




































2021 O-level Chemistry P2 Suggested Marking Scheme 
  
Se00ction A 

Qn Suggested Answer Marks Guidance 

A1a(i) Potassium and chlorine  1 Students need to note: students 
selected the most and least 
reactive metal.  (i.e. potassium and 
copper)  

A1a(ii) chlorine  1  

A1a(iii) copper 1  

A1a(iv) aluminium 1 Note: since the question asked 
for element, you should only 
state aluminium and not 
aluminium oxide  

A1a(v) Potassium and chlorine  1 Students need to note: students 
selected lithium or magnesium 
(which will form ions of 2 and 2.8 
electronic configuration 
respectively)  

A1b ● The most unreactive group contains only non-
metals. [True]    

● Melting point increases across period 2. [False]  
● Atoms lose electrons more easily down Group I. 

[True] 
● The strongest non-metal oxidising agent is at the 

top of the group. [True] 

3  
 
 
 
 
 

A2(a) Fractional distillation occurs by separating propane 
and octane through their differences in boiling 
point.Columns at the top have lower 
temperatures than columns at the bottom with 
higher temperatures 
 
Octane has a larger molecular size/larger relative 
molecular mass as compared to propane. With a 

 
 
 
 
1 
 
 
 
1 

[R] Both octane and propane have 
different boiling points.  
This is not good enough. You need 
to relate to the chemical formula to 
determine which hydrocarbon has 
a higher bp and thus how will it 
affect the which part of the 
fractionating column does it leave 
from. 



larger molecular size, more energy is absorbed to 
overcome a more extensive intermolecular forces of 
attraction in octane as compared to propane. 
Hence, octane has a higher boiling point as 
compared to propane.  
 
Propane with a lower boiling point will be distilled 
in the higher fractions containing propane and 
butane, octane with a higher boiling point will be 
distilled at a lower column  

 
 
 
 
1 

 
 

A2b Both propane and butane has similar molecular 
sizes with similar boiling points.  
 
Hence, they will leave the column in the same 
fraction.  

1 What is the principle behind the 
separation of substances that take 
place in the fractionating column?  
It will be varying boiling points, not 
viscosity. 

A2c  

 Molecular 
formula 

Empirical 
formula  

propane C3H8 C3H8 

octane C8H18 C4H9 
 

2 Recall: empirical formula is the 
simplest whole number ratio of 
a substance. Hence, the 
molecular formula of octane can 
be further simplified. 
 
Students need to note: empirical 
formula written as (C4H9)2.   

A2d(i) Octane has a higher number of carbon and 
hydrogen atoms as compared to butane.  
 
Hence, octane has a larger number of C-C and C-H 
bonds as compared to butane.  

 
The enthalpy change of combustion of octane is 
more negative than butane as more energy is 
given out in the bond formation of carbon 
dioxide and water in the combustion of octane 
than energy absorbed to break bonds in octane 
and oxygen. 

 

 2C8H18 + 25O2 → 16CO2 + 18H2O 

2C4H10 + 13O2 → 8CO2 + 10H2O  
 
Students need to note: 

- “More energy needed to 
form bonds” without 
specifying reactants and 
products.  

A2d(ii) No. mol of octane combusted  
= 50 x 1000 / [ (12x8) + (18 x 1)]  
= 438.596 mol  
 
Energy released in combustion of octane  

 
 
1 
 
 

 



= 438.596 x 5470  
= 2399122.81 kJ  
 
No. of mol of butane combusted with the same 
amount of energy  
= 2399122.81 / 2880  
= 833.028 mol  
 
Mass of butane combusted  
= 833.028 x [ (12x4) + (10x1)]  
= 48315.624 g  
= 48.3 kg (3 s.f.)  

 
 
 
 
 
 
1 
 
 
 
 
1 

A3a RED CAT AN OX  
expt (-) 

electrode 
(+) 
electrode 

electrolyte (-) electrode (+) 
electrode 

1 C C Dilute 
NaCl(aq)  

H2(g) O2(g) and 
H2O(l) 

2 C C Conc 
NaCl(aq) 

H2(g) Cl2(g) 

3 Ag Ag Dilute 
CuSO4(aq) 

copper oxygen 

4 Cu Cu Dilute 
CuSO4(aq) 

Copper solid 
/deposits 

copper(II) 
ions 

 

2 Students need to note: in expt 
4: copper as product for both (-) 
and (+) electrodes, thus 
indicate the state at which it is 
formed. 

