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FOREWORD

The National Examinations Council of Tanzania has prepared this Candidates’
Items Response Analysis (CIRA) report in order to provide feedback to the
stakeholders such as students, teachers, parents, policy makers and the public in
general, on the performance of the candidates who sat for Chemistry examination
for the Advanced Certificate of Secondary Education Examinations (ACSEE) in
May 2018.

The Advanced Certificate of Secondary Education Examination marks the end of
two years of Advanced Secondary Education. It is a summative evaluation which,
among other things, shows the effectiveness of the educational system in general
and education delivery system in particular. Essentially, the candidates’ response
to the examination questions is a strong indicator of what the education system was
able or unable to offer to students in their two years of advanced secondary
education.

The analysis presented in this report is intended to contribute towards
understanding of some of the reasons behind the performance of the candidates in
Chemistry subject. The report highlights some of the factors that contributed to
candidates to score high marks. It also includes the factors that made some of the
candidates to score low marks in each question, including but not limited to
inadequate ability to apply principles in interpreting scientific observations and
improper approaches in carrying out calculations. The feedback provided in this
report will enable the educational administrators, school managers, teachers and
students to identify proper measures to be taken in order to improve the candidates’
performance in future examinations administered by the Council.

The Council would like to thank Chemistry Coordinators, Examiners and all others
who participated in the preparation of this report. The Council would also like to
express sincere appreciation to all the staff who participated in analyzing the data
used in this report.

The National Examinations Council of Tanzania will highly appreciate
constructive comments and suggestions from teachers, students and the public in

general to improve future reports.

Dr. Charles E. Msonde
EXECUTIVE SECRETARY

iv



1.0

2.0

INTRODUCTION

This report analyses the performance of the candidates who sat for the
Advanced Certificate of Secondary Education Examinations for Chemistry
Paper 1 and Chemistry Paper 2 in 2018. The examination was set according
to the ACSEE format, which was revised in 2011 to suit the 2010 ACSEE
Chemistry syllabus.

Paper 1 consisted of three sections; A, B and C. Section A consisted of six
(6) questions whereby the candidates were required to attempt only four (4).
Section B and C had four (4) questions each and the candidates were
required to answer three (3) questions from each section respectively.

Paper 2 had three sections; A, B, and C. Section A had four (4) questions,
and section B and C had three (3) questions each. The candidates were
required to answer a total of five (5) questions, choosing at least one (1)
question from each section.

A total of 33,248 candidates sat for the chemistry examination in 2018. The
analysis of the examination results showed that the overall performance was
good as the candidates’ scores in most of the questions were above 35
percent of the allocated marks. In the year 2018, 92.71 percent of the
candidates passed the examination compared to 88.31 percent who passed
the examination in 2017. Hence, the performance in 2018 has increased by
4.4 percent.

This report is presented in four sections. It starts with the introduction,
followed by the analysis of the candidates’ performance in each question.
The analysis of performance in each topic is also given inorder to enable
education stakeholders to take action on challenges facing candidates in
answering questions. Finally, the report gives conclusions and
recommendations.

ANALYSIS OF THE CANDIDATES’ PERFORMANCE BY
QUESTION

For each of the analyzed question, an overview of what the candidates were
required to do, the general performance and the possible reasons for the
observed performance have been provided. Samples of extracts of the
candidates’ responses have also been inserted in appropriate sections to
illustrate the cases presented.



2.1

211

The performance is classified as either poor/weak, average or good, on the
basis of the percentage of the candidates who passed (scored 35 percent or
more of the marks allocated in a particular question). If the percentage lies
from 0 to 34 it is termed to be poor/weak, 35 to 59 as average and 60 to 100
as good. Furthermore, green, yellow and red colours have been used in
different figures to show good, average and poor performance respectively.

132/1-CHEMISTRY 1
This paper had a total of 14 questions each carrying 10 marks. The pass
mark in each question was 3.5 marks.

Question 1: The Atom

The question consisted of three parts; (a), (b) and (c). In part (a), the

candidates were presented with a diagram of Bohr's atomic model of

hydrogen atom and were required to:

(i) State three basic postulates which led to the Bohr's atomic model and
apply mathematical expressions, if any, which qualify the postulate.

(i) Give a sketch of Bohr's atomic model and show how Lyman and
Paschen spectral lines are formed.

In part (b), the candidates were given the information that, “the energy
difference between ground and excited state of atoms of a certain element
was found to be 4.4 x 10™° J". They were required to calculate wavelength
and wavenumber of photons that excited the atoms by showing their works
clearly, including manipulations of units. In part (c), the candidates were
provided with the information that “Dalton's atomic theory consists of four
main postulates” and were asked to briefly describe an experiment or a
discovery which is against the following postulates:

(i) Atoms can neither be created nor destroyed.

(if) All atoms of the same element are alike.

The question was attempted by 25,622 candidates corresponding to 77.1
percent. The majority of the candidates (47.1 %) scored marks ranging from

2



6.0 - 10 with 1.3 percent scoring full marks whereas 32.2 percent scored 3.5
- 5.5 marks. Candidates who scored 0 - 3.0 marks were 20.7 percent. Figure
1 shows distribution of the candidates’ scores.

50 - 47.1
45
40 4
35 322
30

25 20.7
20 -

15 A
10

Percentage of Candidates

0-3 35-55 6-10
Scores

Figure 1: Performance of the candidates in question 1.

