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Part 1: Statistical Information 
 
The examination consisted of three papers namely; Paper I, consisting of 9 compulsory, 

structured questions; Paper II, which consisted of 8 longer-answer questions from which 

candidates choose 5; and Paper III, a practical examination which consisted of 3 compulsory 

questions.  Paper I and II each carried 40% of the total mark, while Paper III carried 20%.   

 

514 candidates registered for the May 2016 examination and, of these, 486 candidates presented 

themselves for the examination.  

 

The grade distribution was as shown below in Table 1. 

Table 1: Distribution of the grades awarded for MAT SEC Chemistry May 2016 

GRADE A B C D E F abs TOTAL 

NUMBER 57 91 109 78 61 90 28 514 

% OF TOTAL 11.1 17.7 21.2 15.2 11.9 17.5 5.4 100 

 

Part 2: Comments regarding performance 
 
Overall Comments 
 

The average mark obtained in Paper 1 was 7.8 percentage points higher than in Paper 2 and in 

the practical paper, the average mark was 21.5 points higher than in Paper 1. There were 28.6 % 

of candidates who got a grade A or B, which is 6.1 percentage points higher than in 2015. 

  

In the following sections, specific comments related to candidates’ performance in each question 

are given. For each item, the average mark scored and the Facility Index of the item are given. 

The Facility Index is an indication of how difficult an examination item is for the particular group of 

candidates sitting for the examination. A high Facility Index (maximum 1.0) indicates an easy item 

while a low Facility Index shows a more difficult item.  
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General Comments 

Paper 1  

This paper was attempted by 486 candidates. The average mark scored per question and the 

Facility Index of each question in Paper 1 is given in Table 2. Question 9, the question on 

polymer chemistry and question 4, the question on chemical equilibria where candidates were 

required to give an expression of the degree of dissociation proved to be the most challenging 

questions.  

 

Table 2: Average mark scored and Facility Index of questions in Paper 1 

Question  1 2 3 4 5 6 7 8 9 

Mean 5.7 5.1 5.1 4.3 6.9 6.6 5.2 5.6 3.2 

Maximum  10 10 10 12 12 13 10 12 11 

Facility Index  0.57 0.51 0.51 0.36 0.58 0.51 0.52 0.47 0.29 

 

Paper 2  

This paper was attempted by 482 candidates. Table 3 gives the average mark scored per 

question in Paper 2 together with the Facility Index and the percentage of candidates who 

attempted each question. Question 6, the question about the laboratory synthesis of paracetamol 

proved to be one of the most challenging questions and the least attempted.  The least 

challenging question and most attempted, was question 1.  

 

Table 3: Average mark scored and Facility Index of questions in Paper 2  

Question  1 2 3 4 5 6 7 8 

Mean 8.3 6.4 8.3 10.2 7.1 6.0 8.9 6.5 

Facility Index  0.41 0.32 0.41 0.51 0.36 0.30 0.44 0.32 

% of candidates who 
attempted question 71 53 83 66 61 31 83 52 

 

 

Paper 3  

This paper was attempted by 478 candidates. Table 3 gives the average mark scored per 

question in Paper 3 together with the Facility Index. Question 3, the question involving the 

identification of an organic compound, proved to be more challenging.  Question 1, which 

involved a titrimetric exercise was the least challenging question.  
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Table 4: Average mark scored and Facility Index of questions in Paper 3 

Question  1 2 3 

Mean 37.0 18.5 13.6 

Maximum  50 30 20 

Facility Index  0.74 0.62 0.68 

 

 

Part 3: Specific comments about candidates’ perform ance in each question 

 