A3b Inert electrodes are unreactive electrodes which 
do not participate in the reactions of the cell.  
Examples of inert electrodes from the table are 
carbon and silver electrodes.  
 
Non-inert electrodes are reactive and participate 
in the reactions of the cell.  
Examples of non-inert electrodes is copper 
electrodes.  

1 
 
 
 
 
 
1 

Students need to note: students 
did not read the requirements 
of the question properly and 
gave examples which are not  
in the table.  

 
Note that in this question, silver 
is to be inferred as inert 
electrodes based on the 
products formed (given by 
question) 

 

A3ci Observations should be stated.  
 
Reddish brown deposits formed on the surface of 
the negative electrode.  

1  



A3cii 4OH-(aq) → 2H2O(l) + O2(g) + 4e-  1 Check if your equation is 
balanced!  
Common error of missing 
electrons. 

A3ciii Blue copper(II) sulfate solution 
decolourises/changed to light blue then 
colourless over time.  
 
This is due to the discharge of copper(II) ions to 
form solid copper., hence concentration of 
copper(II) ions decreases 

1 
 
 
 
1 

 

A4a calcium silicate 
  
CaSiO3 

 

1  

(b)(i) 2Fe2O3 → 4Fe + 3O2 

  
number of mols of Fe2O3 

= 14 000 x 106 / (56x2 + 16 x 3) 
= 8.75 x 107 moles 
  
number of mols of Fe 
= 2 x 8.75 x 104 

=1.75 x 107 moles 
  

mass of Fe 
= 1.75 x 107 x 56 
= 9.8 x 109 g 
= 9800 tonnes 

 

 
 
 
 
1 
 
 
 
 
1 
 
 
 
 
1 

  Note on the conversion from   
  tonnes to grams.  
  1 tonne = 1 x 103 kg = 1 x 106 g 
 
  Note that the formula of iron(III)   
  oxide contains two iron atoms. 
   
Ensure working and units are 
shown clearly. 

(b) (ii) The iron ore contains iron(III) oxide, and are other 
impurities such as silicon dioxide present within 
the 14000 tonnes. 
 
 
It could be possible for some of the iron to be 
oxidised again, since it is in contact with the oxygen 
and heat, forming iron(III) oxide, reducing the 
yield. 

  



(c) Nitrogen: The hot air blasted into the furnace 
contains about 78% of nitrogen. 
 
carbon dioxide: Carbon(coke) reacting with oxygen 
in the blast furnace to form carbon dioxide. 
Carbon dioxide is also a product of the 
decomposition of calcium carbonate which is 
added into the blast furnace. 
 
Carbon monoxide reduces iron(III) oxide to form 
molten iron and carbon dioxide gas. 
 
carbon monoxide: carbon dioxide reacts with 
excess coke (carbon) to form carbon monoxide. 
 

 Ensure the answers are related   to 
the question, i.e. not a general 
answer such that nitrogen 
obtained from fractional distillation 
or carbon dioxide is from the 
combustion of fuel. 

(d) Pure iron is too soft, thus carbon is added to 
increase its strength. 
 
There is a need to add the amount of carbon carefully 
as higher percentage of carbon added will form high-
carbon steel while a low percentage of carbon added 
will form a low carbon steel. 
 
High-carbon steel is harder but more brittle, less 
malleable than low-carbon steel. 
 

1 
 
 
 
 
 
 
 
 

 1 

Show the differentiation between 
high and low carbon steel. 

A5(a) 

 

3 Tips: 
Determine the type of bonding 
present based on the metallic/non-
metallic nature of the elements. 
Draw the displayed structural 
formula. 
Place the element with the most 
number of bonds in the centre. 
You may use symbols as shown.  
 
 
 

(b)(i) From equation 1, it is shown that a total of 3 moles 
of gases such as ammonia and carbon dioxide 
are produced. Since gases occupy a larger volume 

 
 
 

Since instruction mentions “use 
equation 1”, ensure reference is 
made. 



than liquid and the engine is hot, there is a 
likelihood that these gas particles will have an 
increase in kinetic energy and move further 
apart, increasing the pressure in the tank, leading 
to an explosion. 

