonds are mooree vululnnerable to
because a bond is weaker than a bond, which is not what the e ququesestitionon wants.

Some used the term “delocalized electrons” wrongly when didiscscusussising bobondndss. 

Most candidates were able to correctlyyyyyyyyyyy ccccccccccccalculaaatetetetetetetetetetet ttttttttttthehehhh bbbbbbbbbbbbbbbbbbonononononononononoonnnonooonononooooononononoononnnnnononnnnonnddddddddddddddddddddddddd ststststststststststtststststststststststststsssssssssstststts rererererererererer nggthth oof the e aand bon

However, a few candidates usededdededededededededd aaaaaaaaaaaa tttttttttttriiiiiiiiplppppppppppp e eeeee bobobobobooboobooondn  to ccacaaccccccc lllllclllllll ulate the sstrerenngth off the bond,
cannot be accepted becauseeeeeeeeeeee ttttttttttthhhhehhhhh queeeeststsss iooooooooooonnnnnnnnnnn asasasasasasasaasasa kskskskskskskskskskssks fffffffffffffoooooroo  the strenngtgthh of the carbon-c
bond in alkenes.

A few candidatesesesesesesesssessses usedddddddddddd CCCCCCCCCCCC-HHHHHHHHHHHH bobobobobobobobobobobob ndnnnnnnnnnn eeeeeeeeeeeeneneeeergrgrggggggggyyyyyy yyy yyy iiiin theheheheheheheheheheheheirirriririririririririr ccccccccccccalalalalalalalalaalala cucucuucucucucucucucuculalaalaalalalalalaaations instead of C-C bond ene

Most canddddiddddd daadaaaaadaaates memememeemememeememeentioooooooooooneeeeeeeeeeeed thattttttttt ttttttttttthehehehehehehehehehhehe hhhhhhhhhhhheaeaeaeaeaeaeaeaeaeaeaeaddddddddddd-onononononononononnnn oooooooooooovevvvvvvvvv rlap of bond is stronger than s
overrrrrrlalalalaalalalalaalaall p ppppppppppp offffffffff  bond wwwwwwwwwwwwitthohhhohhhhhhh uuuutuuuuuuuu mmmmmmmmmmmmentionnnininininininininininngggggggggggg tttthttttt atttttttttttt ttttttttttthhhihhhhhhhhh s is because a head-on overlap gives a
regionnnnnnnnnnnnnn oooooooooooof fff ff ffffff ovovovovovovovovovovvverererererereerereererlap aaaasaaaaaaa ccccccccompapapapapapapapapapapaparererererererereeereedddddddddddd totototototototototototooo side-on overlap, and were not awarded
accordininininininininininnnglyyyy.yyyyyyyy

Most candidates plotted the wrong graph of initial rate vs [Br2] instead of initial r
[Br2]2. As a result, they obtained a parabola, which cannot be used to conclude th
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order with respect to Br2 did not get full credit.

(c)(ii):

Candidates who wrote the rate equation based on (c)(i) gets full credit regardless of the 
order of reaction with respect to Br2 that they had determined in (c)(i). 

No marks were awarded if (c)(i) was not attempted at all.

Some candidates omitted the order with respect to Br2 totally.

(c)(iii):

Candidates who calculated the rate constant based on (c)(ii) receives full credit given that 
the calculations were correct.

A number of candidates could not determine the units of the rate constant.

Several candidates were very careless and substituted wrong data into their equation.

(c)(iv):

Almost all candidates were unable to obtain the answer to this question. 

Candidates were unable to appreciate that because the time taken for 1% of propenyl 
ethanoate was short, the rate of change of [propenyl ethanoate] can be considered to be 
relatively constant. 

(c)(v):

Most candidates were able to state that the orange solution decolourised. 

A few candidates mentioned a white precipitate formed and white fumes being produced, 
which did not make sense.

Some candidates mentioned that the colour of the solution fades, and only partial credit is 
given for that.

Yet a few candidates stated that the solution turns orange as the reaction proceeds, which 
clearly shows a lack of understanding of the question.

Some candidates mentioned that the brown/yellow/reddish brown solution decolourised. 
Candidates need to read the question carefully, it was stated that bromine is orange. Full 
credit is still awarded nonetheless.

(c)(vi):

A number of candidates were able to suggest that the correct experimental technique to be 
used would involve the use of a colourimeter to measure the change in colour intensity as 
the reaction progressed.

A number of candidates did not even attempt this question.

(c)(vii):

A number of candidates were able to identify that the propenyl ethanoate does not dissolve 
well in water but dissolves better in ethanoic acid as it can form dispersion forces with it. 

the calculations were correct.

A number of candidates could not determine the units of the rate connststanant.t.

Several candidates were very careless and substituted wrong daatata iintnto o ththeeir equation

:

Almost all candidates were unable to obtain the answwerererrrrrreerrerrrrrrrrrrrrerrr tttttttttttttttttttoooooooooooooooooooooooooooooooooo thtthththttththtttttththtthttthhththththtththtttththhhhhthtttt isisisisisisisisisisisisiisisisisisississssisisissssissss qqqqqqqqqqueuestioon.n. 

Candidates were unable to appreciateteeeeteeeeeee that bebebebebebbebbbbb cccacaccacccccc usseeeeee eeeeeeeee eeeeeeeeeeeeeeeeeeee ththhtththththhththhththththththttttthththtttthhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee tititttititttttttttttttttttititititititimmmmmememmm ttakaken fforor 11% of pro
ethanoate was short, the rate of changngngngngngngngngngngnge eeeeeeeee of [propopopopopoopoopopopo eeeeneeeeneeenenyl eththhhhhhhhhanoatete] ccan bebe cconsidered
relatively constant. 

Most candidates s ss ss s were ablblblblblblblbbblblbleeeeeeeeeeee tototoooooooooo sssssssssstatetetetetetetetetetetete ttttttttttthahahahahahahahahahahahattttttt tttt thththththththhththththe ororrrrrororanananananananananananangegegegegegegegegegegege ssssssssssssoooololooooolo uuutuuuuuuuuu ioiiiii n decolourised. 

A few canddddddddddddiddddddddddddatessssssssssss mmmmmmmmmmmmentititititititittititionnnnnnnnnnnneeeedeeeeeeee  a wwwwwwwwwwwhihhihihihihhihhihh tetetetetetetetetetete pppppppppppprereeererererererereecicicicicicicicicicicicipipipipipipipipipipipp tatatatatatatatatatatat tetetetetetetetetetetete ffffformed and white fumes being prod
whichhhhhhhhhhh diddd d nonononononononononononot makeeeeeeeeeee sseeeneeeeeeee sssesssssssss .

Some ccccccccccccannnnnndididdididididddidid dadadadadaddadadadadadatetetettetetttettt ss mememememememmememmmentntnntnttnn ionedddddddddddd thththhthththththhthhatatatatatatatataaat tttttttttttheheheheheheheheehehehe colour of the solution fades, and only partial cr
given for rrrrrrrrrr ththththhhhththhhthaaaaaaaaaaat.

Yet a few caaaaaaaandndndndndndndndndndnddididididididiidddatataatatatattatatatatesssssss sssssssssssstatatatatatatatataaaatetetteteteteteteteted that the solution turns orange as the reaction proceeds,
clearly shows a aaaaaaaaaaa lalalalalalalalackckckckckckckckckckckk ooooooooooooffff fffffff understanding of the question.

Some candidates mentioned that the brown/yellow/reddish brown solution decolou
Candidates need to read the question carefully, it was stated that bromine is orang
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Partial credit was given if candidates mentioned that the propenyl ethanoate was non-polar 
and is hence insoluble in polar water.

No mark is awarded if candidates mentioned that bromine is insoluble in water. This is not 
an entirely true statement as bromine dissolves to a certain extent in water.

Several candidates suggested that hydrolysis of the ester might take place in water which 
was given full credit.

A number of candidates mentioned that water can act as a nucleophile to give a 
bromoalcohol as the product. This answer is rejected because the focus of this question is 
not on synthesis. The purpose of this experiment is to measure the rate of the reaction and 
the product of the reaction does not matter if it does not affect the rate. The rate-
determining step involves only bromine and propenyl ethanoate and does not involve 
water, hence the step involving water to form the bromoalcohol is the fast step does not 
have any impact on the rate of the reaction. 

(d)(i):

Most students did not manage to get the correct structure and many did not even attempt 
this question.

Two answers are accepted, however, it must be noted that the structure containing the 
cyclopropene ring is highly unstable as the angle strain in the ring (600 in the ring vs 
1200 for a bond angle around a typical sp2 carbon) is too big.

(d)(ii):

Most students were able to get the structure of B correct. Half a mark was deducted if 
students drew the structure as follows:

Most students managed to get the structure of C correct. However, a few candidates drew 
the carboxylic acid instead of the aldehyde that would be formed, as shown below:

C O

HO

water, hence the step involving water to form the bromoalcohol is the fast step do
have any impact on the rate of the reaction. 

Most students did not manage to get the correct structure anandd mamanyn ddidid nott eeven a
this question.

Two answers are accepted, however, it mustsssssss  be nonoteteteteteteteteteteteeteteteeeteeeeetteeeteeetettt dddddddddddddddddddddddddddddddddd ththtthththttthththththtththtthttthtththhththhthththhthttttthhhatatatatatatatatattatatatatatatttaatattttttatattatatatatataaatattt ttttttttthehe strucuctuturere containin
cyclopropene ring is highly unstable as theeee eeeeeeee aaaananaaaaaaa glglglgggggg e ee eeeee e eeeeeeeee eeeeeeeeeeeeeeeee stststtststststttsttttstststttstststststtttsttsstststsstststststss rarararararaarararararararaararararararrararrarararaaaaaaaaraaininininininininnnnininnninininininninininininiinninininnnn iiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnn thththttthtttttttthttttthththttthttttththttththt e e riringng ((606000 in the r
1200 for a bond angle around a typical spspspspspspspspspspsps 2 carbbbbbbbbbbbbonononononononononono ) ))))))))))) iss ttttttttttttoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo bbbbbbbbbbbbbbbbbbbbbbbbbbb ggigigigigggiggigigigiigigiggigigigigigigiiiiigigggg.

Most students were able to gggggggggggetetetetetettetee ttttttttttttheheehehehehehehehehehe sssssssssssstrtttrtrtrtrtrtrtrucccccccccctuuuuuuuuurererererererererererere oooooooooooffffff ffff B cococococococococcoccorrrrrrrr ect. Hallff a mark was dedu
students drew the struuuuuuuuuucturrrrrrrrrrreeeeeeeeeeee as follows:

Most studennnnnnnnnnntststsststststststststs mmmmmmmmmmmmanananannnnnnnnagagagagagagagagagagagagededededededededededdd ttttttttttooooooo ooooo ggeg t the structure of C correct. However, a few candidates
the carboxylicccccccccccc aaaaaaaaaaaacicicicicicicicicicciciddddd ddddddd inststsststttstttts ead of the aldehyde that would be formed, as shown below:

C O

HO
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Marker: Lau PC (11S60 – 11S69, 11S6B - 11S71); Phee PL (11S6A, 11S72 – 11S7N)

3(a) (i) [1] for correct products formed and balancing equation

CH2CH3 CO2H

+ 2H2O+ 6[O] heat
+ CO2

(ii) [1] No. of moles of ethylbenzene  is  1.00/106 = 0.00943 mol   
mass of product is =  0.00943 x 166 x 0.8 = 1.26 g

(allow ecf from (a)(i))

(iii) I AlCl3 act as catalyst to form CH3CH2
+ which is a strong electrophile. A stronger 

electrophile needs to be generated due to the stability of benzene. [1]

II Name of mechanism: Electrophilic substitution [1]

CH3CH2Cl + AlCl3 CH3CH2
+ + AlCl4- [1]

[2 marks for writing the mechanism. 1/2 mark will be deducted for each 
mistake]

H

+     
CH3CH2

+

slow
CH2CH3

electrophile carbocation
intermediate

CH2CH3

fast

H CH2CH3

+ AlCl3   + HCl

AlCl4-

(b) [1] To form ethylbenzene, the ethyl cation can only substitute the deuterium atom.

[1] To form 3-ethyldeuteriobenzene the ethyl cation can substitute the H atom from two 
possible identical positions. 
Statistically twice the amount of products are 3-ethyldeuteriobenzene.Thus the ratio 
1:2

(c) [1] The rate determining step does not involve the breaking of C-D bond.

(d) [2] Any two suitable reagents and  [2] observations

Reagents

CH3

Adding liquid 
bromine (room 

reddish brown 
Br2 is 

no
decolourisation

no decolourisation

(allow ecf from (a)(i))

(iii) I AlCl3 act as catalyst to form CH3CH2
+ which is a strong elelectctrorophile. A str

electrophile needs to be generated due to the stability of bbeenzeenne. [1]

II Name of mechanism: Electrophilic substitution [1]

CH3CH2Cl + AlCl3 CH3CH2
+ + AlCl4- [1]

[2 marks for writing the mechaaaaaaaaaaaaninininininniiinismsssmssssssssmmm.. 1/1//1//1//1/1/1///1/1///1/1/1/11/1/111/22222222222222222222222222222222222222 mamamamamamamamamamamammamaamamamammamaamamamaaamamamamaamamaaaaaarkrkrkrkrkkrkrkrkrkrkrkrkrkrkrkkrkrkkkrkrkkkrrkrrkrkk wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwililll bebe ddededucuctet d for 
mistake]

H

+     
CHHH333333333333CCHHHHHHHHHH2

++++

ssssslow
CCCCCCCCCHHHHHHHHH2222CCCCCCCCCCH3

eleeeeceeeeeee trrrrrrrrrrroppphihhihihhihihihhhh le carbbbbbbbbbbbocococococococococococcaaaaaaaaaaaatttttttttiiiiiiiioooooooooonnnnnnnnnnn
iiiiintttttteeeeeeeeeeeermmmmmmmmmmedddddddddddiaaaaaaaaaate

CH2CH3

fafffffffff st

HHHH CH2CHHHHHHH33333333333

+ AlCl3   + HCl

AlCCCClCCCCCCC 4
-

[1] To form ethylbenzene, the ethyl cation can only substitute the deuterium atom.

[1] T f 3 th ld t i b th th l ti b tit t th H t f
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temperature; 
absence of light)  

decolourised

Adding liquid 
bromine (uv  light) 

reddish brown 
Br2 is 
decolourised 

no
decolourisation

reddish brown Br2
is decolourised   

Adding KMnO4 /
H2SO4(aq)
heat 

purple KMnO4
is decolourised

no
decolourisation

purple KMnO4 is 
decolourised; 
formation of white 
ppt

Concentrated 
HNO3 and
concentrated 
H2SO4 (heat) 

No yellow oil yellow oil of 
nitrobenzene   

yellow oil

(e) (i) [1]
 +   H2(g)(l) (l)

[zero if no state symbols given. 1/2 mark deducted for wrong state 
symbols (except for cyclohexane) given]

(ii) [2] Correct energy level diagram (relative energy level correct) + working
[1/2 mark deducted for any mistake]

[1] Correct answer of 255 kJ mol [1/2 mark deducted for wrong units]

-----------------------------------------------------------------------------------------------------

-120(5)

-345 kJ mol-1

-255

Energy

kJ mol-1

stabilisation/ resonance energy

-600-(-345) =

5H2

5H2(g)

stabilisation/ resonance energy is 255 kJ mol-1

---------------------------------------------------------------

(iii) [1] Naphthalene is more stable than its hypothetical structure [1/2]

due to the delocalization of the electrons throughout the ring. [1/2]
     OR therefore naphthalene undergoes substitution rather than addition.

(iv) [1] Heat of hydrogenation = 7(-120) + 3/2(255) = -457.5 kJ mol-1

OR Heat of hydrogenation = 7(-120) + 7/5(255) = -483 kJ mol-1

(i) [1]
 +   H2(g)(l) (l)

[zero if no state symbols given. 1/2 mark k dededuduccted fforor wwrrong
symbols (except for cyclohexane) given]

(ii) [2] Correct energy level diagram (relaaaaaaaatititititititittttt veveveveveveveveveeee eneneneeeeeeenenenneeeeeeeeeergrgrgrgrgrgrgrgrgrgrgrgrgrgrgrrgrgrrrrrrgrgrggrgrgggggrggy yyyy y yyy y yyyyyyyyyyyyyyyyyyyyy yyyy yyyyyy leleleleleleleeleleleeleleleleleeleeeelelllelleleeeeevevevevevevevevevevevevevevevevvevevevevevevevveevvveevvevvvvv lllllllllllllllllllllllll cococococcocoococococococccococococococcocoooooooocooocooooocoocc rrrrecect)t) + wwororkiking
[1/2 mark deducted for anyyyyyyyyyyy mistaakekekekekekekekekekekek ]]]]]]]]]]]]

[1] Correct answer of 25555555 5555 555 kJkJkJkkJkJkJkJkk mmmmmmmmmmmolololololllollll [1[1[1[1[1[1[1[1[1[1[1/2 maaaaaraaaaaaa kkkkkk kkkkkkkk deducted fforor wwrongng units]

------------------- ------------------ ------------------------------------------- ---------------------------------------------------

-12-12-12-12-12-12-12-12-12-120(5)

-345 kJ mol-1

-255

Energy

kJ mol-1

stabilisation/ resonance energy

-600-(-345) =

5H2

5H2(g))

----------------------------------------------------------------
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[allow ecf]
Comments:

Overall, the markers noticed a lack of time to attempt this question as students have spent too 
much time on possibly Question 1. As a result, the question was often left incompleted or super 
bad handwriting was shown.

For (a)(i) and (ii):

Many students have written the formula of ethylbenzene as "C6H6CH2CH3" instead of the 
correct one which is "C6H5CH2CH3". This would be penalised in (i) but there will be error-
carried-forward mark for (ii).

While a handful of students may get to the correct final answer, no credit will be given once 
a wrong Mr is used for the calculation unless ecf from (i).

For (a)(iii):

Some students have written down AlCl3 as a heterogeneous catalyst. While there is no 
penalty, they should note that it is actually a homogeneous catalyst.

Common mistakes for writing the mechanism: 

o wrong direction for arrows (should be from electron-rich to electron-poor region)

o the ethyl substituent should be drawn as "-CH2CH3" and not "-CH3CH2" 

o for the intermediate that is formed, delocalisation should be about the 5 sp2 carbon 
atoms. There will be penalty if the delocalisation is shown to "touch" the sp3 carbon 
atom.

o Lone pair on AlCl4- is often missed out.

o AlCl3 or HCl is often left out at the end of the mechanism.

For (b):

Ambiguous answers such as "It is twice more likely for 3-ethyldeuteriobenzene to be 
formed than ethylbenzene" without mentioning about the probability of substitution will not 
be given any credit.

For (c):

It is interesting to see that quite a large number of students think that C-D bond is not 
broken in the reaction, when the bond actually needs to be broken for substitution to occur.

For (d):

Quite a handful of students like to use chlorine gas with uv light to distinguish the 
compounds. While no penalty is given, it is good to note that this is not a very good
distinguishing test as the colour of chlorine gas is not very intense and thus difficult to 
observe the changes.

Students are reminded to read the question carefully. The question states "the observation 
for EACH compound". Most only gave one observation, thus resulted in the mark for 
observations not being awarded.

a wrong Mr is used for the calculation unless ecf from (i).

)(iii):

Some students have written down AlCl3 as a heterogeneous ccatatalalysystt. WWhile there
penalty, they should note that it is actually a homogeneous caatatalylystst..

Common mistakes for writing the mechanism: 

o wrong direction for arrows (should beeeeeeeeee frfrrfrfrffffrfromooooooooooo eeeeeeeeeeeeeeleleeeeeleeleeleeleleleeleeeleleeeeleleel ctctctctctctctctctctctctctctctctcctcttcttctcttctcttctttttctctccctcctcctrorororororororororororrrororooororooroororororrrororrrronnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn----ririiiiriririririiriiririrrrrrrririiichchchchchchchchchchchchchchchchchchchchchchchchhchhhhh ttttttttttttoo elelecectrtronon-popoor regio

o the ethyl substituent should beeeeeee drdrrrdrrrrdrdrdrrawaaaaaaaaa n assssssss "-CHCCCCCCCCCCC 2CHCHCHHHHCHHHHHHHHHHHHHHH3""""""" andd nonott "-CHCH33CCH2" 

o for the intermediate thaaaaaaaaaaaaat   iisisiisiiii  fororororrorrorororrmed,dd,d,d,d,d,d,dd,d, ddddddddddddeleeeeeee ocaalaaaaaaaaaa isssssssssssssssation shouldd bbee about the 5 sp2 c
atoms. There will be pepepepepepeeeeeenanananananananaaaaaltttttlttlttltyyyyyyyyy yyy ififififfifififfii ttttheheheheheheheheheee ddddddddddeleeleeeleleleleele ococococococococococococalalalalalalalalalaa isisisisisisissisiii atioooooooooooonnnnnnnnnnnnn is shownwn tto "touch" the sp3 c
atom.

o Lone paiaiaiaiaiaiaiaiaiaaa r onooooooooooo  AlCCClClClClClCllllllll444444444- isissississisissss oofttftftftftfftftfttteneneneneneneeeeene mmmmmmmmmmissssisssssisi ssssesss d ouuuuuuuuuuuut.ttttt

o AlCCClCCCCCCCCC 333333333333 or HCCCClCCCCCCC iiiiiiiiis sssssssssss offffffffffteeeeeeeeeen left outututututututututututut at tttttt tt thhhththhthththhthhee enenenenenenenenenenenenddddddddddd ofofofofofofofofofoff tttttttttttthe mechanism.

):

Ambiguouuuuuuuuuuuus ssssssss anaaaaaaaaaa swwwwwers susususuuuuuuuuuchchchchchchchchchchchch aaaaaaaaaaaasssssssssss "It is twice more likely for 3-ethyldeuteriobenzene
formed than nnnnnnnn etetetetetetetetetetete hyhyhyhyhyhyhyhyhyhyhyh lbbbbbbbbbbbbenenenenenenenenenenenenzezezezezezezezeeeeenenenenenenenenenenenene"" without mentioning about the probability of substitution w
be given any cccccccccccrerererererererererereredidididididdididdidid tttt.t

):

It is interesting to see that quite a large number of students think that C D bond
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There are a few candidates who gave answers like "to distinguish cyclohexene from
benzene...". The markers would like to remind these students that you were given 3
unknown compounds at the start. You have absolutely NO idea which samples are the
ones that contain cyclohexene or benzene. You need to do the chemical tests to all 3
unknown samples.

Answers with "heat under reflux" will be given zero for the reagents and conditions since
the question asked for simple chemical tests.

Answers stating using "concentrated KMnO4 with concentrated sulfuric acid" will have 1/2
mark deducted as these 2 reagents may react together. Typically, dilute sulfuric acid is
used.

For (e):

State symbols should be given since this is an energetics question. The state symbol of
cyclohexene is given in the question itself. Any wrong state symbols for cyclohexane is not
penalised, though it should be liquid.

Students seem to be confused with the “cause-and-effect” of stabilisation energy. Do take
note that it is the delocalization of electrons throughout the ring that CAUSES
naphthalene to be more stable than its hypothetical structure which RESULTS in
stabilisation energy. Answers which suggest “Stabilisation energy confers/causes stability
to naphthalene” will earn no credit.

Common mistakes for the energy level diagram:

o Naphthalene is shown to be at a higher energy level than the hypothetical
polyalkene!

o zero shown for the energy level of decalin. Do take note that decalin is not an
element at standard states.

o omission of the +5H2

Answers with "heat under reflux" will be given zero for the reagents and conditions
the question asked for simple chemical tests.

Answers stating using "concentrated KMnO4 with concentrated susulflfururicic aacid" will hav
mark deducted as these 2 reagents may react together. TyTypipicacallllyy, ddililutute susulflfuric a
used.

:

State symbols should be given since ththhtthththththththis is anananananaananananaa eeeeeeeeeeeeneergrgrgrgrggrgrggggggrrggggggggggggrgggeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee itititititittititiittittittttittttitticscscscscscscscccscscsccsscscscsccsscscscscscsscsscsscsccscccccs qqqqqqqqqqueesstioion. Thehe ssttate sym
cyclohexene is given in the question itttttttttsssessssssss lflflflflflflflfffff. Any wwwwwrwwwwww oooonoonoonoooong st tattttttte symbmboolss foor cycycclohexane
penalised, though it should be lllliqiqiqiqqqiqiqiqiqqquuiuuiuiuiuuiuu d.dddddddddd

Students seem to be coooooooonfusedddddddddddd witttittttititttithhhhhhhhhhhh ththththththththththththeeeeeeeeeee “cccccccccccauauauauauauauauausesesesessesesesess -aaaaaanaaaaa d-efefefeffeffeffefefffefefefefefeffefefefeect” of stabilisation energy. D
note that it is the ddddededededeeloooooocacacacaccacacacccac lizationnnnnnnnn of electronononononononononons ss s s s s ss ththththththththththththrorororororororooororoughout the ring that CA
naphthalene tooo be momomomomomomomommomomorerererereerereererere sstatatatatatatatatatatatableeeeeeeeeee thththhththththhhhhananannnnnnnnnn its hhhhhhhhhhhypypyppypypypypypypypypotototototototototottheheheheheheheheheheheheetitititititititititittit cal structure which RESUL
stabilisation eneeeeeeeeeee eeeeereeeeeee gygygygygygygygygygyyy. Annnnnnnnnnnnswwwwwwwwwwwwereerereereeerererrssssssssssss whwhwhwhwhwhwhwhwhwhwhw icicicicicicicicicccch suggggggggggggggggggggggesesesesesesesesesesest ttttttttt “S“S“S“S“S“S“S“S“SSSStaatatataaataatatatabbibbbb lisation energy confers/causes st
to naphthallllellllllll nnnennnnnnnnn ” wiwiwiwiwwiwiwwiwiww ll eeeeeeeeeeeearnnnnnnnnnnn nnnononnnnnnnn  crediiiiiiiit.tt.t.t.t.tttttt.

Commmmmmmmmmmmmmmmmonnnnnnnnnnnn mmmmmmmmmmmmisisisisisisisssssstatatatatatatatatatataakekkkk s foooooooooor rrrrrrrrrr thththhththhhhhhhe eeeeeee enerererrerererrerrerergygygygygygygygygygygygy lllllllllevevevevevevevevevevveveleleleleleleleelelelelell diagram:

o NaNaNaNaNaNaNaNaaaaaphphphphphphphphphphphhthalene issssssssss ssssssssssshohohohohohohohohohohoownwnwnwnwnwnwnwnwnwnwnwn tttttttto be at a higher energy level than the hypoth
polyyyyyyyyyyyyalalalalalalalalalalkekekekekekekekekekekenenenenenenenenenenne!!!!!!

o zero shohohohohohohhohohohoh wnwnwnwnwnwnwnwnwnn fffffffffffforoooooooooo  the energy level of decalin. Do take note that decalin is n
element atatatatatatatataatatata standard states.

o omission of the +5H2
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Section A

1 Methane hydrate, also known as ‘methane ice’, is solid methane trapped in ice 
found at the depths of the ocean in many parts of the world. It represents a 
potential source of fuel for the future as the amount of frozen methane stored in the 
depths of the oceans dwarfs the known combined reserves of all fossil fuel types 
currently known to man.

When a sample of methane hydrate was brought to room temperature and 
pressure, 160 cm3 of methane and 1000 cm3 of water were produced.

What is the number of moles of water associated with each mole of methane in 
methane hydrate? (Density of water is 1 g cm–3.)

A 0.12 B 6.25 C 150 D 8300

2 Which of the following represents the correct electronic configuration for Cr3+?

A 1s22s22p63s23p63d54s1

B 1s22s22p63s23p63d44s2

C 1s22s22p63s23p63d3

D 1s22s22p63s23p63d4

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

The first ionisation energies of successive elements in the Periodic Table are 
represented in the graph.

Which of the following statements about elements C to J is incorrect? 

A E and J have half–filled p subshell.

B H has a larger atomic radius than C.

C G is the most electronegative element.

D D and F form compounds with the formulae DF and DF2.

C

D

E

F

G

H

J

Element

1st
I.E

/ k
J 

m
ol

–1
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4 In which one of the following pairs do the species have similar shapes?

A SO2 and CO2

B PH3 and SO3

C H2O and BrF2
–

D XeF4 and ICl4
–

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

K and M are elements in Period 3. The following statements describe their physical 
properties.

Both K and M are good electrical conductors in the solid state.
The melting point of K is higher than that of M.
The first ionisation energy of K is higher than that of M.

What is the identity of element M? 

A Sodium C Aluminium

B Magnesium D Silicon

6 During a space expedition, a small space shuttle of capacity 10 m3 is connected to 
another of capacity 30 m3. Before connection, the pressure inside the smaller 
shuttle is 50 kPa and that inside the larger is 100 kPa.

If all measurements are made at the same temperature, what is the pressure in the 
combined arrangement after connection?

A 75.0 kPa

B 87.5 kPa

C 100 kPa

D 150 kPa

7 Which of the following exerts the highest pressure?

A 1 mol of H2O at 27 oC in 1 dm3

B 1 mol of CH4 at 0 oC in 22.4 dm3

C 1 mol of N2 at 0 oC in 11.2 dm3

D 1 mol of N2 at 27 oC in 22.4 dm3
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8 Use of the Data Booklet is relevant to this question.

The enthalpy changes for some reactions are given below.

H(g)  +  Cl(g)    HCl(g) H = – 431 kJ mol–1

HCl(g)    H+(aq) + Cl –(aq) H = – 75 kJ mol–1

Cl(g)  +  e    Cl –(g) H = – 364 kJ mol–1

What is the enthalpy change for the reaction given below?

H+(g) + Cl –(g)      H+(aq) + Cl –(aq)

A – 142 kJ mol–1

B + 590 kJ mol–1

C – 1302 kJ mol–1

D – 1452 kJ mol–1

9 A radioactive element has two isotopes, P and Q, with half–lives 2 h and 3 h 
respectively. A sample containing P and Q was analyzed 12 h after radioactive 
decay has taken place. It was found that the amount of P equals to that of Q. 

Radioactive decay is a first order reaction.

What is the mole ratio of P and Q in the sample before radioactive decay started?

P Q
A 1 4

B 2 3

C 3 2

D 4 1

10 Consider the following reaction which is catalyzed by light.

R + S products

[R] / mol dm 3 [S] / mol dm 3 Relative light intensity Initial rate
0.1 0.1 1 r
0.2 0.1 4 4r
0.2 0.2 1 2r
0.3 0.3 16 x

It was found that the rate of reaction is proportional to intensitylight . 

What is the value of x?

A 3r B 12r C 24r D 36r
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11 The concentration of a reactant, T, was plotted against time as it reacted 
exothermically with U to reach equilibrium. The graph shows the results.

Which of the following graphs could be obtained if the reaction were repeated at a 
higher temperature but with the same initial concentrations of T and U? 

A C

B D

12 Tartaric acid has led the scientists to the discovery of chirality.

Based on the structure shown above, which of the following statements is correct 
about the structure?

A Tartaric acid can exist as four different stereoisomers.

B The molecular formula is C4H6O6.

C It has four trigonal planar carbon centers.

D It can undergo electrophilic addition with H–X.

[ T ]

time

[ T ]

[ T ]

[ T ]

[ T ]

time

time

time

time
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13 Which of the following statements does not illustrate the general inertness of 
alkanes?

A The use of octanes in car petrol.

B Their unreactivity towards strong acids and bases.

C The use of hexane as solvent in organic synthesis.

D The use of fractional distillation to obtain alkanes of different carbon 
number.

14 An example of a three–way honeycomb type catalytic converter is shown below.

The catalytic converter goes through three stages. In the first stage, NOx gases get 
reduced; in the second stage, unburnt hydrocarbon and carbon monoxide are 
completely oxidized; the third stage is a control system that monitors the exhaust 
stream and adjust the air–to–fuel ratio.

Which of the following equations does not represent the reactions that took place in 
the car engine?

A 2CO(g) + O2(g) 2(g)

B 2C8H18(g) + 25O2 16CO2(g) + 18H2O(g)

C C(g) + O2 2(g)

D 2(g) + 2CO2(g)

15 Which one of the organic compounds below reacts with liquid bromine to give the 
following product V? 

V 

A C

B D

O
Br

OH

OH OH Br

O

H

Engine Emissions:
Hydrocarbons
Carbon Monoxide
Nitrogen Oxides

Tail Pipe Emissions:
Water
Carbon Dioxide
Nitrogen
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16 When compound W was heated with acidified KMnO4, compound X was obtained.

X

Which of the following could be the structure of X? 

A
OH

OH

C

OH

OH

O

O
B

OH

O D OH

O

17 Which synthesis readily yields the product shown?

A CH3

Cl2
, AlCl3(aq)

CH3
Cl

B CHBr2

Br2
, uv light

CBr3

C CH3

conc HNO3, conc H2SO4

NO2

30oC

D

room temperature

OH
H2O

W

30 oC
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Section B

For questions 18 to 25, 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 useful to put a tick 
against the statements that you consider to be correct.)

The response 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 Most elements contain more than one isotope, atoms that have the same chemical 
properties but different masses.

Which expressions correctly define the term relative atomic mass of an element?

1 The mass of one mole of atoms relative to the mass of one mole of 12C
atoms.

2 The average mass of one atom relative to one–twelfth the mass of one 
atom of 12C.

3 The mass of one atom relative to the mass of one atom of 12C.

19 In 2002, a ruthenium compound, known as tris(bipyridine)ruthenium(II) chloride 
was discovered. The structure is shown below.

Ru

N

N N

N

N

N

2+

Cl2
-

Which of the following statements are true about this compound?

1 Its aqueous solution can conduct electricity as there are mobile charge 
carriers.

2 The compound is soluble in water as it forms ion–dipole interaction with 
water molecules.

3 The shape around Ru is octahedral.

2 Cl –
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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 Which statements about the properties of a catalyst are correct?

1 A catalyst increases the rate of the reverse reaction.
2 A catalyst increases the yield of a reaction.
3 A catalyst increases the average kinetic energy of the reacting particles.

21 When an equilibrium is established in a reversible reaction, the standard Gibbs free 
energy, G eq, is related to the equilibrium constant, Keq, by the following equation.

G eq = –2.303 RT log Keq

where R is the gas constant and T is the temperature in Kelvin.

Which of the following statements are correct?

1 At constant temperature, a shift in position of equilibrium to the right results 
in the same value of G eq. 

2 The reaction is spontaneous for all values of Keq.
3 Adding a catalyst makes G eq more negative.

22 At 500 K, an equilibrium exists for the dissociation of Al2Cl6 gas.

Al2Cl6(g)  2AlCl3(g)

A sample of Al2Cl6 gas at a pressure of 0.72 atm was placed in an empty 
container and allowed to reach equilibrium at 500 K. The total pressure at 
equilibrium was 1.20 atm.

Which of the following statements are true of the equilibrium?

1
2 The forward reaction is endothermic.
3 When volume is halved, the position of equilibrium will shift to the left.

www.KiasuExamPaper.com 
146



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

23 What functional groups are present in both skeletal structures shown below?

NHO

O

OH

O

O

O

O
HO

O

O

O

O

O

OH

1 Secondary alcohol
2 Alkene
3 Carboxylic acid

24 2–methylpropane reacts with chlorine under uv to yield two monochlorinated 
products as shown in the reaction below.

Cl2
uv

Cl

Cl+

35       :  65

The product ratio was given to be 35 : 65 as illustrated above.

Which of the following statements might explain the resultant product ratio? 

1 There are more primary hydrogen atoms than tertiary hydrogen atoms.
2 The intermediate tertiary radical is more stable.
3 The H radical is not formed in the reaction mechanism.

O

H N
CH3

HO

HO

H
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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

25 The double bond in alkenes may undergo oxidative cleavage with ozone in a 
process known as ozonolysis. For example,

Which of the following gives Y as the only organic product upon ozonolysis?

Y
1

2

3

H

OO

O
H

O

1. O3
2. Zn, H+

+

O

O

H
H

O

O
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Section A

MB 1 Methane hydrate, also known as ‘methane ice’, is solid methane trapped in ice 
found at the depths of the ocean in many parts of the world. It represents a 
potential source of fuel for the future as the amount of frozen methane stored in the 
depths of the oceans dwarfs the known combined reserves of all fossil fuel types 
currently known to man.

When a sample of methane hydrate was brought to room temperature and 
pressure, 160 cm3 of methane and 1000 cm3 of water were produced.

What is the number of moles of water associated with each mole of methane in 
methane hydrate? (Density of water is 1 g cm–3.)

A 0.12 B 6.25 C 150 D 8300

EA 2 Which of the following represents the correct electronic configuration for Cr3+?

A 1s22s22p63s23p63d54s1

B 1s22s22p63s23p63d44s2

C 1s22s22p63s23p63d3

D 1s22s22p63s23p63d4

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

The first ionisation energies of successive elements in the Periodic Table are 
represented in the graph.

Which of the following statements about elements C to J is incorrect? 

A E and J have half–filled p subshell.

B H has a larger atomic radius than C.

C G is the most electronegative element.

D D and F form compounds with the formulae DF and DF2.

C

D

E

F

G

H

J

Element

1st
I.E

/ k
J 

m
ol

–1
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MB 4 In which one of the following pairs do the species have similar shapes?

A SO2 and CO2

B PH3 and SO3

C H2O and BrF2
–

D XeF4 and ICl4
–

MB 5 Use of the Data Booklet is relevant to this question.

K and M are elements in Period 3. The following statements describe their physical 
properties.

Both K and M are good electrical conductors in the solid state.
The melting point of K is higher than that of M.
The first ionisation energy of K is higher than that of M.

What is the identity of element M? 

A Sodium C Aluminium

B Magnesium D Silicon

EB 6 During a space expedition, a small space shuttle of capacity 10 m3 is connected to 
another of capacity 30 m3. Before connection, the pressure inside the smaller 
shuttle is 50 kPa and that inside the larger is 100 kPa.

If all measurements are made at the same temperature, what is the pressure in the 
combined arrangement after connection?

A 75.0 kPa

B 87.5 kPa

C 100 kPa

D 150 kPa

MB 7 Which of the following exerts the highest pressure?

A 1 mol of H2O at 27 oC in 1 dm3

B 1 mol of CH4 at 0 oC in 22.4 dm3

C 1 mol of N2 at 0 oC in 11.2 dm3

D 1 mol of N2 at 27 oC in 22.4 dm3

www.KiasuExamPaper.com 
152



MB 8 Use of the Data Booklet is relevant to this question.

