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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 2  

This is a very manageable paper where time management skills is very important. There are only 

5 questions in total, but 24 marks are allocated for the last question, which is about 1/3 of the total 

marks. Hence, you must allocate at least 40 minutes to do the last question. The analysis of each 

question is as follows:  

Q1: Strong content knowledge on the topics of atomic structure and chemical bonding is required. 

The drawing of the structure of A, ensuring the molecule does not have any overall dipole moment 

may be a challenge for many students.  

Q2: Strong content knowledge on the topic of Chemical Equilibria is required, specifically on 

interpreting equilibrium constant, Kp value and applying Le Chatelier’s Principle. Part (f) requires 

you to connect knowledge from topic of Chemical Equilibria and Chemical Energetics together, 

realising the relationship between equilibrium constant, Kp and Gibbs Free Energy, ∆G value.  

Q3: Strong content knowledge on the topic of halogenoalkane and isomers is required, specifically 

on distinguishing test for halogenoalkane, difference in conditions required for nucleophilic 

substitution and elimination to be the major reaction, geometric isomerism.  

Q4: Strong content knowledge on the topic of arenes is required, specifically on nitration of 

benzene, reduction of nitrobenzene, factors affecting positions of electrophilic substitution, 

electrophilic substitution mechanism, factors affecting reactivity of compounds with benzene ring, 

why benzene ring does not undergo addition reaction.   

Q5: Strong content knowledge on the topics of Electrochemistry, Transition Elements, Mole 

Concept and Ideal Gas are required. This question also requires you to spend a significant amount 

of time to digest the information provided as the context provided is very likely foreign to you.  

For Electrochemistry, knowledge specifically on the direction of flow of electron across electrodes, 

applying Q=nF formula, using Le Chatelier’s Principle to explain the change in cell potential value 

are needed. Some students may face difficulties answering the parts that require explanations: 

why there is a flow of electrons, why water is stirred constantly and why KCl is kept saturated as 

these are reasons not commonly covered by the school lecture notes.  

For Transition Elements, knowledge specifically on their chemical properties is needed.  

For Mole Concept, knowledge specifically on making use of balanced equations and 

stoichiometric coefficients to perform calculations is required.  

For ideal gas, knowledge on the application of ideal gas equation, pV=nRT and applying the ratio 

method required.  
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Q1 Major Topics: Atomic Structure and Chemical Bonding  

(a)(i) Topic: Atomic structure on shape and size of orbitals 
Table 1.1 

 Similarity Difference 

1s and 2s orbital Same spherical shape 2s orbital is larger in size than 1s 
orbital 

2s and 2p orbital Same principal quantum 
shell 

2s orbital is spherical in shape while 
2p orbital has a dumbbell shape.  

 

[2] 

(ii) Topic: Chemical Bonding on VSEPR theory to explain shape of molecule 

 For phosgene, Cl2C=O, there are 3 electron pairs around the central P atom. To 
minimise electronic repulsion, the 3 electron pairs are arranged in a trigonal planar 
electron pair geometry.  

 There are 3 bond pairs and 0 lone pairs so the shape is trigonal planar.  
 

[2] 

(iii) Topic: Chemical bonding on orbital overlaps to form sigma and pi bond. 

 For sigma bonds, there are 3 possible ways to show the head on overlap to form the 
bond.  

 For pi bond, we can only show sideway overlap of the p orbitals.  
Sigma bond 

 

 

 
Pi bond 

 
 

 
[2] 

(b) 
(i) 

Explain what is meant by the term electronegativity. 
Topic: Atomic Structure on definition of electronegativity 

 Electronegativity is the measure of tendency of an atom to attract a bonding pair of 
electrons in a covalent bond.  

 

[2] 

(ii) Topic: Chemical Bonding on intermolecular forces of attraction in covalent molecules. 

 Both id-id and pd-pd intermolecular forces of attraction exist between phosgene 
molecules. 

 Id-id interactions are caused by momentary movements of electron charge in atoms. 
Thus they are present in all molecules. 

[3] 
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 Phosgene molecules are polar molecules and have permanent dipoles in their 
structures. Hence, pd-pd forces is present between the molecules.  
 

(c) 
(i) 

Topic: Chemical Bonding on drawing dot-and-cross diagram to show bonding present in 
covalent compound 

Methyl isocyanate, CH3NCO  

 
Comments 

 For stable octet configuration, the bonding between N atom and the C atom in C=O 
bond should be a double bond.  
 