1  
Do note that the explosion does 
not occur due to reasons such as 
the explosive or flammable nature 
of ammonia or carbon dioxide. 

(ii) Only gases such as nitrogen and water vapour are 
released into the atmosphere. These have no 
adverse effects on the environment. 
 
Oxides of nitrogen are completely removed, thus 
there will be no chance of these gases being 
released into the atmosphere to form acid rain and 
causing damage to living things and buildings. 
 

1 
 
 
 
 
1 

Ensure reference is made to both 
the reactants and products of 
equations 2 and 3. 
 
Explanation on the effect of the 
pollutants must be explained. 

(iii) Carbon dioxide, a greenhouse gas, is still released 
into the atmosphere. It continues to cause an 
increase in the earth’s temperature that will result 
in effects caused by global warming such as 
melting of ice caps. 

1 
 
 
1 

Ensure environmental issue is 
explained. 

(iv) (NH2)2CO + H2O → 2NH3 + CO2  – eqn 1 x 4 

4(NH2)2CO + 4H2O → 8NH3 + 4CO2
 

 

8NH3 + 6NO2 → 7N2 + 12H2O   – eqn 3 

                                     (8) 
 
4(NH2)2CO + 6NO2 → 7N2 + 8H2O + 4CO2

 

 
 

2 Answer is to be derived by 
cancelling species which appear 
on both sides of the equations. 

(c) 
 

No. of moles of urea 
= 160/ [14x2 + 4 + 12 + 16]  
= 2.66667 mol 
 
Concentration 
= 2.66667 / 0.5 
=5.33 mol/dm3 (3 sf) 

1 
 
 
 
 
1 
 
 
 

 



    

 
 
 
 
 
 
 
 
 
 
 
Section B 
 

Qn Suggested Answer Mark
s 

Guidance 

6(a)(i) Hydrochloric acid is a monobasic acid which contain a 
single-charged negative ion such as Cl-, thus having the 
general formula HA. 
 

Sulfuric acid is a dibasic acid, with an anion of double 
charge, SO4

2-, thus the formula will be H2A.  

1 
 
 
 
1 
 

Change in question:  
Suggest whether hydrochloric 
acid and sulfuric acid fit the 
general formula HA. 

(ii) 2HA + M2CO3 → 2MA + CO2 + H2O  1  

(iii) 2CH3COOH + Ca → (CH3COO)2Ca + H2 
 
From the above equation, it is shown that the charge of 
the metal, Ca, +2, corresponds to the general equation 2. 
 
The co-efficient of CH3COOH is 2; while that of hydrogen 
is !

!
= 1 and the chemical formula of calcium ethanoate 

corresponds to MAx. 

1 
 
 
 
 
 
1 

Note the chemical formulae of 
salts of organic acids. 
 
 
Make reference to information 
from data such as to x and 
general equation. 
 
 

(b)(i) The relationship suggests that the pH is inversely 
proportional to the initial concentration of the acid. 
 
If the above is true, the product of the pH and the initial 
concentration of the acid has to be a constant. 

  



 
Using HCl(aq) as an example, the product of the two 
values are not shown to be a constant. i.e. which are 
0.02, 0.1 and 0.14 respectively. 

(ii) pH is determined by the concentration of hydrogen ions in 
the solution. 
The factors that affect of the pH of an acid are 
concentration of acid, basicity of the acid and 
strength of the acid. 

 
For HCl(aq), as its concentration increases from 0.01 to 
0.2 mol/dm3, pH decreases from 2.0 to 0.7 This trend is 
the same for all the other acids as well. 
 
The second factor which affects the pH is the basicity of 
the acid. If an acid is monobasic, the concentration of 
hydrogen ions is the same as that of its concentration. 
However, if the acid is dibasic like sulfuric acid, the 
concentration of hydrogen ions is double that of its 
concentration, which decreases the pH of the acid. 
Comparing 0.01 mol/dm3, of monobasic hydrochloric acid 
and 0.01mol/dm3 sulfuric acid, hydrochloric acid has a 
higher pH of 2.0 compared to 1.7 of sulfuric acid. 
 
The third factor is the strength of the acids. Weak acids 
such as ethanoic acid ionises partially to form hydrogen 
ions as compared to strong acids such as hydrochloric 
acid and sulfuric acid which ionises completely to form 
hydrogen ions in water. Comparing 0.1 mol/dm3 of weak 
ethanoic acid and 0.1mol/dm3 strong hydrochloric acid, 
ethanoic acid has a higher pH of 3.4 compared to 2.0 of 
hydrochloric acid.  