The enthalpy changes for some reactions are given below.

H(g)  +  Cl(g)    HCl(g) H = – 431 kJ mol–1

HCl(g) H+(aq) + Cl –(aq) H = – 75 kJ mol–1

Cl(g)  +  e Cl –(g) H = – 364 kJ mol–1

What is the enthalpy change for the reaction given below?

H+(g) + Cl –(g)      H+(aq) + Cl –(aq)

A – 142 kJ mol–1

B + 590 kJ mol–1

C – 1302 kJ mol–1

D – 1452 kJ mol–1

MB 9 A radioactive element has two isotopes, P and Q, with half–lives 2 h and 3 h 
respectively. A sample containing P and Q was analyzed 12 h after radioactive 
decay has taken place. It was found that the amount of P equals to that of Q. 

Radioactive decay is a first order reaction.

What is the mole ratio of P and Q in the sample before radioactive decay started?

P Q
A 1 4

B 2 3

C 3 2

D 4 1

MB 10 Consider the following reaction which is catalyzed by light. 

R + S products

[R] / mol dm 3 [S] / mol dm 3 Relative light intensity Initial rate
0.1 0.1 1 r
0.2 0.1 4 4r
0.2 0.2 1 2r
0.3 0.3 16 x

It was found that the rate of reaction is proportional to intensitylight . 

What is the value of x?

A 3r B 12r C 24r D 36r
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MB 11 The concentration of a reactant, T, was plotted against time as it reacted 
exothermically with U to reach equilibrium. The graph shows the results.

Which of the following graphs could be obtained if the reaction were repeated at a 
higher temperature but with the same initial concentrations of T and U? 

A C

B D

DB 12 Tartaric acid has led the scientists to the discovery of chirality.

Based on the structure shown above, which of the following statements is correct 
about the structure?

A Tartaric acid can exist as four different stereoisomers.

B The molecular formula is C4H6O6.

C It has four trigonal planar carbon centers.

D It can undergo electrophilic addition with H–X.

[ T ]

time

[ T ]

[ T ]

[ T ]

[ T ]

time

time

time

time
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EA 13 Which of the following statements does not illustrate the general inertness of 
alkanes?

A The use of octanes in car petrol.

B Their unreactivity towards strong acids and bases.

C The use of hexane as solvent in organic synthesis.

D The use of fractional distillation to obtain alkanes of different carbon 
number.

EB 14 An example of a three–way honeycomb type catalytic converter is shown below.

The catalytic converter goes through three stages. In the first stage, NOx gases get 
reduced; in the second stage, unburnt hydrocarbon and carbon monoxide are 
completely oxidized; the third stage is a control system that monitors the exhaust 
stream and adjust the air–to–fuel ratio.

Which of the following equations does not represent the reactions that took place in 
the car engine?

A 2CO(g) + O2(g) 2(g)

B 2C8H18(g) + 25O2 16CO2(g) + 18H2O(g)

C C(g) + O2 2(g)

D 2(g) + 2CO2(g)

DB 15 Which one of the organic compounds below reacts with liquid bromine to give the 
following product V? 

V 

A C

B D

O
Br

OH

OH OH Br

O

H

Engine Emissions:
Hydrocarbons
Carbon Monoxide
Nitrogen Oxides

Tail Pipe Emissions:
Water
Carbon Dioxide
Nitrogen

www.KiasuExamPaper.com 
155



MB 16 When compound W was heated with acidified KMnO4, compound X was obtained.

X

Which of the following could be the structure of X? 

A
OH

OH

C

OH

OH

O

O
B

OH

O D OH

O

MB 17 Which synthesis readily yields the product shown?

A CH3

Cl2
, AlCl3(aq)

CH3
Cl

B CHBr2

Br2
, uv light

CBr3

C CH3

conc HNO3, conc H2SO4

NO2

30oC

D

room temperature

OH
H2O

W

30 oC
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Section B

For questions 18 to 25, 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 useful to put a tick 
against the statements that you consider to be correct.)

The response 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.

MA 18 Most elements contain more than one isotope, atoms that have the same chemical 
properties but different masses.

Which expressions correctly define the term relative atomic mass of an element?

1 The mass of one mole of atoms relative to the mass of one mole of 12C
atoms.

2 The average mass of one atom relative to one–twelfth the mass of one 
atom of 12C.

3 The mass of one atom relative to the mass of one atom of 12C.

MB 19 In 2002, a ruthenium compound, known as tris(bipyridine)ruthenium(II) chloride 
was discovered. The structure is shown below.

Ru

N

N N

N

N

N

2+

Cl2
-

Which of the following statements are true about this compound?

1 Its aqueous solution can conduct electricity as there are mobile charge 
carriers.

2 The compound is soluble in water as it forms ion–dipole interaction with 
water molecules.

3 The shape around Ru is octahedral.

2 Cl –
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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

EA 20 Which statements about the properties of a catalyst are correct?

1 A catalyst increases the rate of the reverse reaction.
2 A catalyst increases the yield of a reaction.
3 A catalyst increases the average kinetic energy of the reacting particles.

DB 21 When an equilibrium is established in a reversible reaction, the standard Gibbs free 
energy, G eq, is related to the equilibrium constant, Keq, by the following equation.

G eq = –2.303 RT log Keq

where R is the gas constant and T is the temperature in Kelvin.

Which of the following statements are correct?

1 At constant temperature, a shift in position of equilibrium to the right results 
in the same value of G eq. 

2 The reaction is spontaneous for all values of Keq.
3 Adding a catalyst makes G eq more negative.

MB 22 At 500 K, an equilibrium exists for the dissociation of Al2Cl6 gas.

Al2Cl6(g)  2AlCl3(g)

A sample of Al2Cl6 gas at a pressure of 0.72 atm was placed in an empty 
container and allowed to reach equilibrium at 500 K. The total pressure at 
equilibrium was 1.20 atm.

Which of the following statements are true of the equilibrium?

1
2 The forward reaction is endothermic.
3 When volume is halved, the position of equilibrium will shift to the left.

www.KiasuExamPaper.com 
158



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

EA 23 What functional groups are present in both skeletal structures shown below?

NHO

O

OH

O

O

O

O
HO

O

O

O

O

O

OH

1 Secondary alcohol
2 Alkene
3 Carboxylic acid

MB 24 2–methylpropane reacts with chlorine under uv to yield two monochlorinated 
products as shown in the reaction below.

Cl2
uv

Cl

Cl+

35       :  65

The product ratio was given to be 35 : 65 as illustrated above.

Which of the following statements might explain the resultant product ratio? 

1 There are more primary hydrogen atoms than tertiary hydrogen atoms.
2 The intermediate tertiary radical is more stable.
3 The H radical is not formed in the reaction mechanism.

O

H N
CH3

HO

HO

H
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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

DB 25 The double bond in alkenes may undergo oxidative cleavage with ozone in a 
process known as ozonolysis. For example,

Which of the following gives Y as the only organic product upon ozonolysis?

Y
1

2

3

H

OO

O
H

O

1. O3
2. Zn, H+

+

O

O

H
H

O

O
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Answer Key

1 D 6 B 11 C 16 C 21 D 
2 C 7 C 12 B 17 B 22 A 
3 A 8 D 13 D 18 B 23 D 
4 D 9 D 14 C 19 A 24 B 
5 A 10 B 15 B 20 D 25 A 

A – 5 B – 7 C – 5 D – 8 

Tally table:

Difficulty Marks Type Marks

E (easy, >=80%) 6 A (knowledge with understanding, 
basic application)

5

M (moderate, 80%< and >30%) 15 B (higher order thinking, application, 
synthesis, evaluation etc.)

20

D (difficult, <30%) 4 AB ratio = 1 : 4

EMD ratio = 2.4 : 6 : 1.6
Note: target EMD ratio is 2:6:2 Note: target AB ratio is 4:6

able:

lty Marks Type

y, >=80%) 6 A (knowledge with unndderstaannding, 
basic application))

derate, 80%< and >30%) 15 B (higher ordeerr ththininkikingn , apapplp icatatioion, 
synthesis, eevavaluluatatioionn etc..))

cult, <30%) 4 ABAB ratio =

EMD ratio = 2.4 : 6 : 1.6
arget EMD ratio is 2:6:2 NNNNoNNNNNNNN tee:: tatatatatatataatatataaaatatatatatataatataaaaaaatatatattataaaaargrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrrgrrgrrrrrrrrgrgrrgggggeteteteteteeteteteteteteteteteeeteeeeeteeetetetttettt AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABBBBBBB BBB raattio o isi  4:66
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SECTION A

1 Chlorine is a severe irritant to the eyes and respiratory system. The maximum safe 
toleration level of chlorine gas in air is 0.005 mg dm 3. 

How many molecules of chlorine gas are present in 1 dm3 of air at this toleration level?

A 0.005
1000 × 1

71 ×6 × 1023

B 0.005
1000 × 71 ×6 × 1023

C 0.005
71 × 6 × 1023

D 0.005
6 × 1023 × 71

2 Which particle would, on losing an electron, have a half-filled set of p orbitals?

A 13Al+ B 14Si C 15P D 16S+

3 Which statement correctly describes a physical property of the Period 3 elements?

A The ionic radius of Na+ is greater than that of Cl .

B The S2 ion contains the same number of electrons as the K+ ion.

C The electronegativity of phosphorus is greater than that of nitrogen.

D The first ionisation energy of magnesium is less than that of aluminium.

4 SF4 reacts with (CH3)4NF to form (CH3)4N+SF5 .

Which combination correctly describes the shape of the ions in the product?

Shape of cation with respect to N atom Shape of anion

A trigonal pyramidal square planar

B square planar trigonal bipyramidal

C tetrahedral octahedral

D tetrahedral square pyramidal
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5 The boiling points of hydrogen chloride, carbon dioxide and ammonia are given below.

Gas Boiling point/ oC
HCl 85
CO2 78
NH3 33

Which statement best explains the data above?

A CO2 has a higher boiling point than HCl because the dispersion forces in CO2

are stronger than the hydrogen bonding in HCl. 

B NH3 has a higher boiling point than HCl because the hydrogen bonding in NH3 is 
stronger than the permanent dipole-permanent dipole interactions in HCl. 

C NH3 has a higher boiling point than CO2 because the permanent dipole-
permanent dipole interactions in NH3 are stronger than the permanent dipole-
permanent dipole interactions in CO2. 

D CO2 has a higher boiling point than HCl because the permanent dipole-
permanent dipole interactions in CO2 are stronger than the permanent dipole-
permanent dipole interactions in HCl. 

6 Measured values of the pressure, volume and temperature of a known mass of a 
gaseous compound are to be substituted into the equation

pV = nRT

in order to calculate the relative molecular mass, Mr, of the compound. 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

pressure temperature

A high high

B high low

C low low

D low high
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7 When 25 cm3 of 0.5 mol dm 3 hydrochloric acid is reacted with an equal volume of 
0.5 mol dm 3 potassium hydroxide, the temperature of the mixture rose by 3.4 oC.

What will be the temperature change if 50 cm3 of 1 mol dm 3 hydrochloric acid is mixed 
with an equal volume of 1 mol dm 3 potassium hydroxide?

A 1.7 oC

B 3.4 oC

C 6.8 oC

D 13.6 oC

8 The reaction of nitrogen monoxide and hydrogen gas

2NO(g)  +  2H2(g) N2(g)  +  2H2O(g)

is thought to involve the following steps:

I NO  +  NO  N2O2 (fast)  

II N2O2 + H2 H2O  +  N2O (slow)

III N2O  +  H2 N2 + H2O (fast)

What conclusion can be drawn from this information? 

A H2 acts as the catalyst.

B The overall order of the reaction is 3.

C The rate equation for the reaction is rate = k [N2O2] [H2].

D Increasing the concentration of NO does not change the rate of reaction.

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

A It increases the yield of the product at equilibrium.

B It increases the equilibrium constant for the forward reaction.

C It increases the rate constant for the forward reaction, but not that of the reverse 
reaction.

D It increases the rate constant for both the forward reaction and the reverse 
reaction.
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10 An equilibrium is represented by the following equation.

CaCO3(s)  CaO(s)  +  CO2 (g) H> 0

Which statement correctly describes the equilibrium?

A The position of equilibrium shifts to the right when the temperature is decreased.

B The value of the equilibrium constant, Kp, decreases when the temperature is 
increased.

C The position of equilibrium shifts to the right when the total pressure is 
decreased.

D The value of the equilibrium constant, Kp, increases when less CaCO3(s) is 
present at equilibrium.

11 How many aromatic isomers are possible for C7H7Br?

A 3

B 4

C 5

D 6

12 The molecule shown below is ergosterol, a precursor of vitamin D.

CH3

CH3

CH3
CH3

CH3

HO

CH3

    ergosterol 

How many chiral centres are present in one ergosterol molecule?

A 6 B 7 C 8 D 9
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13 When a sample of a hydrocarbon was burnt in excess oxygen, 0.33 g of carbon dioxide 
and 0.18 g of water were formed.

What is a possible structure of the hydrocarbon?

A C

B D

14 Propene is shaken with an aqueous solution of bromine and sodium chloride. 

Which compound will not be formed?

A

C

H

H C

H H

OH

C

H

Br

H

C

C

H

H C

H Br

H

C

H

Br

H

B

C

H

H C

H Br

H

C

Cl

H

H

D

C

H

H C

H OH

H

C

Cl

H

H

15 Which statement about the nitration of benzene is incorrect?

A The intermediate contains 5 delocalised electrons.

B H2SO4 donates H+ to HNO3, thus forming NO2
+ ions.

C The reaction involves heterolytic fission of a C H bond.

D The geometry of the carbon undergoing substitution changes from planar to 
tetrahedral and back to planar.
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16 Chloromethane reacts with iron(III) chloride as follows:

CH3Cl +  FeCl3 CH3
+ +  FeCl4

Which is the correct sequence of reactions to convert benzene to compound X? 

CH3

Br

NO2

Compound X 

A 

NO2

conc. HNO3

CH3

Br

NO2

CH3 CH3

FeCl3 conc. H2SO4

CH3Cl

FeBr3

Br2

B 

CH3

Br

NO2

CH3

Br dilute 
HNO3

Br

FeCl3

CH3Cl

FeBr3

Br2

C 

CH3

Br

NO2

CH3 CH3

Br dilute 
HNO3

Br2(aq)

FeCl3

CH3Cl

D 

NO2 NO2

conc. HNO3

CH3

Br

NO2

CH3

FeCl3conc. H2SO4

CH3Cl

FeBr3

Br2
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17 Chlorofluorocarbons (CFCs) have been widely used in aerosol sprays, refrigerators and 
in making foamed plastics, but are now known to destroy ozone in the upper atmosphere.

Which compound can be used as a replacement for CFCs?

A CH2F2 C CF3CH2Br

B CHBr3 D CH3CH2CHClCF3

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 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.

18 Which statements about the complete combustion of an alkene, CnH2n, in oxygen are 
correct?

1 The volume of oxygen required is directly proportional to the number of carbon 
atoms present in the molecule.

2 The volume of gas produced at 25 oC is the same as for the complete 
combustion of an alkane with the same number of carbon atoms per molecule.

3 At 120 oC, the volume of steam produced is always twice the volume of carbon 
dioxide.

19 Which pairs of substances have similar types of structure and bonding?

1 BF3 AlF3 

2 PH3 SiCl3H

3 C(diamond) SiC
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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 Consider the energy cycle for bromine below.

Given that the bond energy of Br Br is 194 kJ mol , which statements are correct for the
energy cycle for bromine?

1 H4 is the enthalpy change of hydration of bromide ion.

2 The value of H2
1.

3 H3 is the first ionisation energy of bromine.

21 Which would always affect the rate of a reaction?

1 concentration of reactants

2 temperature

3 catalyst

½Br2 (g) Br (aq)

Br (g)Br (g)

H1

H3

H4H2
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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

22 The graph shows how the concentrations of X, Y and Zchanges with time.

X(g)  +  3Y(g)  2Z(g) H< 0

Which statementscorrectly explain the graph? 

1 At time t1, more Y was added.

2 At time t2, the mixture was cooled.

3 At time t3, a catalyst was added.

Y

C
on

ce
nt

ra
tio

n

Time

Z

X

t2 t1 t3 
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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

23 Six isomers of C6H10Br2 are shown below.

P Q R

Br Br Br Br

Br

Br

S T U
Br

Br

Br

Br Br Br

Which pairs of compounds are geometric isomers of each other?

1 P and T

2 Q and S

3 R and U

24 Ethene gas undergoes two different reactions with KMnO4(aq) under different conditions. 
For one reaction, a liquid product is formed. For another reaction, a gaseous product is 
formed.

Which statements are correct? 

1 For the reaction that forms a gaseous product, 2.8 g of ethene forms 4.4 g of 
the gaseous product.

2 The liquid product is optically inactive.

3 Temperature differences can result in the formation of different products.
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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

25 Which pairs of isomers give the same number of different alkenes on treatment with hot 
ethanolic sodium hydroxide?

1

Cl
Cl

2

Br

Br

3 Br Br

END OF PAPER
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1 Planning (P)

Ethyl ethanoate is an important solvent used in the laboratory. One way of preparing it is 
through the esterification between ethanoic acid and ethanol, as shown by the following 
equation:

CH3CO2H(l) + C2H5OH(l) CH3CO2C2H5(l) + H2O(l) 

The reaction is reversible and it takes a long time for equilibrium to be reached. However, 
when an acid catalyst such as hydrochloric acid is added, the rates of both forward and 
reverse reactions increase so that equilibrium can be reached in a much shorter time. The 
catalyst will not affect the equilibrium composition of the reaction mixture.

(a) Write an expression for the equilibrium constant, Kc, for the above esterification.

[1]

To determine the value of Kc for the above esterification, a conical flask, A, with different 
initial concentrations of the various reactants was set up as shown below. 

Volume/ cm3

Conical flask HCl (1 mol dm 3) CH3CO2H C2H5OH CH3CO2C2H5 H2O
A 5.00 15.00 15.00 15.00 0.00

The conical flaskwas stoppered and placed in a thermostatically-controlled water bath for 
one week.

After a week had passed, the reaction in the conical flask was quenched. The quenching 
was done by transferring 25.0 cm3 of the mixture from the flask and making up to 250 
cm3in a volumetric flask using deionised water. 

Thediluted quenched solution, FA1, was then titrated immediately against a standard 
solution of 0.50 mol dm 3 NaOH to determine the amount of acid present. 

The Kc was then determined.

(b) Explain why it was necessary to carry out the experiment in a thermostatically-
controlled water bath.

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

…..……………………………………………………………………………………………... 
[1]

(c) Explain how the large volume of water added quenches the reaction.

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

…..……………………………………………………………………………………………... 
[1]
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(d) Write a plan for the volumetric analysis of FA1. You may use the reagents and
apparatus commonly found in a school or college laboratory.

In your plan, you should give the essential details of the titration procedure.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[3]

(e) State two important techniques for the titration procedure to ensure accuracy of the
titre values obtained.

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

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

…………………………………………………………………………………...……………... 
[2]
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(f) The sodium hydroxide solution used in the titration neutralised both hydrochloric acid
and ethanoic acid in the mixture.

CH3CO2H(aq) + NaOH(aq) CH3CO2 Na+(aq) + H2O(l) 

HCl(aq) + NaOH(aq) NaCl(aq) + H2O(l) 

In a student’s titration, it was found that p cm3 of FA1reacted with exactly q cm3 of 
0.50 mol dm 3 NaOH.

Outline how you would use the results to determine the amount of ethanoic acid 
present at equilibrium in conical flaskA.

[2]
[Total: 10 marks]
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2 (a) The Haber process was founded by Fritz Haber and Carl Bosch and is known for the 
commercial synthesis of ammonia. The reaction is usually carried out at a pressure 
of 250 atm and a temperature of 450 ºC. 

N2(g) + 3H2(g) 2NH3(g)    Ho

(i) Explain qualitatively what temperature and pressure (high or low) you would
suggest to ensure a high yield of ammonia.

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

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

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

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

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

(ii) Explain why the conditions suggested in (a)(i) are not used industrially.

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

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

(iii) The standard entropy change, So K .

Explain the significance of its sign.

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

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

(iv) For any reaction, Go, in J mol 1, and the equilibrium constant, K, are related
according to the equation Go RT lnK.

Use this equation to calculate a value of K for the Haber process at 298K and
comment on the significance of its magnitude.

[8]
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(b) When an aqueous solution of ammonia is shaken with ether (a non-polar organic
solvent which is immiscible with water), an equilibrium is established between
aqueous ammonia and the organic layer at room temperature.

The distribution coefficient, KD, is as shown:

KD =
(aq)][NH

(ether)][NH

3

3 = 8.0

In an experiment, 0.10 mol of ammonia in 120 cm3 of water was shaken with 70 cm3

of ether and allowed to reach equilibrium. Calculate the amount of ammonia present 
in ether at equilibrium.

[2]
[Total: 10 marks]
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3 Potassium manganate(VII), KMnO4, is a strong oxidising agent. In acidic conditions, it is 
reduced according to the following half-equation:

MnO4
+ Mn2+ + 4H2O 

(a) State the electronic configuration of Mn2+.

…………………………………………………………………………………………………..
[1]

(b) The reaction scheme below shows some reactions of methylbenzene.

CH3

Step I

CO2H

NO2

KMnO4/H+

heat

methylbenzene

4-nitrobenzoic acid
limited Cl2 gas,

UV light

X

Y

(i) Draw the structural formulae of X and Y in the boxes above, and suggest the
reagents and conditions used for step I.

Reagents and conditions:

………………………………………..….………………………………………………

(ii) Write a balanced half-equation for the oxidation of methylbenzene, C6H5CH3
to benzoic acid, C6H5CO2H. It is given that the oxidation number of the carbon
that is oxidised in methylbenzene changes from –3 to +3. Hence, write a
balanced equation for the reaction between methylbenzene and acidified
potassium manganate(VII).

[5]
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(c) The following is a method by which the reaction between iron(III) ions and
hydroxylammonium chloride, NH3OH+Cl–, may be investigated.

25.0 cm3 of a solution containing 3.60 g dm of hydroxylammonium chloride was
added to a solution containing an excess of Fe3+ ions and sulfuric acid. The Fe2+ ions
formed required 25.90 cm3of 0.020 mol dm potassium manganate(VII) for complete
reaction.
(5 mol of Fe2+ reacts with 1 mol of MnO4 )

(i) Calculate the molar ratio Fe3+ / NH3OH+ in the reaction.

(ii) Determine the oxidation number of nitrogen in the product.

[3]
[Total: 9 marks]

www.KiasuExamPaper.com 
204



4 This question concerns the reactions of some secondary alkyl halides.

(a) When samples of 2-chlorobutane, 2-bromobutane and 2-iodobutane were separately 
heated with aqueous NaOH, a product which rotated plane-polarised light was 
obtained. 

(i) Arrange the three alkyl halides in order of increasing boiling points. Explain 
your answer.

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

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

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

…………………………………………………………………………………………...

(ii) Name the mechanism for the reaction that had occurred.

………………………………………………………………………………………...…

(iii) By quoting relevant data from the Data Booklet, explain which reaction is 
expected to be the fastest.

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

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

…………………………………………………………………………………………... 
[6]
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(b) Unlike the 2-halobutane compounds, when a sample of 3-bromobut-1-ene,
CH3CH(Br)CH=CH2, was heated with aqueous NaOH, no rotation of plane-polarised
light was observed for the product mixture.

This reaction proceeds via the formation of intermediate X as shown by the
mechanism below.

Step 1: CH3CH(Br)CH=CH2 CH3CHCH=CH2 + Br
slow

Intermediate X

Step 2: CH3CHCH=CH2 + OH
fast

CH3CH(OH)CH=CH2

H1

H2

(i) State the type of stereoisomerism exhibited by 3-bromobut-1-ene. Draw the
structures of the two stereoisomers.

Type of stereoisomerism: ………………………………………..

(ii) Draw an energy profile diagram for the reaction between 3-bromobut-1-ene
and aqueous NaOH.

Indicate the activation energies, species involved and the enthalpy changes
for each step of the reaction in your diagram.

[5]
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(c) The dielectric constant, which is a measure of solvent polarity, of some solvents is
shown in Table 1 below. A more polar solvent has a larger dielectric constant.

Table 1
Solvent Dielectric constant

water 80.1
propanone, CH3COCH3 20.7

2-methylpropan-2-ol, (CH3)3COH 10.0

A series of experiments was performed to determine the effect of solvent polarity on 
the rate of reaction between 3-bromobut-1-ene and water. This reaction is known to 
proceed via the same intermediate, X as shown in (b), and the overall balanced 
equation for the reaction is shown below.

CH3CH(Br)CH=CH2 + H2O A + HBr

The formation of HBr allows the rate of reaction to be followed by adding a fixed 
amount of NaOH(aq) and phenolphthalein indicator, and determining the time taken 
for the solution to turn colourless. The results of the experiment are shown in Table 2
below.

Table 2
Solvent Time taken / s

H2O 10
1:1 mixture of H2O and CH3COCH3 34
1:1 mixture of H2O and (CH3)3COH 65

(i) Draw the displayed formula of compound A.

(ii) Draw a simple diagram to show how a molecule of (CH3)3COH can be
attracted to an intermediate X cation. Label your diagram to show the type of
interaction involved.
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(iii) By considering your answer to (c)(ii) and the results in Table 2, describe and
explain the effect of solvent polarity on the rate of reaction.

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

[5] 
[Total: 16 marks]

– End of paper –
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Answer any two questions.

1 With increasing focus on green energy, there is a push for carbon neutral fuels like 
hydrocarbons generated from carbon dioxide in the atmosphere. Methane is a prime 
candidate for such fuels as it can be used directly as a fuel and also to generate larger 
hydrocarbon molecules of interest.

One of the proposed methods of generating methane is through the Sabatier reaction, which 
is catalysed by ruthenium metal. The chemical equation for the reaction is shown below.

CO2(g) + 4H2(g) CH4(g) + 2H2O(g)

(a) State one environmental consequence of excessive carbon dioxide in the atmosphere.
[1]

(b) In order to optimise the process, a scientist performed a series of experiments by
measuring the equilibrium partial pressure of each gas at various temperatures. The
results are shown in the graphs below.
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(i) Write an expression for the equilibrium constant,Kp, for the Sabatier reaction and
state its units.

(ii) Calculate the value of Kp for the reaction at 300oC.

(iii) Based on the data provided, suggest with reasoning the optimal temperature for
the production of methane in the Sabatier reaction.

(iv) Calculate the total pressure of the system at the temperature suggested in
(b)(iii).

(v) State one assumption of an ideal gas. Explain which gas in the system you
would expect to deviate the most from ideality based on the assumption you
have stated.

(vi) Hence or otherwise, explain why the actual total pressure of the system is lower
than that expected from an ideal system.

[9]

(c) (i) Describe the mode of action of the ruthenium catalyst as a heterogeneous
catalyst in the Sabatier reaction.

(ii) Explain why the ruthenium catalyst is usuallyspread over a highly porous support
during the reaction.

[3]

(d) One particular hydrocarbon molecule of interest is norbornane, C7H12, which can be
converted to 1-chloronorbornane using chlorine.

(i) State the condition necessary for the reaction.

(ii) Describe the mechanism for the reaction.

(iii) Draw the structure of other possible monochlorinatednorbornanes besides
1–chloronorbornane.Only structural isomers of 1-chloronorbornane need to be
considered.

Predict the ratio of all the monochlorinatednorbornanes obtained.You may
assume reaction occurs at the same rate for every carbon atom.

[7]

[Total: 20 marks]

Cl

Cl2 +

norbornane 1–chloronorbornane

+ HCl
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2 (a) Cyclopropane, C3H6, is a cycloalkane. Its structure is shown below:

(i) Sketch the shapes of the hybrid orbitalsaroundone of the carbon atoms in
cyclopropane.

(ii) Based on the structure shown, state the bond angle, , indicated in the diagram.

(iii) Taking the bond energy of the C=O bond in CO2 to be 805 kJ mol 1, and using
other appropriate bond energies given in the Data Booklet, calculate a value for

Hr.

C3H6(g) + 
2
9 O2(g) 3CO2(g) + 3H2O(g)

cyclopropane

(iv) The standard enthalpy change of vapourisation of water is +40.7 kJ mol 1. Using
this value and your answer in (a)(iii), construct an energy cycle and use it to
calculate the standard enthalpy change of combustion of cyclopropane.

(v) The C-C bond energy in cyclopropane was found to be only 272 kJ mol 1. With
reference to your answers in (a)(i) and (a)(ii), suggest why the C-C bond energy
in cyclopropane is so much lower than that quoted in the Data Booklet.

[8]

(b) Propene is an alkene that is a structural isomer of cyclopropane.

Hydrogen halides, such as HCland HBr, react readily with alkenes. Describe the
mechanism for the reaction between propene and HBr.

[3]

C

C C

H H

H

H H

H

cyclopropane

Hr
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(c) The number of cyclic rings and pi bonds in a hydrocarbon can often be deduced using
the following formula:

= numberofrings + bonds = C
2

+ 1

whereCrepresents the number of carbon atoms in the hydrocarbon andH represents the 
number of hydrogen atoms in the hydrocarbon. 

For instance, for a molecule with molecular formula C3H6, = 3 – 6/2 + 1 = 1. 

We can therefore conclude that the molecule possesses either 1 ring or 1 bond. In this 
case, the molecule can only be either propene, with 1 bond, or cyclopropane, with 1 
ring. 

Compound X has the molecular formula of C8H12. 

(i) Calculate for compound X.

When X is reacted with hot acidified KMnO4, only one product, Y, C4H6O,is formed. Y
does not contain any chiral centres. 

(ii) Name the type of reaction that occurred when X is converted to Y.

(iii) Name the functional group that is present in Y.

(iv) Suggest the structural formulae for X and Y.
[5]

(d) A 40.0 cm3 sample of an unknown hydrocarbon, CxHy, was heated from 25 oCto 130 oC
at a fixed pressure of 1 atm.

The hydrocarbon was then combusted in an excess of 400 cm3 of oxygen gas. On
passing the residual gases over anhydrous calcium chloride (a drying agent) and
potassium hydroxide, contractions of 271 cm3 and 216 cm3were observed respectively.
The volume of the gas that remained was 48.4 cm3. The volumes of these gases were
measured at130 oC and 1 atm.

(i) Determine the volume of the hydrocarbon at 130 oC and1 atm.

(ii) State the volume of steam that was produced in the combustion reaction.

(iii) Deduce the molecular formula of the unknown hydrocarbon.
[4]

[Total: 20 marks]
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3 Benzene is widely used as a starting material to produce pesticides and synthetic plastics.

(a) In the synthesis of the insecticide dichlorodiphenyltrichloroethane (DDT), benzene is
firstreacted with chlorine to form chlorobenzene.

Cl

further reaction
DDT

Describe the mechanism of the reaction in step I.
[3]

(b) Aluminum chloride, the chloride of a Period 3 element, is used as a catalyst in (a).

(i) Use the concept of activation energy, together with a sketch of the Boltzmann
distribution curve, to explain how a catalyst increases the rate of the reaction.

(ii) The melting points of four Period 3 elements, Na, Si, P4 and Cl2 decreaseas
follow:

Element Melting point / K

Si 1683

Na 371

P4 317

Cl2 172

Based on your understanding of the structure and bonding of the elements,
explain why the melting points decrease in this order.

[7]

Cl2

AlCl3

Step I
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(c) Ethylbenzene, an important precursor to synthetic polymers and plastics, can be
made from benzene in the reaction shown below.

In an experiment to investigate the kinetics of this reaction, 0.80mol of ethene was 
reacted with 8 mol of benzene (in excess). The total volume of the reaction mixture 
was 1.0 dm3. The following results were obtained.

Time / min [ethylbenzene]
/ mol dm 3

12 0.25
38 0.58
61 0.71
80 0.76

(i) State the final concentration of ethylbenzene upon completion of the reaction.

(ii) Plot a graph to show how the concentration of ethylbenzene changes during the
first 80 min of the reaction and deduce the order of reaction with respect to
ethene.

(iii) From your graph in (c)(ii), determine the initial rate of reaction.

(iv) A second experiment was conducted in which the concentration of ethene was
kept the same and the concentration of benzene was halved. The following
results were obtained.

Experiment [ethene] 
/ mol dm 3

[benzene]
/ mol dm 3

Initial rate of formation of 
ethylbenzene / mol dm 3 min 1

2 0.8 4.0 0.0106

Use this information todeduce the order of reaction with respect to benzene.

(v) Write the rate equation and calculate a value for the rate constant, giving its
units.

(vi) Diethylbenzene is a side product of this reaction. By considering the reactivity of
the benzene ring, explain why it is formed.

[10]

[Total: 20 marks]

– End of paper –
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HWA CHONG INSTITUTION
2013 C1 H2 CHEMISTRY PROMOTIONAL EXAM
SUGGESTED SOLUTIONS

Paper 1

1 2 3 4 5 6 7 8 9 10
A C B D B D C B D C
11 12 13 14 15 16 17 18 19 20
B C A D A A A B C D
21 22 23 24 25
C B B C D

Comments

1. A No of moles of 0.005 mg Cl2 gas in 1 dm3 =  0.005 × 10 3 / 71 [Mr of Cl2]
1 mol of Cl2 gas consists of 6 × 1023 molecules

(0.005 × 10 3 / 71) mol of Cl2 gas consists of (6 × 1023) × 0.005 × 10 3 / 71
molecules

2. C The total number of electrons of each particle after losing an electron is as follow:
A 13Al

+ 11e
1s2 2s2 2p6 3s1

B 14Si
14e

1s2 2s2 2p6 3s2 3p2

C 15P
15e

1s2 2s2 2p6 3s2 3p3 -filled p orbitals

D 16S+

14e
1s2 2s2 2p6 3s2 3p2

3. B A Na+: 1s2 2s2 2p6;
Cl : 1s2 2s2 2p6 3s2 3p6 (one more quantum shell of electrons than Na+) 

ionic radius of Na+ is smaller than that of Cl
Can refer to Data Booklet for the ionic radii.
Refer to lecture notes p50 (Topic 2: Atomic Structure and Physical
Periodicity)

B No. of electrons in S = 16 + 2 = 18e; No. of electrons in K+

C Both P and N are in Group V. N is in period 2 and P is in period 3. 
Atomic radius of P < that of N, so N is more electronegative than P.

D First ionisation energy of Group II > Group III
Can refer to Data Booklet for the first ionisation energies.
Refer to lecture notes p54 (Topic 2 : Atomic Structure and Physical 
Periodicity)

22 23 24 25
B B C D

ments

A No of moles of 0.005 mg Cl2 gas in 1 dm3 =  0.005 ××× 11100000 33 // 71 [[MMr ofof CCl2]
1 mol of Cl2 gas consists of 6 × 1023 moleculess

(0.005 × 10 3 / 71) mol of Cl2 gas cococococococococococooooooonsnsnsnsnsnsnsnsnsnnsnnnsnssisssssssstststststsststsssssssssssssssssssss ooooooooooooooooooooooooooooooooooooooffffffffffffff f fff fff f ffffff ffffffffffffff (6(6(6(6((6(6(66(6(6(6(6(6(6(6(6((6(6(6(6(6(66(6(6(6((66(6(6(6(6((666(6(6((6(6(6(6(6((66( ×××××××××××××××××××××××××××××××× 1111111111111111111111111111110000000000000000000000000000000000000000000000023233)) ×× 0.0.000055 ×× 10 3 / 7
molecules

C The total number of elecccccccccccctrtrtrtrtrttrtttttttttttt oooononoooooooooooo s offfofofofofofofofofofofofofoffofooo  eacacaacacacacacacacacacacacacaacachhhhhhhhhhhhhhhhhh pappppp rtticiciciciciciciciciiiiii leleleleeleleeeleleeleleeeleeeeleelll  after losinnngg aaan electron is as 
A 13Al

+ 11e
1s1s1s1sss1s1s1s1s11s1s11 2222222222222222 2s2s2s2s2s2s2ss2s2222s2s2s2 22222222222 2p22p2p2p22p2p2p2p2p222p2p22p2p2 666666666666666 3s33s3s3s3s33s3s33s3s33s1

B 14Si
144444444444444444444e

1s1s1s1s1s11s1ssssssssss2 2s2s2s2s2s2s2s2s2s2ss2s2s2s2s2s22 222222222222222222 2p6 3s3s3s3s3s3s3s3s33s3s3s3s3s3s3s3s333 2222222222222222 3p3p3p3p3p3p3p3p3p33p33p3p3p3p3pp3 222222222222222

CCCCCCCCCCCCCCCCCCCC 1115111111111111 PPPPPPPPPPPPPPPPPP
15eeeeeeeeeeeeee

1s1s1s1s1s1ss1s1ssss1s1ssssss2 2s2s2s2s2s2s22s2s2s2s2s2s2s2s22s22s2 2p2p2p2p2p2p2p2pp2p2p2p2p2p2p2p2p666666666666666666 3s222222222222222222 3p3 -filled p orbitals

D 1666666666666666666S++++++++++++++

1444444444444444ee
111s111111111111111 2222222222222222 2s2 2p6 3s2 3p2

B A Na+: 1s11s1s1s1s111s1s1s1s1s1s1ss11s1s1 222222222 2s2s2s2s222s2s2s2s2s2s2222222 22222 2p6;
Cl : 1s2222222222222 2s2 2p6 3s2 3p6 (one more quantum shell of electrons than Na

ionic radius of Na+ is smaller than that of Cl
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4. D

N CH3CH3

CH3

CH3

S
FF

F

F

F

4 bond pairs around N, thus tetrahedral
5 bond pairs and 1 lone pair around S, thus square pyramidal

5. B HCl is polar and cannot form H-bonding, thus it possesses pd-pd interactions.
NH3 has H-bonding. 
CO2 is non-polar and it possesses dispersion forces.

6. D The ideal gas equation would give an accurate value of the Mr if the gas behaves
ideally. A real gas behaves more ideally if the temperature is high and the pressure 
is low.