[1] 

(ii) Topic: Chemical Bonding on drawing Lewis structure for cyclic covalent compound. 
Possible structure of molecule A, C6H9N3O3 

 
 For molecule A not to have overall dipole moment, A will need to be a cyclic structure.  

 Note that N atom is connected directly to the C atom with C=O bond.  
 
Comments 

 The challenge here is to come up with the cyclic structure such that the compound is 
non-polar i.e. Dipole moments cancelling each other out.  

 For stable octet configuration, the bonding between N atom and the C atom in C=O 
bond should all now be single bonds, instead of double bonds. 

 

[1] 

(iii) Suggest why, at room temperature, methyl isocyanate is a gas but A is a solid.  
Topic: Chemical Bonding on strength of intermolecular forces of attraction to determine 
melting and boiling point 

 Compound A has a much higher molecular mass than methyl isocyanate.  

 Hence, the larger electron clouds in A are more easily polarised, resulting in stronger 
instantaneous dipole-induced dipole interactions between the molecules. 

 This causes the melting point and boiling point of A to be higher than that of room 
temperature, explaining why A is a solid.   

[1] 

[Total: 14] 
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Q2 Major Topics: Chemical Equilibria and Chemical Energetics 

(a) Topic: Chemical Equilibria on definition of dynamic equilibrium 

 Dynamic equilibrium refers to a reversible reaction in which the rate of forward and 
backward reaction are equal and there is no change in the concentration of the 
reactants and products.  
 

[1] 

(b) Topic: Chemical Equilibria on formula of equilibrium constant Kp. 
Given N2(g) + O2(g) ⇌ 2NO(g),  

 

  
2 2

2

NO

p

N O

P
K

P P
  

 

[1] 

(c) Topic: Chemical Equilibria on observing how POE shifts as temperature increases 

 Enthalpy change for forward reaction is positive.  

 When temperature is increased, according to Le Chatelier’s Principle, the system will 
try to counteract the increase in temperature by favouring the reaction which absorbs 
heat i.e. endothermic reaction.  

 Since Kp value increases, the forward reaction is favoured so it is endothermic in 
nature.  
 

Comments 

 We do not go and calculate enthalpy change for forward reaction using bond energy 
for this question. Instead, we just observe the change to the Kp value when temperature 
is increased. 

 

[1] 

(d) 
(i) 

Topic: Chemical Equilibria on how POE shifts when there is a change in total pressure 
of the system.  

 When the volume of reaction system is increased, the total pressure decreases.  

 Since the total number of moles of gaseous particles on both sides of the system is 
equal, change in pressure will not favour the forward or backward reaction.  

 Hence, position of equilibrium does not shift and thus the composition of the equilibrium 
mixture remains the same.  

 The partial pressure of the individual gases decrease. 
 
Comments 

 We can make the inference that total pressure decrease with the equation pV=nRT. 
For temperature to remain constant when volume increases, total pressure has to 
decrease. 

 Partial pressure of gas A can be given by: Total PressureA

T

n

n
  where A

T

n

n
remains 

unchanged but total pressure decreases. 
 

[4] 

(ii) Topic: Chemical Equilibria on how POE shifts when there is a change in total pressure 
of the system.  

 Kp value remains the same.   
Comments 

 This is because there is no change to the composition of equilibrium mixture.  
 

[1] 



2018 H2 Chem Paper 2 Solution  Written by Mr Mitch Peh 

7 
 

(e) Topic: Chemical equilibria on the reason why adding catalyst does not affect Kp value.  

 A catalyst provides an alternative pathway with lower activation energy for both forward 
and backward reaction.  

 This speeds up both the forward and backward reaction to the same extent. 

 Hence, there is no change to the position of equilibrium and the composition of 
equilibrium mixture, resulting in no change to Kp value. 
 

[2] 

(f) 
(i) 

Topic: Chemical Equilibria on interpreting magnitude of Kp and Chemical Energetics on 
Gibbs Free Energy.  

 From Table 2.1, the value of Kp at 298K is 1 x 10-30.  

 The small magnitude of Kp  at 298K suggests that the reaction is non-spontaneous. 

Hence, fG is large and positive. 

Actual calculation 
You may not have learnt the actual calculation based on the following formula. 

