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Preface 

 

Dear JC students in Singapore, 
Hope you will find this A Level examination solution set useful for your revision. 

 
The answers and comments to this solution set are personally crafted and written 
by Mr Mitch Peh, an experienced former MOE JC lecturer and tutor in Singapore. 
Currently, Mr Peh is a full time A Level private tutor, specialising in the teaching of 
A Level subjects: Physics, Chemistry, Mathematics and Economics at both H1 and 
H2 Levels. You can find the A Level solutions for the other subjects under the 
various subject tabs at www.jcpcme.com.   

 
Mr Peh has a proven track record in helping his students achieve success for the A Levels and internal 

school examinations including promos, advancement tests to JC2, block tests, mid years and prelims. 

Most of Mr Peh’s students achieve “A’s and ‘B’s grades for the A Level examinations. During his stint 

teaching at St Andrew’s Junior College, Mr Peh has helped his classes achieve 100% promotion to JC2 

on multiple occasions, attain close to 100% “A”s for H1 Project Work, clinch accolades like “Most 

Improved Class Award” and “Best Performing Class of the Cohort” for many of the internal school 

examinations. Mr Peh also has former students who subsequently went on to pursue H3 subjects and 

enroll in prestigious university courses like Dentistry, Medicine and Law.  

If you are interested to be coached by Mr Peh for your preparations towards the A Levels, these are 3 

more reasons why you should join Mr Peh’s classes: 

1. Lessons can be fully customised to your needs 

 You have the full autonomy to decide the subject(s), content and pace that you want to cover for each 

lesson, out of any of the 4 subjects: Physics, Chemistry, Mathematics or Economics.  

 Mr Peh will help to analyse your weaknesses in each individual subject and provide personalised 

feedback and suggestions for improvement.   

 

2. Answers to your questions can be addressed outside of the classroom 

 If you face any difficulty or challenge doing any of your tutorial questions, simply take a screenshot with 

your phone and send it to Mr Peh via Whatsapp.  Mr Peh will answer your questions in the earliest 

possible time when he is available.  

 

3. You only pay the price of 1 subject but enjoy premium coverage for all 4 subjects. 

 Mr Peh provides resources for all 4 subjects including summarised notes, compiled topical questions 

sourced from past year school prelim examinations, Practical guides for Chemistry & Physics, 

examination checklists, mock papers etc.  

 This is probably the only tuition service in Singapore which allows you to enjoy such extensive coverage 

and benefits. 

Note that Mr Peh only takes in a limited number of students each year. You can find his lesson slots 

available under “Tuition Services” tab at www.jcpcme.com. For any further enquiries, you can directly 

whatsapp him at 9651 7737.    

For the solution set below, if you find any discrepancies or you have any feedback or comments, please 

kindly direct them to Mr Peh through Whatsapp at 9651 7737.  

The question paper has been omitted due to copyright reasons.  

 

http://www.jcpcme.com/
http://www.jcpcme.com/
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Analysis of 2018 A Level H2 Chemistry Paper 3  

For this A Level H2 Chemistry Paper 3, you need to be prepared to switch your mind across the 

topics quickly just like how you can use a remote control to switch across TV channels easily 

because each question can test across multiple topics. Also, there is more data interpretation and 

analysis to be done. Hence, the demand of the Paper 3 is certainly higher compared to Paper 2.  

Overall, this is still a very manageable paper because the amount of data interpretation and 

analysis required is considered reasonable relative to the requirement of A Level Paper 3 in other 

years. The Organic Chemistry elucidation questions are also quite straight forward here.  

Q1: Strong content knowledge on the topics of Group 2 Elements, solubility product, carbonyl 
compounds and amides are required. The context provided in the last part of the question is new, 
so you will need to think of valid and appropriate reasons to explain why some reactions occur 
while others do not.  

 For Group 2 Elements, you need to be familiar with the factors affecting thermal stability of 
carbonates.  

 For solubility product, you need to be familiar in finding solubility value from solubility product 
value. 

 For the section on Organic Chemistry, you need to be familiar with the reagents and conditions 
to transform carboxylic acid to acyl chloride and vice versa, formation of amide linkage, the 
explanation on why amides are neutral, nucleophilic addition mechanism.   
 
Q2: Strong content knowledge on the topics of Acid-Base Equilibria, Chemical Bonding, Reaction 
Kinetics, Alkenes are required. 

