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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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2019 A Level H2 Chemistry Paper 3 Suggested Answer Key (9729) 

Section A 

Answer all the questions in this section. 

Question 1 

Major Topics: Chemical Bonding, Acid-base equilibria, Ideal gas, Group 17 Elements 

(a) Topic: Chemical Bonding, bond angles deduced from number of bond pairs and lone pairs 
BF3: 1200, NH3: 1070, H2O: 1050 

 The central B atom in BF3 has 3 bond pairs and 0 lone pairs of electrons. Hence, a trigonal 
planar shape will be formed around the B atom, resulting in bond angle of 1200 to minimise 
the bond pair-bond pair repulsion according to the valence shell electron pair repulsion 
(VSEPR) theory.  

 The central N atom in NH3 has 3 bond pairs and 1 lone pair of electrons. Hence, a trigonal 
pyramidal shape will be formed around the N atom, resulting in a smaller bond angle of 
1070.This is because of the repulsion between the lone pair and bond pair of electrons.  

  The central O atom in H2O has 2 bond pairs and 2 lone pairs of electrons. Hence, a bent 
shape will be formed around the O atom, resulting in an even smaller bond angle of 1050. 
This is because of the stronger repulsion between the 2 lone pairs of electrons. 

 
Comments 
Straightforward question, just make sure you study your school lecture notes on this topic.   
 

[4] 

(b) Topic: Chemical Bonding on Lewis structure and polarity 

 
Non-polar, with zero 

overall dipole moment as 
the moments cancel out 

 

 
 
 

Polar, overall polarity 
points upwards  

 
 

 
 

Polar, overall polarity 
points upwards 

 

[4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) 
(i) 

Topic: Acid-base equilibria, definition of Bronsted-Lowry acids and bases 
 
NH3     + H2O  →  NH4

+ OH- 

Base Acid Conjugate acid Conjugate base 
 
NH3 is serving as the Bronsted-Lowry base as it is a proton accepter while H2O is serving 
as a Bronsted-Lowry acid as it is a proton donor.  
 
 
 
 

[1] 
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(ii) Topic: Acid-base equilibria, definition of Lewis acids and bases 
NH3     + BF3         →  BF3.NH3 
Base Acid  

 
NH3 serves as the Lewis base as it donates its lone pair of electrons into the empty p 
orbitals of BF3 to form a dative bond.  
BF3 serves as the Lewis acid as it accepts a pair of electrons from NH3.  
 

[1] 

(d) 
(i) 

Topic: Ideal gas properties 

 Intermolecular forces of attraction between the gas particles is negligible. 

 Volume of the gas particles is negligible compared to the volume of the vessel that the 
gas is in.  

 Collisions between the gas particles is elastic i.e. no loss of kinetic energy after collision.  
 

[1] 

(ii) Topic: Ideal gas, explain deviations from ideal gas behaviour due to intermolecular forces 
of attraction being present 

 BF3, H2O and NH3 have simple molecular structures.  

 The behaviour of BF3 is closest to ideal gas behaviour because there is only presence of 
instantaneous dipole-induced dipole interactions (id-id) between the BF3 molecules. 
Furthermore, given that the molecular mass and electron cloud size of BF3 molecule is 
small, the id-id interactions are weak.  

 NH3 and H2O molecules experience stronger intermolecular force of attractions than BF3 
molecules due to the presence of hydrogen bonds.  

 However, the hydrogen bonds in H2O is more extensive as H2O is able to form 2 hydrogen 
bonds per molecule on average while NH3 is only able to form 1 hydrogen bond per 
molecule on average. Hence, H2O behaves less ideally than NH3.  

 

[2] 

(e)(i) Topics: Chemical Bonding and Group 17 Elements, explain volatilities of covalent 
compounds due to intermolecular forces of attraction 

 Volatilities of the halogens decrease down the group.  

 This is because down the group, the molecular mass and electron cloud size of halogen 
molecules increases. 

 Hence, there will be stronger instantaneous dipole-induced dipole interactions between 
the molecules.  

 Thus, more energy is required to overcome these forces of attraction, leading to lower 
volatilities.  

 

[2] 

(ii) Topic: Group 17 Elements, Oxidising power of halogens down the group 

 Cl2(aq) and KI(aq): The solution will be observed to turn from yellow to brown. 
This is because Cl2 is a more powerful halogen which is able to displace I-  and 

0.82cellE V     

Cl2 (aq) + 2KI(aq) → I2(aq) + 2KCl(aq) 
 

 Br2(aq) and KCl(aq): The solution will remain orange as Br2 is a weaker halogen which is 

unable to displace Cl-  and 0.29cellE V    

 

 I2(aq) and KBr(aq): The solution will remain orange as l2 is a weaker halogen which is 

unable to displace Br-  and 0.53cellE V    
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Comments 

 Refer to the Qualitative Analysis section of the data booklet for the respective colors 
observed.  

