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Part 1: Statistical Information

The examination consisted of three papers namely, Paper I, containing 8 compulsory  structured 

questions, Paper II, which contained 8 longer-answer questions from which students choose 5 and Paper 

III, a practical examination which contained 3 compulsory questions.  Paper I and II each carried 40% of 

the total mark and Paper III carried 20%.  

Four hundred and forty eight students registered for the May 2013 examination and, of these, 434 

candidates presented themselves for examination. 

The grade distribution was as shown below. 

GRADE A B C D E F Abs Total
Number 43 81 124 66 54 66 14 448
% of Total 9.60 18.08 27.68 14.73 12.05 14.73 3.13 100

The average mark obtained in Paper 1 was 5 percentage points higher than in Paper 2 and in the 

practical paper, the average mark was 2 points higher than in Paper 1. There were 277 % of candidates 

who got a grade A or B, which is 1.2 percentage points higher than in the 2012.

Detailed discussion of each of the questions in the examination is given below. This should be read in 

conjunction with the examination papers.
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Part 2: Comments regarding candidate’s performance

Paper I

In Question 1, on the nucleus and atomic mass, the average mark obtained was of 6/10. The first part of 

this question was answered correctly by the majority of the students. However, there was a significant 

number who defined nucleon number as the number of protons and electrons. The majority of the 

students answered this well by giving correct answers for both the term isotope and mass number. Many 

of the students gave appropriate answers to explain the RAM of magnesium in terms of relative 

abundance. Most candidates gave the basic shape of a mass spectrometer and also lebelled it well. 

However, the many students seemed to have a superficial knowledge of the workings of the mass 

spectrometer.

Question 2 was about the equilibrium:

H2(g) + I2(g) 2HI(g)

 The average mark was 9/12 and therefore in general this question was very well answered. Most 

students lost marks in this question through the inability to perform the calculation. This involved the 

calculation of the concentration of HI at equilibrium having been given information about the initial 

concentrations of the reagents. Problems with such calculations have been of concern for a number of 

years.

The average mark in Question 3 was approximately 8/11. Most candidates calculated the enthalpy 

change of reaction correctly. However, there are still some students who are approaching this 

examination with weaknesses in basic mathematics. In general, the calculation of this problem involving 

the relationship between the volume of gass and number of moles, was performed correctly. However, a 

large number of candidates used 1 g as the molecular mass of H2. Most candidates gave an appropriate 

explanation of why a double bond does not have twice the bond energy of a single bond. Whilst the 

question about the catalysis of hydrogenation of the alkene was generally well answered, some students 

over elaborated the mechanistic details. 

Question 4 was about the elements Na, Mg and Al, their ions and compounds was reasonably well 

answered. The average amrk obtained was 8.5 marks from the 13 available. The vast majority of the 

candidates realised that the ions of the elements are isoelectronic. There was widespread knowledge  of 

the atomic number of the elements in questions and also the electronic configuration of the elements and 
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ions. In explaining the trend in ionic radius of the ion, many students failed to mention the increasing 

nuclear charge in their answer. Most candidates seemed to recognise the fact that Ionisation Energies 

increase across the period. However, a large proportion of the students failed to mention the decrease in 

IE for Al, or if they did they gave an erroneous explanation. The majority of the students knew that ionic 

character of the chlorides of the elements decreases and covalent character increases across a period. 

The majority explained it correctly in terms of polarizing power of the small highly charged Al3+, which 

polarises the large anion.

The average mark in Question 5 was a disappointing 4/10. Notably; many students fared poorly in 

discussing the change in strength of the metallic bond on descending a group and also in discussing the 

thermal stability of carbonates of elements in group 2.

The average mark in Question 6 was approximately 6/11. This question was about the chemistry of 

group 7 elements. Most of the marks were lost in part (c) and (d). In part (c), where students were asked 

to give a balanced equation about the thermal degradation of an aqueous solution containing  

hypochlorite ions, chlorate(V) was not given as one of the products. In part (d), most of the students did 

not mention that in the presence of KI, iodine forms the triiodide ion.