    30

5 1

ln 8.314 298 ln 1 10

1.71 10

f pG RT K

kJmol

 



     

  

 

 

 
[1] 

(ii) Topic: Chemical Energetics on interpreting the sign and magnitude of Gibbs Free Energy 
value  

Given 1

2 2 3

1 3
( ) ( ) ( )    16.6

2 2
fN g H g NH g G kJmol      

 
116.6fG kJmol    . Since Gibbs Free Energy value is negative, the formation of 

ammonia from its elements is spontaneous.  

 Hence, the ratio of [products] / [reactants] will be greater than 1 as the forward reaction 
is highly spontaneous.  

[1] 

[Total:12] 

 

Q3 Major Topics: Halogenoalkane and Isomers 

(a)(i) Topic: Halogenoalkane 

 Type of reaction when halogenoalkane is warmed with aqueous sodium hydroxide: 
Nucleophilic substitution 
 

[1] 

(ii) Topic: Halogenoalkane distinguishing test 

 Warm the solution with aqueous sodium hydroxide.  

 Cool the mixture before adding dilute nitric acid 

 Add AgNO3 

 White precipitate of AgCl will be observed to confirm B as a chloroalkane.  
 
Comments 

 Cooling is needed to prevent AgNO3 from decomposing since it is thermally unstable.  

 Adding HNO3 is to neutralise excess NaOH. Otherwise, AgOH may be precipitated 
out instead of AgCl.  

 Other acids are not used to prevent introducing new anions into the system.  
 

[3] 

(b) 
(i) 

Topic: Halogenoalkane elimination reaction 
Reagent and conditions: Ethanolic NaOH, heat with reflux 

[2] 
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(ii) Topics: Introduction to organic chemistry, Halogenoalkane elimination reaction, 
stereoisomers 

D 

 
Cis-but-2-ene 

E 

 
Trans-but-2-ene 

F 

 
 

But-1-ene 

 
Comments 

 The question has mentioned that D and E are stereoisomers. After elimination 
reaction of halogenoalkane, it is possible for geometric isomers to be formed.  

 Geometric isomers D and E are formed when elimination reaction occurs between 
carbon atoms in positions 2 and 3. 

 Isomer F is formed when elimination reaction occurs between carbon atoms in 
positions 1 and 2.  

 

[2] 

(iii) Topic: Conditions for geometric isomers to exist 

 Molecules D and E are geometric isomers because there is restricted rotation along 
the carbon-carbon double bond and there are two different groups attached to each 
carbon atom in the C=C double bond.  

 In contrast, for molecule F, there are 2 similar groups attached to one end of the 
bond.  

 

[2] 

[Total:10] 

 

Q4 Major Topics: Arenes and Isomers 

(a) 
(i) 

State the reagents and conditions needed for steps 1 and 2. 
Topic: Arenes, reagents and conditions for electrophilic substitution 
Reagents and conditions for Step 1 

 Concentrated HNO3, concentrated H2SO4, above 300C. 
Reagents and conditions for Step 2 

 Mixture of Sn and HCl, heat under reflux. This is followed by adding NaOH.  
 
Comments 

 For step 1, the temperature should be set above 300C. We have learnt that 
monosubstitution of methylbenzene with –NO2 group occurs at 300C. Hence, the 
temperature for disubstitution will need to be higher than 300C. 

 Adding NaOH(aq) in Step 2 after reduction of –NO2 groups which are attached to 
the benzene ring is to recover amine groups from the salts with the group of –NH3

+.  
 

[2] 
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(ii) Topic: Arene, write equations for reduction of –NO2 groups attached to benzene ring 

 
Comments 

 We need to know that besides the aryl compound being one of the product, the 
other product is H2O. 

 Then, we can know the appropriate number of [H] required for balancing the 
equation.  

 

[1] 

(iii) Topic: Structural isomerism 

 Positional isomerism 

 The –NCO substituents are positioned on different parts of the benzene ring.  
 

[2] 

(iv) Topic: Introduction to Organic Chemistry, writing molecular formula of an organic 
compound  
Since 2, 6-TDI is CH3C6H3(NCO)2, its molecular formula is C9H6O2N2 

 

[1] 

(b) 
(i) 

Topic: Arenes, effect of the presence of activating groups on the positions for 
electrophilic substitution to occur  

 
 H is the isomer least likely to be formed in the reaction because methyl group is 2,4-

directing and thus –SO3H substituent is more likely added to form G or J.  
 

[1] 

(ii) Topic: Arene, effect of steric hindrance affecting the likelihood of electrophilic 
substitution occurring at the various positions.  

 Both –CH3 and –SO3H are bulky substituent groups and steric hindrance occur 
when they are too close to one another.  