Figure 1 shows that 79.3 percent of the candidates scored 3.5 marks and
above, an indication that the performance was good in this question. The
candidates who scored all the 10 marks in this question managed to state
correctly three basic postulates which led to Bohr’s atomic model in the
necessary mathematical expressions. They also sketched Bohr’s atom with
well arranged Lyman and Paschen spectral series. In calculating wavelength
and wave number of photons, the candidates showed appropriate
manipulation of the units. Extract 1.1 illustrates a sample of good responses
for this question.
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Extract 1.1 shows that the candidate correctly stated Bohr’s postulates, gave
the discoveries against Dalton’s atomic theory and stated correctly the five
gas laws. Furthermore, the candidate correctly performed the calculations in
part (b) and wrote relevant responses in part (C).

On the other hand, some of the candidates scored low marks. Specifically,
those who scored zero mark, failed to write the formula of angular
momentum which is among the three basic postulates of the Bohr's atomic
model. They could not sketch the Bohr's atom so as to show how the Lyman
and Paschen spectral series are formed. This implies that they were unable to
associate the atomic structure of hydrogen with the Bohr's atomic model.
Others failed to identify the ground state of electron transition in the Lyman
and Paschen spectral series as well. Moreover, some candidates failed to
calculate the wavelength and wavenumber of the photons signifying that the
candidates lacked mathematical skills and did not know the proper formula.
Furthermore, the candidates were unable to describe experiments which are
against the postulates "atoms can neither be created nor destroyed" and "all
atoms of the same element are alike”. This is an indication that the
candidates had insufficient knowledge about nuclear fission and fusion, and
the concept of isotopes of elements. Extract 1.2 shows a sample of poor
responses from one of the candidates.
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In Extract 1.2 the candidate mentioned ideas pertaining to Dalton’s
atomic theory instead of Bohr’s atomic model in part (a). He/she used an
incorrect formula in part (b) and supported the postulate in (c)(ii) instead

of condemning it.



2.1.2 Question 2: Gases

This question had four parts; (a), (b), (c) and (d). In part (a), the candidates
were required to state Boyle's, Charles', Avogadro's laws, Dalton's law of
partial pressure and Graham's law of diffusion. In part (b) (i), the candidates
were given the information that "A certain amount of a gas was found to
occupy 100 cm?® at 33 "C and 97 x 10° N m™". They were then required to
calculate the volume of the gas at standard temperature and pressure. In part
(b) (ii), the candidates were given the information that "At 1.0 atmosphere
pressure and 30 'C, 1.236 g of a gas was found to occupy a volume of 512
cm®', from which they were required to calculate the relative molecular
mass of the gas by showing clearly the manipulations of units. In part (c),
candidates were required to write an expression for the compressibility
factor Z of a gas and show the values of Z when a real gas behaves ideally
and when it deviates both positively and negatively from ideality. Part (d)
required candidates to calculate the molecular mass (in two decimal places)
of a gas which was found to diffuse through a porous material 1.49 times
faster than chlorine gas.

This question was attempted by 96.8 percent of the candidates of which 50.1
percent scored 6.0 - 10 marks, 40.1 percent scored 3.5 - 5.5 marks and 9.8
percent scored 0 - 3.0 marks. The performance in this question is as shown
in Figure 2.

100 -
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0-3.0 35-55 6.0-10.0
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Figure 2: Performance of the candidates in question 2.

50.1
40.1

Percentage of Candidates

Figure 2 shows that 90.2 percent of the candidates scored 3.5 marks or
above, indicating that the general performance in this question was good.
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Candidates who performed good in this question were able to state the
required gas laws in part (a) clearly. The candidates computed the volume of
the gas and calculated the relative molecular mass plausibly using the proper
formulae in part (b) (i) and (ii). The expression and values of the
compressibility factor Z were properly presented by candidates in this
category as well. Only few candidates managed to calculate correctly the
value of molecular mass of the gas in part (d). Extract 2.1 portrays a sample
of good responses from one of the candidates in this question.

Extract 2.1
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In Extract 2.1 the candidate stated the required gas laws supported with proper
mathematical expressions, stated correctly the values of constant Z and used proper
formulae to calculate the required parameters.

On the other hand, some candidates who scored low marks interchanged
between Boyle's law and Charles' law while others interchanged between
Dalton's law of partial pressure and Graham's law of diffusion. Some of
them failed to calculate the volume of the gas at standard temperature and
pressure because they could not apply the correct formula. Few of them
could hardly give values of the compressibility factor to satisfy the stated
conditions. This shows that the candidates were not familiar with the
mathematical relationship between parameters related to gases. They also
showed little understanding regarding gas laws. Many candidates in this
category incorrectly substituted data in the formula and thus got wrong
values for molecular mass of the gas in part (d). Failure of the candidates is
due to lack of sufficient knowledge and competence on the behaviour of
gases and associated computation skills.

An example of responses which did not meet the requirements of the
question is given in Extract 2.2.

14



Extract 2.2
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Extract 2.2 shows responses of a candidate in part (a) who stated the laws using
irrelevant mathematical expressions and did not attempt other parts of the
question.

2.1.3 Question 3: Gases
This question had three parts; (a), (b) and (c). In part (a), the candidates were
required to state the meaning of ideal gas. Part (b) required the candidates to
state two postulates of the kinetic molecular theory of gases which are
incorrect for real gases. They were also required to express the
corresponding corrections and derive the van der Waals' equation. In part
(c), the candidates were required to calculate the pressure exerted by 1.00

15



mole of methane in 250 mL container at 300 K and show clearly the
manipulations of units given van der Waals' constants a = 2.253 (dm?®)® atm
mol2and b = 0.0428 dm*mol™.

The question was attempted by 24,439 candidates equivalent to 73.5
percent. The analysis showed that 18.3 percent of the candidates scored 6.0 -
10 marks, 45.8 percent scored 0 - 3.0 marks and 35.9 scored 3.5 - 5.5 marks.
Figure 3 summarizes performance of the candidates in question 3.