 For acid-base equilibria, you need to be familiar with applying the Henderson Hasselbalch 

equation  
 For Chemical Bonding, you need to be familiar with drawing dot-cross diagram, how 

electronegativity and shape of molecule affects polarity. 

 For Reaction Kinetics, you need to be familiar with pseudo first order reaction, applying rate 

equations, describing experiment to find rate constant value.  

 For Alkene, you need to be familiar with the application of Markovnikov’s rule.  

Q3: Strong content knowledge on the topics of Acid-Base Equilibria, Amines, Amino acids, 
Transition Elements and Chemical Bonding are required. 

 For Acid-Base equilibria, you need to be familiar with the property of Lewis base, writing Kb formula.  

 For Amines, you need to be familiar with the factors affecting basicity. 

 For Amino acids, you need to know that it can exist as a zwitterion, thus affecting melting point.  

 For Transition Elements, you need to be familiar with ligand exchange reactions.   

 For Chemical bonding, you need to be familiar with the factors affecting melting point.  
 
Q4: Strong content knowledge on the topics of Group 17, Periodicity, Chemical Equilibria, Alkene, 
Chemical Bonding, Chemical Energetics are required. Overall, I would say question 4 is less 
demanding compared to question 5.  

 For Group 17 Elements, you need to be familiar with their oxidising power and illustrating it.  

 For Periodicity, you need to be familiar with the reactions between the chlorides and water, as 
well as the explanation for the reactions.  

 For Chemical Equilibria, you need to be familiar with the use of ICE BOX to find Kc value.  

 For Alkene, you need to be familiar with the application of Markovnikov’s rule (Same as Q2). 
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 For Chemical bonding, you need to be able to relate volatility to boiling point and explain the 
reason for low volatility. 

 For Chemical Energetics, you need to be familiar with the explanation for entropy value.  
 
Q5: Strong content knowledge on the topics of Transition Elements, Electrochemistry and 
Organic Chemistry are required. 

 For Transition Elements, you need to be familiar with the explanations and conditions for 
complexes to be coloured. 

 For Electrochemistry, you need to be familiar with how shifting of POE affects reduction and cell 
potential values and deducing feasibility of redox reactions. 

 For Organic Chemistry, you need to be familiar with the condition for positive tri-iodomethane test, 
deducing the reactants before oxidative cleavage of alkene functional groups occur, addition 
reaction for alkene functional group, nucleophilic substitution reaction involving NaCN, hydrolysis 
of nitrile and oxidation of secondary alcohol.  
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2018 A Level H2 Chemistry Paper 3 Suggested Answer 

Section A 

Answer all the questions from this section.  

Q1. Major Topics: Group 2 Elements, solubility product, carbonyl compounds, amides  

(a) Topic: Group 2 Elements on thermal stability 

 Thermal stabilities of Group 2 carbonates increases down the Group.  

 This is because as cationic size increases down the Group, the charge density 
decreases and hence, the polarising power of the cation decreases.  

 This results in less polarization of the CO3
2- anion by the larger cations and the 

decomposition thus becomes more difficult.  
 
Comments 
Key words like cationic size, charge density and polarizing power should appear in the 
explanations.  
 

[3] 

(b) 
(i) 

Topic: Writing balanced equation 

 Based on the statement in the question: “The ammonium salt reacts with the surface 
of the limestone to produce an inert layer of calcium N-phenyloxamate”, we can 
deduce the equation for the chemical reaction.   
CaCO3 + 2NH4(C8H6NO3) → (NH4)2CO3 + Ca(C8H6NO3)2 

 
Comments 

 Over here, we have to read and digest the information provided to identify the reactants 
and products of the balanced equation first.  

 Polarising power of NH4
+ is weak so ammonium carbonate will not decompose to form 

carbon dioxide over here. 
 

[1] 

(ii) Topic: Solubility Product, finding concentration in a saturated solution in gdm-3 
Let the solubility of calcium N-phenyloxamate be s moldm-3. 
4s3=1.75 x 10-5 
s=1.6355x10-2 moldm-3 
Mr of calcium N-phenyloxamate = 368.1 
Hence, concentration of calcium N-phenyloxamate in a saturated solution in gdm-3 is 
= (1.6355x10-2)(368.1)=6.02gdm-3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
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(c) Topics: Organic Chemistry on transforming alcohol to acid to acyl chloride, amide 
formation, hydrolysis of acyl chloride 
Synthesis procedures 

 

Comments 

 Note that we should only use 1 phenylamine to combine with the acyl chloride, instead 
of 2, in order to obtain the desired product.  