7. C When 25 cm3 of 0.5 mol dm HCl reacted with equal volume of 0.5 mol dm KOH,
1 × 0.5 J mol

When 50 cm3 of 1 mol dm HCl reacted with equal volume of 1 mol dm KOH,
2 × 1 J mol

Both neutralisation reactions involve strong acid (HCl) and strong base (KOH).
1 2

oC

8. B A H2 is not regenerated H2 does not act as a catalyst, it is a reactant.
B From slow step: rate = k[N2O2][H2] .......(1); but N2O2 is an intermediate

From the first reversible reaction:  Kc = [N2O4] / [NO]2 [N2O4] = Kc

[NO]2 .......(2) 
Substitute (2) into (1) rate = k × Kc [NO]2[H2] = k’[NO]2[H2] 
Overall order of reaction = 2 + 1 = 3

C N2O2 is an intermediate, hence cannot appear in the rate equation.
D Increasing the concentration of NO increases the rate of reaction as the 

reaction is 2nd order with respect to NO.

9. D A catalyst increases the rates of both the forward and reverse reactions (for a
reversible reaction); the rate constants of both the forward and reverse reactions are 
increased. A catalyst does not change the yield or quantity of product obtained at 
equilibrium. A catalyst does not change the value of the equilibrium constant.

H3 has H-bonding.
O2 is non-polar and it possesses dispersion forces.

he ideal gas equation would give an accurate value of the MMrr iff tthehe gas beha
eally. A real gas behaves more ideally if the temperatururee isis hhigigh anandd ththee press
 low.

When 25 cm3 of 0.5 mol dm HCl reacted wwwwiwwwwwwwww ththththththththththththth eeeeeeeeeeeequququququququuququququququququqquqququuqququququququququququququququququuquuuuuququq alalallalalalalalalalallalalallallllaaallalalalalallaalaaaaalalaaalaaaaalallallaaa vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvolololololololololoolololoooloooloololololololoooololooolollolololoooooooooo umumuumumumumummumumumumumumumumumummumummmmumumumummmmmmmmmmmmummmummuummmmmeeeeeeeeeeeeeeeeeeeeeeeeeeee ofof 00 5.5 mmolo ddm KO
1 × 0.5555555555555 JJJJJJJJJJJJJ mol

When 50 cm3 of 1 mol dm HCCHCHCHCCHCCCCHCHCHHHHHHHH llllllllll reacaaacaaa ted ddddddd wiwwiwwiwiwiwiwiwiw ththtthtththtt equququququqququququququuquuuaaalaaaaaaaaa  volume ofof 11 mol dm KOH,
2 × 111111111 JJJJJJJJJJJ momomomomomomomomooomol

oth neutralisatiiiiiiiiiiiononononononononononononon reacccctcccccccc ioooooooooooonsnsssnsssnssnssss invvvvvvvvvvvvvololololololololoooo vevevvevevevevevevveee sssssssssstrtrtrtrtrtrtrtrtt onggggggggg aaacaaaaaaaaaa ididdididididididdddd ((((((((HCHCHCHCHCHCHCHCHCCHCCHCHCl) and strong base (KOH).
1 2

ooooooooooooCCCCCCCCCCCCC

A H22222222222 is ssssssssssss noooooooooootttttttt rerererererererereeeeegeggegegegegegegegegegeg neeeeeeeeeeerarararaararararararaaratetttetetett d HHHHHHHHHHHHH2 dodododododododododoodod eeeeseeeeeeeeeeeeee  not act as a catalyst, it is a reactant.
B Frommmmmmmmmmmmm ssssssssssssslow ststststsststststststtepepepepepepepepepepee : raaaaaaaaaatetetetetetetetetetetet ========== kkkkkkkkkkkkk[[[[[[[[[[[[NNNNNNNNNNN2222222222222OOOOOOOOO2][H2] .......(1); but N2O2 is an intermediate

From ttttttttttttheeheheheheheheeeee ffffffffffffiriririririririrrirrrrsttstttststststststts rrrreeeeverererererererererererererssissisisisisisisissisibblblblbblbbbbbb e reaction:  KcKK = [N2O4] / [NO]2 [N2O4] =
[NO]2 ........... .(2(2(2(2(2(2(2(2(2(2(2(2(2) ) ))))) )))) )
Substitute (2(2(2(2((2(2(2(2(2(2(2(2)))))))))))) inininininininininnnininto (1) rate = k × k KcKK [NO]2[H2] = k’[NO]2[H2] 
Overall order of reaction = 2 + 1 = 3

C N2O2 is an intermediate, hence cannot appear in the rate equation.
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10. C A When the temperature is decreased, position of equilibrium shifts to the left
so as to produce more heat since the reverse reaction is exothermic.

B When the temperature is increased, position of equilibrium shifts to the right
so as to absorb the excess heat since the forward reaction is endothermic.
The value of Kp increases.

C When the total pressure is decreased, position of equilibrium shifts to the 
right so as to increase the pressure since right-hand-side of the equilibrium 
contains more gas molecules. (In fact, no gas molecules are present on the 
left-hand-side of the equilibrium.)

D Change in the amount of solid does not affect equilibrium as solid does not 
appear in the Kp expression. The value of the equilibrium constant 
changes only if there is a change in temperature. (one exception case: H = 
zero) 

11. B For the molecular formula, C7H7Br, the structural isomers are:
CH3

Br

CH3

Br

CH3

Br

CH2Br

None of these structures form stereoisomers.
Total no. of aromatic isomers = 4. 

12. C There are 8 chiral carbons in the molecule:

CH3

CH3

CH3
CH3

CH3

HO

CH3

13. A 0.33 / 44.0 = 0.0075 mol CO2

0.18 / 18.0 = 0.01 mol H2O

C : H ratio = 3 : (2 × 4) = 3 : 8  empirical formula of hydrocarbon is C3H8. 
(For every 1 mol of water formed, there should be 2 H present)

Notice that the empirical formula fits the general formula of an alkane, CnH2n+2. A is 
the only structure with this empirical formula.

changes only if there is a change in temperature. (one exception cas
zero)

B For the molecular formula, C7H7Br, the structural isomersrs aarere::
CH3

Br

CH3

BrrrrrrrBrBrrrr

CH3

Br

CHCH2Br

None of these structuressssssssssss fororoorororororoooorormmmmmmmmmmmmm stststststststststststss ereeeeeeeeeeee eoeeoeoeeeoeoeeoooisisisisisiisiiisissomomomomomomomomomomomomomeeeereeeeeee s.
Total no. of arommmammmmmm tittttt c ccccc isisisisisisiisisisssomersssssssssss = 4.  

C There arararaarararararararara eee eeeeeeee 8888888 chchchchhchhhchhchhhiriiiiii al ccccccccccccarrrrrrrrrrrbobobobobobobobobbbbb nsssssssssssss iiiiiinnnnnnnnnnnn ththhthththhthhthththt eeeeeeeeeee momomomomomomomomomomomomoleeeeeeeeeeeeecucucuccucucucucuuuleeleeleleleeleleeee:::::

CCCCCCCCCCCCCHHHHHHHHHHHHH3333333333333333

CH3

CH3
CH3

CCCCCCCCCCCCCHHHHHHHHH3

CH3
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14. D Bromine is the electrophile for this reaction, thus the cyclic bromonium ion is the
intermediate. The products that are formed are those from the reaction between the 
bromonium ion and one of the 3 (Br , Cl and H2O). D is not formed because it 
cannot be a result of the reaction with the bromonium ion intermediate.

15. A For the electrophilic substitution reaction, one pair of electrons from the delocalised
electron pi cloud is used to form a bond with the electrophile, so the number of 
delocalised ele

16. A A is the correct answer as the reagents used and the position of substitution is
correct.
B is rejected because dilute nitric acid does not work for the second intermediate.
C is rejected because aqueous bromine and dilute nitric acid do not work.
D is rejected because the alkyl group is not on the 3-position upon alkylation of 
nitrobenzene.

17. A l hey

broken easily.
CH2F2 l

18. B 1 CnH2n +  (3n/2)O2 nCO2 +  nH2O
volume of O2 required for combustion no. of C atoms present in the 
molecule.

2 The gas produced at 25 oC is CO2.
One mole of CnH2n produces n moles of CO2. 
Similarly, one mole of CnH2n+2 produces n moles of CO2. 

3 At 120 oC, CnH2n +  (3n/2)O2 nCO2(g)  +  nH2O(g)
volume of CO2 = volume of steam

19. C 1 False. BF3 is simple molecular with covalent bonds between B and F atoms,
and dispersion forces between molecules. 
AlF3 has a giant lattice, there are ionic bonds between Al3+ and F– ions. 
(Please note: AlF3 is giant ionic while AlCl3 is simple covalent molecular.)

2 True. Both are simple molecular with covalent bonds between atoms, and 
van der Waals forces between molecules.

3 True. Both are giant covalent. (Please note: Si is giant covalent, diamond is 
giant covalent, SiC is also giant covalent.)

20. D 1 4 is the enthalpy change of hydration of bromide ion.
2 2 should be +97 kJ mol

endothermic process.
3 3 is the first electron affinity of Br.

orrect.
is rejected because dilute nitric acid does not work for the second intermediate
is rejected because aqueous bromine and dilute nitric acid do nonott wowork.
is rejected because the alkyl group is not on the 3-positionon uupoponn alkylatio

itrobenzene.

l

roken easily.
H2F2 l

1 CnH2n +  (3n/2)O2 nCnCnCnCnCnCnCnCnCnCnCnCnCOOOOOOOOOOOO2 + nHHHHHHHHHHH2222OOOOOOOOOOOO
volume of O2 rererererrrrerrer ququqqqququqququqq iririririririririrrredeeeeeeeeee  forr commmmmmmmmbubububububububububububuustion nonononononononononononono. ofoo  C atoms present in 
molecule.

2 The gaaaaaaaaaaaaasssssss prodododododoododoododoo uuucucuucucucuuuuu eddddddddddd at tttt tttttttt 22225222222222  oooooooooooCCCC CCCCCCCCC isisisisisisisissisisiss CCCCCCCCCCCCOOOOOOOOOO222222222.
OnOnOnOnOnOnnOnOnOnOnOnOne momomomomomomomomomomomoole of CCCCCCCCCCCCCnHHHHHHHHHHHHH2nnnnnnnnnnnn ppprpppppppppp oducesesesesesesesesesesess nnnnnnnnnnnnn mmmmmmmmmmmololololoolololoooooleseseseseseseesesesess of CCCCOCCCCCC 2. 
SiSiSiSiSSiSSSiSiiiiiimimimimimimimmimimmimimm lalalalalalalalalalalalalarlllly,yyyyyyyyy oooooooooooonen mmmmmmmmmmmmmolololololololoooo eeeeeeeeeeeee of CCCCCCCCCCCnnnnnnnnnnnnHHHHHHHHHHHHH2n2n2nn2n2nnnnnnn+2+2+2+2+222+22+22+22 prppppppppppppppppp oduces n moles of CO2. 

3 At 1111111111202222222222  oC, CCCCCCCCCCCCCnnnnnnnnnnHHHHHHHHHHHHH2n ++++++++++++ ((((((((((((3n3n3n3n3n3n3n3n3n3n3n3n3n/2/2/2/2/2/2/2/2/2/2/// )O)O)O)O)O)O)O)O)O)O)O)O)O2 nCO2(g)  +  nH2O(g)
volumemememememeeeeeee ooooooooooooof COCOCOCOCCCOCOCCOCCCO2222222222222 ==== vovovoovovooooooolulululuululululululuuumemmememememememememeem of steam

1 False. BF333333333 isisisisisisissisisss sssssssssssssiimimimiiii ple molecular with covalent bonds between B and F atom
and dispersion forces between molecules. 
AlF3 has a giant lattice, there are ionic bonds between Al3+ and F– io
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21. C 1 Only when rate [concentration]n

2 Increasing temperature always increases the rate of reaction. 
Refer to lecture notes p88 (Topic 6 Reaction Kinetics: Effect of temperature)

3 Catalyst speeds up the rate of reaction.
Refer to lecture notes p90 (Topic 6 Reaction Kinetics: Effect of Catalyst)

22. B 1 True. The sudden rise in [Y] suggests that more Y was added (there was no
sudden change in [X] or [Z]). By Le Chatelier's Principle, position of 
equilibrium shifts to the right to remove Y. Thus after time t1, [Y] falls, [X]
falls, [Z] rises, until a new state of equilibrium is achieved with the 
concentrations reaching constant levels. 
Notice also that at the new state of equilibrium, [Y] is slightly higher than that 
at the previous equilibrium. This is because the system can only respond to 
partially remove the disturbance or minimise the change.

2 True. When the equilibrium mixture is cooled, position of equilibrium shifts to 
the right to produce more heat, since the forward reaction is exothermic. 
Thus after time t2, [X] falls, [Y] falls, [Z] rises, until a new state of equilibrium 
is achieved with the concentrations reaching constant levels again.

3 False. A catalyst has no effect on the position of equilibrium. The 
concentrations of X, Y and Z would not change. In addition, the system was 
already at equilibrium at time t3. So adding a catalyst at this time has no 
effect at all.

23. B 1 P and T are geometric isomers of each other.
P is the cis-isomer, T is the trans-isomer.

2 Q and S are geometric isomers of each other.
3 R and U do not have the same structural formula. 

Geometric isomerism is a type of stereoisomerism. Stereoisomers have the 
same structural formula but differ in the spatial arrangement of atoms or 
groups.

24. C Ethene undergoes mild oxidation with cold dilute KMnO4 to form ethane-1,2-diol (no
chiral carbon). It also undergoes oxidative cleavage with hot acidified KMnO4 to 
form CO2. 

         C2H4      +      6[O]         2CO2 + 2H2O
0.1 mol (= 2.8 g)          0.2 mol (= 8.8 g)

Hence choice 1 is wrong. [Note: When choice 1 is wrong, there is only one answer, 
C.]

concentrations reaching constant levels. 
Notice also that at the new state of equilibrium, [Y] is slighghtly higher t
at the previous equilibrium. This is because the systteme ccaan only res
partially remove the disturbance or minimise the chahangngee.

2 True. When the equilibrium mixture is cooled,, poposisittioon ooff eqequiuililibrb ium 
the right to produce more heat, since the foforwrwarardd reacactitionon iis exo
Thus after time t2, [X] falls, [Y] falls, [Z] ririsseeseseseseseeseseseseeeseseseseseseseseseseeseseeeeseeeessseeeeees,s,ss,sss,s,ss,s,ss,s,s,ss,ss,s,,s,ss,ss,s,s,ssssss,s,sssss,sss, uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuunntntntntntntntntntntntnnnnnnnnnnnnnnnnnnnn iil a newew sstate of eq
is achieved with the concentratiooonoooooooooo sssssssssssss reeeeeeeeeacacacacccacacacacaccacacacaccacccacacaaacaaaccacaaacacacacaaaacaccacacccchhhhihihihihiihihihiiiihihiiihiihihihihihiihiihiiiihhhiihihihiihhhhhihhhihhhhihihingngngngngngngngngngngngngngngngngnngngnnngnggnngnggngnngngngngggngnngnggnnnggggggggggggg ccccccccccccccccccccccccccccccccccccconoonononononononononononononnononononoonoononnnooonoonnnonnonnnnnnnonnnnstststssssssssssssssssssssssssssssssssss anantt lelevevelsls aagain.

3 False. A catalyst has nonononononononononononono effececececececececcccct tt on ththththththhhthththhththhthhthththhththhththththhhhththhhtthtthhhhthtthhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee posis tiioon oof f eequilibriu
concentrations of X, YYYYYYYYYYYYY ananananananananananaana ddddddddd ZZZZZZZZZZ wowwww ulddddddd noooooooooooooooot change. Inn aaddititioion, the sys
already at equilibririririririiriririririrrrrrrrrr umumumummummummuuu attttt ttttttt timemmemememeeeeeeee tttttttttttt3333333333. SoSSoSoSoSooSooSoSSS  adding a cacatatalyst at this time
effect at all.

B 1 P anddddddddddddd TTTTTTTTTTTTT are geeeeeeeeeeeeomommomommomomomomommmettetetetettetttettetriririririrrririrriiic cccccccc isisisisiisisisisssssomommomomommommomo ers ooofoofofofofoofofofo  eacacacacacacacacacaccaca hhh hhhhhhhhh otoototooooooooo her.
PPPPPPPPPPPPP isssssssssssss theeeeeeeeeeeee ccccccccccccisiiiiiiiii -issssssssssssommmmmmmmmmmmmer, TTTTTTTTTTTT isisisisisissssissss tttttttttttttheheheheheheheheheheheehe tttttttttttttrararrarararararararrar nsnsnsnsnsnsnsnsnsnsnsnsns-isisisisisisisisisisissooooomoooooooo er.

2222222222222 QQQQQQQQQQQQQ and S arararararararaaaaaa eeeeeeeeeeeee geggegegegeggggeggeomooooooooooo etric ccccccccc isisisisisisisisisssssomoooomomomoomoooo ererererereererrrrrsssssssssss of each other.
3 3333333333333333 RRRRRRRR annnnnnnnna dddddddddddd UUUUUUUUUUUU doooooooooooo nnnnnnnnnnnnnot hhhhhhhavavavavavavavavavavavavaveeeeeeeeeee ththththththththththhhheeeeeeeeeeeee ssssassssssssssssss me structural formula. 

GGGeGGeGGGGGGG ometeetetetetetetetetee riririririririrrrr c issssomomomomomomomomomomomomomerererererrererererererissississisisisssissmmmmmmmmmmmm is a type of stereoisomerism. Stereoisomers h
sasasasasasasasasssaaamemememememmememememememe sssssssssstrtrtrtrtrtrtrtrtrtrtrtrtrucucucucucuuuuuuuu tuturararararararararararararallllllll fofofofoffofofofofofoof rmula but differ in the spatial arrangement of a
grouououououuouououououououpspspspspspspspspspspspsps........

C Ethene undergoes mild oxidation with cold dilute KMnO4 to form ethane-1,
chiral carbon). It also undergoes oxidative cleavage with hot acidified K
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25. D When the following halogenoalkanes undergo elimination with alcoholic KOH,

Cl forms 2 alkenes, and ;

and Cl forms 2 alkenes, and .

Br forms 1 alkene, ; 

but 
Br

does not undergo elimination as there is no H on the adjacent 
carbon (the adjacent carbon is already bonded to 4 carbons).

Br

forms 1 alkene, ; 

but 

Br

forms 2 alkenes, and .

Br forms 1 alkene, ;

ut
Br

does not undergo elimination as therre e isis nnoo H onon tthehe adja
arbon (the adjacent carbon is already bonded to 4 cararboboboboboboboobobobobobobobooboboboboboooboboboboobobobooboobobbbooboooooobooonnsnsnsnsnsnsnssnsnsnsnsnsnsnsnsnnsnsnsnsnnsnsnsnsnsnsnssnnsnnnnnsnsn ).).))))))).).).))).).))).))))).).).)))))))

Br

forms 1 alkene, ;;;;;;;;;

ut 

Br

fofofofofofofofofofofofoormrr s 2222222222222 aalaaaaaaaaa kekekekekekekekekekekeekeneeeeeeeeeeees,s,ss,ssss,s,ssss, anananananananaaaa ddddddddddddd .
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Setter: Mrs Phee PL
Marker: Mdm Ching MY (13S60 – 13S6J); Mr Liw MH (13S6K – 13S73); 
Mrs Phee PL (13S74 – 13S7J) 

1 (a)
Kc = 

Most candidates have gotten the correct answer for this part. The common 
mistake is to leave out [H2O].

When writing this expression, it is important to note the state symbols stated in 
the chemical equation. The organic compounds are all in liquid state, suggesting 
that H2O is not present in large excess. Thus, [H2O] would not be a constant 
term and it is necessary to include it in the Kc expression.

(b) To provide a constant temperature since Kc is dependent on temperature. [1]

Temperature is the only factor affecting Kc and thus it is important to keep it 
constant for such experiment.

Quite a handful of candidates merely state that it is to keep the temperature 
constant which is obvious from the question – “thermostatically controlled water 
bath”. There is a need to elaborate why it is important to keep the temperature 
constant for this experiment.

(c) Water will dilute the reactants and slow down the reaction. [1]

The addition of water will greatly decrease the concentration of the reactants, 
which will in turn decrease the frequency of effective collisions. The rate of 
reaction will thus be reduced. 

To gain the 1 mark, candidates need to mention both ‘the dilution of reactants’ 
and the ‘slowing down of the reaction’/’frequency of effective collisions 
decreases’ (or words to the same effect). If you merely mention ‘to quench the 
reaction’, this is not accepted since you are just quoting directly from the 
question. Do take note that though ‘to stop the reaction’ is accepted here, the 
reaction does not stop entirely. The rate of reaction is so slow that the rate of 
reaction can be considered to be negligible.

(d) Top up a burette with 0.50 mol dm-3 NaOH and record the initial burette
reading
Pipette 25.0 cm3 of solution from volumetric flask into a 250 cm3 conical
flask

[CH3CO2C2H5] [H2O]
[CH3CO2H] [C2H5OH]        [1]

the chemical equation. The organic compounds are all in liquid state, su
that H2O is not present in large excess. Thus, [H2O] wwououldld not be a 
term and it is necessary to include it in the Kc expressionn.

(b) To provide a constant temperature since KcKK is depepenendedennt onn tetempmpererature

Temperature is the only factor affectiiiitiiiiiitit ngnnn  Kc aanannanannannnnnnnnnnnnnnnnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddd ththththththththththtththththtththththththhtthttttththtthththttththththtththususususssusususususususususussssussususussusususususussususussussusuussuussss iiiiiiiitt t iiis impmpmpororortatatantnn  to kee
constant for such experiment.

Quite a handful of candididididididiidddddd dadadadadadadadadadadadadddddadad tetetetteteteteteteteteteetetetessss s ssssss s ss memmememmemmemmmmmmmmmmm rererrrerrerrerrrerrrerrrer ly staaaaaaaaaaateeeeeeeeeeeeeeeeeeeeee that it is tooo kkkeeeep thththee temperat
constant which is obviiiiiiiiiiiiiiiiiiiiiiiiiiiouuuuuuuuuuuuus fromomomomommmomomommomom ttttttttttthehehehehheheheheheheheeeeee qqqqqqqqqqqqqqqqqueueueueueueueueeueueueuueueueuueuu ststststststsstssststsststss ioiooioioioiooioioiooiooioooi n – “thermmososttatically controlled
bath”. There is aaaaaaaaa aaaaaaaa nennnnn ed tttttttttttttooooooooooooooooooo elelelleleleleleeleleeeeeeeeee ababbabababababababababababababbbabaa orrrrrrrrrrrrrrrratattatatatatatttatatttataa e eeeeeeee whhhhhhhhhy itttttttttt iiiiiiisssssssssssssss immimmmimimimimimimimimimimimmmmportant to keep the tempe
constant for thiiiiiiiiiiiiiiiiisssss exeexexexexeexeexexexexexeexeeexxpepepepepepepepepepepepepepepeerir meeeeeeeeeeeeeeeentntntnntntntntntntntntntntntntnnt.........

(c) Wateeeeeeeeeeeeeeerrr rr rrrrrrrrrrrrrr will didddddddddddddddd lululululululululululuuuuuuuuuute theheheheheheeheheheheh  reactttttctctttttttttananananananananananananananananannaantstststststststststsstsssssss ananananananannnannannnnnannaandddddddddddddddddddd slslslslsssslslsslslslslslowowowowowowowowowowowowowowowowowowowow down the reaction. [1]

ThTTThTThThThThTThTTTThTTThTTTT eeeeeeeeeeeeeeee adadadadadadadadadadadadadadadadadadaddidididididddiddididdidiiditititittititititititittttititiionononononononoonononononononnnn oooooooooooooooofffffffffff ffffff wateteteteteteeteteteteteteteteteteeteer rrrr r r rr rrrrrrrrrrr wwiwiwwwiwwwwwwwwwwww lllllllllllll gggggggggggggggggggrerrererererererererererererereerrrrrrr atly decrease the concentration of the re
whhhhhhhhhhhhhhhhhhhiciiiccicicciciii h hhh hhhhhhhhhhhhhhh will iiiiiiiin tututututttuuurnrnrnrnrnrnrnrnrnrnrnrnnrnrnnrnn ddddddddddddddddddddecececececececececececececececececrerererererererererererrrrrrr aaaasaaaa e the frequency of effective collisions. The
reactititititititttitttittittiiiionononononononononooonoonononononoo wwwwwwwwwwwwwwwwwwwillllllllllllll thththththththththttthttththhhthhuuuusuuuuuuuuu bbbbbbbbbbbbbbbbbe ee e eeeeeeeeeeeeeeeeee reduced. 

To gain thhththththththhththththththththhthhhhe eeeeeeeeeeeeeeeeee 1 mark, candidates need to mention both ‘the dilution of re
and the ‘slowing down of the reaction’/’frequency of effective c
decreases’ (or words to the same effect) If you merely mention ‘to que
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Add two to three drops of bromothymol blue (or other suitable indicator)
Titrate until the yellow solution just turns green (or other corresponding
colour change) and record the final burette reading
Repeat the titration until consistent results are obtained

[1/2 for each point]
[1/2 for “record initial and final burette readings”]

The procedure for titration is very standard. Please refer to your past practical 
handouts if you are still unsure of what to write for this part.

You may wish to take note of some important words in the question “volumetric 
analysis of FA1” and “titration procedure”. For your answer, you are only 
expected to describe the titration process and not the part on the preparation of 
FA1 solution. Neither are you expected to give details of how to process the data 
obtained. For those of you who describe the preparation (dilution) of FA1 
solution, the markers will indicate that part as “irrelevant” and there will be a 
penalty for not identifying “volumetric analysis” correctly. 

For the indicator to be used, as you have yet to study the topic on “Acids, Bases 
and Salts”, we will accept any indicator commonly used for titration. The colour 
change will be marked according to the indicator that you have chosen. 
Universal indicator should not be used for titration as the colour varies a lot and 
does not give a sharp colour change. KMnO4 is a strong oxidising agent, not an 
acid-base indicator and thus should not be used.

Since this is a titration between a weak acid (ethanoic acid) and a strong base 
(NaOH), the appropriate indicators to be used will be phenolphthalein, 
bromothymol blue or phenolphthalein (you will learn about the choice of 
indicators next year). It is disappointing that ‘phenolphthalein’ is often misspelled 
even though it is found in the question paper on Pg 11.

The markers expect the candidates to state the exact quantity of indicators used, 
which ideally should be 2 to 3 drops. For those have stated 1 cm3 or more, do 
take note that indicators are weak acids/bases themselves and may affect the 
titre values. So you should only add a sufficient amount of indicator that is just 
enough for a sharp colour change to be observed clearly.

Most candidates forgot to “take the initial burette reading” and/or to “take the 
final burette reading”. Some described them wrongly as “volume”. Do take note 
that the burette reading is not equivalent to the volume of the solution present in 
the burette.

You may wish to take note of some important words in the question volume
analysis of FA1” and “titration procedure”. For your answer,, you are o
expected to describe the titration process and not the part onn tthhe pprer paration
FA1 solution. Neither are you expected to give details of how w toto pproroccess the d
obtained. For those of you who describe the preppararatatioionn (ddililutu ion)n) of F
solution, the markers will indicate that part as “irrelevevanant” aand ttheherere wwill be
penalty for not identifying “volumetric analysis” corrrreececececececececececececcececececececececcececececeececececeecceecccececcecttttttttttttttttttttttttttttttttttttlylylyylylyylyylyylylyylylylyyyylylylyylylylylylylyylyyyylyylyyylyyylyyyyyylyyyyyyyy...

For the indicator to be used, as youuuuuuuuuuuuu hhhhhave yeyeyeyeyeyeyeyeyeyyeyey t tttttttttttt toto ssssssssssssstutututuutututututututtutttuututtutututuuttutuuuttutttututuuuuuuuuuuuuudydydydydydydydydydyydydydyydydydydydydydydydydydydydydydydydydydydydydydyyddydydydyddyydddd ttttttttttttttthhhhhhhehhhhh ttopopici  on n “A“Accids, Bas
and Salts”, we will accept anynynyyynyynynyyyyy iiiiindndndndndndndndndddicccccccccccccatatatatatattattatataa oroooooooooooo  commmmmmmmmmmmomomomomoomomomomoomoomoonly used ffoor ttitratitionon. The colo
change will be marked acaacacaaaaaaaacaaa ccccocccccc rdddddddddddddinininininninnininning tototototototottttt  the innnndnnnnnnnnnnnnn icator thaat you have chos
Universal indicator should nnnnnnnnnnnnnototottttttttttt bbbbbbbbbbbbeeeeeeeeeee usususususususususussususedededededdddddde fffffffffffforororororororororororrr ttttttttttttititititittittitrrrrrarrrrr tiononnonnonononononononn aaaaaaaaas the cocolour varies a lot a
does not give a shaaaraaaaa ppppp cocococococococooooololllllll ur chahhhhahahaaahhh ngee.eeeeeeeee KKKKKKKKKKKKKMnO4444444444444 isississsssisisisss aaaaaaaaaaaaa ssssssssssssstrtttttttttttt ong oxidising agent, not
acid-base indiciciccicicicicicicicicicataaaaaaaaaaa or aaaaaaaaaaaaandddddddddddd tttttttttttthuhhhhhhhhhhhh s sssssssssss shshshshshshhsssss ououououououououoouoouo lddlddldddddldld nnnnnnnnnnnot bbbbbbbbbbbbbeeeeeeeeeeeee ususususususususussusussedededededededededededed.

Since e e eee ee eee e e thissssssssssss iiiiiiiiiiiiis a titrtrtrtrtrtrtrtrtrtrtrrrattatatatatatattttttioiiiiiii nnnnnnnnnnnn bbbebbbbbbbbbb tweeeeennnnnnnnnnn aaaaaaaa aa a aa wewwewewewwwewewewweweakakakakakakakakakakakakak aciiiiiiiiddddddddddd (ethanoic acid) and a strong ba
(NaOOOOOOOOOOOOOOOOOOH)H)H)H)H)H)H)HH)H)H)H)H)HHH ,,,,,,,,,,,,, ththththththththththhhheeeee eeeeeeee apprprrrrrrrrrrrropopopopopopoppopopopppririirrririrririiriate inininininininininininnindidididididididddididid cacacacacacacacacacacaccatottttttttttttttttt rs to be used will be phenolphthale
bromotttttttttttthyhhhhhhhhhh mmmmommmmmmmmm llllllll blbblblblblblbbbblbb ueueueueueueeueueueueueu  or rr rrrr rrr phphphphphphphphphphphphpheneneeneneeeeenene ololololololololololooolphhphphphphphphphhphhp thalein (you will learn about the choice
indicatorsssssssssssss nnnnnnnnexeeeeeeeeeee t yeyeyeyeyeyeyeyeyeyeyyy arrrrrrrrr).))))))))))) IIIIIIIIt ttt ttttt tttt isissisisisisisisisisss dddddddddddddisississssappointing that ‘phenolphthalein’ is often misspel
even thoughhhhhhhhhhhhh itititititittitititititit iiisssssssssssss fofoffofofoununununununununnnnnnddddddddddddd iiiiiiiniii  the question paper on Pg 11.

The markers expect the candidates to state the exact quantity of indicators us
which ideally should be 2 to 3 drops. For those have stated 1 cm3 or more,
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1 (e) Swirl the conical flask continuously during titration.
Add reagent dropwise when near the end-point
Wash down splashes on the inner walls or neck of the conical flask using 
deionized water

[2 mark for any 2 points]

Some important words to take note of in the question are “two”, “important”, 
“techniques” and “titration”. Points such as “using white tile”, “taking readings at 
eye level” etc are not important points. 

The markers were appalled by the language ability of the C1 Chemistry 
students. Instead of stating “swirl the conical flask”, many candidates used the 
words “shake” (which we accepted eventually), “swing”, “spin”, “sway” or “twirl”! 
Some of these actions could be hazardous when performed in the laboratory.

(f) No. of moles of HCl added = 0.005 mol

No. of moles of HCl titrated = 
250.005
50 250

p
= 1.0 x 10 5p mol  [1]

No. of moles of NaOH titrated = 0.50
1000

q
= No. of moles of H+ present in p

cm3

No. of moles of CH3CH2OH present in conical flask A  

=
50.50 250( 1.0 10 )

1000
q p

p 25
50

= 0 005
4
q .
p

mol [1]

This question is generally very badly done with only a few candidates in the 
cohort scoring both marks.

Students need to be aware that the dilute HCl used was mixed with other 
reactants, then transferred to a volumetric flask for dilution. Only p cm3 (not 25 
cm3) of this diluted solution was withdrawn for titration.

In addition to the method shown above, there is another method which will be 
shown here step by step.

No. of moles of NaOH titrated 

= 0.50
1000 2000

q q
  

= Total no. of moles of H+ present in p cm3 of FA1
= No. of moles of HCl + No. of moles of CH3CO2H 

The markers were appalled by the language ability of the C1 C
students. Instead of stating “swirl the conical flask”, many candidates u
words “shake” (which we accepted eventually), “swing”, ““spspinin”, “sway” o
Some of these actions could be hazardous when performemedd inin the labora

(f) No. of moles of HCl added = 0.005 mol

No. of moles of HCl titrated = 
250.0055
5000000000 22222222222222222222222222222222222222222222255555555555555555555555555555555555555555555555550000000000000000000000000000000000000000000000

ppppppppppppppppppppppppppppp
================================== 1.1.1..11111.111.1.1.11.111111111111111111111 00 x x 100 55pp momol [1]

No. of moles of NaOH titrararararaaraaarararateteteteteteteeeeeed =========== 0000000000000000000.50
1111111111100000000000

q
= No. ofo mmoleses oof H+ prese

cm3

No. of moles ooooooffff ffffffff CHCHCCHCHCHCCHCHCCCC 3CHHHHHHHHHHHH22222222222OHOHOHOHOHOHOHOHOHHOHOHH preeeseeeeeeeeee eeeneeeeeeeee t in conononononononononononnonicicicicicccccccccalalalalalalalalalalaaal flask A 

=
5555555550.50 2222222222225555555555555000000000000( 1.0000000000000 1111110000000000 )))))))))))))55555555550.50

1111111111110000000000000000000000000
q

pppppppppp
1.00000000000 10000000000000 )5

22222222222225555555555555
5555555555550000000000000

========== 0 000000000000005555555555555
4444444444444
qqqqqqqqqqqqq
ppppppppppppp

momomomomomomomomomomomomolllllllll [1]

This qqqqqqqqqqqqueueueueueueueueueueueueueststsststssssssts iooooooooooooonnnnnnnnnnnnn isisisisisisissss gggggggggggggeneneeeeneeeeeee erally very badly done with only a few candidate
cohort sssssssssssscococococococococococococoriririririririrrrrr ngngngngngngngggggg bbbbbboth marks.

Students need to be aware that the dilute HCl used was mixed wi
reactants, then transferred to a volumetric flask for dilution. Only p cm3
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Total no. of moles of H+ present in 250 cm3 volumetric flask 

=
250

2000
q

p
=

8
q
p

Total no. of moles of H+ present in conical flask A = 
50

8 25 4
q q
p p

No. of moles of HCl added = 
5 1 0.005

1000

No. of moles of CH3CO2H present in conical flask A = 0.005
4
q
p
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Setter: Mrs Jacqueline Tano
Marker: Mrs Jacqueline Tano (13S60 – 13S74); Mr Low KS (13S75 – 13S7J) 

2 (a) (i) Low temperature should be used as it will favour the forward exothermic 
reaction / generate additional heat. [1]

High pressure should be used as it will favour the forward reaction which 
has a decrease in amount / no. of moles of gas molecules. [1]

Students should explain qualitatively i.e. give descriptions of the 
temperature and pressure based on Le Chatelier's principle. Clear 
explanations should make reference to the mole ratio in the equilibrium 
equation (from 4 moles of gas to 2 moles of gas) and the enthalpy change 
data given (exothermic). 

(ii) The temperature cannot be too low that the reaction will be too slow and
hence uneconomical. [1]

The pressure cannot be too high that the cost of maintenance of the
equipment becomes too high and hence uneconomical. [1]

Students should focus on the economical consideration that industries 
would have and give clear reasoning for each condition i.e. temperature 
and pressure respectively.

(iii) S is negative as there is a decrease in the amount / number of gas
molecules in the system and hence a decrease in the number of ways
particles can distribute / disperse / spread out their energy. [1]

Students should make reference to the decrease in the number of moles of 
gas and also link directly to the definition of entropy i.e. the number of ways 
the energy can be dispersed through the motion of its particles. 

(iv) Go = J mol 1 [1]

33400 K
K = 7.20 x 105 [1] (ignore any units written)

The very large numerical value means that the reaction would be
effectively complete. [1]  (ecf allowed)

Students should ensure consistency in units when substituting into the 
equation. Please note the units for R (J K 1 mol 1), hence it may be better 
to keep all calculations consistent in J mol 1 for this question. 

equation (from 4 moles of gas to 2 moles of gas) and the enthalpy
data given (exothermic). 

(ii) The temperature cannot be too low that the reacactitionon wwililll be too slow
hence uneconomical. [1]

The pressure cannot be too higigigigiggigigiggggighhhhhhhhhh that tttthheheheheheheheheheheheheheheheheheeeheheheheheeeheehehehheheehehhheeheeheeeheheeeeeee cocococococococococococococococococococooccococcccococoococcccccocococoooococccococoststsstststtststststsststststststttsttststtststststtsttststtstssststsssttttttsstttss oooooooooooooooooooooooooooooooof f mmainntetenanancnce of the
equipment becomes too high anananananananananananndddddddddddd hehehhehehheeheeeeeeehencncnncnncncncncncncncncncncnncnccnncnccncncnccncncncnncnccnncncncncncnncnnnccccnccnccnncccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee uunununununununununnunununununnunununnunuuunuuuuununuuuuununununuununnunuuuuuuunuuunececececececececececececececececececececececececeecececececcceecccceeceecceece oooooononooooo omomicicalal. [1[1]]

Students should fofofofofofofofofofofofocucucucucucucucucucuuus ss ononononononononononon ttttttttthe ecococococoocococococococonomical coonsnsiderattion that in
would have anddddddddddd ggggggggggggive clclclclclclclclcccc eaeaeaeaeaeeaeaeaaaar reeererererererer asasasasasasasasasasassononononononononononononiiiniiiiii g fofofofofofofoffoofofooor eachh ccondition i.e. tem
and pressususuususususuusususs rerererererererererererre respepepepepepepeeeeeeectctctctctctctctctcctctctivivivivivivi ely.