Paper 1 

Question 1 tested chemical bonding and intra/intermolecular forces of attraction. In part (a), 

candidates were able to explain the bonding in ammonia but a number described the bonding in 

the ammonium ion as ionic (intermolecular) rather than identifying one of the four covalent bonds 

as a dative bond. Candidates fared better in parts (b) and (c).  In part (b), most candidates were 

able to deduce that the electrons would be unequally shared but they did not conclude that this 

would give rise to partial charges. In part (c), candidates often failed to mention the influence the 

lone pair has on the shape of phosphine.  In part (d), some candidates argued incorrectly that 

since tetrachloromethane had four chlorine atoms it was more polar than dichloromethane, which 

has only two chlorine atoms. Most candidates made reference to the presence of dipoles, 

however many candidates failed to mention that the lack of polarity in CCl4 is due to the fact that 

all dipoles are equal and opposite (or symmetrical). 

 

Question 2  dealt with periodic behaviour. In part (b)(i), candidates were asked to plot the melting 

points of the elements across period 3. Some have the misconception that aluminium has a 

higher melting point than silicon. Many missed that sulfur (S8) has a higher melting point than 

phosphorus (P4) due to stronger intermolecular bonding. A good number of candidates did not 

plot argon.  Some candidates incorrectly gave the sketch showing the variation in ionisation 

energies across a period. Most candidates answered part (c) correctly.  

 

Question 3  dealt with the chemistry of transition metals .  Most candidates did not adequately 

differentiate between the terms d block elements and transition metals in part (a). A d block 

element should have been defined as an element whose outermost electron is in a d sub-shell, 

whereas a transition metal is one, which forms one or more stable ions which have incompletely 

filled d orbitals. The latter definition was the one, which posed most difficulty to candidates. In part 

(b)(i), most candidates gave the correct electronic configuration of iron. However, in part (b)(ii) 

explanations on why transition metals have more than one oxidation state were in their majority 

lacking. Only a very few candidates mentioned that electrons are lost from both the 4s and 3d 
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orbitals, and that transition metals can also share the 4s and 3d electrons forming complex ions.  

In part (b)(iii), candidates gave the half-filled d subshell as the reason for the readily oxidation of 

iron(II) to iron(III) but failed to add that this configuration results in less repulsion between 

electrons. In part (c), most of the definitions given were not complete.  Many candidates gave the 

coordination number as the number of ligands surrounding the central metal ion rather than the 

number of electron pairs donated to central metal ion.  

 

Candidates found Question 4  to be very difficult.  In this question on chemical equilibria, most 

candidates gave adequate definitions for the term dynamic equilibrium. However, in part (b), 

rather than representing the reversible reaction between dinitrogen tetraoxide and nitrogen 

dioxide as N2O4 (g) ⇌ 2NO2 (g), candidates answered the question using the reverse reaction. 

The gravity of this error was accentuated in part (b)(ii) as the question specifically referred to the 

degree of dissociation. Most candidates failed to derive a correct expression for the degree of 

dissociation of dinitrogen tetraoxide. Very few candidates managed to give correct answers to 

part (c). 

 

Most candidates answered Question 5 on kinetics adequately. The part where they lost marks 

was in part (b). Candidates were asked to suggest a mechanism for the following reaction: NO2(g) 

+ CO(g)  → NO(g) + CO2(g). Many candidates failed to base their mechanism on the rate equation, 

others did not give two molecules of NO2 for the rate determining step and many failed to ensure 

that the sum of molecules in all the individual steps had to add up to the stoichiometric equation. 

 

Question 6  on enthalpy changes posed difficulty to some candidates.  In part (a), candidates 

defined the term spontaneous as being a reaction that occurs under a given set of conditions 

without intervention. Although such an answers is essentially correct, a more apt answer would 

have been that the reaction has a negative Gibbs free energy.  In part (b), some failed to realize that 

the units for ∆H were in kJ mol–1 while those for ∆S where in J K–1 mol–1 rather than in kJ K–1mol–1 

and hence got part of the calculation incorrect. Most answers to part (c) were correct. In part 