 

[5] 

(d) Topic: Neutrality of amides 

 Amines are neutral as the lone pair of electrons on the nitrogen atom are delocalized 
into the electron withdrawing carbonyl group in the amide linkage.  

 This reduces the electron density on nitrogen atom.  

 Hence, it reduces the availability of lone pair of electrons on N atom for donation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
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(e) 
(i) 

Topic: Carbonyl compounds on nucleophilic addition mechanism 
 
Step 1:Generation of nucleophile CN- ion 
HCN being a weak acid is a poor source of CN- ion. Hence, a trace amount of NaCN is 
added to accelerate the reaction. 
NaCN → Na+ + CN- 

 
Step 2: Nucleophilic attack by CN- on carbonyl carbon  

 

 
 
 
[3] 

(ii) 

 
Topic: Carbonyl compounds, conditions for nucleophilic addition reaction 
Why 1,3-butadiene does not undergo addition reaction 

 Nucleophilic addition between HCN and 1,3-butadiene does  not occur as the carbon 
atoms in the alkene bonds are of similar electronegativities.  

 The carbon atoms in the alkene bonds have no partial positive charge and are not 
electron deficient.  

 As such nucleophilic addition does not occur.  
 

[3] 
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Why 4-methyl-1-penten-3-one does  not undergo addition reaction to form B 

 Compound B is not formed because of the bulky –CH(CH3)2 alkyl group attached to 
the carbon of the carbonyl group, resulting in steric hindrance.  

 
Why 4-methyl-1-penten-3-one undergoes addition reaction to form C 

 Compound C can be formed because of the presence of the electron withdrawing 
carbonyl group, making the adjacent alkene group polarized and susceptible to 
nucleophlic attack.  

 
Comments 

 The question has provided help by suggesting the explanations should be based on 
electronegativity, electronic and steric effects. 

[Total: 19] 

 

Q2 Major Topics: Acid-Base Equilibria, Chemical Bonding, Reaction Kinetics, Alkenes 

(a) 
(i) 

Reaction 1: 2CH4(g) + 2NH3(g) +3O2(g) → 2HCN(g) + 6H2O(g) 

Topic: Redox reaction 
Oxidation Number  

 Reactants Products 

Carbon -4 +2 

Nitrogen -3 -3 

Oxygen 0 -2 

 
Comments 
The oxidation state of N remains as -3. It does not become -5 in the product. This is 
because when N is an ion, it will gain 3 electrons and not 5 electrons. 
 

[2] 

(ii) Topic: Chemical Energetics 
Bonds broken: 8 C-H bonds, 6 N-H bonds, 3O=O bonds 
Bonds formed: 2C-H bonds, 2C≡N bonds, 12O-H bonds 

 ∆Hr=7108 - 8120 = -1012kJmol-1. 
 

[2] 

(iii) Topic: Acid-base equilibria, calculation based on Henderson Hasselbalch equation 

 10lg 7.2 10 9.1427apK      

 

 
10 9.1427

lg

10 10 7.20(3 . .)a

a

pH pK

CN
pH pK

HCN

CN
s f

HCN





 

   

     

  

Comments 
We use the Henderson Hasselbalch equation here since there is the presence of both 
the weak acid HCN and its conjugate base CN-. 
 
 
 
 
 

[2] 
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(b) 
(i) 

Topic: Electrochemistry, determining feasibility of reaction 

Given 2 2 ( ) 2 ( ) 2 2 ( )C N g H aq e HCN aq         0.37E V   , 

Suitable oxidising agent to oxidise HCN to C2N2 in acidic solution:  
Acidified KMnO4 

MnO4
- +8H+ + 5e- ⇌ Mn2+ + 4H2O      Eθ = +1.52V 

cellE
  = 1.52-0.37 = +1.15V 

Since cellE
>0, the reaction is feasible and KMnO4 is a suitable oxidising agent to oxidise 

HCN to C2N2 in an acidic solution.   
Overall equation:  
2MnO4

- +6H+ +10CN- → 5C2N2 + 2Mn2+ + 8H2O  

 

[2] 

(ii) Topic: Chemical bonding, drawing dot-and-cross diagram to show bonding present in 
covalent compound 

 
Hybridisation of carbon atom: sp as carbon forms 2 sigma bonds and 2 pi bonds.  
 