(iii) S isisisisisisisisii nnnnnnnnnnnnegaataaaaaaaaaa ivvvvvvvvvvvvveeee eeeeeee asasasasasasasasasasasasa tttttttthehehehehehehehehehehehehere is aaaaaaaaaaaa dededededededededededededecrcrcrcrcrcrcrcccrcrccreaeaeaeaeaeaeaeaeaaeeassesssssss  in the amount / number of gas
mmmmommmmmmm lecuccucuccccucuccuc elelelelelelelelelelees iniiiiiiiiii tthe syssssssssssssstetetetetetetetettetetetemmm mmmmmmmmmm anananananananananananana ddddddddddddd hehehehehehehehehehehehehencncncncncnccnccnccceeeeeeee a decrease in the number of wa
papapapapapappapappp rticlessss ss sssss ss cacacacacacacacacacaaannnnnnnnnnnnn ddddiddddddd striiiiiiiiiibububububububububububububuteteteteteteteteteteteet //////////// disperse / spread out their energy. [1]

StSSSSSSSSSSSS udentsssssssss sssshohohohohohohohohohohohohouluululuululululululululdddddddddddd mmmmammmmmmmmm ke reference to the decrease in the number of 
gagagagagagagagagagagagagasssssssssssss anananananananannannnddddddddddd alaalalaaalallllsososososososososososososo lllllllllinninininininininiii k directly to the definition of entropy i.e. the number
thhhhhhhhhhhe eee e e eeeeee eeeeeneeeeeeee ererererererererrererergygyggygygygygygygyggg  can be dispersed through the motion of its particles. 

(iv) Go = J mol 1 [1]
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K is an equilibrium constant and its magnitude is a useful indication of the 
position of equilibrium. The very large value is not simply because ‘the 
equilibrium position lies towards the right’ or ‘yield is very high’ or 
‘equilibrium composition consists of largely products’, but that ‘the reaction 
would be effectively complete’. Answers should not contain irrelevant 
material with reference to the relative rates of the forward and backward 
reactions. 
For wrong answer of K to be about 1, students should indicate that 
significant quantities of both reactants and products would be present at 
equilibrium. 

2 (b) Let x be the amount of ammonia extracted/separated into ether.
NH3(aq) NH3(ether)

Eqm / mol      0.10 x x 

KD =
)

120.0
10.0(

)
070.0

(

x

x
= 8.0 [1]

x = 0.0824 mol       [1]

Students should realise that amount refers to the number of moles. Please note 
that ether and water are two immiscible solvent, hence we are looking at two 
layers with different volumes to consider when substituting into the KD

expression. Students must remember to substitute in the no. of moles at 
equilibrium and not the initial amount. 

Students should realise thatatatatatatatatatataataaaaaaaaa aaaaaaaaaamount rererererereeeeeeefeeeefefeeeeeeersrrrrr ttooo ooooooooo thththththththhthhthththttttt e numberr ooff moles. Please n
that ether and waterrrr are twowowowowowowwowowowoww iiiimmmmmmmmmmmmmmmmmmmmmmmmmmisisssissssssissscicicicicicicicc blbblbbbbbbbbb eeeeeeee sosososososososososososs lllllvllll ent,t,t,t,t,t,t,t,t,t,t,tt hhhhhhhhhence we are looking at t
layers with differennnnnnnnnnnt vovovovovovovovovovovoolullll messsssssssssss to ccccccccoooonoooooooo siderr rrrrrrrr whwhwhwhwhwhwhwhwhhwhwhwhenenenenenenenenenenenenen substituting into the 
expression. StStStStStStStStStStStStStuuduuuuuuuuuu entsttststststtsttstts mmmmmmmmusususuuuuuuuuuu t ttttttttt rererrrrrrrrrr mememememememmmmemmem mmmmbmmmmmmm er ttttttttooooooooooooo sususususususssussss bsbsbssbsbsbsbssbsbsstttittt tute in the no. of moles

Let x be the amount of ammonia extracted/separated into ether.
NH3(aq) NH3(ether)

Eqm / mol      0.10 x x 

KD =
)

120.0
10.0(

)
070.0

(

x

x
= 8.0 [1]

x = 0.0824 mol       [1]

equilibriummmmmmmmmmmm aaanaaaa dddddddddddd nooooooooooooot thhhhhhhhhhhee inininininininininnnni iiitial amamamamamamamamamamamamamououououououououououououountntntntntntnttntntnttn .......
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Setter: Mrs Tay SA
Marker: Mrs Tay SA (13S60 – 13S7J)

3 (a) 1s2 2s2 2p6 3s2 3p6 3d5 [1]
Reject noble gas configuration

Many candidates incorrectly gave 1s2 2s2 2p6 3s2 3p6 3d34s2 as the answer. The 
electronic configuration for Mn is 1s2 2s2 2p6 3s2 3p6 3d54s2. To form Mn2+, 2 
electrons will be removed starting from the highest energy (outermost) subshell 
(once the 3d orbitals are occupied by electrons, the 4s orbital is repelled to a 
slightly higher energy level).

At A-levels, configurations of the form of 2.8.8.5 are not accepted. The noble gas 
configuration cannot be used unless specified by the question. 

(b) (i) CH3

Step I

CH3

NO2

CO2H

NO2

KMnO4/H+

heat

methylbenzene

4-nitrobenzoic acid
limited Cl2 gas,

UV light

CH2Cl

[1] correct structure of X
[1] correct structure of Y
[1] step I: concentrated HNO3, concentrated H2SO4, 30ºC

Many candidates incorrectly stated the temperature for nitration as 55 °C or 
merely heat. The temperature used for the nitration of methylbenzene in 
Step I is 30 °C (as opposed to 55 °C in the nitration of benzene) because 
methylbenzene is more reactive than benzene. The methyl group activates 
the ring towards electrophilic substitution by releasing electron density into 
the benzene ring which becomes more electron rich and hence more prone 
to attack by electrophiles. Concentrated HNO3 and concentrated H2SO4

should be used instead of HNO3(aq) and H2SO4(aq).

At A-levels, configurations of the form of 2.8.8.5 are not accepted. The n
configuration cannot be used unless specified by the queststioion.n. 

(b) (i) CH3

Step I

CH3

NOOOOOOOOOOO2

CO2H

NO2

KMKMKMMKMKMKMKMKMKMKMKMKMKMKKMKKMKMMKMKMMMKMKMKMKMKMKMMMMKMMMMKMMKKMKMMKMMMKMKMMnnnnnnnnnnnnnnnnnnnnOOO44//HH+

heaeatt

methylbenzene

4-nitrobenzoic
limmmmmmmmmmmmiteeeeeddddddddddddd Cl2 gas,,,,,,,,,

UUUUUUUUUUUUUVVVVVVVVVVVV liiiiggggggggggghhhhhhhhhhhht

CCCCCCCCCCCCCHHHHHHHHHHHH2222222222222Clllllllllll

[1] ccccccccccccorororororororororororororrect structure of X
[1] correct structure of Y
[1] step I: concentrated HNO3 concentrated H2SO4 30ºC
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When drawing the structures of X and Y, the bond from the benzene ring 
must be bonded to the C atom of the side chains.

3 (b) (ii) C6H5CH3 + 2H2O  C6H5CO2H + 6H+

5C6H5CH3 + 6MnO4
+ 5C6H5CO2H + 6Mn2+ + 14H2O [1] (no ecf)

When writing a balanced half-equation, the equation has to be balanced 
by H+ (since the question mentioned acidified potassium manganate(VII)) 

The half-equation for the reduction of MnO4

the question itself but some candidates tried to write a half-equation for the 
reduction of MnO4 2 in alkaline condition, which is incorrect as the 
question stated that acidified potassium manganate(VII) is used.

C6H5CH3 and C6H5CO2H cannot be written as merely CH3 and CO2H
respectively.

(c) (i)
No. of moles of NH3OH+Cl 1000

25.0
69.5
3.60

= 0.00129 mol [1]

No. of moles of MnO4 1000
25.900.020 4 mol

No. of moles of Fe2+ 4 5 = 0.00259 mol 
          = no. of moles Fe3+

Molar ratio of Fe3+ / NH3OH+ = 2 [1] (ecf only if no. of moles Fe3+ is 
calculated correctly)

There are 2 redox reactions: the first one between NH3OH+Cl 3+

and the second between Fe2+ (formed during the first redox reaction) and 
MnO4 .

When calculating the number of moles of NH3OH+, many candidates 
incorrectly used the Mr of NH3OH+. The Mr of NH3OH+Cl
as the mass given (3.60g) is the mass of NH3OH+Cl
subsequently find the number of moles of NH3OH+ as 1 mol of NH3OH+Cl
gives 1 mol of NH3OH+. 

the question itself but some candidates tried to write a half-equation for t
reduction of MnO4 2 in alkaline condition, which is s inincorrect as t
question stated that acidified potassium manganate(VII) isis useed.d

C6H5CH3 and C6H5CO2H cannot be written ass mmererelely CHCH33 anand d CO
respectively.

(i)
No. of moles of NH3OH+Clll 1111111111111000000000000000000000000

22222222222225555555555555.0000000000000000000000000000000000000000000000000000000
666666666666699999999.5
3.60

==================================== 0.000.0.0.0.00.0000.0.0000.0000.000000.0000.00.0.0.0.0.0.000 0000000000000000000000000000000000000000000000 121299 mom l [1[1]]

No. of moles of MnO4 1111111111110000000000000000
2222222222222555555555555555.90000.000000000000222222222222200000000 4 mol

No. of moles oooooooooooofffff fffffff FeFeFeFeeFeFeeeeeee2+ 44444444444 5 5 555 55555555 ========== 0.00259 mol 
        = nononononononoonoononon . ofofofofofofofofofofofofof mmmmmmmmmmmmolololololololololoololo eeseeeeeee  Fe3+

Molaaaaaaaaaaaarrrrr rrrrrr rrarrrrrr tiiitiiiiiiio oooooooooooo ofoooooooooooo  Feeeeeeeeeeee3+++++++++++ // / / / / / //// NHNHNHNHNHNHNHNHNHNHNHNH3333333333OHOHOHOHOHOHOHOHOHOHOHOHOH+ = 222222222222 [1[1[1[1[1[1[1[1[1[1[1[1[1]]]]]]]]]]]]] (e(e(e(e(e(e(e(e(e(e(e(e(ecfcfcfcfcfcfcfcfcfcfcfcfc  only if no. of moles Fe3+ is 
caccccccc lcccccccuuluuluulu aaataaaaaaaaa ed ccccccccccccororororororororororororo rerrrrrrrrrrr ccctcccccccc lyyyyyyyyyyyyy)

ThThThThThThThThThThThherrrrrrrrrrrreeeeeeeeeeeee arararararararararararaareeee eeeeeeee 2 2222 22222222 rerrr doooooooooooxxxxxxxxxxxx x rerererererererererererereacacacacaccacacacacacacactitititititittittitititiononononononononnononons: the first one between NH3OH+Clll
andddddddddddd thhhhhhhhhhhheeeee seeeeecondnddndndnddndndndnn bbbbbbbbbbbbbeteteteetetetetetetetetetweweweweweweweweweweweweeeeeeneeeeeeee  Fe2+ (formed during the first redox reaction) a
MnO4 .

When caalcclclclclcclclclcll ulating the number of moles of NH3OH+, many candida
incorrectly used the Mr of NH3OH+. The Mr of NH3OH+Clll

th i (3 60 ) i th f NH OH+Cll
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3 (c) (ii) Oxidation number of N in NH3OH+ = 1 
Oxidation number of N in the product = 1 + 2 = +1 [1] (ecf only if oxidation 
number of N in NH3OH+ = 1 is calculated correctly)

To "determine" the oxidation number of N, working must be shown.

In the reaction between NH3OH+Cl 3+, Fe3+ is reduced and thus, N 
should be oxidised (oxidation number of N should increase). 1 mol of Fe3+

gains 1 mol e . 2 mol of Fe3+ react with 1 mol of NH3OH+, thus 1 mol of 
NH3OH+ loses 2 mol of e , causing an increase in the oxidation number of 
N.

Many candidates wrongly assumed that the oxidation number of N in 
NH3OH+ is 3 and hence deduced the oxidation number of N in the product 
incorrectly.

Many candidates wrongly assumed that the oxidattion number
NH3OH+ is 3 and hence deduced the oxidation nuumbm err oof N in the
incorrectly.
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Setter: Mrs Lim SF
Marker: Mr Sam Lee (13S60 – 13S6Q); Mrs Lim SF (13S6T – 13S77); 
Mr Lee GH (13S78 – 13S7J)

4 (a) (i) 2-chlorobutane, 2-bromobutane, 2-iodobutane [1]: correct trend

Increase in size of electron cloud, hence stronger dispersion / van der 
Waals forces [1]: correct type of intermolecular force, and why it becomes 
stronger 

More energy required to break the intermolecular forces [1]: correct link 
between energy required to overcome intermolecular force and proposed 
boiling point trend  

For polar molecules which have large electron cloud size, it is likely that the 
main type of intermolecular force is dispersion forces rather than 
permanent dipole-permanent dipole (pd-pd) interactions. In this question, 
although pd-pd interactions are present for the 2-halobutane compounds,
the main intermolecular force is actually dispersion forces. The proposed 
boiling point trend should hence be based on the variation in strength of 
dispersion forces rather than pd-pd interactions. 

A number of students wrongly correlated the boiling point trend to the 
energy needed to break the C-X bond. Do remember that for simple 
covalent molecules, only the intermolecular forces are broken during 
boiling; the covalent bonds remain intact and cannot broken. Otherwise, a 
chemical reaction would have taken place and the halobutane compounds 
would have been converted to other compounds.     

(ii) Bimolecular nucleophilic substitution
OR Nucleophilic substitution (SN2) [1]

Most students were able to correctly identify the type of reaction as a 
nucleophilic substitution reaction since the halogen atom in the alkyl halide 
will be substituted by the electron-rich OH (nucleophile). However, as the 
question asked for the mechanism of this reaction, students were expected 
to make a distinction between an SN1 and SN2 mechanism. In general, for 
an SN1 mechanism, it would be impossible to obtain a product that is 
optically active (question states that product is able to rotate plane-
polarised light) since the planar carbocation would have allowed the 
nucleophile to attack from either the top or bottom of the plane. A racemic 
mixture would hence be obtained if a chiral molecule has undergone an 
SN1 mechanism.   

boiling point trendd

For polar molecules which have large electron cloud sizee, it is likely that 
main type of intermolecular force is dispersionn ffororceces s rather th
permanent dipole-permanent dipole (pd-pd) inteeraractctioionsns. Inn tthihiss qquesti
although pd-pd interactions are present for theee 22222222222222222222-hahahaaaaaaahaaahaaaaahaaaahhahahaaahahaahaaahhhh lolobbutaanene ccomompoun
the main intermolecular force is actttuauuuuu lly didisspspspspspspspspspspspspspspspspspspspspspspspspsppspppspsspssspssppssppppppppppeererrrerererererererererrerererererererererereerrereererereerererereeereeereeeeerrrerreeree sisisissisisisisiisisisissiisisisiiisisisisissssissssisssiisisss ononoononononononnonnonononoononononoononononooooononoonooononoonooonononnnnnononnnnnonooo ffoorces.s. TThehe propos
boiling point trend should hence beeeeeeeeeeee bbabababbbbbbbbab seseseseeeeeeeseeeseseeeeeseeeeeeeeeeseessseeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddddddddd ononononoonononononnonnononononnonononononnonnnononnonnnononnnnonnonnononononnonnnnnnnoonnn ttttttttttttttttttttttttttttttttttttthheheheheheheheheheheheheheheheheheheheheheheheheeheheheheheheheheeeeeeeee vvvvvvvvvvvvarara iaiatitionon iinn sstrength
dispersion forces rather than pdpdpdpdpdpdpdpdpdpdpdpdp -pd inttttttttttttterererererereeeeeee acaaaaaaaaaaa tiononnnnnnnnnnnnnnns.ssss.s.ssssssssssssssssssssssssssssss.s  

A number of studenttstststtsttstttttttttttt  wrongngngngnggggggglylyllyyyyyyyy cccccccccccccorororororororororororrrererererererererereereelalalaaalalalaaalaateeteteteteeteeteeteeeeed the boiliningg point trend to 
energy neededddddddddddd tottttt  breeeeeeeeeakakakakakakakakakakakakak ttttttttheheheheheheheheheheheheh CCCCCCCCCC----X XXXXX bbbbbobbbbbbbb ndddddddddd. DoDoDoDoDoDoDoDoDoDoDoDoDo remember that for sim
covalent moleececececeeecececculuulululululuulululuu esesesesesesessesesese , onlylyylylylylylyylylylyly tttttttttttttheheeheheheeheheheheheh iiiiiiiiintnn errrrrmomomomommmommmomomom lelelelelelelleleleleleecucucucucucucucucucucuculalalalalalalalalaaalarrrrr rrrrrrr forces are broken dur
boiling;ggggggggggg tttttttttttttheheheheeheheheheheehehe covvvvvvalaaaaaaaaaa enenenenenenenenennnenttttt ttttttt bobobobobobobobobobbb ndndndndndndndndndndndndnds remaaaaaaaaaaainininiinnnnninnn iiiiiiiiiiinnnntnnnnnnnn acacacaccaccccccct and cannot broken. Otherwise
chemmmmmmmmmmmmicccccccccal rrrrrrrrrrreaeaeaeaeaeaeaeeaeaeaeeactccccccccc iooooooooooooon wwwwowwwww uld hahahahahahahahahahahahahavevevevevevevevevevevvev  tatataatatatatatatatataakekekekekekekekekekekekekennnnnnnnnnnn plpplplplplplplplplplplp acaaaaaaaaaa e and the halobutane compoun
wwwwowwwwwwwww uuuluuuuuuuuuu ddddddddddddd have bbbbbbbbbbbbbeeeeeeeeeeeeeennnn coooocococococooonverrrrrrrrrteteteeteteteeetteeddddddddddddd tototototototottotototot  othththththththhhhhheeeereeeee  compounds.   

(ii) Bimomomomomomomomomomomomomolellllllll cularrrrr rrrrrr nuclllllllllleoeoeoeoeoeoeoeoeoeoeooeophphphphphphphphphphphphphililililiililillillili iciciciciiciciciciccc ssssssssssssubstitution
OR NNNNNNNNNNNNNucucucucuucucuucucucuucleleleeleeleleleleleleeopopopopopopopopopopopopophihhihihihhhhhihiilic sususususususususususususubsbsbsbsbsbsbsbsbsbsbsbsbsttittttt tution (SN2) [1]

Most stuuuuuuuuuuudedededededededededededeeentntntntntntntntntntnnn s were able to correctly identify the type of reaction as
nucleophilic substitution reaction since the halogen atom in the alkyl hal
will be substituted by the electron-rich OH (nucleophile). However, as t
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4 (a) (iii) Bond energy(C-Cl): 340 kJ mol 1; Bond energy (C-Br): 
280 kJ mol 1; Bond energy (C-I): 240 kJ mol 1 [1]: quote bond energy of all 
three C-X bonds

Least energy needed to break the C-I bond, hence reaction is fastest for 2-
iodobutane. [1]

When candidates are asked to quote relevant data from the Data Booklet, 
they should do so as this will support the explanation in their answers. 
Here, students are expected to be able to interpret the different reactivities 
of halogenoalkanes with particular reference to hydrolysis and to the 
relative strengths of the C-halogen bonds (Topic 12, LO(c)). Hence, the 
bond energy data for all three types of C-X bonds should have been 
quoted, and not just the C-I bond. Students should note the phrasing of 
their answers when quoting the bond energy data as well; these values 
should be referred as the bond energy with the corresponding units stated 
and not "C-Cl = 340", for instance.

(b) (i) Optical isomerism [1]

CH3

C

CH=CH2

Br
H

CH3

C

CH=CH2

Br
H

[1]

When drawing a pair of optical isomers, students should indicate the three-
dimensional structures according to the convention shown in their syllabus 
(refer to pg 20 of syllabus document on Moodle). Students should also take 
note of their representations of the structural formula of the R groups, 
especially when writing them on the left of the chiral carbon (C*). The 
following are incorrect and penalised as a result:

CHCH2 C* (C* is not bonded to CH2 otherwise C in CH2 has 5
bonds)
H2CHC C* or H2C=HC C* (reversed formulae)
C* C2H3 (unclear which atom is bonded to C*, structure of C2H3 is
unclear too)

In general, atoms which are joined to carbon atoms in the chain should be 
drawn after the carbon atom to which they are connected, e.g. CH2CH C*.

relative strengths of the C-halogen bonds (Topic 12, LO(c)). He
bond energy data for all three types of C-X bonds s should hav
quoted, and not just the C-I bond. Students shouuldd nootte the phr
their answers when quoting the bond energy ddatataa asas wwell; these
should be referred as the bond energy with tthehe ccoorrespspono didingng unit
and not "C-Cl = 340", for instance.

(b) (i) Optical isomerism [1]

CCCCCCCCCCCCCHHHHHHHHHHHHH3333333333333

CCCCCCCCCCCCC

CH=CHHHHHHHHHHHHHHHHHH2

Br
H

CCCCCCCCCCCCCHHHHHHHHHHHHH3

CCCCCCCCCCCCC

CHHHHHHHH=CH2

Br
H

[1]

WhWhWhWhWhWhWhWhWhWhWhWhhenenenenennene dddddddddddddrarrrr wingggggggggg aaaaaaaaaaaa ppppppppppppaiaiaaiaiaaaaiaiaiaia r ofofofofofofofofofoffofo  optical isomers, students should indicate th
diddddddddddd mensiooooooooonanananaananananananananalllllllllllll ststsststststssststsstrurururururururururruruructctctctctctctctctctctctctures according to the convention shown in their 
(r(r(r(r(r(r(r(r(r(r(r(r( efefefefefefefefefefefefefeeeeereeeeeee tttttttttttttoooo ooooooooo pgpgpgpgpgpgpgggpgggg 22222222222220000000000000 of syllabus document on Moodle). Students should a
noooooooooooooteteteteteteteteteteteee offoffffffffff thhthththththththhtt eir representations of the structural formula of the R
espeeeeeeeeeeeeeeeciciicicicicicicicccc ally when writing them on the left of the chiral carbon (C
following are incorrect and penalised as a result:

CHCH C* (C* is not bonded to CH otherwise C in CH
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4 (b) (ii)

[1] Correct shape (2 humps) and relative energy levels of intermediate
(higher than reactants) and products (lower than intermediate). No penalty
if overall endothermic reaction.
[1] Ea(1) > Ea(2)
[1] Correct axes, labels of species (accept if not balanced), and indication
of Ea and H for each step. Penalise ½m if anything wrong or missing.

In this question, students were asked to "indicate the activation energies, 
species involved and the enthalpy changes for each step of the reaction" in 
the diagram. 
Mark point 1: The energy profile diagram should reflect a two-step reaction 
that is consistent with the mechanism given in the question. Step 1 is an 
endothermic process since the C-Br bond is broken (hence the 
intermediate is at a higher energy level than the reactants), while step 2 is 
an exothermic process since the C-O bond is formed (products are hence 
at a lower energy level than intermediate). Comparison of the bond 
energies of the C-Br and C-O bond should enable students to deduce that 
the overall reaction is exothermic, though this was not a marking point in 
this question.
Mark point 2: The activation energy (Ea) for each step in a reaction 
mechanism is correlated to the rate of that step. Since step 1 is the slow 
step, the energy profile diagram should show a larger Ea for step 1 
compared to step 2.
Mark point 3: When indicating the Ea and H for each step of the reaction, 
it is crucial that the arrows represent the correct direction (only single-
headed arrows allowed for H) and magnitude of energy change. Several 
students were confused and showed the Ea and H for the reverse 
reactions instead. Students are advised to refer to Physical Chem (I) 

CH3CH(OH)CHCH2 + Br

Ea(2)
X +  OH +  Br

H1CH3CH(Br)CHCH2 + OH

Energy/kJ mol-1

reaction progress

Ea(1)

H2

[1] Correct shape (2 humps) and relative energy lllevevevelelels s ooof intttererermememedididiaaate
(higher than reactants) and products (lower thhhaanananananananananananannnnannannanannannnanannnnnnnn iiiiiiiiiiiiiiiiiiiiiintnntntntntntntntntntntnntntntntntntntntntntnntnnnntntntnnnntntnttntttttn ererereererererererererereererererererrereeeee mmem diatatate)e)). NNNo penal
if overall endothermic reaction.
[1] Ea(1) > Ea(2)
[1] Correct axes, labels of ssssssssspepepepepepepepepppppppp cicccccccccccccccc eseseseseseeseseseeeseeseseees (accececececececeeeeeeeeeeeeeptpttptptptptptptptptptptpptptpttttttttttttttt if nott balancncncededed), aaandndnd indication
of Ea and H for eachh sssteteeteeteeteteteteeteteteteteteteep.ppppp PPPPPPPPPPPPPPPPPPennnnnnnnnalaaaaaaaaaaaaaaaaaa isisisisisisisiisississssse ½mmmmmmmmmmmmmmmmm if anything wwwrororong or missing.

In this questiononoonononooonoon, stststststststsststststststssttttuduuuuuuuuuuuuuuu ents wereeeeeeeeeeeee aaaasaaaaaaaaaaaaaaaaa ked tooooooooooooooo """""""""""inninininininininnninnininnnnnndidididididddididdidididddiiid caccccccccccccccccc te the activation energi
species inininnninnninnninnnninnininnni vovvvvvvvvvvvvv lveeededeeeeeeeeeedeeed andndndndndndndnndndndndndndndnn ttttttttttttttthehehhhehehehehehehehehehhehehhe eeeeeeeeeeeeeeeentnnntnnnntnntnnntnnthahaaahaahaaahahaahahahahahhh lplplplplpplplplpll y chchhchchchchchchchchchchhchhchchhchc ananananananananananananananananannanngegegegegegegegegegegegegggegegeggeg s sssssssssssssss ffoffofofofofofofofofofffffff r each step of the reaction"
the dididididididididddddddddd agaaaaaaaaaaaaa raaaaaaaaaaaaaaaaam.m.mm.mmmm.m.mmm.. 
MaMMMMMMMMMMMM rkkkkkkkkkrkkkk pppppppppppoint 11111111111111111111: ThThThThThThTTTTTTTTTTTT ee eeeeeeeeeeeeeeeee eeneeeeeeeeeee ergyyyyyyyyyyy ppppppppppppppppppproooooororooroororooooooofiiifififififififififififififf le ddddddddddddddddddiaiaiaiaiaiaiaiaaaiaiaiaiaiaiaaagramaamaamaaaaaaaaaa  should reflect a two-step react
thhththththththhthhthhhttttttttttt atatatatatatattatatatattatatatatatat issssssssssssssss cocccccccoccocccccccconsisssstetettetttettettttttttett ntntntntntnntntnntntnnntnntnnntn withhhhhhhhhhhhhhh ththththththtthththtthththhhhthe e ee e eeeeeeeeeee memmemememememememememememmmememeeeeeeeeeeechanism given in the question. Step 1 is
ennnnnnnnnnnnnnnnnnndoooooooooooooooooooththerereerereerererererererermimimmimimmmmimimimimimmimmimm cccccccccccccc prococococcococcoccococcocococcoccesesesesessssesessesesesseseseseess sss sssssssssssss sisisisissssissisississssssincncnnccnccncncccn e the C-Br bond is broken (hence t
inteeeeeeeeeeeermmrmrmrmrmrmrmrmrmrmrmrmmrrrrr edeeeeeeeeeeee iaaaaaaaaaaaaaate isssss sssssssssss atatatatatatatattatatattttaatataaat aaaaaaaaaaaaaaaaa hhhhhhhhhhhhhhhhhhhigigigigigigigigggiggigigigigighhehhhhhhhhhh r energy level than the reactants), while step 2
an exoxoooooooooooooooothththththththththththtthththhthhhherererererrrrrrrrrrrrrmimimimimimmmimimimimimimimimimm c ccccccccccccccccc prprprpprprprprprprprprpprprprprpprprocococococococococococoocococoocooo ess since the C-O bond is formed (products are hen
at a lowowowowowowowowowwowowowowowwowwwwwerereerererererererererreerer eeeeeeeeeeeeeeeeeeennnennnnnnn rgy level than intermediate). Comparison of the bo
energies ooooooooooooooooooofffff fffff the C-Br and C-O bond should enable students to deduce t
the overall reaction is exothermic, though this was not a marking point

CH3CH(OH)CHCH

rereacacttion progre
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lecture notes pg 82 – 83 if they need more details regarding the energy
profile diagram.  

4 (c) (i)

C
C

C
C

O
H

H

H

H
H

H

H
H

[1]

Based on the overall balanced equation, compound A must have the 
molecular formula C4H8O. Students were also told that compound A was 

formed via the intermediate,CH3CHCH=CH2. This suggests that an SN1
mechanism similar to that shown in (b) may have taken place when 3-
bromobut-1-ene was reacted with water. Step 2 of the mechanism would 
however involve H2O acting as the nucleophile to generate another 
intermediate with a positively charged oxygen. Compound A is formed after 
one of the O-H bonds is broken as shown below:

CH3CHCH=CH2

O
HH

+     Br CH3CH(OH)CH=CH2 +      HBr
Compound A

  
Students are reminded that all covalent bonds must be shown when a 
displayed formula is required.

(ii)

C
CH3

O

CH3
CH3

Hion-dipole interaction [1]

CH3CHCH=CH2

[1]: correct diagram (a pair of dipoles in (CH3)3COH, positive charge 
indicated on intermediate X, interaction shown with dotted line)

Students were asked for a diagram showing how (CH3)3COH can 
be attracted to X, as well as the type of interaction involved. Hence, the 
answer must illustrate the type of intermolecular force of attraction between 
the two species. Most students however misinterpreted the question by 

molecular formula C4H8O. Students were also told that compound

formed via the intermediate,CH3CHCH=CH2. Thiss ssuguggeg sts that
mechanism similar to that shown in (b) may haveve takakeen place 
bromobut-1-ene was reacted with water. Stepep 22 oof f ththe e meechc anism
however involve H2O acting as the nuuclcleoeophphiile toto ggeneneerate 
intermediate with a positively charged oxyxyxyxyxyyxyyxyyxyxyxyxyyyyyyyyyyxyxyxyyyyyyyygegegegegegegegegegeeeegegegegegeegegegegegegegeggegeegegeeggegegeeegegeeeegeegegeeegegegegegeeeeeeeegggg n.n.n.n.n.n.n.nn.nn.n.nnnnnnnn.n.nn.n.nnnnnnnnnnnnnnnnnn.. CCCCCCCCCCCCCoompoounundd AA is form
one of the O-H bonds is brokeeeeeeeeeennnnnnnnnnn asaaaaaaaaaaa sssssshohoohooooooooooohoohooohooooooooooooooooooohhooh wnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwnwwwwnwnwwwwwnwwnwnwwwwwwnnwwwnnwwwwwwwww bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeleleleleleeleleleleeleeleleeleleeleleelelelelleleleeleeleleeeeeleleeleeeeeee owowowowwowowowowwwwwowoowowowowowowowowowowowowowowowwoowowowoowwwwwwwowwowoo ::

CH3CHCH=CH2

O
HHHHHHHHHHHHHH

+     Br CH3CHH(OOH)CH=CH2 +  
Compound A

 
SSSStSSSSSSSSS uddddddddddeneneneneneneneneneneene tsttttttttttt aaaaaaaaaaaaareeeeeeeeeeeee remininininininininnnnndedededededededededededededddddddddddd thhhhthhthhhhhthhatatatatatatatatatattatat aaaaaaaaaaaaalllllllllllllllllllll ccccccccccccovalent bonds must be shown 
ddddiddddddddd splayeyeyeyeyeyeyeyeyeyeyeyeeddddddddddddd foooooooooooormmmmmmmmmmmmula is rrrrrrrrrrrreqeqeqeqqeqeqeqeqeqeqeqequuuuuuuuuirededededededededededeedd.

(ii)i)i)i)i)i)i)i)i)))))

C
CH3

O

CH3
CH3

Hion-dipole interaction [1]
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drawing a reaction mechanism (as shown by curly arrow from lone pair on 
O to positively charged C in intermediate X) when the question did not 
actually ask how the two species will react with one another.  

4 (c) (iii) As the solvent polarity increases, reaction rate increases (or v.v.) [1] 

This is due to stronger / more extensive ion-dipole interactions formed [½] 
which aids in stabilising intermediate X to a greater extent [½]. 

The activation energy for the rate-determining step is thus lowered and the 
reaction occurs faster when a more polar solvent is used.

Students were first asked to describe the effect of solvent polarity on the 
rate of reaction. A description of how the reaction rate changes with solvent 
polarity is hence required.

This was to be followed by an explanation that is based on the answer to 
(c)(ii). The answer should hence comment on how solvent polarity affects 
the strength or extensiveness of the interaction formed between the solvent 
and intermediate X, as well as the stability of X. As shown be the energy 
profile diagram below, when a reaction intermediate is stabilised, the 
activation energy of the rate-determining step will be lowered, hence the 
overall rate of reaction will be increased. 

Do note that the reaction equation showed H2O as the reactant, hence 
CH3COCH3 and (CH3)3COH are acting mainly as solvents in the second 
and third experiment. A discussion on the reaction between intermediate X
and CH3COCH3 or (CH3)3COH would hence be irrelevant for this question. 

Ea
(lowered) intermediate 

(stabilised)
reactants

products

Energy/kJ mol-1

reaction progress

Students were first asked to describe the effect of solvent polarity on 
rate of reaction. A description of how the reaction rate chahanngeses with solve
polarity is hence required.

This was to be followed by an explanation that iis s babasesed onn tthehe aannswer
(c)(ii). The answer should hence comment ononononnnnnnnnnnnnnnnnnnnnnnnn hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhowowowowowowowowowowowowowowowowowowowowowowowowoowowowowowoowowowowwoowowoowowwwooowwowowowwwo ssssssssssssssoloo ventntnt pppolllarity affe
the strength or extensiveness of theeeeeeeeeeeeeeeee iiintnnnnnnnnnnnnnnnnnn errrrrrrracacacacacacacaccacacacaccacacacaacacacacacaccaaccccacccacactiitititiittititiitititititittitititititttittittttittttitiitit ononononononoonononononononononononononononoonononoonnonoononoonononnnooonoonno ffffffffffffffffffffffffffffffforororororororororororororororororoorororororororroroororrorrrorooroorroorrrmemmememememememememememememeemeemmemememmemememmemememememememmememmemememeememeemmmeed d d bebebetwtweeeeeenn ththt e solve
and intermediate X, as well asasssasasasasasasasasssassssasss the ststststststststststststststststababaabababababababbbbbbbbbbbbilitttyy yyyyyyyyyyyyy ofofofofofofofofofofoofofofofofofofofofofofoofoffofoofoooofofooooofffoooofofff XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX....... AAAAAAAAAAsAAAAAAAA ssshohohown bbbe ee ttthe ene
profile diagram below, wwwwwwwwwwwwwwwwwwhehhehhhhhehhhhh nnnnnnnnnnnnnnn a aaaaaaaaaaaaaaaaa reactitittttitititititititttttt onnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn intermediiiatatateee is ssstatatabilised, t
activation energy of thehehehehehhehehehhehhehehehhehhe ratatatatatatatatatataatatatttttteeeeeeeeeeeeeeeee-deeeeeeeeeeeeeeeetetetetetetetetetetetetettttt rmrmrrrmrrrrrrrrrrmininnnnnnnnnnnnnnnnnng g g g gg g gggg gg ggg ggggggg step will bebebe lllowered, hence t
overall rate of reactionnnnnnnnnnnnnnnnnn wwwwwwwwwwwwwwiliiliiiiillllllll bebebebebebebebebebebebebebebebebbb iiiiiiiincccncnccncnccncncnn rerererererereereeeererereasasasasasaasasasasasasasssssedededededededdedededdededeeeeee .

Ea
(lowered) intermediate 

(stabilised)
rerererererererererereereererereereeacaaaaaaaaaaaaaaaa tants

Energy/kJ mooooooooooooooooool-11111111111111
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Setter: Mr Li JX
Marker: Mr Loy HC (13S60 – 13S6E); Mr Li JX (13S6F – 13S6P; 13S7B – 13S7J); 
Mdm Lau PC (13S6Q – 13S7A)

1 (a) [1] Excessive CO2 contributes to global warming OR ENHANCED greenhouse 
effect (reject “CO2 is a greenhouse gas” as this does not give the consequence)

Acid rain and chemical smog are not effects of excessive CO2 and neither is CO2

considered a hazardous/toxic gas.

(b) (i)
[1] Kp =

4

2

)(

)(

22

24

HCO

OHCH

PP

PP

[1] atm–2

Ecf (for units) given only if partial pressure is used but powers are wrong.
Accept Pa–2 if atm–2 is used in (b)(ii) or if student performs unit conversion in
next part.
Award mark if units shown in (b)(ii) but not here

Common mistakes include using square brackets (which represents 
concentration) instead of partial pressure term.
Students need to answer to the context of the question. Pascal is correct when 
applied to a general expression but atm is the unit used in this question so it is 
the preferred answer.

(ii) PH2O = 30 atm
PCH4 = 15 atm
PH2 = 40 atm
PCO2 = 11 atm

[1] =  .   .  = 4.79 x 10–4 atm–2

[1] Kp = 4.79 x 10–4 atm–2 OR 4.67 x 10–14 Pa–2 (based on conversion factor of
1atm = 101325 Pa) OR 2.64 x 10–13 Pa–2 (based on conversion factor of 1atm
= 101000 Pa)

Ecf from previous part.
No penalty if units were already given previously but missing here.
Penalise ½ if units were previously correct but wrong in this part.

Unit conversion from atm to Pa was not required in this question but accepted
nevertheless. Students are also advised to answer to the context to the 
question and not blindly regurgitate units from memory.
Many students also wrong used square brackets. Square brackets are used to 
indicate concentration, not pressure.