Scores
(¥
N
N
N
(d
N
o

0 10 20 30 40 50

Percentage of Candidates

Figure 3: Performance of the candidates in question 3.

The statistical analysis showed that the overall performance was average as
54.2 percent of the candidates scored 3.5 marks or above. The candidates
who scored high marks gave correct responses to most parts of the question.
Extract 3.1 is a good sample from one of the candidates who performed well
in this question.
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Extract 3.1 shows responses from a candidate who gave a correct
definition of an ideal gas, stated two correct postulates and derived the
van der Waals' equation accordingly. He/she computed the value of

pressure clearly using the van der Waals' equation and manipulated the
units correctly.

Most of the candidates who scored low marks in this question gave the
meaning of a real gas instead of an ideal gas. Most of them failed to state
two postulates of the kinetic molecular theory of gases which are not
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applicable for real gases. They wrote postulates of the kinetic theory of
gases which apply for real gases. Moreover, majority of them could neither
give the required corrections in pressure and volume nor derive the van der
Waals' equation for real gases. As a result, they failed to calculate the value
of pressure in part (d). Similarly, it was observed that some candidates failed
to convert units of volume from cubic centimeter into cubic decimeter as a
prerequisite to use the van der Waals' equation. For example one candidate
converted 250 mL into 2.5x10*dm?® instead of 2.5x10%*dm? hence the
candidate obtained an incorrect value of pressure. Other candidates were
able to carry out the conversion, but substituted the values in wrongly
written van der Waals' equation. An example of poor responses for part (a)
and (b) is shown in Extract 3.2.

Extract 3.2
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In Extract 3.2, the candidate defined ideal solution instead of ideal gas in
part (a) and stated postulates which were contrary to the requirement of the
guestion in part (b).

2.1.4 Question 4: Two Components Liquid System

The question had two parts; (a) and (b). In part (a), the candidates were
provided with the information that "Nitric acid (T, = 87 'C) and water form a
constant boiling mixture of T, = 122 'C and composition of 65 % by mass
nitric acid". They were required to:

(i) draw the boiling temperature-composition curve for nitric acid and

water.
(if) state what is meant by a constant boiling point mixture.
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In part (b) the candidates were required to: (i) state Raoult's law, (ii) identify
whether the mixture of nitric acid and water show a positive or a negative
deviation from Raoult's law, (iii) distinguish positive deviation from
negative deviation with reference to Raoult's law. (iv) provide the type of
molecular interaction between nitric acid and water giving rise to the
deviation identified in (b)(ii).

The question was attempted by 19,838 candidates corresponding to 59.7
percent out of which 20.9 percent scored 6 - 10 marks, 29.8 percent scored
3.5 - 5.5 marks and 46 percent scored 0 - 3.4 marks. Summary of the
performance is shown in Figure 4.

Scores
m0-3
03.5-55
m6-10

Figure 4: Performance of the candidates in question 4.

The overall performance in this question was average as 50.7 percent of the
candidates scored 3.5 marks and above.

Some of the candidates who scored high marks managed to draw the exact
boiling temperature-composition curve and defined “constant boiling point
mixture” correctly. This shows that they had good understanding of the
graphical representation of the properties of liquid mixtures. In part (b),
many candidates stated Raoult's law precisely and some of them applied it
correctly to answer the rest of the question. Candidates who managed to get
high marks had good knowledge of principles governing properties of
solution mixtures. Extract 4.1 is a good response from one of the candidates.
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In Extract 4.1, the candidate correctly sketched the boiling temperature-

composition curve in part (a), stated Raoult's law appropriately and gave

appropriate responses to the rest of the items in part (b).

The analysis of the responses from candidates who scored low marks
revealed that the candidates had insufficient knowledge about the tested
concepts. Some of them drew the vapour pressure-composition curve of
ideal solution instead of sketching the boiling point-composition curve.
They also failed to locate 100 ‘C as the boiling point of water. Such a
response is an indication that the candidates had insufficient knowledge
regarding non-ideal behaviours.

This group of candidates had improper understanding of the concept of
azeotropic mixtures. Most of them failed to locate the composition of 65 %
by mass of nitric acid on the boiling temperature-composition curve. Some
could not relate the effect of the intermolecular forces of attraction between
the two components with the particular deviation from Raoult's law. Extract
4.2 illustrates an example of poor responses which were given in part (a) by
one of the candidates.
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In Extract 4.2, the candidate sketched a vapour pressure-composition curve
instead of a boiling temperature-composition curve in part (a).

2.1.5 Question 5: Chemical Bonding

The question consisted of three parts; (a), (b) and (c). In part (a)(i) - (vi), the
candidates were required to classify compounds HCI(g), NaCl(s), NCls,
methane, tetrachloromethane and CO, as to whether ionic, polar covalent or
covalent. In part (b)(i) - (iii), the candidates were asked to show from the
electronic configuration, the type of hybrid orbital of the underlined atom
and draw the geometry of the corresponding molecule in each of the
following compounds:

(i) BeCl,
(i) CCl,
(i) CoF4

Part (c) had two sub-parts whereby the candidates were asked to study the
information given in the following table:

Name Molecular weight Boiling point, °C
Diethyl ether 74 35
n-butyl alcohol 74 118
Propionamide 73 213

In part (c)(i), the candidates were asked to account for the high boiling point
of n-butyl alcohol compared to diethyl ether although the two compounds
24



have the same molecular weight. Part (c)(ii) required the candidates to
account for the low boiling point of n-butyl alcohol compared to that of
propionamide despite its high molecular weight.