Question 7 was about lactic acid, its reactions and also chirality. The average mark was approximately 

9/14. Most of the students performed well in part (a) to (f), however there were difficulties encountered in 

part (g) where the candidates were asked about the conversion of pyruvic acid to lactic acid. The part 

about the laboratory synthesis of preparation of pyruvic acid from lactic acid was particularly poorly 

answered.

In question 8, the average mark obtained by students was approximately 10/19. Most of the candidates 

performed well in parts (a) to (d), however some marks were lost in part (c), since most of the candidates 

did not give the equations showing the formation of triiodomethane from the reaction of the methylketone 

with iodine in the presence of sodium hydroxide. Most of the marks in this question were lost in part (f), 

were some candidates did not show the formation of the carbocation and the transfer of electrons for the 

reaction was not done correctly.

Paper II

Question 1 was answered by 329 of the 434 students who sat for the paper. The average mark out of 20 

obtained by the students was of 13.5.

Most candidates worked out correctly part a.  Some candidates had difficulties in working the percentage 

of the acid that dissociates.  Most candidates managed to work out the concentration of H3O
+ but then 

failed to complete the calculation and find the percentage dissociation of the acid. Few candidates 
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obtained full marks in this question. Some candidates did not realize that they were required to calculate 

the concentrations of the acid and the salt in order to work out the pH of the buffer.  Other candidates 

assumed incorrectly that the concentration of H+ is equivalent to the concentration of the conjugate base. 

Some candidates failed to explain that the solution in part b was a buffer.   Others gave an incomplete 

explanation of how buffers resist changes in pH on addition of small amounts of acid and alkali.

Question 2 was answered by 44% of the candidates who sat for the paper. The average mark out of 20 

obtained by the students was of 9.8.  Most candidates gave correct rate expressions in part a. Few 

candidates obtained full marks in part b.  From those candidates that gave correct mechanisms, some did 

not depict the electron transfer between the atoms with arrows, which is essential in a mechanism and 

therefore lost some marks.  Others confused the terms transition state and intermediate while others gave 

an SN2 mechanism for the tertiary haloalkane and an SN1 mechanism for the primary haloalkane. In part 

c, very few candidates gave a correct explanation.  Explanations of the SN1 mechanism in terms of the 

weakening of the C-Cl bond rather than the stabilization of the carbocation were considered to be 

incorrect. A variety of answers were given in part d. Marks were given to important steps, such as 

identifying the ion that had to be followed during the experiment, regular timed sampling, quenching in 

experiments that required a titration and the plotting of a graph. Few candidates realized that only the 

aliphatic C-Cl bond is broken.  Fewer candidates gave a correct reason as to why this happens.

The percentage of students answering Question 3 was 80% of the cohort. Most candidates gave correct 

answers to the questions in part a.  Some candidates gave a definition for osmosis in terms of a 

movement of water molecules from a high concentration of water to a lower concentration of water.  This 

was considered to be incorrect.  Marks were also deducted when the candidates did not include the 

action of the semipermeable membrane in the explanation. Nearly all the candidates worked out the 

empirical formula correctly. Most candidates worked out part c correctly.  A common mistake was the 

incorrect conversion of the volume from cm3 to m3.

Question 4 was answered by 73% of the candidates sitting for the examination. In part a, some 

candidates explained the difference in physical properties in terms of the strength of the covalent bond 

rather than the difference between the weak intermolecular bonding in CO2 when compared to the 

covalent bonding in the macromolecular SiO2 molecule.

Very few candidates obtained full marks in part b.  Many candidates explained the difference in terms of 

the ability of phosphorus to expand its octet but then failed to explain why phosphorus can expand its 

octet. A minority of candidates gave a complete explanation to part c.  Most candidates failed to mention 

that oxygen is more electronegative then sulfur and hence water will form stronger intermolecular bond 

(hydrogen bonding) when compared to hydrogen sulfide. Most candidates gave correct explanations in 

part d.  Explanations in terms of difference in entropy on the formation of X- (aq) ion were also accepted.  
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Some candidates gave correct explanations to the statement but then failed to mention that the higher Ka 

value for HI means that it is a stronger acid than HF. In part e, many candidates gave correct answers 

although fewer candidates gave a complete explanation.  Very few candidates mentioned that both 

ammonia and the ammonium ion are tetrahedral with respect to the electrons and that the lone pair 

generates more repulsion than the bonding pair.