)22 (COP (2 (COC

[1] atm–2

Ecf (for units) ff given only if partial pressure is used but powowerss aare wrong
Accept Pa–2 if atm–2 is used in (b)(ii) or if student perfforormsms uuninitt conversio
next part.
Award mark if units shown in (b)(ii) but not heree

Common mistakes include usinnnnnnnnnnnnggggggggggg sqsqsqsqsqqqqsqsqqsqqqqqqqqqqqqqqqqqqqqqqqqquauauauauauauauauauauauauauauuuauuauauauauuauauauauauauaauaaauuauauauauauuauuauuauauuuauuuaauaarererererererererererererrerererererereeeererrererereererrerrerrrrerereee bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrarararararararararararararararararaararraraaraaararaaaararaaaarararrraraaarrrarrarraraackckckckckckckckckckckccckcketets s (w(whihichch repre
concentration) instead of partttttttttttiaiaiaiaiaiaiaiaiaiaaiaiallllllll pressususususususususususuuureeeeeeeeeeeee terrm.m.mmmmmmmmmmmmmmmmmmmmmmmmmmmm
Students need to answeeeeeeeeeeerrrrrrr rrrr totottototootototototoo ttttttttttheheheheeheehehehehehee cccccconooooooooooo text oooooooooooof ffffffffffffff the questionon.. Pasccaal is correct
applied to a general eeeeeeeeexpxpxpxpxppxpxpxpxpxpxpxpxxx ression bbbububbbbbubbububut tttttttttt ataaaaaaaaaaa mmmmmmmmmmmmm issssssssssssss the unit usseded in this question s
the preferred annnnnnnnnnnswsssssssssss er.

(ii) PH2O = 3030303030303033033033 aaaaaaaaaaaatm
PCH444 44444444 ============= 15 aaaaaaaaaaaaatmtmtmtmtmttmtmmmmmm
PPPPPPPPPPPPPH2 ===== 40 atmmmmmmmmmmmm
PPPPPPPPPPPPPPPCOCOCOCOCOCOCOOOOOO2 = 11111111111111111111111 aaaaaaaaaaaatmmmmm

[1]] =  .  . ============ 4.4.44.4.4.4.4.44.4.4.4 79797979797979797979797979 xxxxxxxxxxxxx 1110–4 atm–2

[1] Kp ============= 4.44.4.44.44.44.4.4.4 79797979797979797979779 xxxxxxxxxxxx 10–4 atm–2 OR 4.67 x 10–14 Pa–2 (based on conversion fac
1atm = 10000000000000131313131311313131313131325 Pa) OR 2.64 x 10–13 Pa–2 (based on conversion factor of 
= 101000 Pa)
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1 (b) (iii) [1]
380 oC, Partial pressure of methane is the maximum at this temperature. 
Hence amount/yield of methane produced is maximised. (If this reason was 
given, 380 oC is the only accepted value.)

OR

450oC, The amount of methane produced is about the same/ only slightly less 
but much faster production of methane is afforded at higher temperature.

The most common error made is the assumption that highest Kp is equivalent
to the optimal condition. Whilst the highest Kp gives greatest yield when 
considering all products in general for the system, it may not give the greatest 
yield of the product of interest, which is methane in this case. 

(iv) Accepted values for partial pressure of each gas in the system:
PH2O = 48 – 49 atm
PCH4 = 26 – 27 atm
PH2 = 14 atm
PCO2 = 5 atm

Total Pressure (380 oC) = 93 – 95 atm

Ecf allowed based on part (b)(iii)
Total pressure = sum of partial pressure of each gas in the system.
[1]: correctly reads partial pressure off the graph and correct calculation of 
final answer.

Most students were able to recognise this question as an application of 
Dalton’s law of partial pressure where the total pressure of the system equals 
to the sum of the partial pressures of each constituent gas.

(v) [1] Negligible intermolecular forces OR Volume of gas particles is negligible 
compared to volume of the container OR Perfectly elastic collisions between 
gas particles. (Student will lose 2nd mark if this assumption is given unless 
they can explain which molecule has the least elastic collision)  

[1] (Answer has to follow previous assumption stated) H2O will deviate the 
most from ideal gas behaviour due to strong hydrogen bonding between water
vapor molecules. (If pd-pd interaction mentioned without hydrogen bonding for 
H2O, award ½ only) OR CO2 as it is the largest molecule (or has the largest 
electron cloud), hence it has the most significant molecular size. 

Most sssssssssssstutttttt ddddedddddddd ntntntntntntntntntntntssss ssssssss weweeweewewewewewewewewere aaaaaaaaaaaaablbbbbbbbbb eeee eeeeeeeee tooooooooooooo receeeeeeeee ognise this question as an application o
Dalton’s llllllllllllawawawawawawawawwawawwa  of f partttttttiaiaaiaiaaiaiai lllllllllllll prprprprprprprprprprprprpresesesesesesesesesesesssususususususussususususure where the total pressure of the system equals
to the sum ooooooooooooof f f f f f fff ff f thththththththththtttt e e ee ee eeeeeee papapapapapapapapapapaaartrtrtrtrtrtrtrttrtrtrttiaiaiaiaiaiaiaiaiaiaiaiaialllll lll pressures of each constituent

to the optimal condition. Whilst the highest Kp gives greatest yield when
considering all products in general for the system, it may not give the greates
yield of the product of interest, which is methane in this case. 

Accepted values for partial pressure of each gas in the sysyststemem:
PH2O = 48 – 49 atm
PCH4 = 26 – 27 atm
PH2 = 14 atm
PCO2 = 5 atm

Total Pressure (380 oC) = 93333333333333 ––––– 9595959595959595959595955 aaaaaaaaaaatmmmmmmmmmmm

Ecf allowed based oooonooooooooo pppppppppararaaraarararaaaraa t (b)(iii)))
Total pressureeeeeeeeeeee ========= summmmmmmmmmmmm oooooooooooof fffffffff papapappppapapappp rtrtrtrtrtrtrtrtrtrtrtrttiaiaiaiiaiaiiaal llll prprprprprprpprpprpprp esssesesesssesesessususususususususususss re oooooooooooof fff f fffffff eaeaeaeaeaeaeaeaeaeaeaeaeachchchchchchchchchchchchch gggggggggggggaas in the system.
[1]: correcccccccccccctltltltltltltltltlltt yyy yyyyyyyyyy reeeeeeeadadadadadadaddadadadadadsssssssssss paaaaaaaaaaaarttttttttiaaiaiaaiaiaiaaiaaiai llllllll preseseseseseseseseseseseessususususususususususususurererererererererererere offffffffffffffffffffffff tttttttttttheheheheheheheheeehehehe gggggggggggggrararararararararararararapphp  and correct calculation of 
final anaaaaaaaaaa swwwwwwwwwwweeeereeeeeeeee .

gas.

[1] Negligible innntnnnnnnnnn ermolecular forces OR Volume of gas particles is negligible
compared to volume of the container OR Perfectly elastic collisions between

nd
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Some students still do not realise hydrogen bonds are intermolecular forces, 
confusing it with O–H covalent bonds.

Some students also consider permanent dipole – permanent dipole 
interactions as a separate intermolecular force from hydrogen bonding, 
indicating they do not fully  understand hydrogen bonding as the strongest 
type of permanent dipole – permanent dipole interactions.

Some students did not link the gas identified to the previous stated 
assumption as required by the question. Even though their answers are 
correct conceptually, no marks were awarded. Please read the question 
carefully.

1 (b) (vi) [1] Significant attractive intermolecular forces between gas particles attracts 
the particles together 

[1] This leads to the gas particles to strike the wall with less
impact/force/frequency, leading to lower pressure.

Some students attempted to reason that the attraction or repulsion between 
gaseous particles would lead to inelastic collisions, hence causing energy to 
be lost. However, attractive/repulsive forces do not necessarily prevent elastic 
collisions from occurring. Kinetic energy can be conserved even if the particles 
are attracting or repelling one another. 

An alternative explanation for the loss of energy of the particles can be the 
consideration that molecules are not rigid spheres; the bonds can 
rotate/compress/scissor during collisions, hence causing energy to be lost.

(c) (i) Describes [0.5] adsorption before and [0.5] desorption processes after the
reaction

[1] Reaction is sped up by either increase of local/surface concentration
of reactants. (If no mention of concentration on surface, only award ½)
OR
bonds within the reactants are weakened hence lowering the activation energy
OR 
the catalyst brings the reactants together in the correct orientation

Accept answers in diagram form or use of diagrams as aid.

Many students seem to have the misconception that adsorption includes the 
migration and reaction processes in heterogeneous catalysis. Adsorption 

carefully.

(vi) [1] Significant attractive intermolecular forces between gagas s pparticles a
the particles together 

[1] This leads to the gas particles to ststririkeke thee wwalalll with
impact/force/frequency, leading to lower presssssuurururururururrurururururururrrururururururrurururuuururrru e.e.e.e.e.e.e.e.e.eeee.ee..ee.e.ee.e.ee.ee.ee.e.eeeeeeeeee.eeeeeee.

Some students attempted to rrrrrrrrrrrrreaeeeeee son nnn thhhhhhhhhhhhhataaaaaaa ttttttttttttttheheheheheheehehehehehehehehehehehehehehehehehehehehehehhehehehheehehehehehehheeheeehheeeeeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttttttttttttttttttttttttttttttrararararararararararar ctctioonn or rrepepululsion be
gaseous particles would leeellelelelel adaadaaaaaaaa tttttttooooooooo inelasssssssssstittttttttttt c cccccccccccccc collisions, hehennce cacausing ene
be lost. However, attraaaaaaaaaaaaactctctctcttctctcc iviviivivivivivivii e/e/e/e/e/e/e/e/e/e/e/e//rerererereererrrrr puuuuuuuuuuuuulslslslslslll iviviviviviviviiviivive fooorcrcrcrcrrcrcrrcccccceeeeseeeeeeeeeee  do not nenececessarily prevent e
collisions from occurrinnnnnnnnnnnnng.gg.ggggg.g. KKKKKKKKKKKKKinininininininininininetetetetteteteteteteteteticccccc eeeeeeeenenenenenenenenenenenennerggggrggrggrgrggrgyyyyyyyy yyy cannnnnnnnnnnnn bebebebbebbebbbebebebe conseervrved even if the pa
are attracting oooooooooooor reeereeeeereeeepepepepepepepepepepepepelling onoooo e annnananannanannnnnooootooooooooo her. 

An aaaaaaaaaaaaltltttltltltltltltltl eeereeeeeeee nanaaaaaaaaaaaatitiiiiiiiiiivevvvvvvvvvvvv eeeeeeeeeeeexppppppppppppplalalalalaalalalaaalaanananatititititittitititittitiononononononononononononon fffffffffffforoooorooooooor tttttttttttthehehehhehehehehehehehehe lllllllllososososoososoosososoo sssssssssssss of energy of the particles can b
coccccccccc nsssssssssssiddddddddddddderatiooooooooooooon thhhhhhhhhhhatatatatataatatatt moleeeeeeeeeeecucucucucucuccucucucuuuleleleleleleleleeeeleles arararararararararararara e nnnnonn t rigid spheres; the bonds
roooooooooooorrr tatatataatatatatatataatateeeeeeeeeee/c/c/c/c/c/c/c/c/c//cccomooooooooo preseseseseseseseesesesess/s/s/s/s/s/s/s/s/ss/s/s/scscscscscscsssssss issosoosooosoosoosoosor r rrr rrrrrrrr dudududududududududududud riririririrririrririrr nnngngngnnngngngngnnnnnnn  collisions, hence causing energy to be los

(i) Descriririririririiiiibebebebebebebebebebebebebes  [0[0[0[0[0[0[0[0[0[0[0[ .55.55.5.55555555] adadadadadadadadadadadadadsorption before and [0.5] desorption processes after th
reactionnnnnnnnnnnn

[1] Reaction is sped up by either increase of local/surface concentration

www.KiasuExamPaper.com 
238



simply refers to the adhesion of reactants onto the surface of the catalyst.

A number of students also misspelled or did not realise the spelling of 
adsorption is different from absorption. The 2 words have different meanings 
and are not interchangeable.

1 (c) (ii) [1] Porous support leads to increased surface area/ more 
active/catalytic/reaction sites, and hence a faster rate of reaction.
(If student mentions increase efficiency of catalyst without mention of 
increased surface area, award ½ only)

In this question, students were expected to be able to relate the effect of 
surface area to the rate of reaction. Please refer to your Physical Chem (I) 
lecture notes pg 87 and 95 for more details.

(d) (i) [1] uv light OR sunlight OR heat

Students are expected to be able to describe the chemistry of alkanes as 
exemplified by their substitution reaction with chlorine or bromine. 

(ii) [1] Stating "Free Radical Substitution" as name of mechanism

[2] Correct Initiation, Propagation and Termination steps.
–0.5m for each minor mistake.
For labelling of steps, missing one or two labels –0.5m, if all labels missing, –
1m.

Initiation

Cl Cl 2Cl

Propagation

Cl

Cl2
Cl

Cl

+ HCl

In this question, students were expected to be able to relate the effect o
surface area to the rate of reaction. Please refer to your Physical Chem (I
lecture notes pg 87 and 95 for more details.

[1] uv light OR sunlight OR heat

Students are expected to be able to describe ttheheeeeeeheeeeeeeeeeeeeeeeeeeeeeee cccccccccccccccccccccccccccccccccccccccccccccccheheeheheheheehehehehehehehehhehehehehehehehehehehehehehehhehehehhehehhhhehehhheheeheehhhehhehehehehehemmmmmmimmmmmm sstry oof f allkanes as
exemplified by their substitution reaction wwwwwwwwwwwititititititititititttth chchchchhchhhhhhhhhhhhhhhhchchhhhhhchhhchhlooooloooololooololoooooolooooooooloolololooooloooririiriririririiriririirirriririririrririrrirrrrrrirrrirrrrrrririririiirrrr nenenenenennenenenenenennenenenenenenenenenenneneeneneneeneenenenennenennnneeen ooooooooooooooooooooooooooooooooorrrrrrrrrr r rrrr rr rrrrrr rr r brbrbbbbrbrbrbbbrbbbbbbbbbbrbbbbbbbbbbbbrrbbbrrrbbbrbrbbbbbbbbbbbromomo inine.e. 

[1] Stating "Free Radical Subststststststststts itttitttittiti ututututututututututtiooooonnnnnnnnnnnn" asaaaaaaaaaaa  namemememememememeeeememmmm  of mechanisismm

[2] Correct Initiation, Propagagagagagagagagagaggagg ttittititttittititionononononononononononno aaaaaaaaaaaaandndnnndndndnndndnddd TTTTTTTTTTTTererereerereererereermimimimimimimmmm nananananananaannn tionnnnnnnnnnnnn ssssssssssssteps.
–0.5m for each minooooooooooor mimimimimimimimimimimimistsssssssssss ake.
For labelling ofofoffofffofofofofofofofof sssssssssssstepsssssssssssss,,, mimimimimimimimimimimimisssssssssssssssssssssssininininnnnnnnnnng g g g g gg gggg gg onononononononononononnneeeee eee ororororororororororroro  twooooooooooooo lllllllllllabababababababababababababelelelelelelelelelelelele ssssss sssss ––––––––––00.0000000 5m, if all labels missing, –
1m.

Initiatittitittitittttittititititt ononnnnnnnnnnnn

Cl CCCCCCCCCCCCCllllllllllll 2Cl

Propagation
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Termination

Cl

2Cl Cl2

2

Cl

The most common mistake made by students was confusing the ring with a 
benzene ring and stated electrophilic substitution as the mechanism. Students 
are advised to learn to recognize the structure of benzene and understand 
how it differs structurally from other ring compounds.

1 (d) (iii)

[1] Cl (A)   [1] Cl (B) 

If more than 2 structures are drawn, 1 for repeated structures of each 
answer.

[1]

Cl

: Cl : Cl

= 2:2:8 OR 1:1:4
Ecf is allowed but must be correctly stated.

Question is only looking for structural isomers of monochlorinated norbornane 
although 2 pairs of optical isomers exist for structural isomer (B). 

Answers considering stereoisomerism is accepted only if all 4 stereoisomers 
are shown using appropriate 3D notations. i.e.
Cl

Cl

Cl

Cl

Cl

Cl

Ratio = 2:2:2:2:2:2

g p
are advised to learn to recognize the structure of benzene and unde
how it differs structurally from other ring compounds.

(iii)

[1] Cll (A)   [1] Cl (l B) 

If more than 2 structures araraarararararararararreeeeeeeeeee drdrdrdrdrdrdrdrdrdrdrdrdrawwwwwwwwwwwwwn, 1 111111 fofofofofofooofofofofooor rrrrrrrrrrrrrrrr repeated sstrtrucu tureres s of each 
answer.

[1]

CCCCCCCCCCCCClllllllllllll

:::::::: CCCCCCCCCCCllllllllllll :::::::::: Cl

========== :2:2:2:2:2:2:2:2:2:2:2:2 2222222:8:8:88:8:88:88:88 OOOOOOOOOOOOOR RRRRRRRRRRRR 1:1:1:1:1:1:1:11:11:1:1 4444444444444
Ecccccccccccccf ffffffff isssssssssssss allowowwwwwwwwwwwedededededededededededede  butututututututtututuuu mmmmmmmmmmmmmususususususususususususst t tttttttttt bebebebebebebebebebebebee correctly stated.

Questiitiiitiitiiionononononononoonononono iiiiiis ssss ssssssss onnnnlylylyyylylylyyylylyy llllllllllllooking for structural isomers of monochlorinated norbo
althoughhhhhhhhhhh 222222222222 pppppppppppppaaaaiaaaaaaaaa rs of optical isomers exist for structural isomer (B). 

Answers considering stereoisomerism is accepted only if all 4 stereois
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General Comments

Students are reminded of use of good English and legible handwriting. 
Markers will not attempt to interpret illegible answers.

Students are advised not to attempt to spam answers in hopes of getting the 
correct one. If the answer contains both correct and wrong items, it is still 
considered wrong.
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Setter: Mr Lim JY
Marker: Ms Ella Sze (13S60 – 13S74); Mr Lim JY (13S75 – 13S7J) 

2 (a) (i)

[1] no marks if small lobes not shown.

The three carbons in cyclopropane are sp3 hybridised, as each carbon atom 
distinctively has four bond pairs around it.

Most candidates did well for this question.

(ii) 60o. [1]

The carbon backbone of the cyclopropane ring is planar and obviously takes 
on the shape of an equilateral triangle since all the C–C bond lengths must be 
the same. The angle indicated must therefore be 60o. 

A number of candidates stated the angle as 120o, which is illogical. The angle 
shown is obviously an acute angle. Some candidates are unable to see that 

be 109.5o given the constraints of the shape of the molecule. 

(iii) C3H6(g) + 
2
9 O2(g)                  3CO2(g) + 3H2O(g)

Hc= – 6BE(C=O) 
–

= 3(350) + 6(410) + 4.5(496) – 6(805) – 6(460) 
1 [1]

The solution to the above can be easily obtained by considering the breaking 
of all the bonds in the reactants and forming of all the bonds in the products. 
Please refer to your Physical chemistry (I) lecture notes booklet, Chapter 5, 
topic 5 under bond enthalpy (pages 18 – 21), for more details.

Many candidates were careless in reading the question. Clearly it was stated 
that the bond energy of C=O is to be taken as 805 kJ mol 1 for this question. 
Instead, the value obtained from the data booklet was used. Some candidates 
were also mixed up with the fact that bond breaking is endothermic and bond 
forming is exothermic. 

distinctively has four bond pairs around it.

Most candidates did well for this question.

(ii) 60o. [1]

The carbon backbone of the cyclopropane riringngngngngngngngngngngngngngnggngngnggngngngggngngngnggnggggggggg iiiiiiiiiiiiiiiiiiiiiiisssssssssssssssssssssssssssssssssssssssssssssssssssssssss plpppppppplpplplppppplppppplplplplplplplpppp aaaaananaaaa ar aandnd oobviously
on the shape of an equilateral trianglglglglglglglglgglglgg eeee eeeeeeeee sincncncncccccccccccccnccccnnncccee eeeee eeeee ee eeeeeeeeeeeeeeeeeeeeeeee alalalalalalalalalalaallalaalallaaaaalalaaaallalaaalalaaaaaalaaaaaaalaaallaaaaaaa llllllllll ll ll llll thtththththththththththththththththhhthththththhhththhhthhththtthtthhtththheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC––C C bondnd llenengths m
the same. The angle indicateddddddd must ttttttttttttheheheheheheheheehehehehererrrrrrrrrr fofofofffffffoooooorererererererererererreeereereererererererererererererererererererererereeerreeeeeeeeeeee bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 66066660606060606060666666060666066660666 o..

A number of candidateseeseeseseseseeseeses sssssssssssstatatatatatatatataaaaateeteteteteteetetetetet d tthththththththththththt eeeeeeeeeeee angleeeeeeeeeee aaaasaaaaaaaaaa  120r o, whwhicchh is illogical. The
shown is obviously annnnnnnnnnnnn aaaaaaaaaaaaacucucucucucucucucucucucuutetetetetetetetetetetee angngngngngnngngnggggleleleleleleeeeeeee....... SoSoSoSoSoSoSoSSoSoSoSSommmemmmmmmmmm ccccccccccccanaaaaaaaaaaaa didateess are unable to se

be 109.5555555555o gigggggg vennnnnnnnnnnnn thththththththththththtthe eeeeeeeeeee cocoocoocococooooconsnnnnnnnnnnnn trtrtrtrttrtrtrtrtrrraiaiaiaiaaaiaaiaiaiaintntntntntntntntntntntntsssssssss sss oooofooooo  theheheheheheheeheehehehe ssssssssssssshahahahahahahahahahahhahapepepepepepepepeppepeepe of the molecule. 

(iii) CCCCCCCCCCCCC3HHHHHHHHHHHHH6((((g((((((((( ) +
2
9999999999999 OOOOOOOOO2222222222222(ggggggggggggg) ))))))))               333COCOCOCOCOCOCOCOOOOOO2(g) + 3H2O(g)

HHHHHHHHHHHHc============= – 6BE(C=O) 
––––––

= 3(3(3(3(3(3(3(3(3(3(3(3(3(353535353535353353535350)0)0)0)0)00)0)0)0)0)00 ++++++++++++ 666666666666(4(4(4(4(4(4(4(4(4(44(4(41110111111111 ) + 4.5(496) – 6(805) – 6(460) 
1 [1]

The solution to the above can be easily obtained by considering the bre
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2 (a) (iv)

C3H6(g) + 
2
9 O2(g) 3CO2(g) + 3H2O(g)

3CO2(g) + 3H2O(l)  

[1]: Correctly drawn energy cycle

By Hess’s Law,
Hr c + (3 × 40.7) [1]
Hc – 1 [1]

The enthalpy change of vapourisation of water is defined for the vapourisation
of 1 mole of liquid water. Hence for 3 moles of water formed, there is a need to 
multiply by 3.

Quite a number of candidates failed to realise that 3 moles of water were 
vapourised according to the energy cycle that was drawn. Thus, they did not 
multiply the Hvap by a factor of 3. A few candidates drew an energy level 
diagram instead of an energy cycle. Some candidates are still unsure of the 
use of Hess’s Law and are advised to quickly rectify this problem.

(v) The bond angle of 60o is much smaller than the bond angle of 109.5o between
sp3

cyclopropane due to poorer orbital overlap/ high angle strain. [1]

In a cyclopropane ring, the bond angles are forced to be much smaller than 
they ought to be. This is known as angle strain. As a result of this, the overlap 
between the sp3 orbitals is less efficient as they are misaligned and cannot 
overlap fully head-on. 

A number of students did not answer the question with reference to their 
answers in (a)(i) and (a)(ii), which was to explicitly compare the discrepancy in 
the bond angles, and hence could not gain the credit by just stating that poorer 
orbital overlap caused the bond strength to be weakened. Some candidates 
recognised that the bond pairs are brought closer due to the smaller angle, 
which will increase repulsion and destabilise the structure of the molecule, 
leading to a weakening of bonds, which was an acceptable answer as well if 
they explained it comprehensively.

Hr

Hc Hvap

Hc  [1]

The enthalpy change of vapourisation of water is defined for thehe vvapapourisation
of 1 mole of liquid water. Hence for 3 moles of water formed,, ththereree isis a need to
multiply by 3.

Quite a number of candidates failed to realise tthahahahaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttt ttttttttt t tttt tt 33333333333333333333333333333333333333333333333 mmmmmmmmmomomommmmmmmmmmmmm lles ofofof wwaater were
vapourised according to the energy cycleleeleleeeleeeleleleeleeele tttttttttttttthattt t ttt t wawawawawaaawawawawaawawawawawawawawawawawawawawawawawawawawaawwwwaaaawaaaawwaawaaass s ssssss sss ssss sssssss sssssssssssssss ssss ss drddrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrrdrddddrrdddrdrdrawawawawawawawawawwawawawawawawwawawawwawawawawawawawawawawawwwawawawwwwwawwawnnnnn.n.n.nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn TTThus,,, tttheheheyyy did no
multiply the Hvap by a factor of 33333333333333.......... A fewwwww wwwwwwwwwwww caccccccccccccccccc ndndndndddndndndndndndddddnddnnddddnddddddddddddddddidididididdididididddidididdidddidddiddidididididddididdiiddididddddddddatatatatatatataatatatatatatatatatataatatatataaataaatatatatatatatataaaaa eseseeeseesesesesesesesesesesesesesesesesesesesesesseseseseeeeeeeeeseses dddddddddddddddrererew w w an eeenenenerrrgy leve
diagram instead of an energyyyyyyy ccccccccccccccycycyyyycyycycyyycyyyyy leeeeleleeleeeeeeeeeee. SoSSSSSSSSSSSSSSS me ccccccccccccccccaaaanaaaanaaaaaanaaaaaaaaaaaaaaa didates arrreee ssstill unununsssure of the
use of Hess’s Law and are adadadadadadadadadadadaadadadaadaadvivivivivvivivivvvvvvvvvvvv sesesesseseseseseseseseseeeeeeeeedddddddddddddddddd toooooooooooo qqqqqqqqqquiuuuuuuuuuuuuuuuuu cklyyyyyyyyy reeeeeeeeeceeeeeeeeeeeeeeeeee tify this prrobobobllem.

The bond angle of 606060606060600006060606060066 o isisisisisisisissssssssssss much smalleeeeeeeeeeeeeeeeeer than theheheheheheeeeheheheeheheee bbbbbbbbbbbbbbbbbbbonononononononononoonononononooooo dddddddddddddddddd angle of 109.5o between
sp3

cyclopropaaaaaaaaaaaaaaaaaaanennnnnnnnnnnnnn ddddddddddddddddddddueueueueeueueueeeueueeeueeueeee to popopopopopopopopoppopopopoopopppp orororororororororororororrorroreeeereeeeee oooooooooooooooorbrbrbrbrbrbrbrbrbrbbrbrbrbrbrbrbrbitiiitiiitititititiiiiitititalalalalalalallaaalaaaaaaaa oooooooveveveveveveveveevevevevevevevevevvevv rlrrrrrrrrrrrrrrrrrrrr apapapapapapapapapapapapapapappapa / // / /// // /////// hihihihhihiihhihihihhihhihiihiggghgggggggggggg  angle strain. [1]

In a ccccccccccccccccccccccccccccycycycycycycycycycycycycycycccccloooooooooooooooooprprprprprprpprprprpprprprprprrrrropopopopopopopopoopopoopopopopopopoppane rirrrrrrrrrrr ngngngngngnngngnngnngngnnggnnnngg, the ee eeeeeee eeeee bobobobobobobobobobobobobobobboobobobob ndndndndndndndndndndndndndndndndndndndndnd aaaaaaaaaaaaaaaaaaaaaangles are forced to be much smaller than
they ouguguguguguguguuguguuuuuguguguughtttttttttttttttttttt ttto ooooooooooo bebebebebebbebebebebebebebebebebbebbe. ThTTTTTTTTTTTTTTTTTTTTT is iiiiiissssssssssssssss sss knknknknknknknknknknknknknknknnknknknowwowowowowowowowwowowowowwwwowowwwn nnnnnnnnnnnnnnnnnn aaaaaasaaaaaaaa  angle strain. As a result of this, the overlap
between thththhthhthhhthhththhthhe eeeeeeeeeeee spspppspppppppppppppp3 orrrrrrrrrrrrbibibibibibibibibbibbbbbbb tatataatatatatatatataatataaatatattalslslslslslslsslslslslslslslslslssssls iiiiiiiiiis sss ssss s ssssssss lelllllll ss efficient as they are misaligned and canno
overlap fullllllllllly y yy y y yy y yyyy yyy hehehhehehehehehehehehehehehhehheheeadadadadadadadadadadaddaddadaadadadd-onoonoononooononononoonnnnnnn...............

A number of stststststststststststststssssss udents did not answer the question with reference to thei
answers in (a)(i) and (a)(ii), which was to explicitly compare the discrepancy in
th b d l d h ld t i th dit b j t t ti th t
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2 (b)

[1] for name
[1] for first step (-1/2 for every mistake, max -1 mark)
[1] for second step (-1/2 for every mistake, max -1 mark)

The exact same mechanism is found in your Organic chemistry (I) lecture notes 
booklet, Chapter 10, subtopic 4.1, under Electrophilic addition of hydrogen 
halides (page 76). You shouldn’t be getting this wrong.

Quite a number of candidates did not show the arrows originating from the correct 
bond/atom and ending on the correct bond/atom. Candidates should note that the 
arrow pushing should not end on the positive charge of the carbocation, but on the 
carbon atom as it is the carbon atom that is forming the bond with bromine. A 
number of candidates also lost marks by drawing the more unstable carbocation 
(leading to the minor product instead) or missing out the stating of the slow step. 
More disappointing perhaps, was the omission of the writing of the name of the 
mechanism despite countless reminders by both lecturers and tutors. 

(c) (i) n = 8 – (12/2) + 1 = 3 [1]

This was generally well done. 

(ii) Oxidative cleavage [1]

+

-

C C

H

HCH3

H

H

Br

slow
Br+

carbocation

C C

H

CH3 H

H

H

C C

H

CH3 H

H

H

Br

C C

H

CH3 H

H

H

Br

Electrophilic addition

fast

[1] for name
[1] for first step (-1/2 2 2 2 2 2 2 fofofffoffofoffffor everereerererererererererryyyy y y yyyyyy y mmimimimimimimimimmmm stststststststststststss akakakakakakakakakakakakake,e,e,e,e,ee,e,,,,,, mmmmmmmmmmaxaxaxaxaxaxaxaxaxaxaxaxa  -1 mamamamamamamamamamamaamarrrkrrrrrrrrrr )
[1] for second step (-(((((((((( 1/1/1/1/1/1/1/11/1/1/1/1/2 2 2222222222 fofoffofofoffofofofofofor evvvvvvvvvvverereerererererererererery y y y y y y yyyyyy mimiimimimimimimimimimim ststsststtststststtststake,e,,,,,,,,,, mmmmmaxaxaxaxaxaxaxaxaxaxaxaxax -1111111111111 mmmmammmmmmmmm rk)

The exacccccccccccct ssass mememememememememeeee mmmmmmmmmmmmeccccccccccccchaaaaaaaaaaaaanism iiiiiiiiisssss sss sssss fofofofofofofofofofofofofounununununuunununununu ddddddddddddd inininininininninnnnin yoyoyoyoyoyoyoyoyoyoyoyoyouruuuuuuuuuu  Organic chemistry (I) lecture 
bookokokokokokokkokokkokokooo leleleleleleleleleleeet, CCCChCCCCCCCCC apteeeeer rrrrrrrrrrrr 101010101010101010010101 , subtopopopopopopppopoppopo icciciciciciciciciciccc 4.1111111111111, under Electrophilic addition of hyd
halidededededededdedeeeeeeees s (p(p(p(p(p(p(p(p(((p((pagagagagagagagagagagagaga e eeeeeeeeee 7677676767676767676767676).)))))))) YYYYYYYYYYYYYooouoooooooooo  shohohohohohoohohohohohohouuuluuuuuuuuu dndndndndndndndndndndndndn’t’t’t’t’t’t’’t’t’tttt bbbbbbbbbbbbbbbbbe eeeeeeeeee getting this wrong.

Quite a nununununununununnununumbmbmbmbmbmbmbmbmbmbmbmbmbereeeeeeeeeeee oooooooooooooffff fffffffff ccccandndndndndndndndndndndndndididididididididididdddaaataaaaaaaa es did not show the arrows originating from the c
bond/atom aaaaaaaaaaaaandndndndndndndndndndndndnd eeeeeeeeeenddddinininininininininnnnngggggggggggg on the correct bond/atom. Candidates should note th
arrow pushingggggggggggg shshshshshshshshshshshshhoooouooooooo ld not end on the positive charge of the carbocation, but 
carbon atom as it is the carbon atom that is forming the bond with brom
number of candidates also lost marks by drawing the more unstable carbo

carbocation

C C

H

CH3 H

H

H

Br

C CC

H

CH3 H

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

H

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

fast
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The hydrocarbon X, C8H12, has been cleaved into two, forming compound Y,
with 4 carbons. This must have been an oxidative cleavage. Another clue 
would be that compound X probably is a symmetrical hydrocarbon to give only 
one product.

Candidates generally did well in this question.

2 (c) (iii) Ketone [1]

With only one oxygen atom on compound Y, it is impossible for the functional 
group present to be a carboxylic acid group, which so many students wrote! 
The oxidative cleavage can only produce a ketone here.

“Carbonyl” is a common answer written by candidates which was not 
accepted, because this group comprises ketones and aldehydes.

(iv)

[1] mark for each correct structure

The formula given in the question was intended to help candidates deduce 
that X has a total of 3 pi bonds or rings. Since there was an oxidative cleavage 
that took place and nicely cleaved X into two identical fragments of 4 carbons, 
X must have only contained one pi bond, which means that it contains two 
rings. It is not difficult from there to put the information together to find the 
structures of X and Y. 

Quite a number of candidates managed to get the structure of both 
compounds correctly. 

O

X Y

Reject X = or

The oxidative cleavage can only produce a ketone here.

“Carbonyl” is a common answer written by candidates whwhicichh was no
accepted, because this group comprises ketones and aldehydydeses.

[1] mark for eaeaeaeaeaeaeaeaaaaachchchchchchchchchchchchh cccccccccorrect structure

OO

X YY

RRRRRRRRRRRRRRRRRReeeeeeeeeejjjjjjjjjjeeee eeeeeeeecccccccccccccttttttttttt XXXXXXXXXXXXX =========== or
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2 (d) (i) =
Volume of hydrocarbon combusted = 

×( )( )
= 54.1 cm3[1]

This is a simple use of the ideal gas law. 

Some candidates did not get the answer because they did not convert the 
units of temperature to Kelvin.

(ii) 271 cm3 [1]

This was generally well done. Do remember that anhydrous calcium chloride 
is often used as a drying agent to remove water. Other common drying agents 
include anhydrous sodium sulfate, anhydrous calcium sulfate and anhydrous 
magnesium sulfate.

(iii) Volume of CO2 formed = 216 cm3

= 1 = 54.1216
x = 4 [1]

= 1/2 = 54.1271
y = 10 [1]

The hydrocabon is C4H10.
molecular formula is not written out explicitly) 

(Alternative method to determine y):

Volume of O2 reacted = 400 – 48.4 = 351.6 cm3

= 14 + 4 = 54.1351.6
y = 10

(ii) 271 cm3 [1]

This was generally well done. Do remember that anhyhydrdrououss ccalcium ch
is often used as a drying agent to remove water. OOththerer ccommmomon drdryiy ng a
include anhydrous sodium sulfate, anhydrous caalclciuiumm sulffatate e anandd anhy
magnesium sulfate.

(iii) Volume of CO2 formed = 216 cccccccccccccmmmmmmmmm3

= 1 = 54.12222222222222111111111116
x = 4 [1[1[1[1[1[1[1[1[1[1[1[ ]

============ 1/////////////2222222222222 ========== 55555555555544444444444.122222222277777777777771111111111111
y = 10000000000 [1[1[1[1[1[1[1[11[1[1[11]]]]]]]]]]

The hydrocoooooooooo abon is C4H10.
molecular formula is not written out explicitly)
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Students should understand that the mole ratio of gases corresponds to the 
volume ratio as well. The values of x and y can be determined by comparing 
the volume ratio of CO2 and H2O(g) to that of the hydrocarbon.

It was not enough to conclude that the hydrocarbon is C4H10, by comparing 
the ratio of carbon dioxide to steam without any comparison to the 
hydrocarbon CxHy. Candidates who did this might still be able to get a ratio of 
x:y to be 2:5. However, they had to explicitly state that the only possible 
hydrocarbon which could exist with a ratio of x:y to be 2:5 is C4H10 as C2H5 is 
not a possible structure and C8H20, or any other hydrocarbon with more 
carbons than 8, do not exist as well. Candidates also need to take note of their 
time management. Some students did not manage to attempt part (d) of 
question 2 as they could not finish the paper.
time management. Some students did not manage to attempt part (d) o
question 2 as they could not finish the paper.
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Setter: Ms Wong HM
Marker: Ms Wong HM (13S60 – 13S66; 13S7A – 13S7J), Mr Loo KH (13S67 – 13S6G), 
Mrs Lee CK (13S6H – 13S79)

3 (a) Name: Electrophilic substitution [1]

AlCl3 +  Cl2 AlCl4
– + Cl+

[2] for 3 steps; any mistakes minus ½

This is a knowledge type of question which requires the candidates to recall the 
mechanism that arenes undergo (refer to notes). When asked to ‘describe’ the 
mechanism, do include the name of the mechanism (not generic type of reaction 
such as halogenation). You are only required to provide the equations on how the 
reaction took place. No marks are awarded for a written description of the process. 
Any missing arrows from step 2 and 3 will be penalised. It is important to show the 
direction of the arrows accurately as they symbolize the movement of electrons in 
the reaction. Some candidates forget that the arrows must be drawn starting from a 
bond (e.g. the C–H bond in step 3) or from a lone pair (drawn on chlorine of 
AlCl4

–). It is also important to note the slow/fast step.