 [Total: 17] 

 

Question 2 

Major Topics: Chemical Energetics, Reaction Kinetics, Acid-Base Equilibria, Carboxylic Acid, 

Chemical Bonding 

(a)(i) Topic: Data interpretation on proportionality between concentration and partial pressure 
 
Based on Henry’s Law, concentration α partial pressure 
Using ratio method,  

 
 2 3

2

300
12

0.040 1

CO
CO moldm     

 

[1] 

(ii) Topics: Group 2 Elements, O level concepts of reaction between carbonates and acids, 
carbonates being insoluble in water, CO2 being an acidic oxide, dissociation of carbonic acid 
 
Equations to suggest why any limestone, CaCO3(s), near deep sea hydrothermal vents 
readily dissolves to give Ca(HCO3)2 (aq).   
CaCO3 + 2H+ → Ca2+ + CO2 + H2O……(1) 
CO2 +  H2O  H2CO3………(2) 

H2CO3  HCO3
- + H+…….(3) 

Ca2+ + 2HCO3 → Ca(HCO3)2…..(4) 
 
Explanations 

 Calcium carbonate can undergo acid base reaction with H2S to generate CO2 gas, as 
shown in equation (1). This is because H2S can dissolve in water to form sulfuric acid, 
H2SO4.  

 CO2 gas then dissolves in water to form carbonic acid, H2CO3, as shown in equation (2). 
Note that this should be a reversible reaction as the gas H2CO3 can also escape from the 
surface of the solution. 

 As carbonic acid is a weak acid, it can undergo partial dissociation to form bicarbonate ion, 
HCO3

- and H+ ions, as shown in equation (3). As more carbon dioxide dissolves in water, 
POE will shift right to generate greater amount of HCO3

- ions.  

 Then, calcium ions and bicarbonate ions can react to form calcium bicarbonate, as shown 
in equation (4).   

 
Comments 

 We cannot write CaCO3(s) → Ca2+(aq) + CO3
2-(aq) as calcium carbonate is insoluble in 

water. In fact, only Group 1 carbonates and ammonium carbonates are soluble in water. 

 We also cannot write the thermal decomposition of calcium carbonate to form calcium 
oxide and carbon dioxide because this can only occur at 8250C while the temperature 
here is too low.  

 Instead, carbon dioxide can be generated through acid-base reaction between calcium 
carbonate H2S which can act as an acid.  

[2] 
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 Another learning point is that for the equations that we write, we can choose to just write 
the ions which we are interested in and not the entire compound especially when spectator 
ions are involved.  
 

(b) Topic: Chemical Energetics, calculation of standard enthalpy change of reaction value with 
standard enthalpy change of formation values 
Standard enthalpy change for reaction 

   products reactantsf fH H     

     1273.3 6 285.6 6 393.5 12 20.6         

1

1

378.7

379 (3 . .)

kJmol

kJmol s f





 

 
 

 
Comments 

 The standard enthalpy change of formation for the element S is 0kJmol-1 as it takes no 
energy to form a naturally occurring product. Hence, we do not take its value into account 
during the calculation.  

[2] 

(c) 
(i) 

Topic: Chemical Energetics, calculation of entropy change 

183 378.7 (298) 992

G H T S

S S Jmol

  

  

    

        
 

Comment 

 We can double check that the S value should be negative by noticing that there is less 

disorder in the system because the number of moles of gaseous reactants is greater than 
the number of moles of gaseous products.  

 In fact, there is no gaseous products being formed.  
 

[1] 

(ii) Topic: Chemical Energetics, Gibbs Free Energy Change 

 G for the reaction between CO2 and H2S at deep-sea hydrothermal vents is more 

negative than -83kJmol-1 because the reaction is not carried out under standard conditions 

and H and S  values also vary when temperature and pressure are higher.  

 
 
 
 

Comments 

 The explanation for this part of the question can be slightly challenging.  

 We cannot simply use the equation G H T S     and then assume that H and S  

values are constant values, same as the standard conditions because this would imply 

that G should be less negative instead when temperature is higher.  

 

[1] 

(d) 
(i) 

Topic: Mole concept, Calculation of relative atomic mass 

       
93.5 1.5 4.5 0.5

32 33 34 35 32.12
100 100 100 100

rA
       

           
       

 (4 s.f.) 