Comments 
We can determine the type of bond based on the requirement of stable octet 
configuration. 
 

[2] 

(iii) Topic: Chemical Bonding, explaining how electronegativity and shape of molecule affects 
polarity 

 N is more electronegative than C and this results in the C≡N bonds to become polar. 

 However, since the molecule is linear, there is a net cancellation of the two dipoles 
which are directly opposite one another.  

 This results in a zero dipole moment and the cyanogen molecule is non-polar.  
 

 
[2] 

(c) Cyanogen chloride, ClCN, reacts with an excess of water in the following manner.  
Reaction 2: ClCN + H2O → HOCN + HCl 
The reaction is faster if hydroxide ions are present.  
Reaction 3: ClCN + OH- → HOCN + Cl- 

Both of these are bimolecular reactions: In each case their rate determining step involves 
two species (molecules or ions). 
 
The rate constants for these two reactions have been measured.  
For reaction 2, k2 = 5.1 x 10-7 s-1 

For reaction 3, k3 = 4.2 mol-1dm3s-1  
 

 

(i) Topic: Halogenoalkane 
Reaction 2: ClCN + H2O → HOCN + HCl 
Reaction 3: ClCN + OH- → HOCN + Cl- 

Type of reaction occurring during these two reactions: 
Nucleophilic substitution 
 
 
 

[1] 
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(ii) Topic: Reaction Kinetics, pseudo first order reaction 

 Since water is in excess, its concentration is effectively constant, making it a pseudo 
first order reaction whereby the rate is only affected by the concentration of ClCN.  

 

[1] 

(iii) Topic: Halogenoalkane 

 H2O is acting as a nucleophile in reaction 2.  

 ClCN is a polar molecule where the C-Cl bond is polarized by the highly 
electronegative Cl a tom and this gives the C atom a partial positive charge 

 Hence, ClCN is susceptible to nucleophilic attack by H2O molecule.  
 

[1] 

(iv) Topic: Reaction Kinetics, deriving rate equation 
Rate=k3[ClCN][OH-] 
 

[1] 

(v) Topic: Reaction Kinetics, calculation based on rate equations 
At pH 10.0, pOH= 4.0 

4.010OH        

Ratio of initial rates of reaction 2 and 3

 

    

7
2 3

4.0

3

5.1 10
1.21 10 (3 . .)

4.2 10

k ClCN
s f

k ClCN OH




 


   

  

  

 

[3] 

(d) Topic: Reaction Kinetics, determining rate constant value 
Suitable experiment for determining a value for k2: 

 With a known initial [ClCN], calculate the [H+] when half of ClCN is consumed using 
the equation: ClCN + H2O → HOCN + HCl 

 Find the pH value which corresponds to this [H+] using pH=-lg[H+].  

 Use a pH meter with data logger to measure the time taken for the reaction to reach 
that pH 

 This will be the half-life  for ClCN. Since this reaction is a pseudo first order reaction 

with respect to ClCN, we can use 
1/2

ln 2
k

t
  to calculate k, the rate constant.  

Comments 

 The question itself has already given us hints that we should be using the continuous 
method of finding out the time required for half the amount of ClCN to be reacted, thus 
half the total amount of HCOCN and HCl to be formed.  

 This is based on the information: The products of reaction 2 are acidic, whereas the 
reactants are neutral 

 From (c)(ii), we should realise that this reaction is a pseudo first order reaction already.  
 
 

[3] 

(e) 

 

[3] 
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Topic: Alkene, Electrophilic Addition and Markovnikov’s Rule 

 Electrophilic addition 

 The preferential production of isomer D is because CN is more electronegative 
compared to Br atom.  

 Hence, Br is added to the carbon with larger number of H atoms in the C=C bond. 

 This helps to stabilise the carbocation intermediate more due to the presence of more 
electron donating alkyl groups to disperse the positive charge on the carbocation 
intermediate. 
 

Comments 

 We cannot simply state that the preferential production is due to Markovnikov’s rule. 
Instead, we need to be explicit that the preferential production is due to the stability of 
the carbocation intermediate.  
 