H

+   Br+ slow

Br

electrophile
carbocation 
intermediate

Br

fast

HBr

+  FeBr4 +  FeBr3    +    HBr

Cl+

Cl

Cl Cl

AlCl4
– AlCl3 +   HCl

H

[2] for 3 steps; any mistakes minus ½

This is a knowledge type oooooooffffffffff fffff quqqqqqqqqqqqqq eseseeeseseesesesesessssstiiiiiiiiiiiiononononononnononononooooooooo  whichhhhhhhhhhhhhhhh rrrrrrrrrrrrrrrrrrrreqeeeeeeeeeeee uires theee cacacandidddaaates to rec
mechanism that arenes uuunuuuuuuuuuuuuuuuuuuuuuuuu dddeddddddddddd rgggo (r(r(r(r(r(r(rrrrr(rrrrefefefefefefefefefefeffffffferererererererrerrerereeeee tttttttttttttooooooooooooo oooo nononooonononoooooooonooooon tes))s)))s)))))))))))))))))). Whennn aaasked to ‘describ
mechanism, do inclllllllududududuududududududududududduddududde the eeeee nanananananaananananananaananannanamemememememeeemememeemeemememeemmmm ofofooofofofofofooofoooofoff tttttttttttttttttthe meccccccccccchahahahahahahaaahahahahanininininininiininninnnininninnn smsssssssssssss  (not generic type of re
such as halogenationonononononononononononononoooono ).)).).))).)).)).))))).).. YYYYYYYYYYYYYYYYYYYouooooooooooooooooo aaaaaaaaaarerereeerererereeerererererereerr oooooooooooooooooonlnlnllnlnlnlnlnlnlllnlnlnnn y y yy yy yyy yy rrrrerrrrrrr quuuuuuuuuuuuirirrirririririrrrredededededededededededdededee tttttttttttttttttoooooooooooooooo prprprprprprprprpprprprprprpprprpprprooooovooooooooooooo ide the equations on ho
reaction toooooooooooooook kkkkkkkkkk plplplpllplpllplplplpllplp acaaaaaaaaaaaaaaaaa e. No oooooo ooooooo o mamamamamamamamamamamamamamamamamamaarkkkkkrkkkkkrkkkkkkkrksssssssss ssssssss are awwwwwwwwwararaaaaraaaraaaraarararrrdedededededededededededededdedededededeeddd fofofofofofofofofofofofofofofoof r a written description of the pro
Any misssssssssssininininininnnnnnnnnnng arrrrrrororrororrrorrrrorrrorroror wwwwswwwwwwwwwwwwwww fffffffffffffffffroroororororoorooommmmmmmmm stepppppppppppppp 222222222222222222222 aaaaaaaaaaaaaaaaaandndndndndndndndndndndnddndndndnddn 33333333333333333333 wwwwwwwwwwwwwwwwwwwilililllilililililllillillili lllll lll bbbbbebbbbebbbbebbbbbebbb penalised. It is important to sho
direeeeeeeeeeeeeeeeeeeeeeeectcctctctctctctctctctctcttctctttioiiiioiiiiion oooofooooooooooooooo  the aaaaaarrrrrrrrrrrrrrrrrrrr owowowowoowowowowooooowowooowssssssssssssssssss aaacaaaaaaaaaaaaaaaa currrrrrrrrrratatatatatatatatatttaatattteleleleleleleleleeeleeeeleeeele y yy y yyyy y yy yy y yyyyyy as tttttttttthhhehehhhhhhhhhh y symbolize the movement of electr
the reeeeeeeeeeeeeeeeeeeeeacccccccccccccccccccccttit ononononononoonoononononoononn. SoSoSSoSoSoSoSoSoSoSoSoSoSSoSoSSoSoSomemmmmmmmmmm cccccccccccccccccaaaanaaaa diiiiiiiiiiidadadadadadadadadadadadadadadadadadadaaadaateteteteteteteteteteteteteetetetetetet s fofofofofofofofofofofofoofofofofooorgrgrgrgrgrgrgrgrgrgggrgrggrgrgrgrrgrgrggrgrrgrr et that the arrows must be drawn starting f
bond ((((((((eeee.eeeeeeeeeeeeeee g.g.gg.g.gg.g.g.g.g.g.g.g.g.g.g. the CCCCCCCCCCCCCCCCCCCC–H bobobobobobobobobobobobobobobbobboondndndndndndndndnddndndndndndndndndn iiiiiiiiinnnnnnnn step 3) or from a lone pair (drawn on chlor
AlCl4

–). Ittt ttttttttttttttt issisisissisisssississsississs aaaaaaaaaaaaaaaaalslslsslslslsslslsslslslsslslslsslso o oo oooooo oooooo immmimimimimimimimimmmmmmpopopopopopopopopopopopopopopopoppp rtrtrtrtrtrtrtrtrtrttrtrtrttrtrtrtrttanananananaanananannananananananannaa ttt ttttttttttttt to note the slow/fast step.

carbocation
intermediate

fast

H

+ ++

Cl Cl

AlCl4ll – AAllCCll3 +  HCHCll
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3 (b) (i)

Axes + Shape of curve: non-symmetrical curve, broader and more spread out 
to the right of the maximum [1] (If legend not given, explanation should make 
reference to the difference in proportion of molecules with energy  Ea.) 

Ea is too near the peak [–½]
Curve touching x-axis [–½]

Catalyst provides an alternative reaction pathway which requires lower 
activation energy (E'a) than the uncatalysed reaction (Ea). [1] 

This allows a greater proportion of molecules with energy  Ea frequency 
of effective collisions increases and hence rate increases. [1]

any missing keywords [0]

The Boltzmann curve must be drawn as an asymmetric curve, starting from 
the origin at ‘0’ value (frequently absent from many answers). The curve 
should not taper off to touch the x-axis or resemble a bell curve. When 
indicating activation energy (Ea) on the x-axis, do remember that usually only 
a small proportion of molecules have energy Ea and above. Please do not 
mark off such points near the peak of the curve which signifies that most
molecules would have this energy. It is important to recognise the increase in 
proportion/fraction/percentage of molecules that have energy > Ea is more 
important than increase in absolute number of molecules. It is important that 
answers contain the keywords that are underlined above for complete 
elaboration of the concept.

The Booltltltltltltlltltltlttzmmmmmmmmmmmmmann cccuccccccccc rveeeeeeeeeeeee mumumumumumumumumumumumumuststststststststststststst bbbbbbbbbbbeee eeeeeeeee drawn as an asymmetric curve, starting from
the originnnnnnnn aaaaaaaaaaaaat t ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0000’ vavavavavvvavavavavvavallllueeeeeeeeeeeee (f(f(f(f(f(f(f(f(f(ff(f(freerererereererrrr quently absent from many answers). The curve
should not tatatatatatatatatataatatapepepepepepepepepepepepeperrrrr rr ofofofoffffffffffff fffffff tttottttttttt  touch the x-axis or resemble a bell curve. When
indicating activivivivivivvvvvvatatatatatatatatatatatatioioioioioioioioiooiooion energy (Ea) on the x-axis, do remember that usually only
a small proportion of molecules have energy Ea and above. Please do no

Axes + Shape of curve: non-symmetrical curve, broader andnd mmororee sspread ou
to the right of the maximum [1] (If legend not given, expxplalananatition sshoh ululdd make
reference to the difference in proportion of molecules wwitith h enneergyy EEaa.).) 

Ea is too near the peak [–½]
Curve touching x-axis [–½]

Catalyst provides an alternnnnnnnnnatatatatatatattatatatata ivivivvvvvivvvvve e ee eeeeeeeee rerrrrrrrrrrr aaacaaaaaaaaaa tion pataaaaaaaaaaaaaa hway whhicichh reeququires lowe
activation energy (E'a) than thehehehehehehehhhhh  uncatalalalalalalalaalalalalysysysysysysysysysysysysy edeeeeeeee rrrrrrrrrrrreaeaeaeaeaeaeaaeaeaaeaeeaaaaaction (Ea). [1[1]

This allows a greateeeeeeeeeeeer prpprprprprppprprpp opopopopopopopopopopopopportiiiononoonononononononononon ofofffffofofoffof mmmmmmmmmmoleculuuu esesesesesesesesesessess wwwwwwwwwwwwititititititiitititititthhhhhhhhhhhhh ene ergy  Ea frequency
of effective cooooooooooooollllllllllisisisisisisisisisisissionsssssssssss incncncncncncncncncccncrerrerererrerrrerrr asasasasssssaa eseseeeeeeeeeee anananananananananananaanddddddddddd hencnccncnccncncncnccceeeeeeeeeeee raaaaaaaaaaaatetetettetetetetetetett iiiiiiinnncnn reases. [1]

ananananananannananaaaaa y yyyyyyyyyyy mmmimmmmmmmmmm ssssssssssssss ing keeeeeeeeeeeywywywywywywywywywywywywyworrrrrrrrrrdsssdsdsdsdsssssss [0]

mark off such points near the peak of the curve which signifies that mos
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3 (b) (ii) Na: Strong electrostatic forces of attraction between Na+ and sea of 
delocalized electrons in a giant metallic lattice [1]

Si: Strong covalent bonds holding Si atoms in a giant molecular 
structure/macromolecule [1]

P4 and Cl2: Simple covalent molecules held together by weak Van der Waals 
forces (or dispersion forces). [1]  
[1] for any of the points below:

1. P4 has larger electron cloud / more electrons than Cl2, hence its electron 
cloud is more polarizable, resulting in greater dispersion forces between its 
molecules and higher melting point.

2. Metallic bonding in sodium is much weaker than the covalent bonding in 
silicon, hence melting point of sodium is much lower than that of silicon.

3. Closeness of the melting points of sodium and phosphorus 
(44 °C) must mean that the metallic bonding in sodium is not much stronger 
than van der Waals forces in phosphorus.   

Many did not get full credit for this question as their answers did not fulfil the 
requirement to discuss both “the structure and bonding of the elements”. 
There are poor use of key terms here, students need to know the difference 
between ‘cations’, ‘atoms’, ‘molecules’ and ‘intermolecular’ forces. ‘Atom’ 
should only be used to refer to neutral particles such as the Si atom in a giant 
molecular structure and ‘intermolecular forces’ exists between particles that 
are atomic (e.g. helium) or simple molecules (e.g P4). The use of the terms to 
describe the particles must be accurate and pertains to the correct type of 
bonding. Take note that once the structure is identified wrongly, (e.g. silicon is 
a metal or sodium is an ionic compound), no marks will be awarded for that 
element. This reflects a serious error in understanding and should be rectified 
as soon as possible. Many students also have the misconception that P4 is a 
polar molecule, which is easily proven erroneous since it is made of up of the 
same type of atom (P) and there is no electronegativity difference.

(c) (i) 0.80 mol dm 3 [1] (Accept 2 sf)

Using mole ratio of 1:1 as shown in the equation, this is easily calculated by 
most students. However, many wrote the wrong unit which should be for 
‘concentration’ (mol dm–3).

1. P4 has larger electron cloud / more electrons than Cl2, hence its el
cloud is more polarizable, resulting in greater dispersion forces betwe
molecules and higher melting point.

2. Metallic bonding in sodium is much weaker thahan n ththe e cocovav lentnt bond
silicon, hence melting point of sodium is much lowewerr ththana  thaatt ofof ssililicicon.

3. Closeness of the melting popppppppppppp innnnnnnntstsssstsssstsssssssssssssssssssststssssstsststssts oooooooooooooooooooooooooooooooof fff ffffffff fff fffffffffffffffffffffffff sosososososososoososososososososososososososoossosososossoooooooooosoooosossodididd umu  andnd phosp
(44 °C) must mean that the mmmmmmmmmmmmmetallic ccccccc bobobooboboooooooonddddddddddddininininnnnnninnnnnnnnnnnnnininininnnnnnnnnnnnnnnnng ggggggg g gg gggg ggggg gg gggg gggggggggggggggggggggggg inininnnnnnnininninninninnnnnnninininininnnnnnnnnnnnnn ssssssssssssoooooooodoooo iuiumm is nnotot mmuch str
than van der Waals forcessssssssss iniiiniiniiiiii ppppppppppphohohohohohohoohohohooospssss horuuuuuuuuuuuuus.  

Many did not get full crcccccccccccc edededededededededededeeditititititititittitititt ffffffffffforororr ttttttthihihihihhhhhhhh sssssssssssss quququququququququququququesesessesesessesesessesttionnnnnnnnnnnnn aaaaaaaaaaaaas their ananswers did not fu
requirement tooooooooooooo ddddddddddddisisisisisisisisisssscucc ss both “““t“““t““tt“thhhehhhhhhhhhh  structctcttctctctctctccctc ururururururururururuurreeeeeeeeeeeee aanaaaaaaaaaaa d bonding of the elem
There arrrrrrrrrrreeeeeeeee eeeeee poorrrrrrrrrrrrr uuuuuuuuuuuuseeeeeeeeeeeee oooffffff fffffff kekekeekekeekekekekek yyyyy yyyyyyyy teeteetetetetetermrmrmrmrmrmmrmrmmmrmrms heheheheheheheehehehehererererereererererereree,,,,,,, ststststststststststststs udududududududududuudddudents need to know the diffe
betwwwwwwwwwwwwweeeeeeeeeeeeeeeeeeeeeeeen ‘ccccccccccataaaaaaaaaaaa ionnnnsnnnnnnnn ’,’,’,’’,’,’,,’,,’’ ‘‘‘‘‘‘‘‘‘‘ tttatttttttomomomomomomomomomomomomomsssssssssssss’,,,,,,,, ‘moomomomomomomomomomomomoleleleleleeleleeeeecucucucuuucucucucucucuculeleleleleleleleeeeees’s’s’s’s’ss’ss’s’sss  and ‘intermolecular’ forces. 
shsssssssss ouuuuuuuuuuulddddddddddddd only yyyyyyy beebebebebeeeebeeee uuuuuseseseseseseeseseseesesed to refeffefefefefefefefefefeferererererereereree  totototototototototototoo nenenneneneneneneneneneneututututututututtututututrrarrr l llllllllll pppapp rticles such as the Si atom in a
momomomomomomomomomomomommm lllellllllllll cucucucucucucucucucucucuculalalalalalalalalalaar strurururururururuuuuuuctctctctctctctctctctctctctururururrurruurrururu e anannanannannannannanddddddddddddd ‘i‘i‘i‘i‘i‘i‘ii‘‘iiintnntntntntntntntntntntn eeeereeeeeeeeeeeee molecular forces’ exists between particle
ararrrrrrrrrrrre eee aaataaaaaaaaaa ommmmmmmmmmmmmiciciciciciciccccccc (((((((((((((eeeeee.eeeeeee g. hhhhhhhhhheleleleeeeeleleeele iuiuiuiuiuiuiuiuuuuuum)m)m)m)m)mm)m)m)m)m)m)m) oooooooooooor sssissssss mple molecules (e.g P4). The use of the te
descscscscscscscscscscsccririririririririiiibebbbbbbbbbb tthe ppppppppppppparararararararararararrartitititittitittitititiclclclclcclclclclclclcc esesesesesesesesesesesss mmust be accurate and pertains to the correct ty
bondininininninininninining.g.g.g.g.g.g.ggg.g.g.g. TTTTTTTTTTTTakakakakakakakakakakakkake eeeeeeeeeeee nononononononononononononotetetetettettetetetetete that once the structure is identified wrongly, (e.g. sili
a metallllllllll oooorooooooooo ssssssssssssodododododododododododododium is an ionic compound), no marks will be awarded fo
element. TTTTTTTTTTTTTTTThhhhih s reflects a serious error in understanding and should be re
as soon as possible. Many students also have the misconception that P

l l l hi h i il i it i d f
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3 (c) (ii) Correct axes and correct shape [1] 
No/wrong units for axis [–½]
No ‘0’ at origin [–½]
Graph did not start at origin [0]

t½ is constant at 20 min [1] (t½ must be taken at these two concentrations (0 – 
0.4) and (0.4 – 0.6), otherwise [0])  

construction lines not shown [–½]
No ave t½ quoted in answer [–½]

Hence order of reaction w.r.t ethene is 1 [1] (must be deduced from the correct 
method of taking half-life for product time curve and mentioned that half-life is 
constant).

The half-life of a [product]-time curve is taken differently from a [reactant]-time 
curve, which most students are familiar with.

Reactant Product
1          0
½ ½
¼ ¾

For a [product]-time curve, it is important to know the maximum amount of 
product formed (c(i)) as the half-life is taken at ½ and ¾ of that amount. Some 
students mistakenly thought that the maximum concentration is 0.76 mol dm–3

and took the half-life at (0 – 0.38) and (0.38 – 0.57). This is considered a 
correct method and will be given a mark for the correct deduction of order (but 
t½ will be penalised). 

(iii) Initial rate = 0.02125 mol dm 3 min 1 [1] (acceptable range: 0.016 – 0.026)

Initial rate is taken at the time where concentrations of the reactants are the 
closest to those stated in the question (i.e. beginning of the reaction). Hence 
for a concentration-time curve, rate (change in concentration of reactants or 
products change in time) can be found from the gradient of tangent to the 
curve and initial rate is taken at the point at t=0. It must be noted that for a 
tangent at a point, you may wish to lightly sketch a continuation of the graph 
before t = 0 so that a ‘mirror reflection’ is obtained. A long tangent line should 
be drawn so that error is minimised. It was noticed that some students with 
answers that were out of range, tend to have very short tangent lines or those 
that were wrongly drawn (would cut the curve at two points if curve was 
extrapolated before t=0). Do note that the units of rate should follow the units 
of time used in the question, which in this case, is minutes.

Initial rate is tatatatatatatatatatatatakekekekekekekekekekekekeennnnnnnnnnnnn at the time where concentrations of the reactants are the
closest to those stated in the question (i.e. beginning of the reaction). Hence
for a concentration-time curve, rate (change in concentration of reactants o

method of taking half-life for product time curve and mentioned that half-life is
constant).

The half-life of a [product]-time curve is taken differently fromom aa [[rereaactant]-time
curve, which most students are familiar with.

Reactant Product
1          0
½ ½
¼ ¾

For a [product]-time ccccurve, itittittttt iiiiiis  s sssss imimimimmimmmimmimimimpopopopopopoppppppp rtrtrtrtrrrrrrrr anananananananannnnnttt totototototototototott  knonononononoonoononoonowww wwwwwww the maximum amount o
product formed (c(i))))))))) )))))) asaaaasaaaaaaaa ttttttttttthehhhhhhhhhh  halllllllffffffffffff-life iiiiisss sssssss ttatttttttt ken atatatatatatatatatatat ½½½½½½½½½½½½½ aaaaaaaaaaaaandnndndndndnndndnndndnddd ¾ of that amount. Some
students mistaaaaaaaaaaaaakekekekekekekekekekekek nly ththththhthththththt ououuououooooouoo ghghghghghgghgghggghghttttttttt thththththththththththhatatatatatatatatatatatt tttttttttheheheheheheheheheheheheh  maxxxxxxxxxxxxximimimimmimmimmimimmmumumumumumumumumumumumumum cccccccccccooonooooooooo centration is 0.76 mol dm–

and took tttttttttttthhhhehhhhhhhhh hhhhhhhhhhhhhalalalalalalalalaaaaa fffffffffffff-lifeeeeeeeeeee aaaaaaaaaaatttttttttttt ((((0(  – 0.0.0.0.0.0.0.0.0000.0 38383838383838383838383838) ))))))))))) ananananananaananananana ddddddddddddd (0(0(0(0(0(0(0(0(0(0(0(0(0.3.3.3.3.3.3.3.3.3.33.338 – 0.57). This is considered a
corrececececececececececececect mmmemmmmmmmmm ttthtttttttttt od andndndndndndndndndndndndn wwwwwwwwiiiliiiiiii l bebbbbbbbbbbb  givenenenenenenenennennn aaaaaaaaaaaaa mmmmmmmmararararararararaaraarrk kkkkkkkkkkkk for ttthttttt e correct deduction of order (bu
t½ willlllllllllllllllll bbbbbbbbbbbbeeeeeeeeeeeee pepepepepepepepepepepepp nanananananannananannanalilllillllillll sed)d)d)d)d)d)d)d)d)d))).

Initial rateeeeeeeeeee = 0.02020202002020202020202212121212122121212122125555555555 momomomomomomoomomomomool l lll l dmdmdmdmdmdmdmdmdmdmmdmdm 3 min 1 [1] (acceptable range: 0.016 – 0.026)
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3 (c) (iv) When [benzene] is doubled, rate of formation of product doubled (Initial rate in 
(c)(iii)/0.0106), hence order of reaction w.r.t. benzene is 1 [1]
[0] if no working is shown.  

It is important to read the question: “Use this information to deduce…”. The 
values of concentrations (in the table) and initial rates (in (c)(iii) and table) 
must be quoted (either as working or in the statement) to substantiate your 
answer. By showing how changes in concentrations of benzene caused initial 
rate to change proportionally, this indicates that the order with respect to 
benzene is 1. When referring to order, the species must be clearly stated.

(v) Rate = k[benzene][ethene] [1] 
e.c.f. allowed if orders are wrongly deduced in (ii) and (iv)

From expt 1, 0.0106 = k(0.8)(4) 
                              k = 0.00331 [1]   mol 1dm3min 1 [1] 

ecf allowed for wrong rate equation for these two marks

This is a standard part of a kinetics question, which will usually follow after the 
deduction of order of the reactants and rate equation. A student, who did not 
make any deductions in (ii) and (iv), would not be able to gain the rate 
equation mark. The formula k = ln 2/ t½ should only be used for overall first 
order reactions. Since this is an overall second order reaction, k should be 
found using the rate equation. Students can also use information from Expt 2 
to find k. To find units of k, students must remember to divide the units of rate 
(mol 1 dm3 t 1) by the number of concentration units (in this case, mol2 dm–6). 
The time for this experiment is taken in minutes, not seconds.

(vi) For ethylbenzene, the electron-donating alkyl group increases the electron 
density of the benzene ring OR the alkyl group is an activating group [1], 
making the ring more susceptible to further electrophilic substitution. 

The question requires students to explain why a di-substituted product is 
formed. Since electrophilic substitution takes place in stages where benzene 

ethylbenzene diethylbenzene, it should be considered in terms of why 
ethylbenzene (with the alkyl substituent) has the tendency to undergo further 
substitution. The question requires students to have a good understanding of 
the electrophilic substitution mechanism and how the electron-rich cloud of 
benzene attracts electrophiles. By adding an electron-donating alkyl 
substituent to benzene, this increases the electron density of the ring and 
further enhances its tendency to undergo electrophilic substitution.

(v) Rate = k[benzene][ethene] [1]
e.c.f. allowed if orders are wrongly deduced in (ii) and (iv))

From expt 1, 0.0106 = k(0.8)(4)
                              k = 0.00331 [1]   mooll 11dmdm33miinn 1 [1]] 

ecf allowed for wrong rate equation for these twtwo o mamarks

This is a standard part of a kinetics sss ququququququuquuququuquessssssssstititittittttitiiititiiiiiitiiiononononoononononononooonooooooonononononononnononononnnnnnooonoo ,,,,,,,,,,,,,,,,,,,,, whwhwhwhwhwhwhwhwhwhwhwhwhwhwhwwwhwwhwhhwhwwwhwhwwhhwhhwhwhwhwhwhwhwhwhhwwhwhwhhhhwwhwwwhhiicicicciciciciciiccicicicicccicccicicccciciciiicccccch hhhhhhhhhh hh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhh wiwiwwwwwwwwwwwwwwwwwwwwwwwwww llll uususualallyly ffoollow aft
deduction of order of the reacacccccaccaccaccctatatatatatatatattttants ananananananannnnnnddddddddddddd rateteeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeequququququququuququuququququqquququqquuquuququququqqqqquqqqqqqqqq aaatatatatatataaaa ion.n AA stuudedennt, who d
make any deductions innnnnnnnnn (i(i(i(i(i(i(((i(ii)i)i)ii)ii)iiii) anananananannanannnannddddd (iv))))))), wwwwowwwwwwwwwwwwww uld not bebe ablee toto gain th
equation mark. The fooooooooooooooooormmmmmmmmmmulllaaaaaaaaaaa k =========== lnnnnnnnnnnnnn 2/ ttttttt½½½½½½½½½½ should onllyy beb  used for overa
order reactions. Sinceeeeeeeeeeeee ttttttttttthihihihihihhihihihihih sssssss ssssss isisisissisisisisisisisi aaaaaaaannnnnnnnnnn ovovovovovovovovovovovovovererererererererereeree alaalalalalallalaaa l seeeeeeeeeeeeecocococococococococococ nd ordder reaction, k shou
found using thhhhhhhhhhhheeeeeeee rararararararararararatetetetetetetetetetetete equatatatatatatatatttaaa ion. SSSSSSSSSSSSStttututtttttttt dents ss sssss cacacacacacacacacacacacacannnnnnnnnnnnn alalalalalalalalalalalala so use information from E
to find k......... TTTTTTTTTTTTTTTo findnddndnddddddd uuuuuninininininninininninitstststtttttttt ooooooooooooof ffffffffff k,kkkkkkkkkkk ssssssstutuutututuuutututudddedddddddddd ntttttttsssss sssssss mumumumumumumumumuumuuuststststststststssstst rrrrrrrrreeeemeeeeeeeee ember to divide the units o
(mol 11111111111 dmmmmmmmmmmm3 tttttttttttt 1) bbbybbbbbbbbbb tttttttttttthehehehehehehehhhhhh numumumumumumumumumumumumumbebebebebebebebebebebebeb r rr r rrr r rr ofofofofofofofofofofofofof cccccccccccconononononononoononono cececececececececececeennntnnnnnnnn ration units (in this case, mol2 

ThTTTTTTTTTTTT eeee tiiiiimme forrrrrrrrrrrrr thhihihihihihhhhihhh s exexxexxexexexxexexexperimeeeeeeeeeeentntntntntntntntntntntt iiiiiiiiiiiisssssssssssss taaaaaaaaaaaakekekekekekekekekekekekekennnn inn minutes, not seconds.

(vi) Fooooooooooooor eeeeteeeeeeeee hyylblblblblblblblbbbbbbenenennennenenenenenenenzzzezz neeeeeeeeeeeee,,,,,,, thththththththththhhhheeee eeeeeeeee eleleleleleleelelelelelelectron-donating alkyl group increases the el
densssssssssssssitttttttttyyyyyyyyyyyyy ofofofofofofofofofofofof theheeeheheeee bbbbbbbbbbbbbenenenenenenenenenenenene zezezezezezezezezezezezenennn  ring OR the alkyl group is an activating grou
makinggggggggggggg ttttttttttttheheeheheheheeeeeee rinnng gggggg g mmmmmommmmmmmm re susceptible to further electrophilic substitution.

The questit on requires students to explain why a di-substituted prod
formed. Since electrophilic substitution takes place in stages where be
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SECTION A

1 When 7.27 × 10 4 mol of PCl5 was dissolved in 25.0 cm3of water, the resultant solution 
required 23.80 cm3 of a solution of NaOH for reaction. 

PCl5(s) + 4H2O(l) 5HCl(aq) + H3PO4(aq)

Assume that 1 mole of H3PO4 releases 2 moles of H+ ions in water.

What is the concentration of the NaOH solution (in mol dm 3) used for the reaction?

A 0.0611 B 0.157 C 0.180 D 0.214
 
 

2 When 10 cm3 of a hydrocarbon was burnt in 100 cm3 of excess oxygen, the volume of the 
residual gas mixture contracted by 20 cm3 after passing through a solution of aqueous 
sodium hydroxide. The remaining volume of gas was sufficient to completely burn exactly 
30 cm3 of the same hydrocarbon. All volumes were measured at room temperature and 
pressure.

What is the formula of the hydrocarbon?

A C2H2
B C2H3
C C2H4
D C2H6

 
 

3 The electronic configuration of the gold atom, Au, is [Xe]4f145d106s1. What is the number 
of unpaired electrons in the 5d orbitals of the gold ion in AuCl3? 

A 1 B 2 C 3 D 4

4 A crystal of iodine produces a purple vapour when gently heated.

Which pair of statements correctly describes this process?

type of bond broken formula of purple species
A covalent I
B covalent I2
C induced dipole-dipole I2
D permanent dipole-dipole I2
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5 Aluminium chloride catalyses the electrophilic substitution reaction between benzene and 
chlorine gas by forming the electrophile Cl+ as shown.

Cl2+ AlCl3 Cl++ AlCl4

Which property of AlCl3makes this reaction possible?

A AlCl3 exists as the dimer Al2Cl6 in the vapour phase.
B AlCl3 is a covalent molecule.
C The aluminium atom in AlCl3 has an incomplete octet of electrons.
D The aluminium atom in AlCl3has an unshared pair of electrons.

6 Which one of the following graphs does not correctly describe the behaviour of a fixed 
mass of an ideal gas?

A B

C D

7 Forward osmosis is a spontaneous process using a semi-permeable membrane to effect 
the separation of water by using an osmotic pressure gradient. A common application 

1
T

P

constant V

0

consta

pV

0 T

V

1
P

0

constant T

density

1
T

0

constant P
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involves concentrating fruitjuice as shown in the diagram below.

The semi-permeable membrane only allows small molecules such as water through, but 
keeps back all other molecules and ions.

The enthalpy change of dilution of NaCl(aq), H for the process

NaCl(aq, conc) + nH2O NaCl(aq, dil)

is very small, and can be considered as being zero.

S G for the forward osmosis process?

S G

A 

B + 

C + 

D + + 

8 When water boils, 40.66 kJ mol 1 of heat enthalpy is absorbed. 

What is the entropy change when 54 g of water boils at 100°C?

A +327 J K 1

B +109 J K 1

C 109 J K 1

D 327 J K 1

9 Ammonia gas is manufactured from nitrogen and hydrogen by the Haber process 
according to the following equation:

Diluted Fruit Juice Concentrated Fruit Juice

Saline Water 
(slightly diluted)

Saline Water
(highly concentrated 

salt water)

semi-permeable membrane
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N2(g)  + 3H2(g)  2NH3(g) H = 92 kJ mol 1

Which of the following increases the yield of ammonia gas?

A high pressure and high temperature
B high pressure and low temperature
C low pressure and high temperature
D lowpressure and low temperature

10 The values of the equilibrium constant, Kp, for the reaction

NH4Cl(s)   NH3(g)   +   HCl(g)

are 4.98 × 10 2 and 2.15 at 298 K and 800 K respectively.

Which of the following statements is correct?

A A decrease in temperature will increase the yield of NH3.
B Decreasing the volume will increase the proportion of NH3 and HCl at 

equilibrium.
C The reverse reaction has a lower activation energy than the forward reaction.
D The value of Kp will increase when additional NH4Cl is added.

11 In the diagram below, curve X represents the decomposition of 100 cm3 of 1.0 mol 
dm 3hydrogen peroxide, catalysed by manganese(IV) oxide.

Which change to the original experimental conditions would produce curve Y?

A Adding water
B Adding some 0.1 mol dm 3 hydrogen peroxide 
C Lowering the temperature of the reaction
D Using less manganese(IV) oxide

12 The kinetics of the reaction between iodine and compound J is investigated.

Volume 
of oxygen 

formed

Time
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5 10
time / min

[I2]

2y

[ J ] = 2a

[ J ] = a

y

What conclusion can be drawn from the graphs?

A Both iodine and compound J are involved in the rate determining step.
B The half-life of iodine is constant. 
C The reaction is second order with respect to compound J.
D The unit of the rate constant k is mol 2 dm6 min 1.

13 Estradiol is a type of estrogen hormonal drug used for treatment of different cancers in 
both men and women.

What is the number of chiral centres present in its structure?

HO

CH3
OH

A 3 B 4 C 5 D 6

14 Which functional group is present in the molecule shown?

OO

O

OH

O
H3CO

OCO

CH2

H3CO

O

A Alcohol
B Alkene
C Carboxylic acid
D Phenol

15 Which one of the following properties of straight-chain alkanes does not increase as 
chain length increases?
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A Density
B Boiling point
C Solubility in water
D Size of electron cloud

16 Which statement about the reaction below is incorrect?

+ Br2(l)
Br

Br

A It only takes place in the absence of light.
B Reddish brown Br2(l) decolourises.
C The intermediate of the reaction is a bromonium ion.
D Cyclohexene acts as a nucleophile.

17 The following hydrocarbon is heated with excess KMnO4 and H2SO4.

How many moles of carbon dioxide gas are produced per mole of this hydrocarbon?

A 0 B 1 C 2 D 3

18 Which one of the following sequences is expected to give the best yield for the synthesis 
of 2-chloro-4-nitromethylbenzene from benzene?

A Alkylation, nitration, chlorination
B Alkylation, chlorination, nitration
C Nitration, chlorination, alkylation
D Nitration, alkylation, chlorination

SECTION B
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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 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.

19 Which statement about 24.0 g of 12C is correct?

1 The number of electrons is the same as the number of protons in 24.0 g 
of 24Mg.

2 The number of neutrons is 7.22 × 1024.
3 The number of atoms is the same as the number of electrons in 12.0 g of 24Mg.

20 Which of the following statements are correct for the sequence of compounds below 
considered from left to right?

NaF  MgO  AlN  SiC

1 The formula units of these compounds are isoelectronic.
2 The electronegativity difference between the elements in each compound 

decreases.
3 The lattice structure changes from giant ionic to simple covalent.

21 Sodium reacts with water to form sodium hydroxide and hydrogen according to the 
equation: 

Na(s) + H2O(l) NaOH(s) + H2(g) 

The standard enthalpy change for this reaction can be measured in the laboratory.

What further information is needed in order to calculate the standard enthalpy change of 
formation, Hf

o, of sodium hydroxide? 

1 Hf
oof H2O(l)

2 Hf
oof H2(g)

3 First ionisation energy of Na
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22 Ethanedioate ions, C2O4 , are oxidised by acidified, aqueous potassium manganate(VII)
acording to the equation below. The reaction is autocatalysed by Mn2+. 

2MnO4 (aq) +5C2O4
2 (aq) + 16H+(aq) 2Mn2+(aq) + 10CO2(g) + 8H2O(l) 

Which of the following graphs is correct for the above reaction?

1

2

3

Volume 
of CO2

0
Time

[MnO4 ]

0
Time

0

Rate

Time
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23 Which molecules are geometric isomers of each other?

P Q R

S T U

1 P and S
2 Q and T
3 R and U

24 Production of chlorofluorocarbons (CFCs)was slowly phased out under the Montreal 
Protocol due to the ability of CFCs to deplete the ozone layer by forming highly reactive 
radicals.

One such CFC is dichlorodifluoromethane, CCl2F2, which forms radicals when irradiated 
with ultraviolet light: 

CCl2F2 Cl CClF2
uv

A mixture of CCl2F2 and methane, CH4, was irradiated with ultraviolet light in a sealed 
container. Which of the following is a possible product of the chain reaction?

1 C2H6
2 CH2Cl2
3 CH3F

25 Which of the following statements are correct about benzene and methylbenzene?

1 Only one of the two decolourises hot acidified potassium manganate(VII).
2 In mono-nitration, both form only one possible product.
3 Both compounds are planar.

END OF PAPER
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Answer all the questions in the spaces provided.

1 Planning (P)

Magnesium and oxygen react together upon heating to form magnesium oxide. The reaction 
proceeds in an uncontrolled and highly exothermic fashion. Hence, it is not possible to 
measure this enthalpy change of formation of magnesium oxide directly.

(a) Write an equation, with state symbols, to show the enthalpy change of formation of 
magnesium oxide.

.....................................................................................................................................[1]

The enthalpy change of formation of magnesium oxide can only be determined by an 
indirect method, using an energy cycle that includes the following reactions:

Reaction 1      Mg(s) + 2HCl(aq) MgCl2(aq) + H2(g)           H1< 0
Reaction 2MgO(s) + 2HCl(aq) MgCl2(aq) + H2O(l)      H2< 0

(b) You will plan an experiment to determine the enthalpy change of reactionfor 
Reaction1. 

You may assume that you are provided with the following:

magnesium ribbon
2.0 moldm 3 aqueous hydrochloric acid

Suggest an appropriate volume of hydrochloric acid and justify the mass of 
magnesium ribbon to use for the experiment.

Volume of hydrochloric acid: …………………………       

Mass of magnesium: …………………………

[2]
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(c) Outline, in a series of numbered steps, the experimental work you would carry out to 
determine the enthalpy change of reactionforReaction 1. 

Your plan should include
suitable choice of apparatus
masses and volumes of reagents                                                

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.....................................................................................................................................[3]

(d) Construct an energy cycle that incorporates the equations for Reactions 1 and 2 to 
show how the enthalpy changeof formation of magnesium oxide can be determined.

[2]
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(e) Identify one significant source of error if you are to carry out the experimental work in 
(c). Discuss its impact on the value of the enthalpy change of reaction obtained.

.........................................................................................................................................

.........................................................................................................................................

......................................................................................................................................[2]
[Total: 10]

2 Ozone, O3, is fairly stable, but rapidly decomposes in the presence of silver catalyst. The 
total volume, after the catalyst is added to an 800 cm3 sample of a mixture of oxygen and 
ozone, is shown in the table below. All volumes are measured at the same temperature and 
pressure.

Time /s 0 210 430 495 680 820 1290 1800 2230
Volume /cm3 800 807 812 813 815 816 818 819 819

(a) Write a balanced equation for the decomposition of ozone into oxygen. 

…………………………………………………………………………………………………[1]  

(b) From the data given, deduce the initial composition of the oxygen-ozone mixture by 
volume.

[2]

(c) The decomposition of ozone is consistent with first order kinetics. Use this information 
to write the rate equation for the reaction. 

…………………………………………………………………………………………………[1]  
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(d) (i) The decomposition of ozone proceeds through the formation of oxygen atom 
intermediates. Draw an electron-in-box diagram representing the electronic 
configuration of an oxygen atom. Label your diagram clearly.

(ii) By reference to your diagram, explain why oxygen atoms are considered 
radicals.

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

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

(iii) Thus, comment on the rate of formation of oxygen atoms, briefly stating your 
reasoning.

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

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

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

(e) From your answers to parts (c) and (d), propose a mechanism for the decomposition 
of ozone.

[2]
[Total: 9]
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3 Hydrogen fluoride is a colourless liquid with a strong and irritating odour. In its liquid state, it 
undergoes autodissociation according to the equation below.

3HF H2F+ + HF2
– 

(a) The structure of bifluoride, HF2
–, was determined experimentally to be as follows:

(i) What is unusual about the bonding of the central hydrogen atom in HF2 ? 

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

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

(ii) It was initially postulated that hydrogen bonding is present within HF2 . Draw a 
labeled diagram to illustrate the bonding in the postulated structure.

(iii) The bond lengths between H and F in HF and HF2
– are summarized in the table 

below.

in HF in HF2 HF---HF
(intermolecular
hydrogen bond)

Bond length/ pm 92 115 155

Comment on the experimental observed H F bond length in HF2 . 

................................................................................................................................

................................................................................................................................

............................................................................................................................[4] 
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(b) In water, HF behaves as a weak acid and dissociates partially. Below are the two most 
important equilibria which take place simultaneously when HF is bubbled into water.

(1) HF(aq) + H2O(l) H3O+(aq) + F–(aq) K1= 1.1 × 10 3moldm 3 

(2) HF(aq) + F–(aq) HF2
–(aq)   K2

The equilibrium concentrations of HF and F–are found to be 8.89 × 10–2moldm–3 and 
9.77 × 10–3moldm–3respectively.