The number of students who opted to answer Question 5 was 189 out of the cohort of 434 who sat for 

the examination. The average mark was approximately 8.5 out of a total of 20. Several students failed to 

mention the main characteristics of benzene to justify its lack of reactivity with respect to addition 

reactions typical of unsaturated compounds. In part b, While students recognised the necessity to disrupt 

the delocalised system to form cyclohexadiene, in general, the difference between the formation of the 

diene and the following two additions was not emphasised. Most students showed correct conditions for 

the hydrogenation of benzene. In general, students recognised the non-reactivity of benzene and 

cyclohexane but then failed in providing correct addition structures for the diene and alkene.  In several 

cases, HBr was shown to add across the double bond instead of Br2. Students gave mistaken responses 

to part c as they attempted to describe visible differences in each case and did not describe the difference 

in their interaction with reagents (e.g. that nitrobenzene reacts with one mole of bromine water while 

phenylamine reacts with three moles).

The average mark in Question 6 was approximately 8.5 out of the possible 20 and 53 % of the cohort 

opted to answer this question. In part a, the majority of students failed to outline the reagent and condition 

requirement specific to each step, while the reaction pathways were generally correct. The main error in 

part b was generally related to the preparation of the diazonium compound and subsequent conversion 

into the nitrile.  Several responses attempted to show an alternative route. In part c, the great majority of 

marks were lost due to incorrect conditions and reagents used.  Reaction pathways were generally 

correct although equation balancing caused some mark losses. Most responses to part d were correct.  

Marks were lost for incomplete conditions.

The percentage of candidates who opted to answer Question 7 was 56 %. The average mark was 

approximately 10 out of the 20 available. In part a, most responses were erroneously based on the 

premise that the iodoform test would distinguish between the chloroethanoic acid and ethanoyl chloride.  

However, the latter would hydrolyse and is not able to follow the iodoform test. In part b, the use of 

indicative oxidising agent or the application of Lucas test was generally illustrated and this earned marks 

for most candidates. A number of alternative responses were allowed for part c and the majority of 

candidates achieved at least a partially correct answer. In the answers to part c, it would appear that the 

addition of neutral iron (III) chloride solution is more popular with candidates as a means of distinguishing 

between phenol and phenylmethanol.  However, candidates failed to describe the test correctly or 
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showed incomplete conditions and observations. Most candidates gave, an incomplete response to part 

c.  While recognising that the vicinity of the functional groups leads to reactivity, several candidates did 

not acknowledge the actual difference in outcome, that is the release of a water molecule in the case of 

the ortho-phthalic acid.  Hence, they could not describe a discriminatory method between the two acids.

Question 8 attracted responses from 75% of the cohort and an average mark of approximately 9/20 was 

obtained. In general, candidates underestimated the extent of detail required. While questions were 

leading candidates in supplying the required response, candidates tended to provide over-simplified 

answers throughout this question.

In part a, some candidates defined homogenous and heterogenous catalysis correctly, few candidates 

provided correct examples. Part b was one part which was answered well.  Generally, marks were lost 

here due to incomplete answers rather than incorrect ones.  For example, definitions were supplied 

correctly but candidates failed to provide examples in each case. Responses to part c were poor. 

Candidates failed to underline that higher oxidation states act as oxidizing agents and vice versa.  

Examples given were in most cases not applicable to the definition being given. In part d, most 

candidates identified the requirement for an incomplete d-subshell atom or ion to be recognized as a 

transition metal.  However, several erroneous responses were provided in illustrating the electronic 

configuration for the two copper ions and also in showing differences between the two ions.

Paper III

This practical paper contained three compulsory questions, namely Q 1 on volumetric analysis and Qs 2 

and 3 on the qualitative analysis of inorganic and organic substances respectively. 

The average mark in Question 1 was approximately 29/50. The majority of marks were lost in the 

practical results rather than those obtained through calculation.  

In Question 2, the average mark was 14.5/20. Most of the candidates recognised the presence of Ni 2+

and Cu2+ in the early stages. They answered in the wrong sections. That is where they should have been 

testing for nickel they gave answers pertaining to copper and vice versa. It is believed is that the majority 

of the candidates didn’t filter and wash the residue properly. 