Comments 

 Easy question where students must get the 2 marks.  

 Note that we need to leave our answer as 4 significant figures here. 
 

[2] 
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(ii) Topic: Reaction kinetics, definition of half-life 
Half-life is the average time taken for half the number of radioactive isotope to disintegrate.  
 
Comment 
The word “average” is important because radioactive decay is a random process where we 
do not know exactly when a particular radioactive nuclide will decay.   

[1] 

(iii) Topic: Reaction kinetics, overall first order reaction  

 For the radioactivity to fall to 1/8 of its initial value, 3 half-lives must have passed so it 
will take 261 days.  

 

[1] 

(iv) Topic: Reaction kinetics, application of given formulae 
0.693 335

2.3 872.3
35

( )
10 10 0.97636

( )

kt

t

o

S

S

 
   
     

Hence, the percentage decrease in 35S is  

100 97.636 2.36%    

 
Comment 

 It is alright to work with number of days and not convert to SI unit of seconds here as the 

time is in the ratio form of
1/2

t

t
. 

 

[2] 

(e) 
(i) 

Topic: Acid-base equilibria, calculation of pH involving dissociation of base 

14.0 7.05 6.95bpK      

    6.95 4 310 0.100 1.0593 10 moldmbOH K NaSH            

 4lg 1.0593 10 3.9750pOH        

Hence, pH of 0.10moldm-3 NaSH(aq) 14 3.9750 10.025 10.0(3 . .)s f     

 
Comments 

 Students should get the 3 marks here as the steps are pretty standard.  

 Personally, I advise students to memorise the equations of  aH K acid    and 

 bOH K base    and not try to derive from the equilibrium constant equations during 

exams.  

 Unfortunately, some students got confused by the dissociation equation of the acid 
provided in the question and not know how to proceed. 

 We should focus on the term NaSH being a “weak base” and calculate the pKb value from 
the pKa value provided because HS- is the conjugate base of H2S.  
 

[3] 

(ii) Topic: Carboxylic acid, effects of the presence of electron donating group and 
delocalisation effect on acidity 

 CH3CH2SH has a higher pKa value than H2S so CH3CH2SH is less acidic than H2S. This is 
because the presence of the electron donating alkyl group in CH3CH2SH increases the 
electron density on the conjugate base CH3CH2S-, thus destabilising it and making 
CH3CH2SH less acidic.  

[2] 
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  C6H5SH has a lower pKa value than H2S so C6H5SH is more acidic than H2S. This is 
because the p orbital of S on C6H5SH is able to overlap with the p orbital of the adjacent 
carbon atom in the benzene ring. This results in delocalisation of the lone pair of electrons 
of S atom into the benzene ring, thus dispersing the negative charge on the conjugate base 
C6H5S-, thus stabilising it and making C6H5SH more acidic.  

 

(iii) Topic: Carboxylic acid, how ease of dissociation affects acidity 

 When pKa for CH3CH2SH is lower than that for CH3CH2OH, CH3CH2SH is more acidic 
than CH3CH2OH. 

 As S atom is larger than O atom, there is less effective overlap of the orbitals for the S-H 
bond. 

 Hence, this makes the S-H bond easier to break to produce H+ ions, making CH3CH2SH 
more acidic than CH3CH2OH.  

 

[1] 

(f) 
(i) 

Topic: Chemical Bonding, how boiling points for covalent compounds are determined by 
the strength of intermolecular forces of attraction  

 CH3CH2OH has higher boiling point than that for CH3OCH3. Both CH3CH2OH and CH3OCH3 

have simple molecular structures with the same molecular mass. However, CH3CH2OH is 
able to form hydrogen bonds between the molecules which is much stronger compared to 
the permanent dipole-permanent dipole interactions between the molecules in CH3OCH3. 
As more energy is required to overcome the hydrogen bonds between the CH3CH2OH 
molecules, the boiling point of CH3CH2OH is higher. 

 CH3SCH3 has higher boiling point than that for CH3OCH3. Both CH3SCH3 and CH3OCH3 

have simple molecular structures. However, as the atomic mass of S atom is larger than 
that of O atom, the electron cloud size of CH3SCH3 is larger than that of CH3OCH3. Hence, 
the instantaneous dipole-induced dipole interactions between CH3SCH3 molecules is 
stronger, resulting in CH3SCH3 having higher boiling point. 

 
Comments 

 One common mistake that students will make here is to provide the reason that O is more 
electronegative than S atom. This will actually make the permanent dipole-permanent 
dipole interactions between CH3OCH3 molecules stronger compared to that between 
CH3SCH3 molecules. Then the boiling point of CH3OCH3 should be higher instead, which 
does not tally with the information provided.  