(i) Write expressions for K1 and K2.

(ii) Use your expression for K1 to calculate [H3O+] at equilibrium.                          

(iii) Given that the system has no net charge, state the relationship between [F ],
[HF2 ] and [H3O+] at equilibrium.

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

(iv) Write the equation for the equilibrium reaction which has Kc = K1 × K2.

[4]
[Total: 8]
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4 The reaction scheme below involves the reactions of 1-methylcyclohexene. 

(a) Draw the structure of Compound Xin the box provided.                                           [1]

(b) State the reagents and conditions used in Reaction 1 and2.

Reaction 1: ………………………………………………………………………………….... 

Reaction 2: ………………………………….................................................................[2]

(c) State the type of reaction occurring in Reaction 2.

…………………………………………………………………...........................................[1]

Cl CH3

CH3
CH3

CH3

Cl
Cl

Cl2(aq)

1-methylcyclohexene

Reaction 1

Reaction 2

HCl(g)

FeCl3,
benzene

Reaction 3

Compound X
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(d) Depending on the conditions used, 1-methylcyclohexene can react with potassium 
manganate(VII) to yield different organic products. State the reagents and conditions 
used and draw the structures of the expected organic products.

Reagents and conditions: 

……………………………………………... 

Reagents and conditions:

…………………………………………….. 

Structure of organic products: Structure of organic products:

[3]

(e) Reaction 3 is a type of Friedel-Crafts alkylation in which an alkyl group is substituted 
on the benzene ring.

An organic side product of this reaction is isolated and has the molecular formula 
C20H30. Suggest a possible structure for this product and explain its formation.

........................................................................................................................................

........................................................................................................................................

.....................................................................................................................................[2]
[Total: 9]
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5 Alkanes undergo free radical substitution to form multiple substitution products.

(a) When methane undergoes free radical substitution, the methyl radical formed is 
trigonal planar in shape. 

(i) State the hybridisation state of the carbon atom in the methyl radical.

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

(ii) State which orbital the unpaired electron resides in on the methyl radical.

.........................................................................................................................[2]

(b) 2-methylbutane, CH3CH2CH(CH3)2, undergoes free radical substitution with Cl2 to 
give 4 mono-substituted products A, B, C, and D.

Type of Hydrogen Relative Reactivity Energy of C–H Bond/ 
kJ mol–1

Primary, 1o 1 420
Secondary, 2o 3.5 401

Tertiary, 3o 5 390
(i) Using the C–H bond energy data provided, account for the relative reactivities 

of the 3 different types of hydrogen. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

………………………………………………………………………………………...[1]
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(ii) The following information will allow you to determine the structures of A, B, C
and D. 

The ratio of the four products formed can be found by multiplying the 
relative reactivity of the hydrogen responsible for the formation of the 
product to the number of hydrogen atoms in the compound that can 
form that product.
There is twice as much of C as compared to A in the product mixture.  
B and C are both optically active.

Draw the structures of the 4 monochlorinated products and label each 
structure (A, B, C or D). Explain your answer.

Structure Label
(A, B,

C or D)

Explanation

[6]
[Total: 9]

END OF PAPER
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2014 HCI Chemistry Promotional Exam Paper 2 (Suggested Answers)

1 (a) Mg(s) + 12O2 [1]

Enthalpy change of formation is defined as the energy change when one mole of the 
substance is formed from its constituent elements. The specific equation has to refer to
one mole of MgO formed.

Common mistakes: 

balancing the equation correctly but using 2 moles of MgO.
writing oxygen as ‘O’ instead or ‘O2’.

(b) nHCl = 2.0 x 25/1000 = 0.0500 mol*

nMg = 0.0500 / 2 = 0.0250 mol

Mass of magnesium = 0.0250 x 24.3 = 0.61g

Magnesium is the limiting reagent. Hence, an appropriate mass to use is 0.50g.

* A reasonable volume of HCl(aq) to be used could be between 20 cm3 – 200 cm3 (to
ensure the volume covers the bulb & to ensure that the volume does not exceed two-third
of the capacity of the cup).

Mass of Mg used could be in the range of 0.486g to 4.86g based on the volume range of 
HCl(aq) used.

[1] - correct calculation of nMg

[1] –HCl(aq) in excess/Mg is limiting.

Common mistakes include not reading the question and therefore failing to provide any 
form of justification (in the form of writing or calculations). Showing stoichiometric 
calculations would have been sufficiently clear enough as justifications for the quantities 
proposed.

Sufficient acid should be used to cover the bulb of the thermometer but preferably not 
exceed 2/3 of the styrofoam cup (capacity around 250 cm3) to avoid spillage. Hence an 
appropriate volume of HCI is 20 cm3 200 cm3. 

As the question suggests to suggest a volume of HCI and thereafter justify the mass of 
Mg, no. of moles of HCI should first be determined, and used to calculate the no. of 
moles of Mg, and not vice versa.

Mg must be the limiting reagent (or HCl in excess) as the objective of the experiment was 
to find out the enthalpy change of reaction for the reaction of Mg with HCl.

Another common error was to round up the value obtained for the mass of Mg to 3 
significant figures when using the exact stoichiometric ratio of Mg to HCl to work out the 
mass. For example, if 25 cm3 of HCl was used, the mass of Mg would be exactly 0.6075 

b) nHCl = 2.0 x 25/1000 = 0.0500 mol*

nMg = 0.0500 / 2 = 0.0250 mol

Mass of magnesium = 0.0250 x 24.3 = 0.61g

Magnesium is the limiting reagent. Hence, an aapppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppprororororororororororororororororororrororororororoooororoooooooorooooroooprprpprprpprprprrprprppprpprprrprprprprppprprprpprprprrprpprprrpprrrprprprprpprpp iaiaiaiaiaiaiaaiaaiaaiaiaiaiaiaiaaiaiaiaiaiaiiaaaaaaaiaaiaaaaaaaaaaiaiattttetetetettetttttttttttttttttt mmasss toto uuse is 0.50g

* A reasonable volume of HCl(a(aa(a(a(a(( q) to bebebebebebebebebebb useeeeeeeeddddddddddddddddddddddddddddddddddddddddddd coccococococococococococococococcccocoocococococoooccccccoccccocccccocccooooululullulululululululululululululuuluuululululululuuuuulululllluuuuuuu dddddddddddddddddddddddddddddddddddddd bbbbbbebebbbbb bbetetweenn 2200 cm3 – 2
ensure the volume covers the bbbbbbbbbbbbuluuuuuuuuuu bbbbbbbbbbbbb & to eeeeeeeensnsnsnsnsnsnsnnnnn uruuuuuuuuuuuuuuu e thhatttttttttt the vvoolumume dodoeses not excee
of the capacity of the cupupupupupupupupupupupup).).).).).).).).)..).

Mass of Mg usedddddddddd coulddddddddddddd bebebebebebe iiiiiiiiiin nnnnn nnnnnn thththththththththththtt eeeeeeeeeee ee raaaaaaaaaaangggggggeeeeeeeeeeeee ofofofofofofofofofofoo  0.48686868686868686868686868 ggggggggggggg to 4.86g based on the volum
HCl(aq) used.

[1] - cococcccccccccc rrrrrrrrrrrrececececcececececececece t ttttttttttt calclcllclclclclccccululululululuululululululatatatatatatatatattatioioioioiooioioioooonnnnnn nnnnnnn ofofofofofofofofofofofof nMgMgMMMgMMgMMgMgMg

[1[[[[[[[[[ ] –HHHCHHHHHHHHHH l(aq)))))))))))) innnnnnnnnnn excxcxcxcxcxcxcxcxcxcxcx eseeeee s/MgMgMgMgMgMgMgMgMgMgMgg issisisisssssisisis lllllllllliiiimiii ittttttttttttininininninninini g.

CCCCoCCCCCCCC mmmmmmmmmmmmmm ononoonononononononnnn mmmmmmmmmmmmisisisisisisisisisssisistattttt keeesssssssssssss ininnininninnininnninclclclclclclclclcclcllclududududdududududududdudeeeeeeeeeeee nonnnnnnnnn t reading the question and therefore failing to p
formrmrmrmrmrmrmrmrmmmmm of jujjjjj stificccccccccccccatatatatatataatatatatattioioioioiioioioioioioioionnnnnnnnnnnnn (i(i(ii(i(i(i(i((i(( nnnnnnnnnnnnn the form of writing or calculations). Showing sto
calcululuululululullululululatatatatatatatatatatatatatioioioioiooioioioioioioonssssssss wwwwwwwwwwwwwououuouuuuuuouououuldldldldldldldldlddddd hhhhhhhhhhhave been sufficiently clear enough as justifications for th
propossssssssededededededededededededed.

Sufficient acid should be used to cover the bulb of the thermometer but pre
exceed 2/3 of the styrofoam cup (capacity around 250 cm3) to avoid spillage
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g. Rounding up this mass to 0.61 g and using it as the proposed quantity would result in
the Mg being in excess. And so the second mark was not awarded. It would always be
safer to round down to ensure that the Mg is the limiting reagent.

(c) 1. Weigh accurately 0.50 g (mass in part (b)) of magnesiuminto a weighing bottle.
2. Measure out 25 cm3 (vol. in part (b)) of hydrochloric acid into a

polystyrene/styrofoam cup using a measuring cylinder/burette.
3. Record the initial temperature of hydrochloric acid solution.
4. Add solid magnesium into the cup, cover with a lid and stir the mixture gently.
5. Record the highest temperature reached.

[1] apparatus (weighing bottle, polystyrene cup, measuring cylinder)

[1] correct sequence

[1] measurements (temperature, volume, mass)

A procedure must be written in a logical sequence with essential details (e.g. quantities, 
apparatus, when and what measurements to take) such that someone else can follow the 
instructions and obtain the results without further guidance.

A common and costly mistake was to forget to weigh the Mg ribbon. Note also that Mg 
ribbon, not powder was provided. There was also a common tendency to leave out a 
weighing bottle for the weighing process. The correct terminology to use is electronic 
weighing balance (precise to 0.01g). What is used in the laboratory is strictly speaking 
not a weighing scale. A weighing scale is what you get in a vegetable market! 

While the temperature correction procedure is indeed a better method, the student should 
look at the number of marks allocated and write a procedure that fits the awarded marks. 
The temperature correction procedure had many more steps and procedures and would 
definitely be awarded more marks. Students who used that procedure would have used 
up more time to write down everything correctly.

Do remember to stir the mixture with a thermometer to ensure even mixing as far as 
possible.

[1] apparatus (weighing bottle, polystyrene cup, measuring cylinder)

[1] correct sequence

[1] measurements (temperature, volume, mass)

A procedure must be written in a logical sequence wiwithth essssentiialal ddetetaiailsls (e.g
apparatus, when and what measurements to takke)e)e)e))))))))))))))))))) sssssssssssssssssssssssssssssssssssssucucucuuuucucucuuucuucuucuucucucucuucucucuucuccuuuuccucucuuucucuucccucuucucuucucucucucucucchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh tttttththtttttt aat somomeoonne else ca
instructions and obtain the results withhhhhhhhhhhououoouououoouoouoouout furtrthheheheheheheeheheheeheheeheheheheheheeheheheheeeeeheheheheehehehhhhhhherrrrrrrrrrrr rrr rrrr rrrrrrrrrr rrrr gugugugugugugugugugugugugugugugugugugugugugugugguggguggugguguguuggguguugguugugguuuidididididididiididdddddiddididddddddiddddiddddddddiiiididdddddddddananananaananananananananaananananaaanaaanaaananaaananananananaananaanaaaannncececcccccccccccccc ..

A common and costly mistakeeee wawawawawwawwawawawawaas to ffffffffffffoooroooooooooo gegegegegegegegegeggegeget too wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwweieieeeieieeeeeeeeeieieeieieieeieeeee gggggggghgg  thehe MMg riibbbbonon. Note a
ribbon, not powder was pppppppppppprororrororororororororoovivvivvvvvviviviiidededededeededededededed.ddddddddd  There wwwwwwwwaaaasaaaaaaaaaaa  also a coommmmon ttenendency to 
weighing bottle for the e eeeeee eeeeeeeeee wwwwewwwwwww ighihhihihihihihihihhh ng ppppppppppppproooooooooooocecccc ssssssss. TTTThTTTTTTTTTTTT e correct tetermminology to use is
weighing balance (precccccccccccccisisseeeee eeeeee totototototototototototot 00000000000.0.0.0.0.0.0..0.00.0001g1g1g1g1g1g1g1g1ggg).))))))))))) WWWWWWWWWWWWWhahahahaahahahahahahahatt tt is uuuuuuuuuuussssessssssss d in thehe laboratory is strict
not a weighing scaaaaaalelelelelelelelelleleee. A weiggggggggggggghing ssssssssssssccccaccccccccc le is whwhwhwhhhwhhhwhwwhwhatatatatatatatatatatatatt yyyyyyyyyyyyyououououououououououououou get in a vegetable market! 

While e e e ee thhhhhhhhhhe eeeeeeeeeeee teteteteteteteteteteteempeeereeeeeeee atatataatatataatattururururururururuuu eeeeeeeeee coccccccccccc rrrrrrrrrrrrrrrrrrrrrrreceeeeeeeeee tion ppppppppppppprororrorororororororororocecececececececeeeeeceddduddddddddd rerererereererereerer  is indeed a better method, the stu
lookkkkkkkkkkkk aaaaaaaaaaaaat the eeeeeeeeee nuuuuuuuuuuuumbbbbbbbbbbbbbererererrerererrererer of markrkrkrkrkkrkrkrkkrkrkks ss sss sssssss alaalalaaaalalalalala lolololoolololololoolocacacacacacacacacacaacaateteteteteteteteeetetedddddddddddd anananananannananananaand ddddddddddd write a procedure that fits the awar
ThTTTTT eeeeeeeeeeeee ttttettttttttt mperatataatataatatatatatata urrrrrrrrrrrrree cocococococococoooorrectiononononononnoo pppppppppppprororororororoorororororocedududdudududududududdud rrrerrr  had many more steps and procedures
deeedeeeeeeeeefffiffffffffff ninnnnnn teeteteteteteeeelylylylylylylyyyyyy bbbbbbbbbbe awawwwwwwwwwwwwaaaraaaaaaaaaa ded ddddddd momomomomomomomomomomomomoreeeeeeeeeeeee mmmmmmmmmmmmmaaaaraaaaaaaaaaaaaa ks. Students who used that procedure would
upupupupupupuppppppp mmmmmmmmmmmmmore tititititititittititiimememememeemememememememe to wrwrwrrwrwrwrwrwrwrwrwrwrititititititititititittte eeeeeeeeeeee dododododododododododododownwnwnwnwnwnwnwnwnwnwnwnwn everything correctly.

Do rrrrrrrrrememememememememememememmemememememememeemememee bebebebebebebebebebebbberrrrrr r r rrrrr totototototototoooooo sssssssssssstittititititttiitiirrr rrrrr the mixture with a thermometer to ensure even mixin
possibbbbbbbbbbleleleleleleleleeleelee.
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(d) Mg(s) + 1/2 O2(g) + 2HCl(aq)   MgO(s) + 2HCl(aq)

MgCl2(aq) + H2(g) + 1/2 O2(g)   MgCl2(aq) + H2O(l)

[2] for correct energy cycle.

Deduct 1 2mark for each type of the following errors

Missing or wrong state symbols, arrow direction, labels on arrows
Unbalanced equations
Accept labelling on arrows with correct symbols and/or values

The energy cycle was quite poorly done as most students failed to recognize that the 
hydrogen and oxygen gas produced formed water as part of the cycle and hence failed to 
include the enthalpy change of formation of water or combustion of hydrogen gas in their 
cycles. Most students failed to earn any marks here.

Common mistakes include using bond energy values for the formation of water. This is 
wrong as bond energy values are only applicable when the atoms and molecules are in 
gaseous state.

For an energy cycle, candidates need to ensure that the equations in the cycle are 
balanced and accompanied with state symbols.

(e) Heat capacity[1] of the cup is not accounted. This results in a lower calculated value for
heat change and hence a less exothermic enthalpy change [1].

OR

Heat loss to the surroundings[1] is not accounted. This results in a lower calculated
value for heat change and hence a less exothermic enthalpy change. [1]

For any thermo-chemistry experiment conducted in a school laboratory, one of the 
significant sources of errors will always be the loss of heat to the environment. The 
environment would encompass the apparatus, as well as the general space / air around 
the experimental setup.

Candidates can be more precise in their answer when discussing the impact of the 
enthalpy change, i.e. the resulting impact on enthalpy change is less exothermic.

Hf(MgO)

Hf(H2O ) 

H1
H2

Unbalanced equations
Accept labelling on arrows with correct symbols and/or vvalalues

The energy cycle was quite poorly done as most studentss fafaileded to recogn
hydrogen and oxygen gas produced formed water as pparart t ofof tthehe ccycy le and hen
include the enthalpy change of formation of water orr ccomombubustionn ofof hhydydrorogen 
cycles. Most students failed to earn any marks herre.e.e.e............

Common mistakes include using bonnnnnnnnnnndddddddddd eneeeeeeeeeeee erererrerererrererrerrrrrrrrrrrrrgygygygygygygygygygygygygygygyyyygygygyyygygygyggygggygygygygygygygygyyyygyyyyggy vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvalalalaalaalalalalalalalaalaaaaalalaaaaalalalaaallalallaaa ueueueueueueueueueueeueueueueueueueueuuueueuuuueueeueueueuueueueueuueuuuesssssssssssssssssssssssssss fofofofofofofofooffofoffofofofofofofofofofoffooooofooooofoofoofofofffffffff rr r ththee foformrmatatioon of wa
wrong as bond energy values arararararararararraarare only aaappppppppppppppppppppppplicacaaaaaaaaaaaaaaaaaaaaaaablblblblbblblbbblbblblblbbblbblbblbblbbbbblblblbllbbblbbbbbbbbblbblblleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee whwhwhwwwwhwwhhwhwhwhwwhhwhwhwwhhwwwhwwwwhwhwhwhwhwwhwwwhwwwwwwwww eeeeeenee thehe atomsms aand molec
gaseous state.

For an energy cycle, caanaaaaaaa didaaaatetetetetetetetetettetesssssss nenenenenenenenenenennn ededededededeededededd ttttttttttooo ooo ensuuuuuuuure thatt ththee equations in the
balanced and accccccccccccccccccccccccc ompanininninininnniniededededededededededededed wwwwwwwwwwwwitittitittitttititithhhhhhhhhhhh stssssssssssss aaataaaaaaaaaa e symboloolololololooololools.ss.s.s.s.s.s.s.s

e) Heaaataaaaaaaa capacacacacacaacacacacccittttttttttttyyyyyyyyyyy[1]]]]]]]]]]]] ofofofofofofofofofooo  the cupupupupupupupupupupupupup iiiiiiiisssssssssss ss nonononononononononononottt t t tt t tttt acacacacaacacacacacacacaccococococococoocococococoununununununununununununnted. This results in a lower calculate
hehhhhhhhh aataaaaaaaaaaa cchange eee ananannananananannnnand dddd hehehehehehehehehehehehence aaaaaaa leeeleeleleeeleelelessssssssssssssssssssssss exoothththththhththththtthermic enthalpy change [1].

OOOROOOOOOOOOO

Heatatatatatatatatatatattt lllllllllllososososososososososososossssssssssssss tototototototototototototo ttthhhhehhh sssssssssssssuruuuuuuuuuuuu roundings[1] is not accounted. This results in a lower
value fofofofofofofofofofofofoforrrr r r r rrrrr heheheheheheheheheheheheheat cccchahaahahahahahahahahah nge and hence a less exothermic enthalpy change. [1]

For any ththththththtttttt ermo-chemistry experiment conducted in a school laboratory,
significant sources of errors will always be the loss of heat to the environ

i t ld th t ll th l /
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2 (a) 2O3 (g) 3O2 (g)  [1]
State symbols not required.

(b) Let a cm3 be the initial volume of ozone, and (800 a) cm3be the initial volume of oxygen in
the mixture.

2O3 (g) 3O2 (g)
Initial vol. /cm3 a 800 a
Change in vol. 2x +3x
Final vol. /cm3 a 2x = 0 800 a +3x

Total volume at the end of the reaction = 819 cm3

a 2x + 800 a +3x = 819
x = 19 cm3 

When ozone is fully decomposed, a 2x = 0
a = 38 cm3 

Thus initial vol. of ozone = 38 cm3

And initial vol. of oxygen = 800 38 = 762 cm3

i.e. oxygen-ozone composition = 20 : 1

Or any other method of finding initial composition   [2]

(c) Rate = k[O3] [1]

(d) (i) Electronic configuration of O atom:

[1]

(ii) The oxygen atom is considered a radical (in fact, it is a diradical) since it possesses
unpaired electrons in its 2p subshell.[1]

(iii) A reaction that forms oxygen atoms will generally be slower since they are high
energy free radicals – the reaction would thus involve a relatively high activation
energy.[1]

(e) O3 O2 + O (slow)
O + O3 2O2 (fast)

Correct elementary steps [1]
Relative speed of reaction/indication of correct r.d.s. [1]
(radical “ ” not required to be shown)

x = 19 cm3 

When ozone is fully decomposed, a 2x = 0
a = 38 cm3 

Thus initial vol. of ozone = 38 cm3

And initial vol. of oxygen = 800 38 = 762 cm3

i.e. oxygen-ozone composition = 20 : 1

Or any other method of finding initial compoppoppopoppoppopop sssisssssisssss tiiiiiiiiiiiiononoooononnnnnoonnoonnnnnnnnnnnnnnnnnnn   [2[2[2[2[22[2[2[2[2[2[2[2222[22[2[2[2[2[2[2[2[22[2[2[2[222[2[2[2[[[22[22[[[2[2[[22[2[[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

c) Rate = k[O3] [1]

d) (i) Electronic cooonoooooooooo fiffififififififfififf gugugugugugugugugugugurarararararararaaaaaatitttttt onnnnnnnn ooffff fffffff OOOOOOOOOOOO atatatatatataaatatatooomooooooooo :

[1]

(ii) Theeeeeeeeeeeee oxoxoxoxoxoxoxoxoxoxoxoxoxygygygygygygygygyygygyy ennnn aaaaaaaaaatototototototototototom is considered a radical (in fact, it is a diradical) since it
unpaaaaaaaaaaiririririririririrrrriredededededdededededededd eeeeeeeeeeeelllel ctrons in its 2p subshell.[1]

(iii) A reaction that forms oxygen atoms will generally be slower since the
energy free radicals – the reaction would thus involve a relatively high

www.KiasuExamPaper.com 
288



www.KiasuExamPaper.com 
289



3 (a) (i) There are a total of 4 electrons around the central hydrogen and this is 
rarely seen in hydrogen as it usually cannot hold more than 2 electrons in its 
valence shell. [1]

(ii)

H FF

hydrogen bond

covalent bond

[2] Correct structure showing the hydrogen bond, covalent bond, dipoles in
HF and lone pair of electrons on fluoride.

(iii) The formation of the hydrogen bond between fluoride and HF weakens
the covalent bond considerably and coupled with the unfavourable 4
electrons interactions around the central hydrogen, result in the bond energy
between H and F in bifluoride to weaken considerably.

[1]for the first underlined point.

Do not accept: The bond energy is now an average between that of the 
hydrogen bond and the H–F covalent bond.

(b) (i) 1 = [ 3 +][ ][ ]
2 = [ 2 ][ ][ ]

[1] for both correct expressions

(ii) [ 3 +] = 1[ ][ ] = (1.1 × 10 3)(8.89 × 10 2)9.77 × 10 3 = 0.0100 1 3
[1] for correct calculation

(iii) As the system has no net charge, the total amount of anions must be the
equal to the total amount of cations.The charged species (H3O+ and F–) is
derived from the partial dissociation of HF in water so their total amount must
match. However F– further dissociates to give HF2

– and whatever amount of
HF2

– formed must come from F–.Therefore [F–] + [HF2
–] = [H3O+].

[1]for relationship

(iv) 2HF(aq) + H2O(l) H3O+(aq) + HF2 (aq)
[1]

(iii) The formation of the hydrogen bond between fluoride and HF weake
the covalent bond considerably and coupled with tthehe unu favourable
electrons interactions around the central hydrogen, resultlt in thhee bond ene
between H and F in bifluoride to weaken considerablyly.

[1]for the first underlined point.

Do not accept: The bond energyyyyyyyyyyyy is now w anananananananananananananaananananaananananannanannaannnananannannnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaavevevveveveveeveveveveveveveveeveveveveveeeveveveeeveeveevevveeveeveveevveeverararrrrrrrrrarrrrrararrarrararrrararrarrragege betetweweenen that of
hydrogen bond and the H–F covalelelelelleleleleleleeentnntntntntntntntntntntn bbbbbbbbonononoonononononnoonoonnnnnnnnnonooonnnnnnoononononoonoononnd.d.d.dddd.d.dd.d.d.dddd.d.d.d.d.d.d.d.dddddddddddddddddd

(b) (i) 1 = [ 3 +][ ][ ]
2 = [ 22222222222 ]]]]]]]]]]][ ][ ]]]]]]]]]]

[1[1[1[1[[1[1[1[1[11[11] forrrrr rrrrrr boboboboboboboooooooth cccccccccccccorrrrrrrrrrrererererererererererererect expxpxpxpxpxpxpxpxpxpxpxpprererererererererererereesssssssssssssssssssssssssioioioiiioonsnsnsnsnsnsnsnssnsnnsns

(i((((((((((( i)i)i)i)i)i)i))))))) [[[[[[[[[[ 3 +]]]]]]]]]]]]] = 111[[[[[[[[[ ][ ]]]]]]]]]]] =========== (((((((((((1111111111111.......111111111111 ×××××××××××× 10 3)(8.89 × 10 2)9.77 × 10 3 = 0.0100 1 3
[1[1[1[1[1[1[1[1[1[[[ ]]]]]]]]]]]]] fofofofofoooooofofofor r rr rrr r rrrrr cococococococococococococorrrrrrrrrrrrrrrrrrr eeeect cacacacacacacacacacacacacalclclclclclclcclclclcclcuuluuu ation

(iii) As tttttttthehehehehehehehhhhhh ssssssssssssysysysysysysysysysysysysysttettttttt m has no net charge, the total amount of anions must be 
equaaaaalllll lll totototototototototoot  the total amount of cations.The charged species (H3O+ and F–

derived from the partial dissociation of HF in water so their total amount m
match. However F– further dissociates to give HF2

– and whatever amoun
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4 (a)

CH3

Cl
OH

OR CH3

OH
Cl

[1] correct structure

Cl

CH3

OH

major product

OH

CH3

Cl

minor product

Cl

CH3

HO
this is WRONG
C is bonded
to O of OH

similarly C is bonded
to C of CH3

Common mistake involves electrophilic addition of both Cl into the sp2 carbons. 
Some students even add bromine atom to the double bond.

(b) Reaction 1: Cl2(g) or Cl2 in CCl4[1]
Reaction 2: H2, Ni catalyst, high temperature & pressure [1]

For reaction 1, the reaction can be carried out at room temperature in the absence 
of uv light or heat to prevent free radical substitution. 
Students should distinguish betweenCl2(g) and Cl2(aq); Cl2 is a gas at rtp; Cl2(aq) 
refers to Cl2 dissolved in H2O. A number of students suggested Cl2(l) as the 
reagent which is not possible. 
For reaction 1, it is clearly electrophilic addition of Cl2 into 1-methlycyclohexene. 
The only nucleophile that can attack the carbocation is Cl and the final product 
should be 1,2-dichloromethylcyclohexane.
For reaction 2, other catalysts such asPt or Pdcan be accepted. Reaction 2 
requires conditions of high temperature and pressure to proceed. While in general, 
conditions are stated correctly, a number of students missed out on stating H2 gas 
as a reagent.

(c) Addition/Reduction/Hydrogenation[1]
Do not accept: Electrophilic addition

The question asked for “type” of reaction; do not accept hydrogenation (this is 
“name” of reaction not “type”). Electrophilic addition is not acceptable because the 
addition of hydrogen across the double bond requires the use of heterogeneous 
catalysts. (Please refer to Reaction Kinetics pg XXX).

Cl

CH3

OH

maja or produd ct

OH

CH3

Cl

minor produd ct

Cl

CH3

HO
this is WROONG
C is bondeddd
to O off OOHHHH

similarly C is bonded
to C of CH3

Common mistake involves electrophilic additionn ooooooooooooooooooooooooooooooofffffffffffffffffff fff fff f f boboboboboboboboboboboboboboboboboboboboboboobobobobobobobobbbobobbobbbbobooobooththththththththththththththhthththththththtthtthhttthttttththhhthhhhthhhttthtt CCClll intooo tttheh  sp2 carbo
Some students even add bromine atom mmmm mmmm mmmm totottototottotototototottootooooo theeeeeeee dddddddddddddddddddddddddddououoououououoououououououououououououououououoououuouououououououuouuoououououuuoouo blblblblbblblbblblblblblblbblblbbbbblblbblblbbbbbbbbbblblbbbblbbbb eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee bobobobobobobobobbobobobobobbobobobobobobbbbbobobobobooboboboooobobobobbbbobobooondndndndndnddndndndndndndndndndndndndnnnndnnndnndnnndnnndnnnndddnnnnn ..

(b) Reaction 1: Cl2(g) or Cl2 in CCl4[1[[1[1[1[1[1[1[1[[1[[1[[1[1[111]]]]]]]]]]]]]]]]]
Reaction 2: H2, Ni catalyst,t,t,t,t,t,t,t,ttttt hhhhhhhhhhhhhhhhhhiiiiigiggiigigghhhhhhhhhhhhhhh teteteteeeteteeeeteeetempmpmpmpmpmpmpmpmpmppmpmpmppmpmpmpmpmperatureeeee eeeeeeeeeeeee &&&&&&&&&&&&&&&&&&&&&&&&&&& pressure [11]]

For reaction 1, the reactiiiiiiiiiiiiiiiiononononononononnononononono ccccccccccccccaananananananananaaanaaaanaaa bbbbbbbbbbbbbbe eeeee cacacccacccccacarrrrrrrrrrrrrrrrrrrrrrrrrrrrieieieieieieieieieeeeeeeeddddddd dddddd ddddd ooouooooooooooooo t atttttttttttttttt rrrrrrrrrrooooooooooooooooo m tempmpmpeerature in the abse
of uv light or heatataattatatatatatatatatataaaaa tooootototoooooooooooo pppppppppppppppppreventtttttttt ffffffree raaaaaaaaaaaaaaaadicaccccccccc l subssssssssssssssstitiitititititttttitiit tututtututututtutuutuutuuuuutititittitittitiitiitiittitt ononononononononononononnnonnonnn.
Students should diiiiiiiiiiiststsststststststststststsstsstststs iniininiiiiii gugugguguguguguguguguguuuuuuuish beebebebebebbebebebebebebebebbbebeb twtwtwtwtwtwtwtwtwwtwtwtwtwtwtwtwtwweeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnCl2(g(gg(g(g(g(g(g(g(g(g(g(gggg(gggg) )))) ))) ) ) )))) )))) anaananananananananananananna ddddddddddddddddddd CCCCCCCCCCCCCCCCCCCCl2((((a(((((((((( q); Cl2 is a gas at rtp; Cl2(
refers ttto CCCCCCCCCCllllllllllllllll2222222222222222222 disssssssssssssssoloolooooololololllveveeeeeeveeeeveeveeveeveeddddddddddddddddd inininin HHHHHHHHHHHHH2OOOOOOOOO. A nunununuuununununnnnnnnn mbmmbmbmbmmmbmmbmbmbmmmbmbmmbm eeeereeeee  offffffffff students suggested Cl2(l) as
reageeeeeneeeeeeeeeeeee tt tttttttttttt whhhhhhhhhhhhhhiciciiiciciciciicicchhhhhhhhhhhhhhh is nnnnnnnnnnnnnnnot pppppppppppppppppossiblblblblblbbbblbblblblblleeeeeeeeeeeeeeeee.........
FoFFFFFFFFFFF r rrrerrrrrrrrr aaaacaaaaaaaaaaaaaa tion 11111111111111, itiiiii iss sssssssssssssssss clccccccccccccc early elelelelelleleleleleleleelelele ececececececececececececececcceccctrtrtrtrrtrtrtrtrtrtrtrtrtrtrttrtrt opopopppopppopppppppphhhihihhihihhihhihhihhhililiilililililiililililicccc cccccccccc adddddddddddddddddddddddidddddddd tion of Cl2 into 1-methlycyclohexe
ThThThThThThhhThThThThThThThhThThhTTTTT e e onnnnnnnnnnnnnnnnnlylylylylylylylylylylylylylyyyyy nucleeeeeeeeeeeeeeeeopopopopopopopopopopopopopopopoooo hiihihihihihihihihiiihihihihihhh leeleleleeeeleeeleeeeeeleell  that t t tttt t ttttttt cacacacaaacacacacaaacacaaacannnnnnnnnnnnnnnnnnn ataaaaaaaaaaaaaa tack the carbocation is Cl and the final prod
shshhshshshshshshshshshshshhhhhhouuuouuuuuuulddddddddddddddddddd bbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeeeee 111,1111111111 2222222222222222222-diddddddddddd chhchchchchchchchchcccccccc lorooooomemememememmemememmmemememmemmmm ththththththththththththtththththththhylyyyyyyyyyyyyyyyyyy cycyccycycycycycycycycycycycycycycycycllclclcllllclllllclclc ohexane.
For rrrrrrrrrrrrrrrrrr rerereerereeeeeeeeeeeeeactionn 222, otottotototottototottottotoo hehehehhehehheheheheheheheheheheheheh r rrrrrrrrrrrrrrrrrr cacacacacacacacacacacacacaacacacacacataaaaaaataaaaaaalyylyylylylyllllll sts such asPt or Pdcan be accepted. Reaction
requiririririririririiririirirrrressssssssssssssssssss cconononooonononononononononononno diiidiiiidddd titttttttttttt onooonnns ofofoofofoofofofofofofofoofofooof hhhhhhhhhhhhhhhhhigigigigigigiigigigigiggh temperature and pressure to proceed. While in gene
conditioioioioiooioioioooooooonsnsnsnsnsnsnsnsnsnsnsnnsnsnsnssnnsss aaaaaaaaaaaaaaarerererererererrererrererreeeee sssssssssssssssssstaaaaaaaaaaaaaaaaaaaateteteteteteteteteteteteteteteteteteteeetedddddddddddddddddd correctly, a number of students missed out on stating H2 g
as a reageggegegegegegegegeggegegegegegeegeennntnnnnnnnnnnnn .

(c) Addition/Reduction/Hydrogenation[1]
Do not accept: Electrophilic addition
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(d) Cold KMnO4(aq)/ Cold KMnO4(aq), NaOH(aq)/ Cold KMnO4(aq), H2SO4(aq)

CH3

OH
HO

KMnO4(aq), H2SO4(aq), heat/ KMnO4(aq), NaOH(aq), heat 

O
O

OH

(acidic conditions)

O
O

O Na+

(alkaline conditions)

[1] for both reagents and conditions stated correctly
[1]each for the two products (diol& carboxylic acid) drawn correctly.

The symbol [O] used in a balanced equation in oxidative cleavage or diol formation 
represents oxidising agent such as KMnO4; they are not oxygen atoms. Students 
commonly missed out on stating the oxidising agent or use [O] to represent the 
oxidising agent, which is not accepted.
Since the question requires reagents to be stated,giving acidic (H+) or alkaline
(OH-) conditions as the answer will not be accepted. Reagents such as dilute 
H2SO4(aq) or NaOH(aq) must be clearly stated.
KMnO4 is acidified using dilute H2SO4(aq) and not dilute HCl(aq) because KMnO4
would oxidise HClto Cl2. (Refer to chapter 1 page 28)

(e)

The alkyl group is an electron-donating group. Once it is substituted into the 
benzene ring, it will activate the benzene ring towards electrophilic substitution/ 
make the ring more susceptible to electrophiles, resulting in polyalkylation. 
Only the 1,4-disubstituted product is formed. (1,2-substituted product is not formed 
due to steric hindrance).

[1]for structure. Accept 1,2-substituted and 1,3-substituted products.
[1]explanation.

(or K+)

O
O

(acidic conditions)

O
OO

O Na+

(alkaline conditiooooonsnsssssnsssss))))))))))

[1] for both reagggegggggggg ntntntntntntntntntntnn ssssssssssss anaaaaaaaaa d cooooooooooooondnnn itioooiooooioiooooionnnnsnnnnnnnnn stateddddddddddd cccccccccccccorororororororororrorororrerererererereerererererecccctccccccccc ly
[1]each forororororrorororrorororr ttttthe twwowowowowowowowowowww prorororrorororororororoodududududududuuuuuuuctcccccccccccc s sss (d(d(d(d(d(d(d(d(d(dddiol&l&l&l&l&l&l&l&&&&& carboboboboboboboobooboboboxyxyxyxyxyxyxyxyxyxyxyxyxylilililililililiiiiic c c ccccccccc acacacacacacacacaacaccacididididididididididd) drawn correctly.