In Question 3, the average mark was approximately 16.5/20. Most of the marks were lost on giving 

incomplete inferences.

Chairperson

2013 Examination Panel
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Part 1: Statistical Information



The examination consisted of three papers namely, Paper I, containing 8 compulsory  structured questions, Paper II, which contained 8 longer-answer questions from which students choose 5 and Paper III, a practical examination which contained 3 compulsory questions.  Paper I and II each carried 40% of the total mark and Paper III carried 20%.  



Four hundred and forty eight students registered for the May 2013 examination and, of these, 434 candidates presented themselves for examination. 



The grade distribution was as shown below. 



		GRADE

		A

		B

		C

		D

		E

		F

		Abs

		Total



		Number

		43

		81

		124

		66

		54

		66

		14

		448



		% of Total

		9.60

		18.08

		27.68

		14.73

		12.05

		14.73

		3.13

		100









The average mark obtained in Paper 1 was 5 percentage points higher than in Paper 2 and in the practical paper, the average mark was 2 points higher than in Paper 1. There were 277 % of candidates who got a grade A or B, which is 1.2 percentage points higher than in the 2012.

 

Detailed discussion of each of the questions in the examination is given below. This should be read in conjunction with the examination papers.




Part 2: Comments regarding candidate’s performance



Paper I



In Question 1, on the nucleus and atomic mass, the average mark obtained was of 6/10. The first part of this question was answered correctly by the majority of the students. However, there was a significant number who defined nucleon number as the number of protons and electrons. The majority of the students answered this well by giving correct answers for both the term isotope and mass number. Many of the students gave appropriate answers to explain the RAM of magnesium in terms of relative abundance. Most candidates gave the basic shape of a mass spectrometer and also lebelled it well. However, the many students seemed to have a superficial knowledge of the workings of the mass spectrometer.

Question 2 was about the equilibrium:



H2(g) + I2(g) 2HI(g)



 The average mark was 9/12 and therefore in general this question was very well answered. Most students lost marks in this question through the inability to perform the calculation. This involved the calculation of the concentration of HI at equilibrium having been given information about the initial concentrations of the reagents. Problems with such calculations have been of concern for a number of years.



The average mark in Question 3 was approximately 8/11. Most candidates calculated the enthalpy change of reaction correctly. However, there are still some students who are approaching this examination with weaknesses in basic mathematics. In general, the calculation of this problem involving the relationship between the volume of gass and number of moles, was performed correctly. However, a large number of candidates used 1 g as the molecular mass of H2. Most candidates gave an appropriate explanation of why a double bond does not have twice the bond energy of a single bond. Whilst the question about the catalysis of hydrogenation of the alkene was generally well answered, some students over elaborated the mechanistic details. 





Question 4 was about the elements Na, Mg and Al, their ions and compounds was reasonably well answered. The average amrk obtained was 8.5 marks from the 13 available. The vast majority of the candidates realised that the ions of the elements are isoelectronic. There was widespread knowledge  of the atomic number of the elements in questions and also the electronic configuration of the elements and ions. In explaining the trend in ionic radius of the ion, many students failed to mention the increasing nuclear charge in their answer. Most candidates seemed to recognise the fact that Ionisation Energies increase across the period. However, a large proportion of the students failed to mention the decrease in IE for Al, or if they did they gave an erroneous explanation. The majority of the students knew that ionic character of the chlorides of the elements decreases and covalent character increases across a period. The majority explained it correctly in terms of polarizing power of the small highly charged Al3+, which polarises the large anion.



The average mark in Question 5 was a disappointing 4/10. Notably; many students fared poorly in discussing the change in strength of the metallic bond on descending a group and also in discussing the thermal stability of carbonates of elements in group 2.



The average mark in Question 6 was approximately 6/11. This question was about the chemistry of group 7 elements. Most of the marks were lost in part (c) and (d). In part (c), where students were asked to give a balanced equation about the thermal degradation of an aqueous solution containing  hypochlorite ions, chlorate(V) was not given as one of the products. In part (d), most of the students did not mention that in the presence of KI, iodine forms the triiodide ion.