 

[2] 

(ii) Topic: Chemical Bonding, how boiling points for covalent compounds are determined by 
the strength of intermolecular forces of attraction 

 As both CH3SCH3 and CH3CH2SH have simple molecular structures and same molecular 
mass, the strength of instantaneous dipole- induced dipole interactions between CH3SCH3 

molecules and between CH3CH2SH molecules is similar, resulting in similar boiling points.  
 

[1] 

 [Total: 22] 
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Question 3 

Major Topics: Electrochemistry, Mole Concept, Carbonyl compounds, Alkene 

(a) 
(i) 

Topic: Electrochemistry, balancing and writing full equation from half equations 
From Data Booklet, 

2 2 2ClO H O e Cl OH        , 0.81E V     

Putting the 2 half equations together, we have:  

33 3ClO I Cl IO       

 
Comments 

 We need to read the question carefully which explicitly stated that iodide ions is oxidised 
to iodate(V) ions. Hence, we should not be making use of this half equation from the 

Data Booklet to form our full equation: 2 2 2I e I  . 

 Instead, we need to make use of the half equation provided in the question to form our 
full equation.  
I-(aq) + 6OH-(aq) IO3

-(aq) + 3H2O(l)+ 6e- ……(1)    

ClO- + H2O + 2e- ⇌ Cl- + 2OH- …….(2) 
3(2) + (1), we have:  
3ClO- + I- → 3Cl- + IO3

-    

 As the number of OH- ions and water molecules on both sides of the balanced equation 
are the same, they can be cancelled out and not reflected in the full equation. 
  

[1] 

(ii) Topic: Electrochemistry, calculating standard cell potential for reaction 

0.81 0.26 0.55cell reduction oxidationE E E V         

 

[1] 

(iii) 
Topic: Electrochemistry, apply cellG nFE    formula 

    1 16 96500 0.55 318450 318cellG nFE Jmol kJmol            

Comments 

 We must not forget the negative sign in our calculation as the negative sign for 

Standard Gibbs Free Energy Change value, G , will imply that the reaction is 

spontaneous.  
 

[1] 

(b) 
(i) 

Topic: Mole Concept, Redox reaction 
First, let us find the number of moles of I2 

Number of moles of S2O3
2-=  

36.20
0.100 0.00362

1000
mol

 
 

 
  

Since I2+2S2O3
2- → 2I- + S4O6

2-, 

2
2 2 3

0.5 0.00181I S O
n n mol    

 
Second, let us find the number of moles of IO3

-. 
Since the oxidation state of La is +3, we can deduce that the formula of lanthanum 
iodate(V) is La(IO3)3. 

[3] 
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Number of moles of La(IO3)3= 
  

1.00
0.0015069

138.9 3 126.9 48
mol

 
  

 33 3

3 0.0045028
La IOIO

n n mol    

2

3
0.0045028 5

0.00181 2I

IO
n

n



  (shown) 

 
Third, let us try to write the balanced ionic equation. 
Keep in mind the molar ratio and the reaction that is occurring. 
Lanthanum iodate(V) → Lanthanum periodate(VII) + Iodine + Oxygen 
Then we have: 

5

3 2 2 6

9
5 2

2
IO I O IO      

Comments 

 We need to know that iodate(V) refers to IO3
- where the oxidation state of iodine is +5. 

 It may seem that we are bombarded with alot of information here, but always remember 
the first step is to always find the number of moles of each substance if possible.  

 A common mistake made by students is not realising that there are 3 IO3
- ions in 1 

La(IO3)3 molecule. Then you will obtain the incorrect molar ratio to be 0.833 instead.  

 For the balanced ionic equation, we try to balance the charge on both sides. Then we 
can deduce that the periodate(VII) ion should be IO6

5-. 
 

(ii) Topic: Balancing Chemical Equation 

Previously in (i), we have obtained 5

3 2 2 6

9
5 2

2
IO I O IO     

Thus, the full chemical equation for decomposition of lanthanum iodate(V) is: 

   3 2 2 5 63 3

27
5 6

2
La IO I O La IO    

Comments 

 Since the oxidation state of La is +3 in its compounds, we can deduce that the formula 

for Lanthanum periodate(VII) compound is  5 6 3
La IO , by applying the LCM principle. 

 For the balanced full chemical equation, since there is 3 3IO 
ions in 1  3 3

La IO  

compound, we will multiply the entire previous balanced equation by 3.  