(d)(i), candidates were asked to plot a temperature-time graph for the neutralization reaction from 

given data. A very common mistake was the joining of the point just before mixing to the point 

after mixing. Only a few candidates used the extrapolation method to calculate the increase in 

temperature. In part (d)(ii), candidates were asked to calculate the standard enthalpy of 

neutralization using the temperature change obtained from the plot. Some made the mistake of 

converting the temperature change into Kelvin. In part (c), some candidates recognized the fact 

that CH3COOH was a weak acid but argued incorrectly that there will be less H3O
+ ions reacting 

and therefore less heat is released. 
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Question 7  dealt with the chemistry of alkenes. Candidates found difficulty in naming the given 

organic molecule. In part (b)(ii), candidates were asked to give the mechanism for the reaction of 

HBr with compound A, which was an unsymmetrical alkene. Some common mistakes in the 

mechanism were: no partial charges shown on HBr; direction of arrows was reversed; an 

incorrect carbocation intermediate and the use of half arrows rather than full headed arrows. In 

part (b)(iii), some candidates just defined Markovnikov's rule and stopped there. They made no 

reference to the carbocation intermediates formed and their relative stability.  

 

A number of candidates found difficulty in parts (a), (b) and (c) of the organic preparative scheme 

given in Question 8 .  A number of candidates did not attempt the question, whilst others gave 

inaccurate structures in part (b), and subsequently incorrect regents (I to IV) in part (c). Part (d) 

examined the candidates' knowledge on optical isomerism. In general, candidates performed well 

in this part. In part (d), some candidates did not recognize that G had a chiral centre and gave, 

incorrectly, some type of structural isomerism, more commonly positional.  However, in part (d)(iii) 

although many candidates correctly expressed that enantiomers can be distinguished from each 

other by rotating the plane of plane polarised light, only a few candidates stated that the plane of 

plane polarized light will rotate in a clockwise or anticlockwise manner (or in opposite directions). 

 

Most candidates did not attempt Question 9  on the chemistry of organic polymers.  Only a few 

candidates gave the correct molecular structure of the monomers of both polymers A and B in 

part (a) and subsequently the correct mechanism for the production of polymer B from its 

monomer.  

Notwithstanding, a notable number of candidates identified polymer A as having an 

environmental advantage, namely because it is a biodegradable polymer containing an ester 

linkage which is readily hydrolysed. Answers to part (d) were also suitable. 

 

Paper 2 

Question 1  tested candidates on their knowledge of various concepts.  

a) Many candidates failed to give a complete explanation on how hydrogen is industrially 

prepared from methane, either giving wrong chemical equations or not listing the proper 

catalysts that are required. The reaction conditions were often mistaken or presented as 

incomplete in this part of the question. Silicon hydrides were frequently described as giant 

molecular compounds.  The relationship between the intermolecular bonding and the 

physical state was not always clarified appropriately. 

b) The notion of adsorption was not commonly mentioned as was the fact that following 

adsorption, molecules are effectively brought closer together to facilitate the reaction.  
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c) Candidates scored relatively well in the calculation for the molar mass of gas C, with the 

major mistake being the interpretation of 1060 g m-3 as density and how it fits into the ideal 

gas equation. At times, the justification for the identification of ethyne was incomplete. 

 

Question 2  was about various aspects of inorganic chemistry.  

a) In general, the candidates were not able to identify the correct oxidation state for carbon in 

aluminium carbide. 

b) Overall, the responses to this question covered a number of correct points, however, it was 

often the case that candidates switched the two lead chlorides and attributed the 

characteristics of one to the other. 

c) In general, the response to this question was good.  Most candidates gave a correct 

structure and oxidation numbers for the thiosulfate anion.  The notion of the 

disproportionation of thiosulfate ions on reaction with iodine was rarely featured in the 

candidates’ responses to part (c ii), however, most candidates hinted towards the stronger 

oxidative power of chlorine when compared to iodine.  

d) Very poor responses resulted for this part of the question.  Often, candidates gave the 

incorrect dot-and-cross diagram and failed to show the molecule as a free radical. 

e) It is clear that most candidates do not recognize this reaction as an acid-base reaction and 

most did not acknowledge the request for an involatile acid such as concentrated sulfuric(VI) 

acid. 

