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MATSEC EXAMINATION BOARD
ADVANCED MATRICULATION CHEMISTRY

MAY 2011

EXAMINERS’ REPORT 

The examination consisted of three papers namely, Paper I, containing 9 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 seventy two students (down from 525 in 2010) registered for the May 
2011 examination  and, of these, 446 candidates presented themselves for examination.

The grade distribution was as shown below.

Grade A B C D E F Absent
No. of 
candidates

45 50 149 60 50 92 26

% Candidates 9.5 10.6 31.6 12.7 10.6 19.5 5.5

This year, 1.3% more candidates passed the examination although the percentage of 
candidates scoring a grade B or better was 3.1% less than in 2010.  Contrary to previous 
years,  the average mark obtained by candidates in Paper 1 was only slightly higher (0.8%) 
than that in Paper 2; the average mark obtained in the practical paper was approximately 
4% higher than the mark for Paper 1.

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

Paper I

Question (Q) 1, on ionization energies and electronic configuration, was answered well, 
generally: students experienced difficulties mainly in drawing the sketch graph in (a)(ii) 
and deciding and/or explaining the trend in ionic sizes in part b(ii).  Students do not seem 
to appreciate that when carbonic acid ionizes in solution, it does so sequentially: most 
answers to part (c)(i) showed the equilibrium as follows (which was awarded partial not 
full credit): H2CO3  +  2 H2O   2 H3O+  +  CO32-.  In part (c)(ii), the bond angles in planar 
triangular carbonate ion are equal because of equal inter-electronic repulsion effects (and 
not because of hybridization).

Q 3, on the equilibrium law, was generally answered fairly well by most candidates; 
however, in part (c), only a handful could draw correctly the sketch graph showing relative 
concentration profiles.

In Q 4, on the chemistry of inorganic hydrides, a good number of candidates could not 
answer correctly part (b) on the reason why a solution of HCl in hexane does not conduct 
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electricity, many stating that this is because ‘hexane is insoluble in water’. Is the high 
aqueous solubility of HCl the reason for the good conductivity of the solution?

Q 5 was on the chemistry of nitrogen and its compounds and candidates struggled 
considerably with this question.  In part (b),  answers were generally incomplete and they 
were particularly poor for part (c) which suggests that students are not preparing well their 
inorganic chemistry. 

Q6 tested mechanistic concepts in organic chemistry and chemical kinetics.  In part (a) most 
candidates failed to explain nucleophilic substitution in terms of bond breaking and making.  
While most candidates could deduce the rate equation correctly from the given data (part 
(b)(i)), several were unable to determine the correct value of the rate constant in part 
(b)(ii).  The answer clearly required both a correct number and its unit, namely, min-1. In 
part (c), several students presented bimolecular mechanisms despite the fact that they got 
part (b)(i) correct!

Q 7 tested the inorganic chemistry of copper and redox potentials.  Not infrequently, 
answers to part (a) were incorrect due to lack of knowledge of the chemistry of 
copper compounds, including that of diamminecopper(I). The answers to part (b)(i) 
on the emf,  polarity and reaction of the copper-zinc galvanic cell were largely 
correct but few recognized, in answer to part b(ii), the implications of formation of 
the tetraamminecopper(II) on the redox equilibrium between Cu2+(aq) and Cu(s)
which will shift to produce more aqua copper(II) to make up for copper(II) ions 
engaged in complex formation.

Several candidates omitted answering Q 8 either completely or in part. Those who 
did answer got mostly correct answers to parts (a) and (b) although here there were 
several students who could not write a proper structure for the hydrazone.  Several 
respondents think that soda lime produces sodium carboxylate with 4-
methylbenzoic acid. In answer to part (d), several gave the structure ‘C6H5CH3NH2’ 
and others gave structures showing the nitrogen atom directly bonded to the 
aromatic ring. Part (f) got the worst replies, with answers being given including 
carboxylic acids, esters or carbonyl compounds with α-H’s.

Q 9 examined  the properties of ethyl propenoate: in part (a), bond angles 
associated with double bonds were often shown as being 180o instead of 120o; in (b) 
many candidates confused the wave number values for the C-H and C=C bonds 
perhaps suggesting lack of comprehension of the term wave number. Most all 
candidates named the given structure correctly in part (c). In part (d), several 
candidates failed to recognize the catalytic role of a free radical source as leading to 
a polymerization reaction; several of those who did could not write the structure of 
the polymer correctly.