[2] 

(c) 
(i) 

Topic: Data interpretation skills on Organic Chemistry 

 
Comments 

 Within the question, it has been stated that the carbonyl group is first converted into a 
diol so do not miss this crucial piece of information out so that we can apply the 
mechanism in Fig 3.2.  

[1] 
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 Based on our observation in Fig 3.2, we need to deduce that cleavage occurs between 

the 2 adjacent carbon atoms with hydroxyl groups present and the hydroxyl groups are 
being converted into carbonyl groups.  

 

(ii) Topic: Data Interpretation Skills on Organic Chemistry 
For the first reaction, the organic products are:  

 
For the second reaction, the organic product is:  

 
 
Comments 

 We need to make use of Fig.3.1 to deduce the products which will be observed. We 
should observe that there is a cleavage of the adjacent carbon atoms that have –OH 
groups attached to them. 

 After the cleavage, the alcohol groups are transformed into carbonyl groups.  

 For the first reaction, we need to realise that we cannot perform 2 cleavages 
simultaneously. Instead, they must be performed 1 by 1 as shown below.  

Location of Cleavage Products  

 

 

Location of Cleavage Products 

 
 

 

 For the second reaction, we only obtain 1 organic product because the cleavage occurs 
within the cyclic structure to give us a straight chain product.  

 If you are confused on how to open up the cyclic structure, I always advise students to 
label the carbon atoms with numbers to easily observe it. 

[3] 
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Before After 

 

 

 

(d) 
(i) 

Topics: Elucidation question, carbonyl compounds, alkene 

Description  Explanation 

Citral forms a silver mirror 
with Tollens’ reagent 

Oxidation reaction has taken place and aldehyde 
group is present in Citral. 
 

Citral decolourises bromine 
water 

Electrophilic addition has taken place and alkene 
group is present in Citral.  
 

Citral treated with cold KMnO4 Oxidation reaction has taken place and diol groups 
are formed in compound A.  
 

Compound A does not react 
with Tollen’s reagent, but does 
liberate CO2 from Na2CO3 (aq) 

 No oxidation reaction has taken place when Tollen’s 
reagent is used so no aldehyde group is present in 
compound A 

 Acid-base reaction has taken place between 
compound A and sodium carbonate to liberate CO2. 

 

Compounds B and C give a 
yellow precipitate when 
reacted with alkaline aqueous 
iodine 

 Oxidation reaction has taken place and methyl 
ketone is present in both compounds B and C. 

Compounds C and D give a 
red precipitate when warmed 
with Fehling’s solution. 

 Oxidation reaction has taken place and aliphatic 
aldehydes are present in compound C and D.  

 
 

Compound B Compound C Compound D 

 

 

 

 
Citral 

 
 
 

[7] 
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Comments 

 For explaining the reactions, we should state both the type of reaction which has 
occurred and the functional groups present.  

 For compounds B, C and D, they are formed through the reaction between compound 
A and HIO4. Hence, all of them should have carbonyl groups. 

 Since the carbon chains of compounds B, C and D are the shortest, we should deduce 
their structures first. 

 Then we work backwards, combining the compounds B, C and D together to form 
compound A and citral with the help of Fig 3.1. 

 Compound C is the central component of compound A and citral because of the 2 
carbonyl groups present.  

Compound A 

 
 After deducing the structure of compound A, we can work backwards to deduce the 

structure of citral by removing the diol groups and replace with C=C double bonds in 
compound A.  

 We need to deduce that to form compound A, besides the mild oxidation of alkene group 
in citral, aldehyde group in citral has also been oxidised by cold KMnO4, due to the odd 
number of oxygen atoms added. Also, no reaction has occurred between compound A 
and Tollen’s reagent but reaction has occurred between compound A and Na2CO3. 

 Hence, this explains the presence of the aldehyde group in compound A. 
 

(ii) Topic: Isomerism 

 Type of isomerism: Geometric isomerism due to restricted rotation about the C=C 
bond and two different groups are attached to each carbon atom in the C=C bond.  

The two structures are:  

  
 
Comments 

 Since the question requested us to describe the type of isomerism here, it is not 
sufficient to simply state the type of isomerism.  

 For the other double bond, notice that there are 2 identical methyl groups attached to 
the same carbon atom. Hence, geometric isomerism does not exist over there.  

 

[2] 

 [Total: 21] 
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Section B 

Answer one question from this section. 