 

Question 3  tested the candidates’ knowledge of ionic equilibria.  

a) Most responses were not comprehensive enough to explain the significance of each part of 

the graph.  For example, very few candidates explained that the initial decrease in 

conductivity is due to the replacement of the highly conductive H+ ions with the ions of the 

salt. 

b) Most candidates gave a good explanation of the pH curve for the titration between a weak 

base and a strong acid, although some mistakenly gave the graph where the base was the 

titrant.  Many candidates were able to identify the correct indicator and relate it to its ability to 

change colour at the equivalence point of this particular titration. 

c) Candidates scored positively in parts (i) and (ii) of this question, with most errors often being 

mathematical.  However, in the third part, candidates did not explain fully the relevance of 

the amphoteric nature of the HCO3
- ion in giving the ability of sea water to act as a buffer. 

 

In Question 4 candidates were required to explain a number of questions on organic chemistry.  
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a) Most candidates were able to successfully explain a method with which to discern between 

the two alkynes.  Often, responses were incomplete as the candidates did not see through 

the whole argument to explain how only terminal alkyne react with ammoniacal silver nitrate 

or ammoniacal copper(I) chloride.  

b) Most responses identified the lack of hydroxyl and carbonyl group, however, most 

candidates did not recognize the presence of a symmetrical ether, even though the 

iodomethane product was identified. 

c) Candidates scored high marks in this part as they understood the necessity of processing 

part of the diazonium compound to prepare phenol and react this product with the remaining 

diazonium compound. 

d) Most marks lost in this question were due to incomplete presentation of reaction conditions, 

incorrect reactant or product for the preparation of the Grignard reagent.  On the other hand, 

candidates scored high marks when depicting the reactions between the Grignard reagent 

and of various carbonyl compounds to prepare primary, secondary and tertiary alcohols. 

 

Question 5 presented the mass spectra of two unknown unsaturated hydrocarbons together with 

details on how they react with common reagents.  

The first part of the question required candidates to identify the two compounds providing 

reasoning. While a good number of candidates correctly identified one compound (C) as buta-1, 

3-diene, a fair number of candidates failed to recognise the compound (B) as benzene. Aliphatic 

unsaturated compounds were often given despite the question specifically stating that B does not 

decolourise acidified manganate(VII) solution. Candidates were subsequently unable to correctly 

account for and differences between the experimental enthalpy of combustion values and the 

ones they had previously derived. Many suggested heat losses instead of identifying enhanced 

stability due to resonance stabilisation. 

When asked to propose a reason why hydrocarbons B and C react very differently, the majority 

failed to acknowledge the resonance stability of buta-1,3-diene, and moreover failed to mention 

the much greater stabilisation of benzene.  

 

Question 6 asked questions related to the laboratory preparation of paracetamol. 

Relatively few candidates chose this question.  Candidates were asked to identify reagents and 

intermediate products in a given scheme, and to provide chemical equations when necessary. 

When asked to identify which isomer of nitrophenol had a higher boiling point, a number of 

candidates mistakenly answered 2-nitrophenol instead of 4-nitrophenol. Most candidates 

answered correctly, stating that 4-nitrophenol undergoes intermolecular hydrogen bonding while 

2-nitrophenol undergoes intramolecular hydrogen bonding. However, very few candidates 

elaborated on how this affects the attraction between the different molecules. 
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Question 7 which dealt with steam distillation, was chosen by most of the candidates. 

a)  When asked to explain how it works and when the technique is most useful, many 

candidates failed to mention that it is applicable for a mixture of immiscible liquids with water. 

A number of candidates also mistakenly described the set-up of fractional distillation instead. 