Paper II

Q 1 on acid-base chemistry was attempted by a majority of candidates (77%), and 
the average mark was 8.5/20. Performance in part (a) was fair, but in part (b)(ii) 
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several students failed to realise that OH– ions will react completely with phenol to 
produce the same number of PhO– ions and tried to perform the calculation using 
equilibria as in part (a) instead. Answers to part (c)(ii) often lacked experimental 
details, while a number of students opted for fractional distillation even though the 
question asked specifically for a method of separation based on the difference in 
acid dissociation constants of the two compounds.

In Q 2, on the inorganic chemistry of mainly Group V and VI compounds, chosen by 
72% of students, overall performance was fair. Parts (a) and (d) were generally well 
answered, while in part (b) many candidates explained how ozone is useful but not 
how it can be harmful. In part (c), several candidates failed to show that hydrogen 
peroxide would be liberated, while answers to part (e) were often incomplete, 
particularly in the omission of  the value of the final volume in the gas syringe. 
Furthermore, a number of candidates wrote that both gases in the given mixture
react with oxygen/sodium hydroxide under the conditions of the experiment.

Less than half of the candidates chose to answer Q 3 on organic reactions, obtaining 
an average mark of 9.7/20. Most students did well in part (a) although they 
frequently failed to explain why the diol is viscous. In part (b) candidates generally 
gave correct structures for the major products but not the minor one, and very few 
noted that the reaction proceeds due to the formation of the nitryl (nitronium)
cation. Similarly, in part (c) most students correctly described the formation of a 
diazonium salt and subsequently that of an azo dye, but very few gave the correct 
structure of the azo dye or the chemical equation for the decomposition of the 
diazonium salt on heating. Answers to part (d) generally lacked details, either 
because only the structures of the four isomers were given or, conversely, because 
the structure of chloromethylbenzene and its reactions were included in the answer 
but not the structures for the other three isomers.

Q 4 on experimental methodology and redox reactions was, predictably, not a 
popular question (34%) and the average mark was only 7.2/20. Candidates 
performed worst in part (a), where most failed to give the essential practical details 
and simply restated the information already included in the text of the question, and
also in part (b), where a number of candidates simply stated Le Chaterlier’s 
principle without applying it properly or stating incorrectly that the solubility of 
calcium ethanedioate in sulfuric acid increases because the latter is ionic and/or 
changes the Ksp of the salt so that more calcium ethanedioate dissolves.

Q5, on the physical properties of solutions, was a popular question. Students seem 
to have a good overall knowledge of the principles underlying the separation of 
liquids by steam distillation and of Raoult’s Law and ideal behaviour .  However, 
many candidates could not predict the type of deviation to be anticipated for a 
mixture of propanone and trichloromethane. Also, there appears to be a widespread 
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lack of understanding of the principle behind steam distillation. In many cases 
candidates actually confused steam distillation with simple distillation. In part (c), 
there was a disappointingly low number of candidates who could explain well the 
principle of reverse osmosis. Several tried to explain the industrial application of 
reverse osmosis without demonstrating a convincing understanding of the 
phenomenon.

About two thirds of candidates attempted Q 6 on transition elements and their 
compounds and the average mark was 9.5/20. Students demonstrated good 
knowledge of the chemical properties that characterize transition metals and gave 
proper and relevant examples of each property. The answers to part (b) on the 
identification of the unknowns were less good, oftentimes students failing to give 
explanations for the stated observations supported by balanced chemical equations.

Q7 on the synthesis of a difunctional aromatic compound, was again attempted by 
about 2/3 of candidates but the average mark obtained was higher than that for Q6. 
Students generally seem to be better prepared to tackle questions in organic 
chemistry. 

Q 8 on the properties of a variety of organic compounds was very popular but the 
average mark was not overly high (10.9/20).  In many cases, candidates did not 
address the specific questions but instead just used the information given in the
questions and added to it any related or unrelated detail they could recall. In several 
cases, such answers were not only irrelevant but also occupied many pages of text
and must have involved an inordinate amount of examination time to produce.
Moreover, it appears that candidates have special difficulty explaining the strength 
of amines as bases and confuse addition and substitution reactions of benzene.