 
 
 
 
 
 
1 
 
 
 
 
1 
 
 
 
 
 
 
 
 
1 

1 mark for identifying each 
factor and explanation, will be 
good to quote data. 
 

(iii) 0.04, 1.4 
 
0.10, 1.0 

 Concentration of hydrogen 
ions = concentration of 
hydrochloric acid 
(monobasic acid) 
 
Concentration of hydrogen 
ions in sulfuric acid will be 
double of its concentration 
(dibasic) 
 



Use data to determine the pH 
of acid based on the 
concentration of hydrogen 
ions. 

B7(a)(i) Relative molecular mass of repeating unit 
= 16 + (12+2)(4) + 16 + 12+ 16 + [(12)6 + 4] + 12 + 16 + 
16 
= 220 

 
 
 
 

 Note the oxidation of diol to to 
form dicarboxylic acid. 
 
No units for relative molecular 
mass. 
Show working clearly. 

(b)(i) It has many ester linkages (-COO-)   

(ii) Similarity: Both processes involve joining together a 
large number of small molecules/monomers to form a 
macromolecule/polymer. 
 
At least 2: 
Differences: 
In addition polymerisation, there is no loss of atoms/no 
side product formed/only 1 product is formed when 
monomers are joined together. However, in condensation 
polymerisation, a small molecule is removed/side 
products formed as two monomers joined together. 
 
In addition polymerisation, monomers are unsaturated 
C=C (double covalent bond present between carbon 
atoms)/alkenes. However, in condensation 

1 
 
 
 
 
 
1 
 
 
 
 
 
1 

 



polymerisation, monomers either have hydroxyl or 
carboxyl groups/ reactants are diol or diacid)  
 
In addition polymerisation, the polymers have the same 
molecular mass as the monomers. In condensation 
polymerisation, the polymers have different molecular 
masses from the monomers. 

Either 
B8a 

The relative reactivity: 
 
Aluminium is the most reactive of the three elements 
and silicon is the least reactive of the three elements. 
Carbon is more reactive than silicon.  
 
Carbon cannot reduce aluminium from aluminium 
oxide to form aluminium metal as aluminium oxide 
remains in the silicon. Hence, carbon is less reactive 
than aluminium.  
 
From the equation, carbon reduced silicon from silicon 
dioxide to form silicon element. Hence, carbon is more 
reactive than silicon. 

 
 
 
1 
 
 
 
 
 
 
 
 
1 
 
 

Students need to note: 
students discussed about 
ease of extraction instead of 
reduction.  

Either 
B8b 
 

NOTE: since this is a 5m question, examiners will 
EXPECT AT LEAST 5 KEY POINTS.  
 
Question requirement: “ use ideas of bonding and 
structure”. Hence, you should explain BOTH for each 
oxide.  
 
Carbon monoxide is a simple covalent substance made 
up of simple, discrete molecules. A low amount of 
energy is absorbed to overcome the weak 
intermolecular forces of attraction. Hence, carbon 
monoxide has a low melting point of -205 °C and a 
boiling point of -192 °C.  
 
 
Silicon dioxide has a giant covalent lattice structure 
made up of silicon and oxygen atoms. A large amount of 
energy is absorbed to overcome the strong covalent 
bonds between silicon and oxygen ATOMS. Hence, 

 
5 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
1 
 
 

Students need to note: 
 

- Students did not 
mention both bonding 
and structure  

- Carbon monoxide was 
explained as a simple 
molecule 

- “Strong forces 
between molecules””  

 
 



silicon dioxide has a  high melting point of 1600 °C and 
a boiling point of 2230 °C.  
 
Aluminium oxide has a giant ionic lattice structure 
made up of aluminium and oxide ions. A large amount of 
energy is absorbed to overcome the strong 
electrostatic forces of attraction between aluminium 
and oxide ions.  Hence, aluminium oxide has a high 
melting point of 2000 °C and a boiling point of 2980 °C. 
 
 
Both carbon monoxide and silicon dioxide were unable to 
conduct electricity in any state as CO is a simple covalent 
substance and SiO2 is a giant covalent substance which 
both do not have any free-moving mobile electrons 
and ions to conduct electricity.  
 