Question 4 

Major Topics: Periodicity, Solubility product, Isomers, Halogenoalkane, Alkene, Alkane 

4(a) Topic: Periodicity on reaction between chlorides and water 
 

 NaCl is an ionic compound with giant ionic lattice structure. Adding water will result in 
the formation of ion dipole interaction between NaCl and water molecules which 
releases sufficient energy to overcome the hydrogen bonding between water molecules 
and the ionic bonding in NaCl. Hence NaCl will dissolve in water to give pH 7. 
NaCl(s) → Na+(aq) + Cl-(aq) 

 

 AlCl3 is a covalent compound with simple molecular structure. However, as Al3+ ion has 
high charge density and is highly polarising, it is able to distort the electron cloud of H2O 
molecule and break the O-H bond in the water molecule to form H+ ion. Hence, AlCl3 
undergoes hydrolysis in water to give an acidic solution with pH 3.  
AlCl3(s) + 6H2O(l) → [Al(H2O)6]3+(aq) + 3Cl-(aq) 
Al(H2O)6]3+ + H2O(l)   [Al(H2O)5OH]2+(aq) + H3O+(aq)  

 

 PCl5 is a covalent compound with simple molecular structure. It can undergo hydrolysis 
readily in water to give a strongly acidic solution with pH 2. This is because P is less 
electronegative than Cl, so P will acquire a partial positive charge and becomes electron 
deficient. This allows it to act as a Lewis acid and accept the lone pair of electrons from 
the oxygen atom in H2O molecule for hydrolysis in water to occur.  
PCl5(s) + 4H2O(l) → H3PO4(aq) + 5HCl(aq) 

 
 
Comments 

 NaCl does not undergo hydrolysis with water to form NaOH and HCl. It only just 
dissolves in water due to the formation of ion-dipole interactions between NaCl and  
water molecules.  

 Even though the question did not specify whether the water added is in excess, it is 
easier to describe the reactions when water is added in excess.  

 

[4] 

(b) 
(i) 

Topic: Solubility product, deriving Ksp formula  from a given chemical formula. 
2

2

spK Pb Cl        
 with units mol3dm-9. 

 

[1] 

(ii) Topic: Solubility product, Mole concept 
Let the solubility of PbCl2 and PbI2 be x moldm-3 and y moldm-3 respectively.  

For PbCl2, 
5 3 31.7 10 4 0.016198x x moldm      

Hence, mass of PbCl2     
10

0.016198 207.2 2 35.5 0.0451
1000

g
 

   
 

 

For PbI2, 
9 3 39.8 10 4 0.0013480y y moldm       

Hence, mass of PbI2     
10

0.0013480 207.2 2 126.9 0.00621
1000

g
 

   
 

 

[3] 
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Thus, PbCl2 will produce the larger mass of solid.  
 
Comments 

 We need to apply the formula learnt in the topic of mole concept here to calculate the 
mass of the respective solids:  
Mass = No. of mole x Molar Mass 

 

(c) 
(i) 

Topic: Alkene on electrophilic addition, isomers 
The two possible constitutional (structural) isomers of C8H9Cl that could be formed from 
phenylethene are: 

Structure 1 Structure 2 

 
 

 
Comments 

 Phenylethene does not have any phenol group. It only has an ethene group attached 
to the benzene ring.  

 

[1] 

(ii) Topic: Halogenoalkane on nucleophilic substitution reaction 

 As the rate of the nucleophilic substitution is independent of [OH-], it means that isomer 
E undergoes SN1 nucleophilic substitution (2 step mechanism) so we should choose the 
compound for isomer E where the more stable carbocation intermediate is formed during 
the process. 

Isomer E Structure of F 

 
 

Comments 

 Isomer E is preferably formed as the carbocation intermediate of structure 1 is more 
stable than the carbocation intermediate of structure 2. This is because the overlap of p 
orbitals of the carbocation carbon and the adjacent carbon in the benzene ring allows 
the delocalisation of electrons to reduce the electron deficiency of the carbocation.  

[1] 
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More Stable Intermediate Less Stable Intermediate 

 
 

 
 

(iii) Topics: Alkene on electrophilic addition, halogenoalkane on nucleophilic substitution, 
Isomers on stereoisomer formation 

 During the electrophilic addition and nucleophilic substitution reactions to form E and F 
respectively, there is the presence of a carbocation intermediate.  

 The positively charged carbon atom in the carbocation is sp2 hybridised and has a 
trigonal planar shape.  

 This leads to an equal probability of the nucleophile attacking from the top and bottom 
of the carbocation, resulting in a 50:50 mixture of enantiomers and thus a racemic 
mixture is formed.  