 This causes G to be less stable so the concentration of G is lower than that of J in 
the equilibrium mixture.  

 
Comments 

 If we try to use probability of substitution occurring, G will be the more likely product 
with a ratio of 2:1 instead. Hence, it cannot be the explanation here.  
 
 
 
 
 

[1] 
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(c) 
(i) 

Topic: Arenes, electrophilic substitution mechanism 

 
Comments 

 We need to know that the sulfur atom will have the positive charge, and not the 
hydrogen atom, in order to serve as the electrophile.  

 Structure of the electrophile, intermediate and movement of electron pairs using 
curly arrows must be clearly shown.  
 

[3] 

(ii) Topic: Arenes, stability of benzene ring 
 Benzene does not undergo addition reactions readily but undergoes substitution 

reactions so as to retain the stable ring structure. 
 Benzene has a stable structure due to the delocalised electrons present. Addition 

reaction will disrupt the delocalisation of electrons and thus destabilise the ring 
structure.  

 

 
[2] 

(iii) 

 
Topic: Arene, effect of the presence of activating and withdrawing groups on the rate 
of reactioon for electrophilic substitution to occur 

 Order of reactivity: Methylbenzene > Benzene > K 

 Alkyl –CH3 group activates the ring and increases the rate of reaction while the 
carbonyl –COCH3 group deactivates the ring and decreases the rate of reaction.  

 
 
[2] 

[Total:15] 
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Q5 Major Topics: Electrochemistry, Transition Element, Mole Concept, Ideal Gas 

(a) The two half equations which are involved in the electrode reactions are 

2 2

      E 0.22

4 4 2    E 1.23

AgCl e Cl Ag V

O H e H O V





 

 

   

   
  

Equation 1 shows the reaction occurring when the measurements are taken.  
Equation 1: 4Cl- + 4Ag + O2 + 4H+ → 4AgCl + 2H2O 

 

(i) Topic: Electrochemistry on how reduction potential value changes when position of 
equilibrium shifts. 

 Initial Ecell value = +1.23-(-0.22) = +1.45V 

Reaction at cathode: 2 24 4 2O H e H O    

 O2 can pass out of the gas permeable membrane, causing [O2] to decrease. Then 
the position of equilibrium will shift to the left which will decrease ER and Ecell value. 

 Then the external voltage value will become larger than Ecell, which thus allows the 
flow of electrons and current.   

 
Comments 

 This context of electrolysis cell is foreign to students but students just have to apply 
knowledge on how reduction potential value changes when position of equilibrium 
shifts. 

 Initially, the Ecell is equal to the external voltage so there is no current and electron 
flow.  

 However, as time passes, Ecell value will decrease, allowing the external voltage to 
exceed the Ecell so current and electrons will flow.  

 

[2] 

(ii) Topic: Electrochemistry and redox reaction 

 Oxygen has been reduced at the platinum electrode. Oxidation state of oxygen 
decreases from 0 in O2 to -2 in H2O.  
 

[1] 

(iii) Topic: Electrochemistry 

 Electrons will flow from the anode (oxidation) to the cathode (reduction), from the ring 
of silver electrode, towards the ammeter and power supply before flowing down to 
the platinum electrode.  
 

[1] 

(iv) Topic: Electrochemistry, Mole concept 
Total number of moles  of electrons involved in one minute 

 
  0.85 60

0.0005285
96500

It
n mol

F
     

 

Based on the half equation involving O2: 2 24 4 2O H e H O    

Rate of reaction of oxygen =  23 190.0005285
6.02 10 7.95 10

4
    molecules per 

minute 

[4] 

(v) 
 

Topic: Chemical Energetics on entropy  

 ∆S is negative as there is a decrease in randomness of the system due to a 
decrease in the number of mole of gases.  
 

[1] 
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(vi) 
 

Topic: Electrochemistry 

 Stirring of water sample is done continuously so that oxygen molecules are 
continuously supplied to the platinum electrode and measurement will be accurate.  

 
Comments 

 The stirring is not done to increase the rate of reaction for this context.  
 

[1] 

(vii) Topic: Electrochemistry, Group 17 elements 

 The white solid formed is AgCl precipitate and the silver electrode (anode) needs 
to be cleaned.  
 

[1] 

(viii) Topic: Electrochemistry 

 To maintain a high concentration of Cl- ions in solution so that there will always be 
a consistent supply of mobile ions.  