A total of 11,266 candidates equivalent to 33.9 percent attempted the
question, out of which 39 percent scored 3.5 - 5.5 marks, 46 percent scored
0 - 3.0 marks and 15 percent scored 6.0 - 10 marks. Figure 5 shows the
distribution of the candidates’ scores.

6- 10 - 15.0

S 35-55 39.0
[ ¥]
[« 0]
0 ] 3 _ 46.0
0 10 20 30 40 50

Percentage of Candidates

Figure 5: Performance of the candidates in question 5.

Figure 5 shows that 54 percent of the candidates scored 3.5 - 10 marks
indicating an average performance in this question. Most of the candidates
who scored high marks were able to classify the compounds stated in part
(@) correctly. Most of them gave precise electronic configurations of atoms,
hybridization of orbitals and displayed correct geometry of the molecules in
part (b). This indicated that the candidates had good understanding of the
concept of electronic configuration and hybridization of atomic orbitals. The
few candidates who managed to answer part (c), gave relevant explanations
regarding the differences in boiling points due to hydrogen bonding. Extract
5.1 displays an example of a good response from a candidate who scored
high marks. However, he/she failed to identify the polar covalent bond in
CCl, and stated the type of hybrid orbitals of carbon in C,F,4 incorrectly.
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In Extract 5.1, the candidate clearly classified most of the compounds in part
(a) and followed a correct approach to attain the geometry of the molecules in
part (b). In part (c), he/she referred correctly to the concept of hydrogen
bonding to account for the stated observation.

Some of the candidates who scored low marks were unable to differentiate
between normal covalent bond and polar covalent bond hence, failed to
classify the given compounds as ionic, polar covalent or covalent. This
indicated that the candidates had insufficient knowledge to apply the
concept of electronegativity in determining types of bonds. Most of them
were unable to show the electronic configuration, the type of hybrid orbital
of the underlined atom and failed to draw the geometry corresponding to the
compounds BeCl, CCl, and C,F,. It is only few candidates in this category
who managed to give correct electronic configurations. This indicates that
the candidates had inadequate knowledge to apply the concept of
hybridization in relation to the shapes of covalent molecules.

Furthermore, the candidates failed to account for the high boiling point of n-
butyl alcohol compared to diethylether and were unable to account for the
low boiling point of n-butyl alcohol compared to propionamide. This
implies that the candidates had little understanding about the conditions
necessary for hydrogen bond formation and its effects on boiling point. Most
of them also failed to realize the effect of molecular mass on the boiling
point in part (c). Extract 5.2. shows a portion of incorrect responses from
one of the candidates.
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In Extract 5.2 the candidate classified some of the compounds in part (a)
incorrectly and supported the answers with irrelevant reasons.

2.1.6 Question 6: Energetics
This question had four parts; (a), (b), (c) and (d). In part (a), the candidates
were asked to briefly give the meaning of the following phrases as used in
chemical energetics: (i) heat of solution, (ii) spontaneous reaction, (iii)
enthalpy of sublimation and (iv) endothermic reaction. Part (b) required the
candidates to compare bond strengths of reactants and products during
chemical reactions in case the overall reaction is: (i) exothermic and (ii)
endothermic. Part (c) required the candidates to state the type of enthalpies
in each of the following equations:
(i) KOH(aqg) + HCI (ag) —— KCl(agq) + H:O (I) A H =-57 kI mol™
(i) Haz(g) + 202 (g) ——> H20 (I) AH =-286 ki mol™
(i) Y2H, (g) + '/2Cl, (g) + (ag) ——> HCl (ag) A H =-164 kJ mol™
(iv) ClI(g) +e —— CI(g) A H =-347 kI mol™*
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In part (d), the candidates were provided with the information that:

Two  liquids,  trichloromethane  (CHCIl3) and  ethoxyethane
(CH3CH,0OCH,CHj3), form intermolecular hydrogen bonds when mixed. In
a certain experiment, 0.05 moles of trichloromethane and 0.3 moles of
ethoxyethane were weighed into the same calorimeter. When the
temperature of both liquids had equalized, the liquids were mixed. The
temperature increase of 5.4 'C was recorded upon mixing. Assume that the
heat capacity of the calorimeter is negligible, while heat capacities of
trichloromethane and ethoxyethane are 0.98 Jg* K* and 2.28 Jg* K™,
respectively.

The candidates were required to calculate: (i) Heat change in the experiment
and (ii) Enthalpy change of mixing 1 mole of trichloromethane with excess
ethoxyethane by showing the work clearly including manipulations of units.
(Given atomic masses were: C =12, H=1, O = 16 and ClI = 35.5).

The question was attempted by 15,788 candidates constituting 47.5 percent,
out of which 66.7 percent scored 0 - 3.0 marks with 4.7 percent scoring zero
mark. Besides, 28.4 percent scored 3.5 - 5.5 marks while 4.9 percent scored
6.0 - 10 marks. The question was among the least attempted questions in the
two papers. Performance in this question is shown in Figure 6.

80
70 4 66.7
60
50 4
40 -
30 4
20 A
10

4.9

| DN

0-3 35-55 6-10
Scores

Percentage of Candidates

Figure 6: Performance of the candidates in question 6.