 
 
 
 
Comments 

 Recall in this question that isomer E is formed after electrophilic addition reaction with 
phenylethene. Isomer F is formed after nucleophilic substitution reaction of isomer E 
with the use of NaOH(aq).  
 

[2] 

(d) 
(i) 

Topic: Alkane on free radical substitution mechanism 
Free radical substitution 
Initiation 

 
Propagation 

 

 
Termination 

 
Comments 

 We should state the name of the mechanism explicitly as that may constitute 1 mark 

 This is a standard free radical substitution mechanism reaction so we should secure 
the 3 marks here.  

 
 

[3] 
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(ii) Topic: Isomerism 
Eight isomers with the formula C9H12 that contains a benzene ring 

 

 
Comments 

 We just have to draw the structures systematically, considering the 3 separate cases 
of: 
o 1 alkyl group attached to 1 carbon atom of the benzene ring,  
o 2 alkyl groups attached to 2 separate carbon atoms of benzene ring,  
o 3 alkyl groups attached to 3 separate carbon atoms of the benzene ring.   

 The approach is similar to the technique we perform for P&C in A Level Math. 

 We also need to realise that the following two structures are the same. Thus, both of 
them constitute the same isomer.  

 

[2] 

(iii) Topic: Alkane on free radical substitution, isomerism on chiral carbon 

Structure G Structure H Structure J 

 

 
 

 
Comments 

 We need to find the isomer for compound H such that it does not have a chiral carbon 
while compound J has a chiral carbon. 

 We also need to know the reason why the free radical substitution reaction between 
structure G and Cl2 is faster (reason required for (iv)) to deduce the correct structures 
for G, H and J. 

[2] 
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(iv) Topic: Alkane on free radical substitution reaction 

 The rate of reaction for compound G with Cl2 to form compound H is faster because the 
carbon radical generated by compound G is resonance stabilised where the free radical 
can be delocalised and more spread out over a greater number of carbon atoms.  

Free radical generated from G Free radical generated from H 

 
More stable  

Less stable 

 
Comments 

 Students may not be familiar about the relationship between rate of reaction and stability 
of free radicals.  

 The concept is similar to what you have learnt in the topic of halogenoalkane. The rate 
of SN1 nucleophilic substitution reaction is the fastest when the carbocation is most 
stable i.e. 30 halogenoalkane.   

 

[1] 

  [Total: 20] 

Question 5 

Major Topics: Atomic Structure, Transition Elements, Halogenoalkane, Chemical Equilibria, 

Chemical Energetics 

5(a) Topic: Atomic Structure on electronic configuration 

 Electronic configuration of an Fe3+ ion: 1s22s22p63s23p63d5 
 
Comments 

 Fe metal has a total of 26 electrons so its electronic configuration is 
1s22s22p63s23p63d64s2.  

 Then we need to remove electrons from the 4s subshell first, ending with 23 electrons.  
 

[1] 

(b) 
(i) 

Topic: Transition Element on definition of degenerate 

 Degenerate means that the five d orbitals in the gas phase transition metal ion are of 
the same energy level.  
 

[1] 

(ii) Topic: Transition Element on the effect of ligands approaching transition metal cation 

 The energy of the d subshell in an octahedral complex will be higher than the energy of 
the d subshell in the gas phase.  

 This is because in order to form the complex, the ligands will approach the d orbitals of 
the gas phase transition metal cation along the x, y or z axes.  

 This will then cause interelectronic repulsion between the electrons in the d orbitals of 
the gas phase ion and the lone pair of electrons of the donor atom of the ligand because 
they are both negatively charged.  

 This repulsion will cause the energies of the d orbitals to increase by different extent.  

[3] 
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 For the d orbitals which lie along the axes: dx
2
-y

2 and dz
2 orbitals, the extent of 

interelectronic repulsion is greater so they will be of relatively higher energy level. 

 In contrast, for the d orbitals which lie between the axes: dxy, dyz and dxz orbitals, the 
extent of interelectronic repulsion is smaller so they will be of relatively lower energy 
level.  

 

(c) 
(i) 

Topic: Halogenoalkane on nucleophilic substitution reactions 
L: BrCH2CH2NHCH2CH2Br 
M: NCCH2CH2NHCH2CH2CN 
K: HO2CCH2CH2NHCH2CH2CO2H 
 
Reagent and Conditions: 
Step 1: Limited NH3, heat in a sealed tube 
Step 2: NaCN(aq), reflux 
Step 3: NaOH(aq), reflux, followed by controlled acidification of H+ ions. 
 
Comments 

 This part of the question can be challenging due to the many factors that we have to take 
into consideration.  