Question 7 was about lactic acid, its reactions and also chirality. The average mark was approximately 9/14. Most of the students performed well in part (a) to (f), however there were difficulties encountered in part (g) where the candidates were asked about the conversion of pyruvic acid to lactic acid. The part about the laboratory synthesis of preparation of pyruvic acid from lactic acid was particularly poorly answered.



In question 8, the average mark obtained by students was approximately 10/19. Most of the candidates performed well in parts (a) to (d), however some marks were lost in part (c), since most of the candidates did not give the equations showing the formation of triiodomethane from the reaction of the methylketone with iodine in the presence of sodium hydroxide. Most of the marks in this question were lost in part (f), were some candidates did not show the formation of the carbocation and the transfer of electrons for the reaction was not done correctly.



Paper II



Question 1 was answered by 329 of the 434 students who sat for the paper. The average mark out of 20 obtained by the students was of 13.5.



Most candidates worked out correctly part a.  Some candidates had difficulties in working the percentage of the acid that dissociates.  Most candidates managed to work out the concentration of H3O+ but then failed to complete the calculation and find the percentage dissociation of the acid. Few candidates obtained full marks in this question. Some candidates did not realize that they were required to calculate the concentrations of the acid and the salt in order to work out the pH of the buffer.  Other candidates assumed incorrectly that the concentration of H+ is equivalent to the concentration of the conjugate base. Some candidates failed to explain that the solution in part b was a buffer.   Others gave an incomplete explanation of how buffers resist changes in pH on addition of small amounts of acid and alkali.



Question 2 was answered by 44% of the candidates who sat for the paper. The average mark out of 20 obtained by the students was of 9.8.  Most candidates gave correct rate expressions in part a. Few candidates obtained full marks in part b.  From those candidates that gave correct mechanisms, some did not depict the electron transfer between the atoms with arrows, which is essential in a mechanism and therefore lost some marks.  Others confused the terms transition state and intermediate while others gave an SN2 mechanism for the tertiary haloalkane and an SN1 mechanism for the primary haloalkane. In part c, very few candidates gave a correct explanation.  Explanations of the SN1 mechanism in terms of the weakening of the C-Cl bond rather than the stabilization of the carbocation were considered to be incorrect. A variety of answers were given in part d. Marks were given to important steps, such as identifying the ion that had to be followed during the experiment, regular timed sampling, quenching in experiments that required a titration and the plotting of a graph. Few candidates realized that only the aliphatic C-Cl bond is broken.  Fewer candidates gave a correct reason as to why this happens.



The percentage of students answering Question 3 was 80% of the cohort. Most candidates gave correct answers to the questions in part a.  Some candidates gave a definition for osmosis in terms of a movement of water molecules from a high concentration of water to a lower concentration of water.  This was considered to be incorrect.  Marks were also deducted when the candidates did not include the action of the semipermeable membrane in the explanation. Nearly all the candidates worked out the empirical formula correctly. Most candidates worked out part c correctly.  A common mistake was the incorrect conversion of the volume from cm3 to m3.	



Question 4 was answered by 73% of the candidates sitting for the examination. In part a, some candidates explained the difference in physical properties in terms of the strength of the covalent bond rather than the difference between the weak intermolecular bonding in CO2 when compared to the covalent bonding in the macromolecular SiO2 molecule.

Very few candidates obtained full marks in part b.  Many candidates explained the difference in terms of the ability of phosphorus to expand its octet but then failed to explain why phosphorus can expand its octet. A minority of candidates gave a complete explanation to part c.  Most candidates failed to mention that oxygen is more electronegative then sulfur and hence water will form stronger intermolecular bond (hydrogen bonding) when compared to hydrogen sulfide. Most candidates gave correct explanations in part d.  Explanations in terms of difference in entropy on the formation of X- (aq) ion were also accepted.  Some candidates gave correct explanations to the statement but then failed to mention that the higher Ka value for HI means that it is a stronger acid than HF. In part e, many candidates gave correct answers although fewer candidates gave a complete explanation.  Very few candidates mentioned that both ammonia and the ammonium ion are tetrahedral with respect to the electrons and that the lone pair generates more repulsion than the bonding pair.