Figure 6 depicts that the general performance was poor as only 33.3 percent
of the candidates scored 3.5 marks or above. In most cases, key words were
missing in the definitions given by the candidates who performed poorly in
this question. This indicated that the candidates had little understanding of

31



technical terminologies in energetics and to some extent they had poor
language proficiency. Likewise, the candidates faced difficulties in
comparing the bond strengths in reactants and products both in the case of
exothermic and endothermic reactions. This means that the candidates failed
to relate the overall energy change with that of the reactants and products
during chemical reactions. Most candidates who failed this question lacked
ability to integrate the stability of reactants and products into the concept of
exothermic or endothermic reactions. Furthermore, most of them lacked
knowledge of interpreting formula equations by factor of enthalpy change.
In part (d), majority of the candidates failed to compute the values of
enthalpy and could not manipulate units properly. The incorrect responses
given implies that the candidates lacked competence in both explaining
concepts and carrying out computations in energetics. Extract 6.1 illustrates
a sample of incorrect responses in this question.

Extract 6.1
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In Extract 6.1, the candidate gave incorrect meaning of the terms,
improperly commented on the bond strengths and stated the types of
enthalpies incorrectly. He/she incorrectly applied the concept of
chemical equilibrium instead of enthalpy change in part (d)(i).

On the other hand, few candidates who scored high marks attempted
correctly most parts of the question. However, none of the candidates
managed to score full marks in this question. In the same way, some
candidates interchanged the explanations for exothermic and endothermic
reactions when comparing bond strengths hence they lost some marks. Part
(c) was skipped by many candidates in this category. It is obvious that
majority of them did not have necessary comprehension ability to make
factual interpretation of formula equations specifically those related to

33



energy changes. Extract 6.2 shows a portion of good responses from one of
the candidates who attempted this question.

Extract 6.2
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Extract 6.2 shows that the candidate correctly defined the terms heat of
solution, spontaneous reaction, enthalpy change, heat of sublimation

and endothermic reaction.

2.1.7 Question 7: Relative Molecular Masses in Solution
This question had three parts; (a), (b) and (c). In part (a), the candidates were
asked to state four colligative properties which are useful for determination
of molecular masses while in part (b), the candidates were required to study

the following diagram:
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They were then required to give: (i) the titles of the locations labeled A, B,
C, D, E, F and (ii) the names for the difference given by F - E (i.e F minus
E) and D - C (i.e D minus C). Finally in part (c), the candidates were
provided with the information that "Ammonium chloride solution was
dissolved in pure water to make a 25% solution™ and were required to
calculate freezing point of the solution given that the molal boiling point

constant for NH,Cl = -1.86 "C kg mol™.

This question was attempted by 19,226 candidates (57.8 %) out of which
92.4 percent scored 0 - 3.0 marks, 5.6 percent scored 3.5 - 5.5 marks and
only 2.0 percent scored 6.0 - 10 marks. Performance in this question is

summarized in Figure 7.
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Figure 7: Performance of the candidates in question 7.

Figure 7 portrays that the general performance in this question was poor as
92.4 percent of the candidates scored below 3.5 marks. Further analysis
showed that, 1,032 candidates, equivalent to 3.1 percent scored zero mark.

Candidates with poor performance in this question hardly stated the
colligative properties and most of them failed to interpret the diagram given
in part (b). Most of the candidates in this category applied an inappropriate
approach to calculate the freezing temperature of the solution. Some
candidates wrote the data without further attempt to calculate the freezing
point, an indication that they could not establish the relationship between the
data. Generally, the candidates lacked interpretational ability on how to
describe vapour pressure diagrams. The low performance is also attributed
to lack of competence in interpreting curves/graphs containing experimental
information. Extract 7.1 shows sample response for part (a) and (b) from a
candidate whose performance was poor.
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In Extract 7.1 the candidate stated the limitations of Raoult's law instead of
stating the four colligative properties. He/she used incorrect formula and
manipulated the units incorrectly hence getting a wrong value for temperature
change.

On the other hand, some few candidates responded correctly to most parts of
the question. Most of them managed to state correctly the colligative
properties and made realistic interpretation of the diagram in part (b).
Moreover, most of candidates in this group utilized appropriate
mathematical expression, inserted data correctly and obtained the required
value of freezing temperature of the solution. Good performance in this
question is a manifestation of the candidates being acquainted with abilities
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of interpreting graphs. It is absolute fact that the candidates had good
understanding of concepts and ability to logically integrate physical
constants. However, some items of the question were attempted incorrectly
by several candidates in this category. Extract 7.2 shows an example of a
good response, although the candidate failed to identify the locations of
letters A and B in the curve provided.

Extract 7.2
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In Extract 7.2 the candidate mentioned correctly the colligative
properties, labeled the diagram appropriately in part (b) and
demonstrated a good approach in calculating the value of temperature
change in part (c).

2.1.8 Question 8: Two Components Liquid System

This question had four parts; (a), (b), (c) and (d). In part (a), the candidates
were provided with the information that, "Nitrobenzene (CsHsNO,) and
water form a mixture of immiscible liquids which boils at 99 'C. The
mixture was distilled at 1.013 x 10° Pa, the vapour pressure of water at 99
"C was 9.749 x 10™ Pa". The molar masses of nitrobenzene and water to be
used in their calculations were given as 123 g mol™ and 18 g mol™
respectively. The candidates were required to calculate the percentage by
mass of nitrobenzene in the distillate. In part (b), they were provided with
the information that "Water (b.p = 100 "C) and phenyl amine (b.p 184 C)
form a mixture of immiscible liquids that boils at 98 "C". The candidates
were required to explain with the aid of a diagram how the mixture could be
separated by steam distillation. In part (c), the candidates were required to
frame representations of the equation of partition law when solute "x"
dissolved in two immiscible solvents A and B under the following
conditions:

(i) when solute "x™ associated in solvent A and remained normal in solvent
B (ii) when solute "x" dissociated in solvent A and associated in solvent B
and

(iii) when solute "x" dissociated in solvent B and remained normal in
solvent A.