The sysysysysysysysysysyysymmmbmmmmmmmm ol [O[O[O[O[O[O[O[OOO[O[O] ]]]]] ]]]] ]]] usssssssseddedededededededededd in a balalalalalallalalaaaa ananananananananananananancecececececececececcececeddddddddddddd eqeqeqeqeqeqeqeqeqeqeqeqequauauauauauauauauauaauauatititititittiitiiit onononononononoononono  in oxidative cleavage or diol format
ererererererereeeeeepreeeseeeeeeeeee eeeeneeeeeeeee ts oxixixixixixixixixxixixididddididddddd sissssssssssss ngngggnggnggggggg aaaaaaaaaagent sssssssssucucucucucucucuccucucucu hhhhhhhhhhhhh as KKKKKKKKKKKKMMMMnMMMMMMM O4; they are not oxygen atoms. Stude

ccccoccccccccccccc mmmmmmmmmmmmmm onnnnnnnnnnnnnlylylylylylylylylylyyy missesesesesesesseseseseseeddddddddddddd out ononononononononononononon statatatatatatatatatatatatatitititititititititititit ngngngngngngngngnggngngggngng the oxidising agent or use [O] to represent
oxxxxxxxxxxxxidiiiiiiii issssssssssssinggg agagagagagagagagagagagaggenennnnnennnnnt,tttttttttttt  whiiiichchcchccchchchchhh iiiiiiiis ss ssss s ssss noooooooooooootttt tttttttt acacacaccaccacacaccccepted.
Sinccccccccccceeeeeeee thttttttttt e questitititititititititititt onononononononononnononon rrrrrrrrrrreqeqeqeqeqeqeqeqeqeqeqeqequiuiuiuiuiuiuiuiuuiuuiu rrrrerrrrrrrrr s reagents to be stated,giving acidic (H+) or alka
(OH-)))))))))) cococococococococococococondndndndndndndndndndndnndititioioioioioioioioioioiooonnnnssnnnnnnnn asasssassasasasasasas ttttttttttthehhehehehehehhhhe answer will not be accepted. Reagents such as di
H2SO4(a(a(a(a(a(a(a(a(a(aa(a(aq)q)q)q)q)q)q)q)q)q)q)qq ooooooooooooorrrr rrrrr NaNaaaaOHOHOHOHOHOHOHOHHOHOHOO (aq) must be clearly stated.
KMnO4 isssssssssss aaaaaaaaaaaaaciciciciciciciciciccc didididddidididddidd fiffifififififfififfif ed using dilute H2SO4(aq) and not dilute HCl(aq) because KMn
would oxiddddississisisisisissisisiii e HClto Cll l2. (Refer to chapter 1 page 28)

(e)

(or K+)))))))
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1,4-disubstituted product is the major product
1,2-disubstituted and 1,3-disubstituted products are the minor products
The product of reaction 3 consists of 13 carbons, and the side product has the 
formula of C20H30. This suggests that there is an additional 7 more carbons, which 
means another 1-methylcyclohexane alkyl group is substituted on the same 
benzene ring, resulted in di-substitution of alkyl group occurred.

1,2-disubstituted product is the minor product and unlikely to be formed due to 
steric hindrance between the two bulky alkyl groups.

1,3-disubstituted product is the minor product as the alkyl group is activating and 
therefore, is 2-4-directing.

www.KiasuExamPaper.com 
293



5 (a) (i) sp2[1]

(ii) p-orbital [1]

(b) (i) Bond Energy of the 1o C–H bond is the strongest and that of the 3o C–H bond is the
weakest. Since the 3o C–H bond is the easiest to break, it is the most reactive. [1]

(ii) Structure Label
(A, B,

C or D)

Explanation

ClH2C C C
H

H

CH3
CH3

H

A Since B and C are optically
active, they can only be:

H3C C C
Cl

H

CH3
CH3

H or 

H3C C C
H

H

CH2Cl
CH3

H . 

Since there is twice the
amount of C as compared to
A, the hydrogen atoms
responsible for their
formation should be from the
CH3 groups.

A must be 
ClH2C C C

H

H

CH3
CH3

H

and C must be 

H3C C C
H

H

CH2Cl
CH3

H

H3C C C
Cl

H

CH3
CH3

H

B

H3C C C
H

H

CH2Cl
CH3

H

C

H3C C C
H

H

CH3
CH3

Cl

D

[2] for 4 correct structures

[2] for correct labelling of the 4 structures

[2] explanation

ClH2C C C
H

H

CH3
CH3

H

active, they can only be:

H3C C C
Cl

H

CH33
CCH3

HH oor 

H33C CC C CC
HH

HHHHHHHHHHHHHHHHHHHHHHHHHHHH

CCHH2Cl
CH33

HH .

SiSSSSSiSiSSSSSSSSSSSSSSSiSiSSiSiSiSiSiSiSSincncee ththere e isis twice
amouountnt of CC asas compare
A, thhee hyhyddrogen at
resppononssible for t
formatation should be from
CH3 groups.

A must be
ClH2C C C

H

H

CH

H

and C must

H3C C C
H

H

CH2Cl
CH3

H

H3C C C
Cl

H

CH3
CH3

H

B

H3C C C
H

H

CH2Cl
CCHHHHHHHHHHHH3

H

CCCCCCCCCCC

H3C CCCCCCCCCCCC CCCCCCCC
HHHHHHHHH

HHHHHHHHHHHH

CCCCCCCCCCCCCH3
CCCCCCCCCCCCCHHHHHHHHHHHHH333333333

Cl

D

[2]] fofofoofofoofofofoooor 4 444 44444444 cococococococococococococorrect structures

[2] for correct labelling of the 4 structures
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All candidates should answer Question 1. 

1 Nitrogen forms several oxides, such as NO, NO2, N2O, N2O3 and N2O5.

(a) Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide, NO2.

                     Reaction 1:        2NO(g) + O2(g) 2NO2(g)

The kinetics of Reaction 1 was studied by reacting NO and O2 at 25 °C at constant 
volume. The following data was obtained.

Experiment 1 2 3
Initial partial pressure of NO / kPa 6.00 3.00 3.00
Initial partial pressure of O2 / kPa 7.00 14.00 21.00
Partial pressure of O2 after 40 s / kPa 6.68 13.84 20.76
Initial rate of reaction / kPa s 1 0.00800 0.00400 0.00600

The rate equation may be written as

2

m n
NO ORate = k(p ) (p )

(i) Show that the order of reaction with respect to NO and O2 is 2 and 1 
respectively. 

(ii) Find the rate constant k.

(iii) Find the total pressure after 40 s in Experiment 1.

The mechanism for Reaction 1 was suggested as follows:

                      Step 1:    2NO  N2O2

                      Step 2:    N2O2 + O2  N2O4

                      Step 3:    N2O4 2NO2

(iv) Draw the dot-and-cross diagram for the intermediate dimer N2O2, given that 
oxygen are the terminal atoms.

(v) Use the Data Booklet to suggest a value for H of Step 1.

(vi) Suggest which of the three steps in the mechanism is the rate-determining 
step. You should use information obtained from the kinetics experiment to 
support your answer. 

(vii) Give a reason why it is important that oxides of nitrogen are removed from 
the exhaust gas of vehicles.

[10]
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(b) Under suitable conditions, nitrogen monoxide can undergo either of the following
reactions.

Reaction 2:  NO(g) 1
2 N2(g) + 1

2 O2(g)          H2 = 90 kJmol 1

Reaction 3:  NO(g) 1
3 N2O(g) + 1

3 NO2(g)     H3 = 52 kJmol 1

The activation energy of Reaction 2, Ea2, is much greater than that of Reaction 3,
Ea3.

(i) Using the same axes, construct a fully-labelled reaction pathway diagram for
these two reactions.

(ii) State and explain what conditions of pressure and temperature (high or low)
might favour nitrogen monoxide undergoing Reaction 3 over Reaction 2. You
should consider ideas of chemical equilibria and reaction kinetics in your
answer.

[6]

(c) Nitrogen monoxide reacts with hydroxide ions to give three products, namely nitrite
(NO2 ), an oxide of nitrogen Z and water.

(i) Given that the reaction is a disproportionation, deduce the oxidation number
of nitrogen in Z, showing your reasoning. Refer to the oxides of nitrogen
listed at the beginning of Question 1 and hence suggest the identity of Z.

(ii) Write a balanced equation for the reaction.
[4]

[Total: 20]
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Answer either Question 2 or Question 3.

2 Addition is an important class of reactions for alkenes and it can be used to prepare a variety 
of organic compounds. Industrially, butan-2-ol is produced through the hydration of butene.

The reaction occurs in several steps.
The first step is a reaction between the alkene and the H+ from H3PO4.
The intermediate then reacts with water, and eventually forms the alcohol.

(a) (i) State the name of the mechanism and draw diagrams to illustrate the 
mechanism of this reaction. Show the structure of the intermediate, relevant 
lone pairs and dipoles, and use curly arrows to indicate the movement of 
electron pairs.

(ii) Explain why butan-2-ol is the major product of this reaction instead of
butan-1-ol.

[4]

(b) (i) Deduce the sign of the entropy change of the system when butene reacts 
with water at the given conditions.

(ii) The hydration of butene is an exothermic reaction. Under what conditions will
the reaction be spontaneous? Give reasons for your answer.

[3]

(c) Butene also undergoes an addition reaction with hydrogen gas, which is commonly
known as hydrogenation. The reaction is carried out in the presence of an iron
catalyst, at high temperature and pressure.

(i) State the type of catalysis which occurs.

(ii) Describe the mode of action of iron in hydrogenation of butene.
[4]

(d)
The compressibility factor,

RT
pVZ m , where Vm is the volume of 1 mol of the gas, is

a measure of ideality of a real gas over a range of pressure. A compressibility graph 
is obtained by plotting Z against pressure at constant temperature.

(i) Sketch a compressibility graph, which compares the compressibility factor of
1 mol of ideal gas and butene.

(ii) Account for the shape of your sketch of Z against pressure for butene at low
pressure.

(iii) Methane, like butene, is not an ideal gas. Predict and explain which gas
behaves less ideally.

[4]

+ H2O
OHH3PO4 (catalyst)

300 °C, 70 atm
Majormajor product
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(e) W is an organic compound with formula C9H10. When aqueous bromine is added
dropwise to a sample of W, the aqueous bromine remains yellow. Reaction of W with
Cl2 in the presence of uv light yields two monochlorinated products, X and Y. W was
also reacted with acidified potassium manganate(VII), and carbon dioxide was
produced in addition to compound Z. It was found that Z reacts with sodium
hydroxide in a 1:2 ratio.

Suggest structures for the compounds W, X, Y and Z and explain the observations.
[5]

[Total: 20]
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3 Michael Faraday first discovered benzene in 1825. Forty years later, Friedrich August Kekulé
proposed a six-membered carbon ring. In 1928, studies confirmed that benzene is hexagonal 
and flat.

(a) Describe the structure of benzene in terms of hybridization, its orbitals and bonding. You
may find that including suitable sketches or diagrams will help you in your answer.

[3]

(b) Explain why benzene forms a separate layer in water but is completely miscible in
ethanol.

[3]

Benzene is useful as a starting material in the industrial production of polystyrene, a widely 
used polymer in toys, food containers and packaging material. The reaction scheme below 
shows the steps in the production of polystyrene from benzene.

HCl and AlCl3 act as catalysts in Reaction I. 

(c) (i) In Reaction I, ethene, HCl and AlCl3 react to form an electrophile and AlCl4
–. The

electrophile then reacts with benzene to form ethylbenzene. Identify this 
electrophile and write an equation to show its formation.

(ii) Describe the mechanism of the reaction between the electrophile and benzene to
form ethylbenzene. In your answer, show clearly the movement of electrons, the
structure of the intermediate, and the regeneration of the catalysts.

(iii) When propene is used in Reaction I instead of ethene, only one of two possible
isomers is formed in significant amount. Draw the structure of this isomer and
explain why it is the one formed in significant amount.

[7]

(d) Reaction II is a catalytic reaction which forms styrene and another product. Write the
formula of the other product formed in Reaction II.

[1]

(e) After the discovery of benzene, scientists sought to synthesize analogs of benzene,
containing boron and nitrogen atoms in place of carbon atoms so as to study their
properties.

(i) Draw energy level diagrams to represent the electrons in the atomic orbitals of
boron and nitrogen respectively. Show in your diagrams the relative energy levels
of the orbitals within each atom.
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One analog, X, had been particularly elusive despite its simple structure. It was 
synthesized only in 2009, after decades of attempts.

The structure of X is similar to benzene, with two adjacent carbon atoms replaced with 
boron and nitrogen atoms. 

(ii) X is a planar molecule. State the hybridization of boron and nitrogen in X.

(iii) Given that X is aromatic like benzene, deduce the number of electrons that boron
and nitrogen each contribute to the aromatic ring.

[6]

[Total: 20]

-- End of paper --
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Question 1 Answers

(a) (i)
2

3

(3) (14) 0.00400
(3) (21) 0.00600

m n

m n

Rate k
Rate k
n = 1   shown [1]

1

2

(6) (7) 0.00800
(3) (14) 0.00400

m

m

Rate k
Rate k
m = 2  shown [1]

(ii) Rate = k(pNO)2(pO2)
0.00800 = k (6)2(7)
k = 3.18 x 10-5 kPa-2 s-1 [1] for value and [1] for units

(iii) pNO, 40s = 6.00 – 2(7.00–6.68) = 5.36 kPa

pNO2, 40s = 2(7.00–6.68) = 0.64 kPa

pTotal, 40s = 6.68 + 5.36 + 0.64 = 12.68 kPa or 12.7 kPa (3sf)  [1]

(iv)

O  N  N  O
[1]

(v) -160 kJ mol-1 (for N-N bond)     [1]

(vi) Step 2 is the rate-determining step.  [1], no marks without any reasoning

Rate = k pN2O2 pO2
= k Kp(pNO)2(pO2)
=  k’(pNO)2(pO2)   which is consistent with the orders of reaction obtained.  [1]

(vii) Oxides of nitrogen contribute to the production of photochemical smog. [1]

X

X
X

X X
X X

X

X
X

X

0.00800  k (6) (7)
k = 3.18 x 10-5 kPa-2 s-1 [1] for value and [1] for units

(iii) pNO, 40s = 6.00 – 2(7.00–6.68) = 5.36 kPa

pNO2, 40s = 2(7.00–6.68) = 0.64 kPa

pTotal, 40s = 6.68 + 5.36 + 0.64 = 12.68 kPa or 12.7 kPaPaPaPaaaaaaaaaaaaaaaaaaaaaaaa ((3s3ssssssssssssssssssssss3s3ssss3ssssssss3ssf)f)ffffffffff   [1]

(iv)

(v) -160 kJ mol-1 (fororrrrrrrrrrr NNNNNNNNNNNN-N boooooooooondndnndndndnndndndndndd)))))))))))) )     [1[1[1[1[[[1[1[1[1[1]]]]]]]]]]]]

(vi) Step 2 is s ss ss ththththththththhththththe rateeeeeeeeeeeee-deddedededdedededededd teteteteteteteteteteteteermmmmmmmmmmmmininininininininninnnnnnnnnnngggggggggggg stststststssstststs epepepepepepepeppepepepe . [1]]]]]]]]]]]], nonononononononononononono mmmmmmmmmmmmmararararararrararararkskskskskskskkskskkkkk  without any reasoning

Rateeeeeeeeeeee ============ k pN2O2O2O2O222O2222O2O2 ppppppppO222222222222
======== k Kp(pppppppppppppNOOONONONONONONONN )))))))))))))2(((p(((((((( OOOO2OOOOOOOOO )
=  k’kkkkkkkkkkkk (p(p(p(p(p(p(p(p(p(ppppNO))))))))222222(p(p(p(p(p(p(pp(p(p(p(p(pO2)   whwhwhwhwhwhwhwhwhwhwhwhwhiccccccccccchhhhhhhhhhhhh isisisisisisisisisisssis ccccccccccccccccccconsistent with the orders of reaction obtained.

(vii) Oxididididididididididddesesesesesesssssss of nitrogggggggggggenennenenenenenenenenenen cococococococococococococontntntntntntntntntntntntntriririririririrriririrribbbubbbbbbbbbb te to the production of photochemical smog. [1]

XXXXXXXXX

X X X
X

XXXXXXX
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(b) (i)
Energy/kJmol-1

Reaction progress

[0.5] for axis/labels, [0.5] for reactant and product labels, [0.5] for relative 
activation energies, [0.5] for relative enthalpy changes

(ii) High pressure, low temperature [2 x 1]

By Le Chatelier’s Principle, high pressure will favour Reaction 3 as the equilibrium
will shift towards the right hand side as there are fewer number of gaseous
molecules. There is no change in the number of gaseous molecules for Reaction
2. [1]

Low temperature will favour both exothermic forward reactions energetically but
kinetically it will favour Reaction 3 more than Reaction 2 because the activation 
energy of Reaction 2 is much greater than that of Reaction 3 and most molecules
will not have enough energy to overcome this large Ea at low temperature.  [1]

(c) (i) Oxidation number of N in NO = +2
Oxidation number of N in NO2 = +3

As the reaction is a disproportionation, the oxidation number of N in Z must be +1
(it must be less than +2 yet positive as Z is a nitrogen oxide)

[1] for +1 and [1] for correct explanation

Z = N2O   [1]

(ii) 4NO + 2OH 2NO2 + N2O + H2O    [1]

NO (g)

1
2 N2 (g) + 1

2 O2 (g)

1
3 N2O (g) + 1

3 NO2 (g)

Ea2

Ea3

H2 = 90 kJmol 1

H3 = 52 kJmol 1

OOOOxOOOOOOOOO idddddddddddddatatatatatatattataaaa ion numbmbmmbmbmbmbmmmmmm eeeereeeeeeeee oooooooooof ff fff f f fff f N in NNNNNNNNNNNNOOOOOOOOOOOOO =========== ++2++++
OxOxOxOxOxOxOxOxOxOxOOOxOxOxidididdidididididddi ataaaaaaaa oioioioioioioooonnnnnnnnnnnn nunnnnnnnnnnnn mbbbbbbbbbbbberererererererererererere  of NNNNNNNN inininnnininninninin NNNNNNNNNNNNNOOOOOOOOOOOO222222222222 ================== +3

As ththththtthttthththt e eeeeeeeeeee reaction iiiiiiiiiiis as as aas as as as as as aas aa dddddddddddddisisississssssssprprpprprprprprprprprprproooopoooooooo ortionation, the oxidation number of N in Z must be
(it musususususususususususu t tt t t tttt tt bebebebebebebebebebebebebe lesesesesesesesesesesesess ts ts ts ts ts ts ts ts ts tsss haahahahahahahahahahahh nnnnnnnnnnnnn ++++2+++++++++  yet positive as Z is a nitrogen oxide)

[1] for +1111111 anananananananananananananddddddddddddd [[1[[[[[[[[ ] for correct explanation

Z = N2O   [1]

ReReaca tion progr

[0.5] for axis/labels, [0.5] for reactant and product lababelelss, [[0.0.55] for relat
activation energies, [0.5] for relative enthalpy changes

(ii) High pressure, low temperature [2 x 1]

By Le Chatelier’s Principle, high pressuuuuuruuuuuuu e eeeeeeeee wiwiwiiiwiiiiiiwilllllllllllllllllll fafafafafafafafafafafafafafafafafaafaaafafaafafafafafafafaafaafafaafaaffaffaffaffaafffaffavovovovovovovovovovovovvovovovvvovooovvovvovovovvovvvvvvovovovovooururururururuurururururuururururuuuruuururururururuuuruuurrururuurruuruuuuuuuuuuu ReReRReReReReReReReReReReReReReReReReReReRReReReRReReeReeRRRReReReeeeRReeReeeRRRR acaacaaaaacacacacacaaacaacacaaaacaaaaaaaaaactitit onon 3 3 asas ththe ee quilibri
will shift towards the right hannnnnnnnnnnnd sddddddddddd ide aaaaaaaaaaaaasss tsss hererererereeeeeeeeeeeeeeeee ararararararararrarararararararararararararararraarrarararaaaarrararaararraraaaaaaaa e feeeeee fe feee feeeeee ewwerer numbmberer of gaseo
molecules. There is no channgegeggeggegegggggg iiiiiiiiin nnnnnnnnnnnn thththththththtththththhe numbmbmbmbmmmbmmbmbmmbm eeereeeeeeeeeeeee  of gaseouss mmooleccululeses for React
2. [1]

Low temperatureeeeeeeeeee wiw ll favvvvvvvvvvvvououououououououououououurrrrrrrrrr rr bobobobobobooboobobooboththththththththththhthh eeeeeeexoxxxxxxxxxxx ththththththththhhhhheeeeeeerereeeee mic fc fc fc fc fc ffc fc fc fc fc fc fororororororoorororooo wawwwwwwwww rd reactions energetically
kinetically it willll flllllll avavavavavavavavaaaa oououououououououououour Reactccccccccccc ion 3333333333333 mmmmommmmmmmmm re thahaahaahaaaaahah nnnnnnnnnnnnn ReReReReReReReReReReReReReaaaacaaaaaaaaa tion 2 because the activat
energy of f f ff fff fff ReRRRRRRRRRRRR actitiitititititittiiiionnnnnnnnnnnn 2222222222222 iis mmmmmmmmmmmmucccccccccccch gh gh gh gh gh gh gh ggh ghh reereeeeereeeereatatatatataaaaaaaa er thththththththththhthththananananananananananananan ttttttttttttthahahahahahahahahahahaaatttt tt t tt ofooooooooooo  Reaction 3 and most molecu
will nototototototototototototot havavavavaavavaavavaave eeeeeeeeee enouuuuuuuuuuughghghghghghghghhghghghgh eeeeeeeeeeenenenenenenenenenenenenen rgrrgrgrgrgrgrrrgggy ty tyyyyyy tyyyy o overerererererrerererrerercococococococococococococomememememememememememmem tttttthihihihihiihihihihh s large Ea at low temperature.  [1]

(i)
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Answers
2 (a) (i)

[1] Name of reaction
[2] Mechanism (–1/2 for each type of mistake. Arrows, lone pairs, slow step, 
structure of carbocation)

(ii) When butene reacts with a proton in the slowest step, it can form either a 
secondary carbocation or a primary carbocation. Secondary carbocations 
are more stable than primary carbocations because there are more 
electron-donating alkyl substituents which disperse the positive charge to a 
greater extent. Hence, the major product is a secondary alcohol. [1]

(b) (i) As the reaction proceeds, the number of gaseous molecules decreases,
thus there are less ways in which energy can be distributed in the 
system and the entropy of the system decreases. [1]

(ii) For a spontaneous reaction, . [1] Given that 
hydration is exothermic and the entropy of the system decreases as the 
reaction proceeds, thus the reaction 
will be spontaneous at low temperature. [1]

(c) (i) Heterogeneous catalysis [1]

(ii) The reactants diffuse onto the surface of the iron catalyst and
are adsorbed onto the active sites. 
This results in formation of weak partial bonds between iron and the
reactant.
This also weakens the bonds in the reactant molecule and thus
the activation barrier is lower.
This brings the reactants closer together. 
This also causes the molecules to be orientated in the correct direction,
thus the frequency of effective collisions increases.
Once butane is formed, it is desorbed from the active site and diffuses
away. Thus the active site is regenerated. 

6 points       [3 m]
4 – 5 points [2 m]
2 – 3 points [1 m]
0 – 1 point   [0 m]

Electrophilic Addition

H+ slow
H

H H O H H
O

HH

H
O

HH
H

OH
+    

H+

***Accept transfer of proton from H3PO4

***Accept deprotonation
    using H2O and H2PO4

-

[1] Name of reaction
[2] Mechanism (–1/2 for each type of mistake. Arrows, loonene ppaia rs, slow st
structure of carbocation)

(ii) When butene reacts with a proton in the slowesstt ststepep,, it ccanan fororm m eithe
secondary carbocation or a primary carbocationon. SeSecocondarary y cacarbrboocatio
are more stable than primary carbocatitioononononononnonononononononnononnononnnonnnnonnnnoononnss ss ssssssssssssss s sssssssssss bebebbbbbbbbbebbbebebebebbeebbbbebbbbbebbbbbbebbeccausee ththereree are m
electron-donating alkyl substituenttttttssssss which h ddidididididdidididiidididddidididididididdddddddispsppspsppspspspspspspspspspspspspsppspspspspspspsppsspspspspspspspsspsspspsspspssspsppspsspsspsspspereerererereeeererererererererereererererererereeereererrerrrrrreeee sesessesseseseseseesesesesesesesesesesesesssesssesesesessssesesssseseeeeseeeseseseess tthhe pososititivivee charge t
greater extent. Hence, the major ppppppppppppprooooooooooooodddddddducucccucucccucucccccccccct t tt ttttttttttt tttttttttttttttttt isisissisisisisisisisisiiiiisisisisisisiiisisississsssisiisisisisss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa sssssssssssssssssssssssssssssssssssssssececececececeeeececcecececeececcecececececeeeeeeeceeeececeeccconononononononononononononononoononononoonononoonononononnnnonnnnnonooonnnnnooo dadadadddddddddddddddddddddddddddddddddddddd ryry aalclcohoholol. [11]

(i) As the reaction proceeds, ththththththtthththththeeeeeeeeee numbbbbbbbbbbbberereeeeeeeeee  of gaseouss momolecuculeles decreas
thus there are lessssssssssssssssssssss wwwwwwwwwwwwayayaayayayayayayayayaya ssss ssssssss ininininiinininininininn wwwwwwwwwwhich eeeeeeeeeeeeenergy cann bebe distributed in 
system and the ennnnnnnnnnnnnnnntrrrrrrrrrroopoo y offffff ttttttttttthehhhhhhhhhhh sssssssssssssysysysysysysysysssssteteteteteteteteteeemmmmmmmmmmmmm dddededddddddddd creaeaeeeeee ses. [1]1]

(ii) For a sponnnnnnnnnnntaaaaaaaaaaaaneeeeneeeeeeeouooooooooooo s reacacaacaaacacacacacaction,,,,,, . [1] Given t
hydrrrrrrrrrratatataaatatatataaaa ion isssssssssssss eeeeeeeeeeeexoxoxoxoxoxoxoxoxooooothhhhhhhhhhherereererereeeeeerrmimimimimimimmimimimiic cccc cc ccccc annnnnnnnddddddd dddddd the e eee eee eee enenenenenennenenenenenentrtrtrtrtrtrtrtrtrrrrt opopopopopopopopopopooopy y y yyyy y yyyy oofoo  the system decreases as
rererererererererereerereacccccccccctittttttttittt ononnnnnnnnnnn prooooooooooceeceecececeeececeeededededededededeeedededssss,sss,ssssss thus the react
wwwiwwwwwwwwww ll be eee eee eeee ee spspspspsspspsppppponnnnnnnnnnnnntaaaaaaaaaaaaaneous atatatatatatatatatatatatat llllllllllllowowowowowowowowowoowowow tttttttttttttemememememememememememeempepepepeppepepepepepepep rararararararararararararature. [1]

(i)))))) HHHHHHHHHHHeteteteteteteteteteteetterererererererererererrogenennennennnnnnnneeeeeeeeeeeeeouoooooooo s cacacacacacacacacacacacacatatatatatatatatatatatatatalylyylylylyyyylylyysssssssssssssisisisisssissisisisssissss [1]

(ii) The rereeerererererereerer acacacacacacacacaacacaca tatatatatatatatatatatatat ntntntntntntntntntntntts sss s ss s sssss diffuse onto the surface of the iron catalyst 
ararararararaaraararaa e adadadadadadadadadadadadadsosososososoosooooorbrbbrbbrbbrbbrbbbbededededededededededededed onto the active sites.
ThThThThThThThThThThThThThisisisisisisisisisii rrreeeeseeeeeee ults in formation of weak partial bonds between iron and
rererererererererereerereacacacacaccacacacacacacactatatatatatatatatatatatat nt.
Thhhhhhhhis also weakens the bonds in the reactant molecule and 
the activation barrier is lower.
This brings the reactants closer together
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(d) (i)

**y-intercept is not required**
[1] for ideal gas
[1] for butene

(ii) At low pressure, dispersion forces between butene molecules cause the 
molecules to be closer than expected, thus the product, pV, of the butene 
is smaller than that of an ideal gas at low pressure, and hence ZReal Gas <
ZIdeal Gas. [1]

(iii) Butene will deviate from ideality to a greater extent than methane at low
pressure. This is because butene has a greater number of electrons and 
thus a larger electron cloud than methane, thus the dispersion forces
between butene molecules is stronger and thus more significant than 
the dispersion forces between methane molecules. [1]

(e) List of relevant deductions
Observation Deduction

High C:H ratio W contains benzene ring or
many double bonds

Aqueous bromine is not
decolourised

W does not contain double
or triple bonds

W reacts with Cl2 in the
presence of uv light

W contains alkyl groups

W reacts with acidified
potassium manganite(VII)

Oxidation has occurred

Carbon dioxide is formed Oxidative cleavage of a
=CH2 or –CH3 group has
occurred.

Z reacts with sodium
hydroxide in a 1:2 ratio

Z contains two carboxylic
acid functional groups

[1] each for W, X/Y, and Z
[2] for any 2 relevant deductions

Butene

Pressure

pVM/RT

1
Ideal gas

Cl

Cl

W X Y

CO2H

CO2H

Z

[1] for ideal gas
[1] for butene

(ii) At low pressure, dispersion forces between butene mmooleculules cause
molecules to be closer than expected, thus the prooduductct, pVpV, of the bute
is smaller than that of an ideal gas at low pressusurere, aand hehence e ZZReal Ga
ZIdeal Gas. [1]

(iii) Butene will deviate from ideality tottttttttt  a grgreeaeaaaaeaaeaeaeaeaaeaeaeaaeaaeaeaeeaeaeaaeeaaeaeaeaeaaaeee teteteteteteteteteeteteteteteteteteteteteteteteteteteteeteteeteeteeeeeteeeeeeeteeteettteter er er err er er er er eer er er err er er er er er er err err er err eer errr er eerr eeeer eer eeeeextxtxxttxtxtxtxttxtxtxtxtttxtxxtxtxtxtxtxtxtxxxtxtxxxxtxtxxxxtxxtttxttxtxtxttxxxx eneneeeeeeeeeeeeeeeeeeee tt thaann memeththane at
pressure. This is because buteneeeeeeeeeeee hhhhhhhhhhhhhasasssssassaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ggggggggggggggggggggggggggggggggggggggggggggrererererererererererrererererereereererererrerereererrerrrrrerreeererereeeatatatatatatatatatatatatattataatatatattatatatatataatatatatatataaattatatatatataaaaaaaa ererererererereerererererererereereererererererereeerrerrrreeer nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnuuuuuumumuuuuumbeberr ofof eeleecctrons a
thus a larger electron clllllouououoouououououoouooud thananananananananaannn mememmmmmmmmmmm ththhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhananananananananananananaanananananaanaaaaananaananaanannaananaannnnannnannanannaaanneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, t, t, t, t, t, tt, t, t, t, t, thhhhhhhhuhhhh s ts hehe dispspererssion forc
between butene moleculeeeseeeeeeeeee iiis stroooooooooooongngngngngngngngngngnggggggn er andd thuss mom re ssigignificant th
the dispersion forceeeeeeeeeees bs bs bs bs bs bs bs bs bs bs bs bs betetetetetetetetetetettwewewewewewewewewewewewew ennnnnnnnnnnnn mmmmmmmmmmmmmethaneeeeeeeeeee mmmmmmmmmmmmmolecules. [1[1]

List of relevant dedddddddddddducuuuu tionnnnnnnnnnssssssssssss
Observation DeDeDeDeDeDeDDDeDeDeDeDeddudd ctionnnnnnnnnnnn

High CCCCCCCCC:H:H:H:H:HH:HHH:H:H:H:H ratio WWWWWWWWWWWWW cococococococococococococontntntntntntntnttntntntntaiaiaiaiaiaaiaiaiaiaainsnsnsnsnsnsnsnsnssnsssn  benzene ring or
mamamamamamamamamamamamamanynynynynynynynynynynynyy dddddddddddddouble bonds

Aqqqqqqqqqqqqqueeeeeeeeeeeeeous brbrbrbbbrbrbrbrbbrb ommmmmmmmmmmminnnnnnnnnnnne is nnnnnnnnnnnnottootottott
deeeeeeeeeeeeecooooocooooooolouriseddedededededededededdd

WWWWWWWWWWWWW dododododododododododododoeseee  not contain double
or triple bonds

WWWWWWWWWWWWW reacacacacacacacacacacacactsttttststststststststs wwwwwwwwwwititititititiititittthhhhhhhhhhhhh Cl2222222222222 ininnininininnninnnin tttttttttttthehehehehehehehehehehehehe
prppppppppppp eeeseeeeeeeeee encecececececececececececee ooooooooooooofffffffff ffff uv ligigiggigggigiggigghthththththhththththhht

W contains alkyl groups

WWWWWWWWWWWWW reacts wwwwwwwwwwwwititititttititittittthhhhhhhhhhhhh acacacacacacacacacacacacacidi ified
potatatatatatatatataaaasssssssssssssssssssssssss iuuiuiuiuiuiuiuiuiuiuiuummmmm mamaammamamamammmm ngngngngngngngnngngngngnganananananananananananananittitittitittii e(VII)

Oxidation has occurred

Carbonononononononononoononon dddddddddddddioioioioioioioi xixixixixixixxidededdeeededeeded  is formed Oxidative cleavage of a
=CH2 or –CH3 group has
occurred.

Z reacts with sodium
h d id i 1 2 ti

Z contains two carboxylic
id f ti l
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Answers 

3 (a) Each carbon atom in benzene is sp2 hybridised and bonded to one hydrogen atom, and 
two other carbon atoms in a trigonal planar geometry. The six carbon atoms form a 
planar ring. [1]

Each carbon atom has an unhybridised p orbital perpendicular to the plane of the ring. 
Each of the 6 unhybridised p orbital overlaps with its adjacent p orbitals [1] forming 
a delocalized electron cloud of 6 electrons above and below the plane [1] of the benzene 
ring.

(b) Benzene is immiscible with water because the energy released by forming weak solute-
solvent (id-pd) interactions is not sufficient to compensate the energy required to 
overcome the dispersion forces between benzene molecules and the relatively 
strong hydrogen bonding between water molecules. 

Benzene is miscible in ethanol because it can form favorable dispersion forces with the 
hydrocarbon chain in ethanol, which is strong enough to release energy to overcome 
the hydrogen bonding and dispersion forces between ethanol molecules and the 
dispersion forces between benzene molecules. 

Identify hydrogen bonding between water molecules, dispersion forces between
benzene molecules [1]
Identify dispersion forces between benzene and ethanol molecules, hydrogen 
bonding (& dispersion forces) between ethanol molecules [1]
Compare the relative strengths (energy) correctly [1]

(c) (i) CH2=CH2 + HCl +  AlCl3 AlCl4
– + CH3CH2

+

Correct equation and electrophile [1]

(ii) Electrophilic substitution [1]

Correct movement of electrons [1]
Correct intermediate structure [1]
Correct slow/fast step and regeneration of catalysts [1]

(iii)

[1] is formed in significant amount compared to

The (secondary) carbocation intermediate CH3CH+CH3 is more stable than the 
(primary) carbocation intermediate CH3CH2CH2

+, hence CH3CH+CH3 forms the 
major product. [1]

[1

trong hydrogen bonding between water molecules.

enzene is miscible in ethanol because it can form favorable dispersisionon ffoorces with th
ydrocarbon chain in ethanol, which is strong enough to release energyy tto overcom
he hydrogen bonding and dispersion forces between ethanolol mmololececuules and th
spersion forces between benzene molecules.

dentify hydrogen bonding between water molecules,,, dididididididididididididididiididiidididdidiiddiddddd spspspspspsspspspspspspspspspspspspssspspspssspsspspspsspsssspsssssspspspppppppeerereerererereererereeeeeereeeererereeeererereereereerererere sisision ffforororcececesss betwee
enzene molecules [1]

dentify dispersion forces between benzeeeeeeeeeeeneneneneneneeneneneneneneneenennenn aaaaaaaandndndndndnndndnddnddddndddddddddndddndddddddddddndd eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeethththththththththththththththhhthhhhtthththththththththththththhtthtthhhhhhhhthanananananaanananaananananananananaanananaananananaaananananaaaaannnololololololololololololololooololololollololololoolololoooolllloo momomommmmmmmmmmmmmmmmmm lelelecucuculeleles,ss hhhydroge
onding (& dispersion forces) between ennnnnnnnnnnnnnnnnn thanolooooooooooooooooo mmmmmmmmmmmmmmmmmmmmmolollececececececececececcececececceccceceececcececcceccccccculululululululuululululululululululululuuuuuuluuluuluuuuuulluuuuu esesesesesesesesesesesesesesesesesesesesesessessssseesessseesseseeeeses [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[[[ ]
ompare the relative strengths (energyyyyyyyyyyyyyyyyyy) ccccc) cccc) c) c) ccc) c) c) ccorrectttcttttttttttttttttlylylyylylylyylylyyll [1[[[[[[[[[[[[[[[[[[[[[[[ ]

i) CH2=CH2 + HCl + AlCl33333333333333333333333 AlCCCCCCllllllll444444444444444
– + C+ C+ C+ C+ C+ C+ C+ C+ C+ CCC+ C+ C+ C+ CC+ CCHHHHHHHHHHHHHHHHH333333333CHCHCHCHCHCHHCHCHCHCHCHCHCHCHCHCHHHHCHC 2

+

Correct equation aaaaaaaaaaaaaandndd eeeeeeeeeeeeeeelelelelelelelleleleeeeeeeeeeectrophilililillllle [1]]]]]]]

i) Electropppppppppppphihihihihihihihihihihhihihhihihhh lic ccc susuusuusususususuususuusuuubsbbbbbbbb tituuuuuuuuuuuuuutiononononononononononononononononoon [1[1[1[11[1[111[11[11111[[ ]]]]]]]]]]]]]]]]
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(d) H2 [1]

(e) (i)

correct electronic configuration for B and N [2]
relative energy levels (gap between 1s and 2s bigger than between 2s and 2p, 
correct sequence of orbitals) [1]

(ii) sp2 hybridization for B [1/2]; sp2 hybridization for N [1/2]

(iii) N contributes two electrons (its lone pair) to the electron cloud of the ring [1]
B does not contribute electrons to the electron cloud of the ring [1]

correct electronic configuration for B and N [2]
relative energy levels (gap between 1s and 2s bigger than n bebetwtweeeenn 2s and 2
correct sequence of orbitals) [1]

i) sp2 hybridization for B [1/2]; sp2 hybridization for N [1/2/2/222222]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

ii) N contributes two electrons (its lone pair) totttttttotottotttttt tttttttttttttttheheeheeeeeeee   eleleleleleleelelelelelelelelelelllelelelelelleeleleleeleleeleeellecececececeecececececececececececececececececececececceccecececeeccceccccecctrtrtrtrtrttrtrtrtrtrtrtrtrtrtrttrtrtrtrtrtrtrtrtrttrttttrtrrtttrtrrrrtrtrtttt onononononononononononononononononononnononoonnonoooononnnonnnnnoonnonon ccccccccccccccccccccccccccccccccclolllololololololololololololololollloooooloooududud oooff f thththee e rirr ngngng [1]
B does not contribute electrons to tttttttttttttthehehehehehehehehehehehehehhehehehehehee eleccccccccccccccccccctrtrttttttt oooonoooooonooooooooooo  cloooooududududududuududududududududududududuududududddduududududududududddududd oooooooooooooooooooooooooooooooooooffffffffffffffffffff ff ttttttttthtttttt e rrringngng [1]
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