Aluminium oxide is able to conduct electricity in molten 
state as there are free-moving ions not held in fixed 
positions which an conduct electricity. 
 

Carbon monoxide is a gas at r.t.p hence has low 
density, while silicon dioxide and aluminium oxide are 
solid at r.t.p hence has high density. 
 

 
 
 
 
 
1 
 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
1 
 

Either 
8c 

Mass of aluminium in a 100g of alloy  
= 2.8 x 27 
= 75.6g 

 
Maximum possible percentage by mass of silicon in alloy  
= 100% – 75.6% – 6% 
= 18.4%  
 
Minimum possible percentage by mass of silicon in alloy  
= 100% – 75.6% – 8% 
= 16.4%  
 
Hence, alloy Y has the closest percentage by mass of 
silicon between 16% – 19%.  

 
 
1 
 
 
1 
 
 
 
1 

 

Or 8a Experiment 2 is used as a control.  
 

1 
 
1 

 



There is only one factor changed in each of the other 
experiments.  

 

Or 8b You should make clear comparisons and explain collision 
theory clearly between the different experiments with 
reference to the control experiment 2. Also cite data!  
 
Comparing experiment 1 and 2, the concentration of 
iodide ions used is 0.1 mol/dm3, half that of the 
experiment 2 at 0.2 mol/dm3. Hence, with half the 
concentration, the number of reactant particles (iodide 
ions) per unit volume decreases. Hence, this 
decreases the frequency of collisions and frequency 
of effective collisions decreased. Hence, time taken 
for blue-black colour to appear increased from 27s to 
50s. Rate of reaction decreased.   
 
Comparing experiments 2 and 3, the temperature has 
doubled from 20°C to 40 °C.  When temperature 
increased, this increases the kinetic energy of iodide 
ions. This increases the frequency of collisions. 
Hence, the number of particles with energy equal to 
or greater than activation energy increased. Hence, 
this increases the frequency of effective collisions. 
Hence, time taken for blue-black colour to appear 
decreased from 27s to 15s. Rate of reaction 
increased.  
 
Comparing experiments 2 and 4, the presence of catalysts 
Cu2+ ions in experiment 4 will speed up the rate of reaction 
unlike the absence of catalyst in experiment 2. Hence, the 
catalysts provide an alternative pathway of lower 
activation energy for the reaction to occur. A higher 
number of particles have energy equal to or greater 
than activation energy. Hence, frequency of effective 
collisions increases. Hence, time taken for blue-black 
colour to appear decreased from 27s to 20s. Rate of 
reaction increased.  
 
 

5 
 
 
 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
1 

Students need to note: 
- More concentrated 

solution was not 
described was more 
iodide ions per unit 
volume  

- More collisions instead 
of increased 
frequency of 
collisions  

- [R] More number of 
collisions  

-  

Or 8c No. of moles of hydrogen peroxide used  
= 30/1000 x 0.05  

 
 

 



= 0.0015 mol  
 
No. of moles of iodide ions used (for expt 2, 3, 4) 
= 10/1000 x 0.2  
= 0.002 mol  
 
Mol ratio of I-: H2O2 = 2: 1  
 
For 0.002 mol of iodide ions used, 0.001 mol of 
hydrogen peroxide is required for reaction. However, 
there is 0.0015 mol of H2O2 and there is excess 0.0005 
mol of H2O2.  
 
Hence, iodide ions is the limiting reagent for experiments 
2, 3 and 4.  
 
OR 
 
For 0.0015 mol of hydrogen peroxide used, 0.003 mol 
of iodide ions is required for the reaction. However, 
there is only 0.002 mol of iodide ions and there is 
insufficient iodide ions for the reaction.  
 
Hence, iodide ions is the limiting reagent for experiments 
2, 3 and 4.  
 
AND 
 
No. of moles of iodide ions used (for expt 1) 
= 10/1000 x 0.1  
= 0.001 mol  
 
Mol ratio of I-: H2O2 = 2: 1  
 
For 0.001 mol of iodide ions used, 0.0005 mol of 
hydrogen peroxide is required for reaction. However, 
there is 0.0015 mol of H2O2 and there is excess 0.001 
mol of H2O2.  

 
Hence, iodide ions is the limiting reagent for experiments 
1 
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1 
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