 We should not be adding NaCN(aq) to dibromoethane first because that will cause us to 
have  NCCH2CH2CN which will not allow us to obtain the desired compound K. 

 For Step 1, recall that heating in a sealed tube is necessary because NH3 is a gas which 
would escape.  

 Also, for step 1, limited NH3 is necessary so that we obtain BrCH2CH2NH2 and not  
H2NCH2CH2NH2. 

 Besides that, further nucleophilic substitution reaction can occur since dibromoethane is 
in excess. As a result, we can obtain our 20 amine, compound L.   

 In addition, we should avoid using ethanol as a solvent here since the question states 
that we can only use inorganic reagents. 

 For step 2, notice that we need to perform a step-up reaction, so we cannot simply use 
aqueous NaOH and transform the RX groups into alcohol groups.  

 NaCN is considered an inorganic solvent even though carbon atom is present.  

 For step 3, we should not use H2SO4 (aq) and reflux for the hydrolysis because we have 
a 20 amine group in the compound K. Hence, acidification will have to be conducted in a 
controlled manner. Otherwise, we will obtain an amine salt instead. 
 

[4] 

(ii) Topic: Halogenoalkane nucleophilic substitution reaction 

 One possible organic side product is NCCH2CH2NHCH2CH2OH as H2O which is also a 
nucleophile can compete with CN- for nucleophilic attack.  

 To minimise its formation, we can use ethanoic NaCN, and heat under reflux condition. 
 

[2] 

(iii) Topic: Carboxylic Acid on protonation and deprotonation 

 
 

[1] 
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Comments 

 We need to remove the H atoms from the carboxyl groups in compound K since 
compound K is in a basic solution. 

 Note that the donor atoms are the O atoms bearing the negative charge because they 
are more electron rich compared to the O atoms doubly bonded to the carbon atoms.  

 

(iv) Topic:  Transition Elements on structure of complex  

 
Comments 

 The overall charge is -1 and the octahedral shape should be illustrated in the diagram. 

 One technique of drawing is to draw the 6 atoms which are bonded datively to the Fe3+ 
ion first (O and N atoms), before connecting these atoms to the respective carbon 
atoms.   

 

[2] 

(v) Topic: Transition Elements 

 As CN- is a stronger ligands compared to H2O, CN- will cause the energy gap between 
the d orbitals to be larger.  

 Hence, it is more favourable to fill up the lower energy d orbitals first because the energy 
required to overcome interelectronic repulsion is less compared to the energy required 
to promote the electron to higher energy d orbital.  

 As a result, there is fewer unpaired d electrons in the complex [Fe(CN)6]3-. 
 
Comments 

 Students may have seen examples of high spin complexes and low spin complexes 
from past year prelim papers.  

 [Fe(CN)6]3- is considered a low spin complex while [Fe(H2O)6]3+  is considered a high 
spin complex.  
 

[1] 

(d) 
(i) 

Topic: Chemical Equilibria on Kp formula 

 
 

2

3

3

CO

p

CO

P
K

P
  , no units 

 
Comments 

 Recall that the partial pressure and concentrations of solids and liquids are omitted 
from equilibrium constant equations. 

[1] 
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 This is because the concentrations of solids and liquids remain unchanged before and 
after the reaction has taken place since density and molar mass of solids and liquids 
remain unchanged.  
 

(ii) Topic: Chemical Equilibria 

 Since the total number of moles of gas remain unchanged before and after the 
reaction, the total pressure will remain constant at 1.00bar.  

 Hence, at equilibrium, 
2 2

1.00 1.00CO CO CO COP P bar P P      

 
 

 

 
2 2

2

3 3

3 3
19.9

1

CO CO

p

CO CO

P P
K

P P
   


 

Taking cube root on both sides, 

2

2

2.7098
1

CO

CO

P

P



 

2

3.7098 2.7098
CO

P   

2

0.73046 0.730 (3 . .)
CO

P bar s f    

 
Comments 

 We have made use of the relationship of total pressure being proportional to total 
number of moles of gaseous molecules in our calculations. This can be deduced from 
the ideal gas equation where pV=nRT and V,R and T remain constant.  

 Note that the units of the partial pressure should be in terms of bar and not Pascal.  
 

[2] 

(iii) Topic: Chemical energetics on entropy change 

 The entropy change is small because the number of gaseous particles for reactants 
and products is the same.  

 The entropy change is positive because liquid iron has been formed from solid iron (III) 
oxide, resulting in greater disorder in the system as there are more ways on arranging 
and distributing the particles in liquid state compared to solid state.  

 

[2] 

  [Total: 20] 

End of Solutions 