In part (d), the candidates were given the information that
Fifty (50) grams of the acid are dissolved in one litre (1000 cm®) of water.
The distribution coefficient of the acid between ether and water is 3. A
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volume 1000 cm?® of ether is available for use in the extraction process.
Two experiments were performed to extract acid from water. In the first
experiment, 1000 cm?® of ether were used once, i.e. single extraction. In the
second experiment, two extractions were performed, each using 500 cm® of
ether.

The candidates were required to compare the amounts of the acid left in
aqueous solution in each case and recommend the best method to extract the
acid from water.

This question was attempted by 16,132 candidates equivalent to 48.5
percent. The candidates who scored 0 — 3.0 marks were 78 percent among
which 7.4 percent scored zero mark. Candidates who scored 3.5 — 5.5 and
6.0 — 10 marks were 21.2 and 0.8 percent respectively. Summary of analysis
in this question is shown in Figure 8.

0.8%

Scores
m0-3
035-55
m6-10

Figure 8: Performance of the candidates in question 8.

The general performance in this question was poor where by 78 percent of
the candidates scored below the average marks. The candidates who scored
low marks faced difficulties in calculation of the percentage by mass of
nitrobenzene in the distillate at the stated conditions. This shows that the
candidates had insufficient knowledge on the application of Raoult's law and
Dalton's law of partial pressure. There was a significant number of
candidates who interchanged steam distillation formulae for determination
of molar mass of compounds with Raoult's law of lowering of vapour
pressure. Further analysis shows that in part (b), many candidates could not
draw appropriate diagram to show the process of steam distillation although
they seemed to have some ideas on the apparatii required. This portrayed
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that, the candidates had insufficient practical knowledge regarding apparatii
set - up as far as the process of steam distillation is concerned. Part (c) of the
question was the most poorly attempted in this question.

Majority of the candidates were unable to show the proper equations of
extracting solute "x" in part (i) to (iii). This showed that the candidates had
insufficient understanding regarding modification of partition law. In part
(d), some of the candidates were unable to calculate the amount of the acid
left in aqueous solution in each of the two approaches stated. They had
inadequate knowledge of applying the distribution law in solvent extraction.
Conversely, few candidates in this category were able to recommend
appropriately the best method of extracting the acid from water. However,
they failed to calculate correctly the amount of the solute extracted in each
case. Generally, low performance in this question seemed to be caused by
inadequate knowledge on the principles of separation of mixtures. Extract
8.1 is a sample of poor responses to this question.

Extract 8.1
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In Extract 8.1, the candidate used inappropriate formula to calculate the
percentage by mass of nitrobenzene, sketched a vapour pressure composition
diagram instead of steam a distillation set up for separating liquid mixtures.
Furthermore, he/she wrote van't Hoff's factor notation instead of equations

related to the law of partition.

Some of the candidates who scored high marks in this question managed to
give correct responses to most parts of the question. However, there were
those who failed to do calculations specifically in part (c). They applied
either incorrect or irrelevant mathematical expressions. Part (b) was
attempted correctly by many candidates in this category. In general, the
candidates who scored high marks in this question were knowledgeable
enough in applying relevant mathematical formula, substituting data and
clear manipulation of units. Extract 8.2 gives a sample of good responses to

this question.

42



Extract 8.2

R 1€ P Vi V
Prter— e
Pn - m_a Mrl&l
?__ Mf't Ml F
?n ¥Ruw = |- DHXlOSY&
Paz L-0VIX(S - Pw

g'n =( L0V Ixies - "I«Q-LH)MO*BV-

Pn= 3®\D (48

WA P

. W\
My

?u) ML

= 3&0-pa
03 %n®

321074 1234 [l

1341 le'ng 139 [wao)

Ma - 4ggE30

Muw

13¢4320

"

= 0"-2(7"[
Muw

Whn—=00  thma= 0263 ) W

WAt = WMwtwW, = L 26HMw

43




'...‘;1_!..... Lole dls cL.IL_gd.

A wde w

e X

ANA

E‘

] C
Ehm R\ o

[
ii/v/} ch\dwnkn- -L_/('

W\\A\Amd\‘l\ifa.’w and Puve ?—MM\ A

P iy @wanee

fr steamn Tonwn sheavn chawdbar v allowed To anler wlo yefel

cnvdaiamg U and phunnly amine whent a3 4 (cave Wi

PLXV\qlé_vv:\M L O Q:QS\v\.”) & (.Tb.\w\-ﬁ SSS\\'WV\ *lblvx%i gL ceols

Aund, ‘\\1\1\0\'1@3 who e col\ehag  pesseds

b)a) Ky = OXA W solwwd B

\-\['—_f—__—_—_
o B slintu *L '.l‘

Vo~Ls o‘qm o K580 o

h)

Gi) Ka = TxX 1w Solweuk A

[l selwul R (4-— ol \
LA — 7

D(,-\s H t’.ﬁ“m ‘d%oaa—p{du

Dwe-wWof Vo \

VL + Vexa /

wliet Wy - revamod oot w cesidue  Sol weuk

Wo - s e vadhd quosunk o shade & dvadic sule

V; and V, —dre wlumes O Rodue and edadhie se\ wiud RWJ\vdrj
V= auwber of odvachin

Ka—packhan potfbicuct

44



3 | (4) 1 tasa i = [$00 o= Vo= (6000 cu? W= |

we= S0 '/ leeo A 4
\ looo+3(’léﬁ>‘)}'

Wr - $da
We = |1-§3

y MY Uy = ove” Va= B0 om? w=
We = £ [ Loso \'L

k w06 + 3(TE) /

Wy =Y 9

=

B usmg Sm.c‘(\_n. efvachons viluws remaw 1 124 whuz
bU\J Ml;\q L oudnds  volumer, remaiin 1S 3 9

Best wuMud b tubad & by winy e fwo tehachi
whaee ¢cdn gvichan wses Toemd

In Extract 8.2, the candidate carried out the calculations in parts (a), (c), and

(d) in the appropriate manner and gave the required description of the process
of steam distillation in part (b).