The number of students who opted to answer Question 5 was 189 out of the cohort of 434 who sat for the examination. The average mark was approximately 8.5 out of a total of 20. Several students failed to mention the main characteristics of benzene to justify its lack of reactivity with respect to addition reactions typical of unsaturated compounds. In part b, While students recognised the necessity to disrupt the delocalised system to form cyclohexadiene, in general, the difference between the formation of the diene and the following two additions was not emphasised. Most students showed correct conditions for the hydrogenation of benzene. In general, students recognised the non-reactivity of benzene and cyclohexane but then failed in providing correct addition structures for the diene and alkene.  In several cases, HBr was shown to add across the double bond instead of Br2. Students gave mistaken responses to part c as they attempted to describe visible differences in each case and did not describe the difference in their interaction with reagents (e.g. that nitrobenzene reacts with one mole of bromine water while phenylamine reacts with three moles).



The average mark in Question 6 was approximately 8.5 out of the possible 20 and 53 % of the cohort opted to answer this question. In part a, the majority of students failed to outline the reagent and condition requirement specific to each step, while the reaction pathways were generally correct. The main error in part b was generally related to the preparation of the diazonium compound and subsequent conversion into the nitrile.  Several responses attempted to show an alternative route. In part c, the great majority of marks were lost due to incorrect conditions and reagents used.  Reaction pathways were generally correct although equation balancing caused some mark losses. Most responses to part d were correct.  Marks were lost for incomplete conditions.



The percentage of candidates who opted to answer Question 7 was 56 %. The average mark was approximately 10 out of the 20 available. In part a, most responses were erroneously based on the premise that the iodoform test would distinguish between the chloroethanoic acid and ethanoyl chloride.  However, the latter would hydrolyse and is not able to follow the iodoform test. In part b, the use of indicative oxidising agent or the application of Lucas test was generally illustrated and this earned marks for most candidates. A number of alternative responses were allowed for part c and the majority of candidates achieved at least a partially correct answer. In the answers to part c, it would appear that the addition of neutral iron (III) chloride solution is more popular with candidates as a means of distinguishing between phenol and phenylmethanol.  However, candidates failed to describe the test correctly or showed incomplete conditions and observations. Most candidates gave, an incomplete response to part c.  While recognising that the vicinity of the functional groups leads to reactivity, several candidates did not acknowledge the actual difference in outcome, that is the release of a water molecule in the case of the ortho-phthalic acid.  Hence, they could not describe a discriminatory method between the two acids.



Question 8 attracted responses from 75% of the cohort and an average mark of approximately 9/20 was obtained. In general, candidates underestimated the extent of detail required. While questions were leading candidates in supplying the required response, candidates tended to provide over-simplified answers throughout this question.

In part a, some candidates defined homogenous and heterogenous catalysis correctly, few candidates provided correct examples. Part b was one part which was answered well.  Generally, marks were lost here due to incomplete answers rather than incorrect ones.  For example, definitions were supplied correctly but candidates failed to provide examples in each case. Responses to part c were poor. Candidates failed to underline that higher oxidation states act as oxidizing agents and vice versa.  Examples given were in most cases not applicable to the definition being given. In part d, most candidates identified the requirement for an incomplete d-subshell atom or ion to be recognized as a transition metal.  However, several erroneous responses were provided in illustrating the electronic configuration for the two copper ions and also in showing differences between the two ions.



Paper III



This practical paper contained three compulsory questions, namely Q 1 on volumetric analysis and Qs 2 and 3 on the qualitative analysis of inorganic and organic substances respectively. 



The average mark in Question 1 was approximately 29/50. The majority of marks were lost in the practical results rather than those obtained through calculation.  



In Question 2, the average mark was 14.5/20. Most of the candidates recognised the presence of Ni 2+ and Cu2+ in the early stages. They answered in the wrong sections. That is where they should have been testing for nickel they gave answers pertaining to copper and vice versa. It is believed is that the majority of the candidates didn’t filter and wash the residue properly. 



In Question 3, the average mark was approximately 16.5/20. Most of the marks were lost on giving incomplete inferences.
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