[Total: 25] 

 

Q3 Major Topics: Acid-Base Equilibria, Amines, Amino acids, Transition Elements (Ligand 

Exchange Reaction), Chemical Bonding (Factors affecting melting point) 

(a) 
(i) 

Topic: Acid-base equilibria, definition of Lewis base 

 Amines are Lewis bases because of the ability of the lone pair of electrons on the 
nitrogen atom to be donated away and form a dative bond by accepting a proton.  

 An example is ethylamine which is a weak base in water.  
      CH3NH2 + H2O ⇌ CH3NH3

+ + OH- 

 

[2] 

(ii) Topic: Amines, factors affecting basicity 

 Order of basicity: Trimethylamine > Dimethylamine > Methylamine 

 Trimethylamine has the most electron donating alkyl groups which increases the 
electron density on the N atom, making the lone pair of electrons more available for 
donation. 

 It also stabilises the conjugate acid ion formed by dispersing the positive charge on the 
ion.  

 

[3] 

(b) 
(i) 

Topic: Acid-Base Equilibria, formula for Kb 

Kb=
 
3 2 3

3 2 2

CH CH NH OH

CH CH NH

       
  

[1] 

(ii) Topic: Amines, factors affecting basicity  

 Ethylamine has a higher Kb value than ammonia so it is more basic than ammonia/ 

 This is because the electron donating ethyl group increases the electron density on the 
N atom, making it more available to donate the lone pair of electrons than in ammonia. 

 It also stabilizes the conjugate acid, CH3CH2NH3
+ ion, by dispersing the positive 

charge.    

 Phenylamine has a lower Kb value than ammonia so it is less basic than ammonia.  

 This is because the lone pair of electrons on N atom is delocalized into the benzene 
ring, making it less available for donation.  

 4 chlorophenylamine has a lower Kb value than phenylamine so it is less basic than 
phenylamine.  

[3] 
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 This is because the Cl atom is electron withdrawing which makes the lone pair of 
electrons on N atom to be less available for donation compared to phenylamine.  
 

(c) 
(i) 

Topic: Transition Element, ligand exchange reaction 

     
2 2

2 3 3 2 26 4 2
4 4Cu H O NH Cu NH H O H O

 

         

Type of reaction: Ligand exchange reaction 
Or 

   
2 2

2 3 3 26 4
4 6Cu H O NH Cu NH H O

 

        

 

[2] 

(ii) Topic: Transition Element, ligand exchange reaction 

     
22

3 2 3 24 2 3
3 4 2Cu NH H O en Cu en NH H O



          

En being a stronger ligand displaces the weaker NH3 and H2O ligands in 

   
2

3 24 2
Cu NH H O



  
to form  

2

3
Cu en



    

 
Comments 
This is still a ligand exchange reaction just like (i), resulting in the stronger colour change.  
 

 
[2] 

(d) Topic: Amino Acids, Chemical Bonding, factors affecting melting point 

 Glycine has the highest melting point as it exists as a zwitterion with strong electrostatic 
forces of attraction between oppositely charged ions. A large amount of energy is 
required to overcome these strong electrostatic forces of attraction, resulting in much 
higher melting point.  

 Pentane, butylamine and propanoic acid have simple molecular structures with similar 
instantaneous dipole-induced dipole intermolecular forces of attraction due to similar 
molecular mass values.  

 However, butylamine and propanoic acid are able to form hydrogen bonds between their 
molecules, resulting in more energy required to overcome the intermolecular forces of 
attraction, thus explaining their higher melting points compared to pentane.  

 The hydrogen bonds are more extensive between propanoic acid molecules compared 
to the hydrogen bonds between butylamine molecules. Hence, greater energy is 
required to overcome the intermolecular forces of attraction compared to the hydrogen 
bond in butylamine. Thus, propanoic acid has higher melting point compared to 
butylamine.  

 

 
 
 
 
 
 
 
 
[3] 

[Total: 16] 
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Section B 

Answer one question from this section  

Q4 Major Topics: Group 17, Periodicity, Chemical Equilibria, Alkene, Chemical Bonding, Chemical 

Energetics 

(a)(i) Topic: Group 17 Elements, oxidising power down the group 

2 2 2   E 2.87F e F V     

2 2 2   E 1.36Cl e Cl V     

2 2 2   E 1.07Br e Br V     

2 2 2   E 0.54I e I V     

 The reactivity of halogens as oxidising agents decreases down the group.  