2.1.9 Question 9: Chemical Equilibrium

This question consisted of three parts; (a), (b) and (c). Part (a) required the
candidates to state the law of mass action, Le Chatelier's principle, factors
that change the position of the chemical equilibrium and to give definition of
dynamic equilibrium. In part (b), the candidates were given the information
that:  The equilibrium constant for the reaction

CO(g) + H,0(g) CO(g) + Ha(g) at 986 C is 0.63. A mixture of
1.0 mole of water vapour and 3.0 moles of CO were allowed to come to
equilibrium. The equilibrium pressure is 2.0 atmosphere.

They were required to calculate the number of moles of hydrogen present at
equilibrium, and the partial pressure of the gases at equilibrium mixture.
Finally, in part (c) the candidates were provided with the chief reaction used
in the contact process; 2S50,(g) + O,(g) === 2S053(g) + 4200 kJ and
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were required to explain three conditions necessary for the maximum yield
of SO3(g) based on the Le Chatelier's principle.

The question was attempted by 30,806 candidates, equivalent to 92.7
percent with 63.3 percent scoring 3.5 marks and above as shown in Figure 9.

40 7 36.7
35.1

35 +

30 28.2

25 A

20 A

15 ~

Percentage of Candidates

10 ~

5_

O |
0-3 35-55 6-10
Scores

Figure 9: Performance of the candidates in question 9.

Figure 9 shows that the candidates who scored marks ranging from of 6.0 -
10, 3.5 -5.5and 0 — 3.0 were 35.1, 28.2 and 36.7 percent, respectively. The
overall performance in this question was good. Candidates who scored high
marks in this question responded correctly to most of the items. Majority of
the candidates were able to state the two laws in part (a)(i) and (ii)
correctly,. and gave appropriate definition of dynamic equilibrium. Most of
them carried out the calculation in part (b) by applying correct equilibrium
expression (Kc). However, there were few candidates in this category who
failed to compute partial pressure of the gases at equilibrium. Furthermore,
the candidates were able to attempt part (c) of the question with exception of
some candidates who assumed the reaction being an endothermic instead of
an exothermic process. Other candidates in this group incorrectly stated
surface area and catalyst as the factors that can change the position of
chemical equilibrium. Extract 9.1 shows an example of good responses in
this question.
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Extract 9.1 shows correct responses (most of them) by a candidate who
scored high marks. However, he/she failed to explain correctly how
temperature can be adjusted to maximize the yield of SO5(g).

The candidates who scored low marks failed to attempt most parts of the
question. Some of them could hardly attempt correctly the items which
required them to define or state concepts and eventually earned low marks.
Part (b) was poorly attempted by candidates in this category as they failed to
write and apply Kc expressions correctly. This implied that the candidates
had insufficient understanding of concepts, specifically the law of mass
action. A significant number of the candidates demonstrated poor
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competence in language and could not write meaningful sentences. For
example, one of the candidates stated the law of mass action as "The rate
equal of foward reaction is to rate reaction backward of . In part (b), most
of the candidates used incorrect formulae and failed to obtain the required
values. Furthermore, in part (c), the candidates could not explain correctly
the three reasons that were required. This was due to inability to predict
observations based on the application of Le Chatelier's principle.
Principally, poor performance of candidates in this question was attributed
by inadequate knowledge about applying Le Chatelier's principle and
expressions for chemical reactions at equilibrium. The candidates also were
inefficient in carrying out calculations. Extract 9.2 shows a sample poor
responses for question 9 part (a) and (b).
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In Extract 9.2 the candidate gave incorrect responses in part (a) and the calculations in
part (b) was incorrect as well.

2.1.10 Question 10: Chemical Bonding
Part (a) required the candidates to differentiate between dative and covalent
bond by using appropriate examples. In part (b), the candidates were
required to explain briefly the following concepts with the help of sketches:
(i) Two types of hydrogen bonding, giving one example for each.
(i)  The boiling point of ortho-nitrophenol being lower than that of para-

isomer.

(iii) Ethene being planar in shape.
(iv) Methane being tetrahedron geometry.

In part (c), the candidates were asked to state, two conditions that are
necessary for formation of hydrogen bond, two effects of hydrogen bonding

and show how many s-and p-bonds are formed between C-C in ethyne.

The question was attempted by 21,611 candidates equivalent to 65 percent.
Performance in this question is shown in Figure 10.
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Figure 10: Performance of the candidates in question 10.

Figure 10 shows that 12.2 percent of the candidates scored 6.0 - 10 marks,
44.4 percent scored 3.5 - 5.5 marks while 43.4 percent scored 0 - 3.0 marks.
The general performance in this question was average as 56.6 percent of the
candidates scored 3.5 marks and above. Most of the candidates who scored
high marks were able to differentiate between dative and covalent bonds
appropriately. Furthermore, the candidates supported their answers with
relevant examples. Few of the candidates attempted part (b) appropriately,
and in most cases, they gave irrelevant sketches. Part (c) was moderately
performed by most candidates in this category while only few candidates
responded correctly to part (d). High scores of the candidates in this
question implied that, the candidates had sufficient knowledge on types of
bonds and hybridization of atomic orbitals. Extract 10.1 is an example of
good responses in this question.
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Extract 10.1
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In Extract 10.1 the candidate responded correctly to the items in part (a) and
(c). However, he/she failed to justify the tetrahedron geometry of methane in

part (b)(iv).