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.  In answer to the qualitative analyses questions, 
one observes a frequent lack of proper and logical interpretation of the results 
obtained: thus, it appears that if one inference leads in a completely opposite 
direction to another pertaining to the same substance, neither tests are challenged 
or repeated in order to resolve the anomaly.   Some candidates appear to treat each 
test as a stand-alone result and do not attempt to inter-relate the results in any way.
In Q 2(a)(iv) practically no one reported or attempted to explain the colour change 
of the solution from brown to yellow obtained on addition of hydrochloric acid to 
the sample to which aqueous barium chloride was added, due, probably to the 
formation of a chloroferrate(III) from previously identified Fe3+ ion: this was 
probably because the test using barium chloride is simply a ‘test for the sulfate 
anion’.

In Q 2, X was hydrated iron(III) ammonium sulfate; in Q 3, Y was benzamide.
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Paper I


Question (Q) 1, on ionization energies and electronic configuration, was answered well, generally: students experienced difficulties mainly in drawing the sketch graph in (a)(ii) and deciding and/or explaining the trend in ionic sizes in part b(ii).  Students do not seem to appreciate that when carbonic acid ionizes in solution, it does so sequentially: most answers to part (c)(i) showed the equilibrium as follows (which was awarded partial not full credit): H2CO3  +  2 H2O  

 2 H3O+  +  CO32-.  In part (c)(ii), the bond angles in planar triangular carbonate ion are equal because of equal inter-electronic repulsion effects (and not because of hybridization).

Q 3, on the equilibrium law, was generally answered fairly well by most candidates; however, in part (c), only a handful could draw correctly the sketch graph showing relative concentration profiles.

In Q 4, on the chemistry of inorganic hydrides, a good number of candidates could not answer correctly part (b) on the reason why a solution of HCl in hexane does not conduct electricity, many stating that this is because ‘hexane is insoluble in water’. Is the high aqueous solubility of HCl the reason for the good conductivity of the solution?

Q 5 was on the chemistry of nitrogen and its compounds and candidates struggled considerably with this question.  In part (b),  answers were generally incomplete and they were particularly poor for part (c) which suggests that students are not preparing well their inorganic chemistry. 


Q6 tested mechanistic concepts in organic chemistry and chemical kinetics.  In part (a) most candidates failed to explain nucleophilic substitution in terms of bond breaking and making.  While most candidates could deduce the rate equation correctly from the given data (part (b)(i)), several were unable to determine the correct value of the rate constant in part (b)(ii).  The answer clearly required both a correct number and its unit, namely, min-1. In part (c), several students presented bimolecular mechanisms despite the fact that they got part (b)(i) correct!

Q 7 tested the inorganic chemistry of copper and redox potentials.  Not infrequently, answers to part (a) were incorrect due to lack of knowledge of the chemistry of copper compounds, including that of diamminecopper(I). The answers to part (b)(i) on the emf,  polarity and reaction of the copper-zinc galvanic cell were largely correct but few recognized, in answer to part b(ii), the implications of formation of the tetraamminecopper(II) on the redox equilibrium between Cu2+(aq) and Cu(s) which will shift to produce more aqua copper(II) to make up for copper(II) ions engaged in complex formation.

Several candidates omitted answering Q 8 either completely or in part. Those who did answer got mostly correct answers to parts (a) and (b) although here there were several students who could not write a proper structure for the hydrazone.  Several respondents think that soda lime produces sodium carboxylate with 4-methylbenzoic acid. In answer to part (d), several gave the structure ‘C6H5CH3NH2’ and others gave structures showing the nitrogen atom directly bonded to the aromatic ring. Part (f) got the worst replies, with answers being given including carboxylic acids, esters or carbonyl compounds with α-H’s.

Q 9 examined  the properties of ethyl propenoate: in part (a), bond angles associated with double bonds were often shown as being 180o instead of 120o; in (b) many candidates confused the wave number values for the C-H and C=C bonds perhaps suggesting lack of comprehension of the term wave number. Most all candidates named the given structure correctly in part (c). In part (d), several candidates failed to recognize the catalytic role of a free radical source as leading to a polymerization reaction; several of those who did could not write the structure of the polymer correctly.

Paper II


Q 1 on acid-base chemistry was attempted by a majority of candidates (77%), and the average mark was 8.5/20. Performance in part (a) was fair, but in part (b)(ii) several students failed to realise that OH– ions will react completely with phenol to produce the same number of PhO– ions and tried to perform the calculation using equilibria as in part (a) instead. Answers to part (c)(ii) often lacked experimental details, while a number of students opted for fractional distillation even though the question asked specifically for a method of separation based on the difference in acid dissociation constants of the two compounds.