 This is because the Eθ values become less positive down the group.  

 Hence, F2 is the strongest oxidising agent with the largest Eθ value while I2 is the 

weakest oxidising agent with the lowest Eθ value 

 

[2] 

(ii) Topic: Group 17 Element, oxidising power 

 A reaction that illustrates the relative oxidising abilities is the reaction with Fe2+. 
Cl2 + Fe2+ → 2Cl- + Fe3+ 

I2 + Fe2+ → 2I- + Fe3+ 

 Cl2 would oxidise Fe2+ ion to Fe3+ ion as 1.36 0.77 0.59V 0VcellE      . Thus the 

reaction is feasible.   

 However, I2 would not oxidise Fe2+ ion to Fe3+ ion as 0.54 0.77 0.23 0cellE V V      . 

Thus the reaction is feasible.   
 

[1] 

(b) 
(i) 

Topic: Periodicity, reaction between chlorides and water 
Magnesium chloride will dissolve and it undergoes partial hydrolysis to give a mildly 
acidic solution with pH 6.5. 
MgCl2(s) + 6H2O(l) → [Mg(H2O)6]2+(aq) + 2Cl-(aq) 
[Mg(H2O)6]2+(aq) + H2O(l)  [Mg(H2O)5(OH)]+(aq) + H3O+(aq)  

 
Aluminium chloride will dissolve and it undergoes hydrolysis to form an acidic solution 
with pH 3. 
AlCl3(s) + 6H2O(l) → [Al(H2O)6]3+(aq) + 3Cl-(aq) 
[Al(H2O)6]3+(aq) + H2O(l)  [Al(H2O)5(OH)]2+(aq) + H3O+(aq) 

 
Silicon chloride will undergo hydrolysis to form a strongly acidic solution with pH 2. Also, 
white fumes of HCl is evolved.   
SiCl4(l) + 4H2O(l) → SiO2.2H2O(s) + 4HCl(aq) 
 

Comments 

 We should write the state symbols for all the reactants and products here.  

 Do not forget to write the charges for [Mg(H2O)6]2+ and [Al(H2O)6]3+. 

 Recall that SiCl4 will first react with water to form Si(OH)4 but it is unstable and will 
readily lose water to form SiO2 and water.  

 Also, keep in mind that SiCl4 is in liquid state. 

[3] 
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(ii) Topic: Periodicity, explanations behind reactions between chlorides and water 

 Magnesium chloride is an ionic compound which has a giant ionic lattice structure. The 
relatively high charge density of Mg2+ ion is able to polarise the electron cloud of 
neighbouring water molecules, weakening and breaking the O-H bond, thus resulting in 
partial hydrolysis.  

 In contrast, silicon chloride has a simple molecular structure. The Si atom has empty 3d 
orbitals which are able to accept the lone pair of electrons from water molecules to 
undergo complete hydrolysis.  

 
Comments 

 We are expected to explain the reasons why both MgCl2 and SiCl4 can undergo 
hydrolysis with water.  

[1] 

(c) 
(i) 

Topic: Chemical Equilibria, formula for Kc 

 2 2X H O HXO X H      

 

 2

c

HXO X H
K

X

         ,units = mol2dm-6 

Comments 
Concentration of H2O should not be part of the Kc equation 
 

[1] 

(ii) Topic: Chemical Equilibria, use of ICE BOX to calculate equilibrium constant value, Kc 

I2(aq) + 2OH-(aq)  IO- (aq) + I- (aq) + H2O(l) 

Number of moles of IO-   2 29.7 10 1.0 9.7 10 mol       

 I2 + 2OH-    ⇌ IO- + I- H2O(l) 

Initial/ mol 0.10 0.50 0 0 - 

Change/ mol -0.097 -0.194 +0.097 +0.097 - 

Equilibrium/mol 0.003 0.306 0.097 0.097 - 

Concentration of I2, OH-, IO- and I- at equilibrium = 0.003moldm-3, 0.306moldm-3, 
0.097moldm-3 and 0.097moldm-3 respectively. 
 

  

  
2

1 3

0.097 0.097
33.494

0.003 0.306

33.5 (3 . .)

cK

mol dm s f

 



 

Comments 

 Take note to include the unit of Kc  which is mol-1dm3. 

 Note that we should be using concentration values to calculate Kc but since the volume 
of the solution is 1.0dm3, the concentration values happen to be the mole values as well. 