A set of conditions concerning the steam distillation of quinoline was presented and 

candidates were asked to calculate the mass of quinoline obtained in 100 g of distillate. Very 

few succeeded in providing a calculation which gave the correct value. 

b) When asked to explain what is meant by ideal mixtures, marks were often lost as candidates 

failed to state that ideal mixtures obey Raoult’s Law. 

c) Candidates fared well when asked to calculate the molarity of an intravenous glucose 

solution that matches the osmotic pressure of blood. 

 

Question 8 consisted of three parts each dealing with the chemistry of transition metals.  

a) The first part required candidates to explain through appropriate chemical reactions the 

oxidation of MnO2 to a green solid and its subsequent disproportionation under neutral or 

acidic conditions. Candidates struggled with this recall question and often failed to give a 

correct description of the conditions required for oxidation. 

b) The second part described the formation of a precipitate from the addition of sodium 

carbonate solution to chromium(III) nitrate solution. A good number of candidates provided a 

comprehensive answer through appropriate chemical reactions while some described the 

formation of a carbonate despite being explicitly stated in the script that the resulting 

precipitate is not a carbonate. 

c) The last part described a reaction scheme starting from an unknown compound containing 

iron, oxygen and carbon. Candidates were asked to identify all the compounds involved and 

to give all relevant balanced chemical equations. Marks were repeatedly lost as a number of 

candidates provided unbalanced equations. The starting reagent was often given as iron(II) 

carbonate instead of iron(II) ethanedioate. Other common mistakes included the incorrect 

identification of the two colourless, odourless gases F and G, given off when the starting 

material is heated.  F was frequently identified as carbon dioxide while G was often identified 

as oxygen or even water. Candidates did not consider the fact that F burns with a blue flame 

and failed to provide a chemical equation for its combustion. 

The vast majority of candidates incorrectly identified the orange solution K, which is 

decolourised in the presence of an iron(II) solution to produce a light brown solution, as 

potassium dichromate(VI) instead of aqueous bromine solution. 

 

 



AM EXAMINERS’ REPORT MAY 2016 

 10 

Paper 3 

Question 1 required candidates to carry out two sets of titrations. A good number of candidates 

acquired full marks while the titre values of a few were slightly inaccurate. In general, recorded 

values were very concordant.  

The last part of this question required candidates to identify the metal ion in the ethanedioate salt, 

by using values obtained from the two titrations and values derived from subsequent calculations. 

This was the most challenging part of Question 1 and was not attempted by some. 

 

Question 2  concerned the qualitative analysis of an inorganic substance. Marks were lost mainly 

in the inference parts of the question due to incorrect explanations or missing information. Some 

candidates did not relate the brown colour of the solution, at least, to the presence of a transition 

metal cation. Most candidates successfully identified the presence of the Fe3+ cation in the salt 

due to the presence of the brown precipitate with NaOH and NH3. Few, however, identified that 

an alkaline gas was evolved on heating with NaOH and hence did not identify the presence of the 

NH4
+ ion. 

Parts d to g were confirmatory tests for the Fe3+ cation and most candidates performed well 

although some lost marks due to incomplete inferences. Again, most candidates managed to 

identify the presence of sulfate(VI) ions in salt X.  

 

Question 3  concerned the qualitative analysis of an unknown organic solid which candidates had 

to identify as having a carboxylic acid functional group and a phenyl ring with a hydroxyl group 

attached directly to the ring. In general, candidates did not perform well in this question.  Many 

candidates gave good observations but then failed to give complete inferences.  Most candidates 

failed to realize the presence of an aromatic carboxylic acid from the observation that the solid 

was insoluble in cold water but dissolved on heating, producing an acidic colorless solution. Most 

candidates performed better in parts c to e although many failed to mention that the white 

precipitate obtained on addition of bromine was 2,4,6-tribromophenol. 

 

Chairperson 
2016 Examination Panel 
 