 

[1] 

(ix) Topic: Electrochemistry on how reduction potential value changes when position of 
equilibrium shifts. 

 Decrease in [Cl-] shifts the position of equilibrium AgCl e Cl Ag   to the 

RHS and reduction potential value for the reaction occurring at the anode becomes 
less negative than -0.22V. 

 Hence Ecell will decrease, causing it to be less than +1.45V.  
 

[2] 

(b) The following reactions occur in the Winkler Method when MnSO4 is added to excess 
of alkali and water, followed by adding excess acidified KI.  

Mn2+(aq) + 2OH-(aq) → Mn(OH)2 (s) 
H2O(l) + 2Mn(OH)2 (s) + ½O2(g) → 2Mn(OH)3 (s) 

2 Mn(OH)3 (s) + 2I-(aq) + 6H+ (aq) → 2Mn2+ (aq) +I2(aq) +6H2O (l) 
The mixture is then transferred to a conical flask and titrated with a standard solution 
of sodium thiosulfate using starch as an indicator. 

I2(aq) + 2S2O3
2-(aq) → 2I- (aq) + S4O6

2-(aq) 

 

 

(i) Topic: Transition Element 

 Manganese is typical behaviour as a transition element by existing in variable 
oxidation state of +2 and +3. 

 

[1] 

(ii) Topic: Atomic Structure 
Electron configuration of manganese ion in Mn(OH)3: 1s22s22p63s23p63d4 

 
Comments 

 Mn atom has 25 electrons with electron configuration of 1s22s22p63s23p63d54s2. 

 3 electrons are removed to form the Mn3+ ion. 
 

[1] 

(iii) Topic: Mole Concept 
Calculations 

  4

sodium thiosulfate

11.20
0.0100 1.12 10

1000
n mol 

   
 

  

[3] 



2018 H2 Chem Paper 2 Solution  Written by Mr Mitch Peh 

13 
 

Hence, 

4
5

iodine

1.12 10
5.60 10

2
n mol




    

3

4

Mn(OH) 1.12 10n mol   

2

4
5

O

1.12 10
2.80 10

4
n mol




    

 
5

4 3

2

2.80 10
2.80 10

100 /1000
O moldm


 

     

 
Comments 
We perform the calculation by tracing backwards.  
 

(c) 
(i) 

Topic: Mole Concept 
Mass of oxygen which has escaped from the 1dm3 sample = 8.24-6.93=1.31mg 

2

3
5 5

 escaped

1.31 10
4.0938 10 4.09 10

32
On mol


 

       

 
 
 
[2] 

(ii)  Topic: Ideal gas, strong data interpretation skills is also required here. 

 The difference between vessel X and Y is that vessel X contains pure oxygen gas 
while vessel Y contains pure oxygen gas and the additional oxygen gas due to the 

amount of oxygen escaping from the distilled water, which is 54.09 10 mol based 

on the calculation in (c)(i). 

 Given pV=nRT and same values of V as 1dm3, magnitude of R as 8.31 and 
temperature as 308K in both vessel X and Y, pressure is proportional to number of 
moles of gas.  
 
Number of moles of pure oxygen gas in vessel X at 350C 

  
  

3103400 10
0.040398

8.31 273 35

pV
mol

RT



  


 

Using ratio method,  
5

2 2 2

1 1

0.040398 4.0938 10

103.4 0.040398

p n p

p n

 
     

2 103.5kPap   

Hence, pressure of oxygen gas in vessel Y at 350C =103.5kPa 
Comments 

 Note that we use volume as 1x10-3 m3 in the above calculation because we only 
consider the volume of the gas in vessel Y, which does not include the volume of 
the distilled water. 

 The information of pressure of pure oxygen gas being 100kPa when temperature is 
250C is not necessary for the calculation in this question.  
 
 
 
 
 

[2] 



2018 H2 Chem Paper 2 Solution  Written by Mr Mitch Peh 

14 
 

(iii) Topic: Ideal Gas 

 There could be other water soluble gases in the distilled water that is saturated with 
oxygen. Heating the vessel will cause these other water soluble gases to escape 
from the water, contributing to higher pressure in reality.  

 Alternatively, the oxygen gas may redissolve back into the distilled water. This will 
contribute to lower pressure in reality compared to the calculated value.   

 
Comments 

 The question did not state the exact difference between actual value and calculated 
value, on which value is higher. Hence, as long as the reason provided is sensible, 
it will be accepted.  

[1] 

[Total:24] 

End of Solutions 