In Q 2, on the inorganic chemistry of mainly Group V and VI compounds, chosen by 72% of students, overall performance was fair. Parts (a) and (d) were generally well answered, while in part (b) many candidates explained how ozone is useful but not how it can be harmful. In part (c), several candidates failed to show that hydrogen peroxide would be liberated, while answers to part (e) were often incomplete, particularly in the omission of  the value of the final volume in the gas syringe. Furthermore, a number of candidates wrote that both gases in the given mixture react with oxygen/sodium hydroxide under the conditions of the experiment.


Less than half of the candidates chose to answer Q 3 on organic reactions, obtaining an average mark of 9.7/20. Most students did well in part (a) although they frequently failed to explain why the diol is viscous. In part (b) candidates generally gave correct structures for the major products but not the minor one, and very few noted that the reaction proceeds due to the formation of the nitryl (nitronium) cation. Similarly, in part (c) most students correctly described the formation of a diazonium salt and subsequently that of an azo dye, but very few gave the correct structure of the azo dye or the chemical equation for the decomposition of the diazonium salt on heating. Answers to part (d) generally lacked details, either because only the structures of the four isomers were given or, conversely, because the structure of chloromethylbenzene and its reactions were included in the answer but not the structures for the other three isomers.


Q 4 on experimental methodology and redox reactions was, predictably, not a popular question (34%) and the average mark was only 7.2/20. Candidates performed worst in part (a), where most failed to give the essential practical details and simply restated the information already included in the text of the question, and also in part (b), where a number of candidates simply stated Le Chaterlier’s principle without applying it properly or stating incorrectly that the solubility of calcium ethanedioate in sulfuric acid increases because the latter is ionic and/or changes the Ksp of the salt so that more calcium ethanedioate dissolves.


Q5, on the physical properties of solutions, was a popular question. Students seem to have a good overall knowledge of the principles underlying the separation of liquids by steam distillation and of Raoult’s Law and ideal behaviour .  However, many candidates could not predict the type of deviation to be anticipated for a mixture of propanone and trichloromethane. Also, there appears to be a widespread lack of understanding of the principle behind steam distillation.  In many cases candidates actually confused steam distillation with simple distillation. In part (c), there was a disappointingly low number of candidates who could explain well the principle of reverse osmosis. Several tried to explain the industrial application of reverse osmosis without demonstrating a convincing understanding of the phenomenon.


About two thirds of candidates attempted Q 6 on transition elements and their compounds and the average mark was 9.5/20. Students demonstrated good knowledge of the chemical properties that characterize transition metals and gave proper and relevant examples of each property. The answers to part (b) on the identification of the unknowns were less good, oftentimes students failing to give explanations for the stated observations supported by balanced chemical equations.


Q7 on the synthesis of a difunctional aromatic compound, was again attempted by about 2/3 of candidates but the average mark obtained was higher than that for Q6. Students generally seem to be better prepared to tackle questions in organic chemistry. 


Q 8 on the properties of a variety of organic compounds was very popular but the average mark was not overly high (10.9/20).  In many cases, candidates did not address the specific questions but instead just used the information given in the questions and added to it any related or unrelated detail they could recall. In several cases, such answers were not only irrelevant but also occupied many pages of text and must have involved an inordinate amount of examination time to produce. Moreover, it appears that candidates have special difficulty explaining the strength of amines as bases and confuse addition and substitution reactions of benzene.


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.  In answer to the qualitative analyses questions, one observes a frequent lack of proper and logical interpretation of the results obtained: thus, it appears that if one inference leads in a completely opposite direction to another pertaining to the same substance, neither tests are challenged or repeated in order to resolve the anomaly.   Some candidates appear to treat each test as a stand-alone result and do not attempt to inter-relate the results in any way. In Q 2(a)(iv) practically no one reported or attempted to explain the colour change of the solution from brown to yellow obtained on addition of hydrochloric acid to the sample to which aqueous barium chloride was added, due, probably to the formation of a chloroferrate(III) from previously identified Fe3+ ion: this was probably because the test using barium chloride is simply a ‘test for the sulfate anion’.


In Q 2, X was hydrated iron(III) ammonium sulfate; in Q 3, Y was benzamide.
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