 
 
 
 
 
 
 
 
 
 

[4] 
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(d) 
(i) 

Topic: Alkene, Electrophilic addition reaction 

Abietic acid Structure of major product after 
reacting with excess HBr 

 
 

 
2 more extra chiral centres are formed after abietic acid is reacted with an excess of HBr 
as indicated above. 
 
Comments 

 We need to apply Markovnikov’s rule here where the more stable carbocation is 
formed.  

 This is done by adding H atom of HBr to the carbon atom with more hydrogen atoms 
attached to it in C=C bond, Br is then added to the other carbon atom in C=C bond.  

 

[2] 

(ii) Topic: Chemical Bonding, reason behind high boiling point of ionic compound 

 KCl is an ionic compound with a giant ionic lattice structure. 

 Strong electrostatic forces of attraction exist between K+ cations and Cl- anions, 
resulting in large amount of energy required to break the ionic bonds.  

 Hence, KCl has high boiling point and is not volatile.  
 

[2] 

(iii) Topic: Mole Concept 
Molecular formula of tetranitratoethane = C2H2N4O12 

Percentage by mass of oxygen = 
  

           

12 16
100%

2 12 2 1 4 14 12 16


  
  

70.1%(3 . .)s f  

Comment 
We should find the molecular formula of tetranitratoethane for easier manipulation. 
 
 

[1] 

(iv) Topic: Balancing chemical equation 
7C(s) + 2C2H2N4O12 (s) → 11CO2 (g) + 2H2O(g) + 4N2(g) 

 
Comments 

 We should balance H and N first since there is only one compound with those atoms in 
the products. 

 This is followed by balancing O and lastly C.  

 To avoid careless mistakes, we can ensure that all the stoichiometric coefficients are 
integers.  

 State symbols should be included and we do not have to add any additional oxygen 
molecules for the reactants as tetranitratoethane is already the oxidising agent.  

[1] 
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(v) Topic: Chemical Energetics, explaining entropy value 

 Entropy change is large and positive due to greater disorder in the system after the 
reaction. 

 Firstly, the total number of moles of gaseous products is greater than the total number 
of moles of gaseous reactants, increasing from 0 moles to 17 moles. 

 Secondly, all the products are in gaseous state where there is greater number of ways 
of arranging and distributing the molecules as compared to all the reactants which are 
in solid state.  

 

[2] 

[Total: 20] 

 

Q5. Concepts: Transition Elements, Electrochemistry 

(a) 
(i) 

Topic: Transition Element, explaining colour of transition metal complexes 

 During the formation of transition metal complexes, ligands will approach the partially 
filled degenerate d orbitals of the transition metal cation, causing splitting of the d 
orbitals into 2 groups with an energy gap between them.  

 Electron from the lower energy d orbital will then absorb light of a specific wavelength 
that corresponds to the energy gap between the d orbitals, causing the electron to be 
promoted from the lower energy level to the higher energy level.  

 The colour of the transition metal complexes observed is complementary of the colour 
of light which is absorbed.     

 
Comments 
Standard explanation on the reason why transition metal complexes are coloured. 
 

[3] 

(ii) Topic: Transition Element, explaining why some transition metal complexes appear 
colourless due to absence of partially filled d orbitals 
Electronic configuration of V in V2(SO4)3: 1s22s22p63s23p63d24s0 
Electronic configuration of V in NaVO3:  1s22s22p63s23p63d04s0 

 Vanadium ion in V2(SO4)3 has partially filled d orbitals which allows for d-d transition to 
take place. Thus, a specific wavelength of light can be absorbed and the complementary 
colour is observed.  

 In contrast, vanadium ion in NaVO3 has completely empty d orbitals so d-d transition 
cannot take place. Thus, no wavelength of light can be absorbed so NaVO3 appears 
colourless.  

 

[2] 

(b) 
(i) 

Topic: Electrochemistry, Shifting of position of equilibrium 
From Data Booklet,  
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 As pH increases, the concentration of H+ decreases. By Le Chatelier’s Principle, position 
of equilibrium will shift to the left and the reduction potential values, Eθ will decrease. 

Hence, oxidising abilities of both VO3
- and VO2

+ will decrease.  

 However, the oxidising ability of VO3
- will decrease to a greater extent as a larger number 

of moles of hydrogen ions is required for reduction of VO3
- to VO2+.  

 As a result, VO2
+ will be the more powerful oxidant at pH7.  

 
Comments 

 
[2] 
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Even though both VO3
- and VO2

+ have the same standard reduction potential values, they 
only have the same oxidising ability under standard conditions.  
 

(ii) Topic: Electrochemistry, deducing feasibility of reactions 
From Data Booklet,  
SO2 + 2H2O ⇌ SO4

2- + 4H+  +2e-, Eθ = +0.17V 

VO3
- + 4H+ + e-  ⇌ VO2+ + 2H2O, Eθ = +1.00V 

VO2+ +2H+ +e- ⇌ V3+ + H2O, Eθ = +0.34V 

V3+ + e-  ⇌ V2+ , Eθ = -0.26V 
Hence, sulfur dioxide is able to reduce VO3

- to become V3+ eventually. 

This is because for redox reaction to occur, we need 0cellE V  .   

Overall equation for the reaction that occurs: 
2SO2 + 2VO3

- + 4H+ → 2SO4
2- + 2V3+ + 2H2O   

Thus, the products formed are H2O and V2(SO4)3 

 
Comments 

 Note that in the overall equation, besides the atoms, we have to balance the charges 
as well.  

 We need 2 moles of SO2 for the reaction. This is because 1 mole of SO2 is used to 
react with VO3

-. Another 1 mole of SO2 is used to react with VO2+. 

[2] 

(c) 

 

 

(i) Topic: Carbonyl Compound 
Structural formula of compound F 

 
Comments 

 Since F is formed through oxidation of safranal, it has to be a secondary methyl ketone 
and not secondary methyl alcohol.  

[1] 

(ii) Topic: Alkene, Vigorous Oxidation Reaction 
Possible Structures of safranal 

  
 
Comments 

 From observation, we need to realise that compound G will have 4 of its carbon atoms 
being part of the 6-membered ring, while compound F has 2 of its carbon atoms as part 
of the 6-membered ring.   

[2] 
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 To form back the compound of safranal before oxidation, we will need to remove oxygen 
atoms from C=O bonds to connect compound F and G together with double bonds.  

 

(iii) Topic: Addition of alkene 
Molecular formula of safranal: C10H14O 
Since we are able to add 2 moles of hydrogen gas to safranal,  
Molecular formula of product: C10H18O 
 

[1] 

(d) 
(i) 

Topic: Alcohol, alkene, carbonyl compound 

 Since compound J is neutral, there is no presence of phenol, carboxyl and amine 
functional groups. 

 Since compound J does not react with 2,4-dinitrophenylhydrazine, there is no 
presence of carbonyl functional groups.  

 Since compound J does not react with bromine water, there is no presence of alkene 
and phenol functional groups.  

 Since compound J reacts with sodium metal, hydroxyl functional group is present.  
 
Comments 

 The functional group present in aldehyde and ketone is carbonyl functional group. 

 The functional group present in carboxylic acid is carboxyl functional group. 

 The functional group present in alcohol is hydroxyl functional group.  
 

[1] 

(ii) Topics: Halogenoalkane (Nucleophilic substitution and hydrolysis of nitrile), Carbonyl 
compound (Nucleophilic addition) 

Compound H Compound J Compound K 

 
  

 

 
Comments 

 We need to keep the initial reactant and final product in mind to deduce the 
intermediate products.  
 

[3] 

(iii) Topics: Reagents and conditions learnt, Halogenoalkane (Nucleophilic substitution and 
hydrolysis of nitrile), Carbonyl compound (Nucleophilic addition) 
Reagents and Conditions 
Step 1: NaCN in ethanol, reflux 
Step 3: H2SO4(aq), reflux 
Step 4: KMnO4(aq), H2SO4(aq), reflux 
 
Comments 

 From the molecular formula provided in the question, we should realise step 1 
constitutes a step up nucleophilic substitution reaction as the number of carbon atoms 
increases from 5 to 6.  

 Similarly, step 2 constitutes a step up nucleophilic addition reaction as the number of 
carbon atoms increases from 6 to 7.  

[3] 
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 By right, we can get compound G directly from J using KMnO4(aq), H2SO4(aq), reflux. 
However, since question requires us to break the formation into two steps, we first 
perform hydrolysis of the nitriles, followed by oxidation of the secondary alcohol group. 
  

[Total:20] 
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