On the other hand in part (a) most of the candidates who scored low marks
were incapable of differentiating between dative and covalent bonds. This
indicated that the candidates lacked sufficient knowledge on the concept of
bond formation as far as the sharing of electrons between atoms is
concerned. For example one of the candidates wrote that "Covalent bonds
are bonds which formed between combination of metallic and non-metallic

elements, e.g, H,+ O, — H,O where's dative bonds are bond which does

not consider formation of covalent bond."

In part (b), some of the candidates failed to give sketches relevant to
hydrogen bonding, ortho-nitrophenol and para-nitrophenol structures, the
planar geometry of ethene and tetrahedron geometry of methane. This
implies that the candidates failed to inter-link the concepts of hybridization
with the shapes of covalent molecules as well as effect of hydrogen bonding
on physical properties such as boiling points of compounds. In part (c) it
was observed that some of the candidates failed to state both the conditions
necessary for the formation of hydrogen bond and the effects of hydrogen
bonding. This indicated that the candidates had little knowledge on
hydrogen bonding and the associated dipole-dipole attraction between
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covalent molecules. Extract 10.2 is a sample of poor responses from a
candidate who attempted only part (a) and (b) of this question.

Extract 10.2
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In Extract 10.2 the candidate gave incorrect differences between dative and
covalent bond. Similarly, he/she gave irrelevant explanation in part (b)(ii) and
did not attempt the remaining parts of the question.

2.1.11 Question 11: Aliphatic and Aromatic Hydrocarbons

In part (a), the candidates were required to explain why, CH3;CH,CH,CHj3
has a boiling point of -1 'C while CH;CH(CHs)CHjs has a boiling point of -
12 °C. In part (b)(i), the candidates were required to state with one example,
the meaning of ‘Friedel-Crafts acylation’. In part (b)(ii), they were required
to show the reaction mechanism between benzene and nitric acid in the
presence of sulphuric acid with the aid of illustration. In part (b)(iii), they
were required to draw the chemical structure of the product formed from
oxidation of 1,3-dimethylbenzene by potassium dichromate V1 solution.

58



In part (c), the candidates were required to write the product of each of the
following reactions:

(i) CHq+ Cl,—2

CH
(i) N

\

CH CH Water + Heat
H + H2804 e
4 Heat

NH
(i) CH;—C==CH + CuCl(ag) — °»

(iv) CaCp + H,0——>

The question was attempted by 28,036 candidates constituting 84.3 percent.
The candidates performance is as shown in Figure 11.
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Figure 11: Performance of the candidates in question 11.

Figure 11 shows that among the candidates who attempted this question,
52.0 percent scored 0 — 3.0 marks, 30.6 percent scored 3.5 — 5.5 marks while
17.4 percent scored 6.0 — 10 marks. Generally, the performance was average
with 48 percent of the candidates scoring 3.5 marks and above. Most of the
candidates in this category were able to answer correctly part (a) of this
question by focusing on differences in surface area between n-butane and 2-
methylpropane. This indicated that most of the candidates had good
understanding of the effect of surface area and van der Waals’ forces on
boiling point. Majority of the candidates attempted the three items in part (b)
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correctly by defining Friedel-Crafts acylation and giving examples and they
managed to show the appropriate reaction mechanism in (b)(ii). Most of
them were also capable of drawing the correct structure of the product in
(b)(iii). In addition, some of these candidates, even included the name of the
product which was benzene-1,3-dioic acid. In part (d), most of the
candidates in this group were able to give products of the reactions (i) to (iv)
correctly. High scores achieved by candidates in this category indicated that
they had sufficient knowledge both in writing chemical equations by using
appropriate symbols and applying rules governing reaction mechanisms.
Extract 11.1 is a sample of good responses in part (a), (b) and (c) in question

11.

Extract 11.1
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In Extract 11.1 the candidate gave correct explanations and products as well
as plausible reaction mechanism depending on the demand of each item.

On the other hand, most of the candidates who scored 0 - 3.0 marks failed to
account for the differences in boiling points of the compounds in part (a).
This shows that they had inadequate ability to relate boiling points with
surface area of the molecules. In part (b), most of them failed to show the
steps involved in the reaction mechanism of benzene reacting with nitric
acid in presence of fuming sulfuric acid. Majority of the candidates in this
group failed to draw the chemical structure of the product formed when 1,3-
dimethylbenzene was oxidized by potassium dichromate (vi) solution. This
showed that the candidates were incompetent in interpreting the factors
affecting reaction mechanism such as inductive effect, mesomerism and
reactivity of lone pairs. In part (c), most of the candidates gave an incorrect
product, a case suggesting that they were not conversant with the concept of
functional group interconversions. The poor performance of candidates in
this group is attributed to insufficient understanding of principles that
determine the type of products to be formed in chemical reactions. Extract
11.2 shows responses of a candidate who gave incorrect answers.
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Extract 11.2
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In Extract 11.2, the candidate copied some items from the question paper,
used irrelevant formula equations and failed to show the reaction mechanism
for benzene when reacting with nitric acid in presence of sulfuric acid.

2.1.12 Question 12: Aromatic Hydrocarbons

Part (a) of this question required candidates to give the structural formula of
the aromatic compounds F to M which were formed from the following

reaction scheme:

CH3CHzBr

. F_HNO; _ &
(AICI3) (H,S0,) (AICI3)
(CH3)2C:CH2,H+
J
CH4CH,Br . KMnog H*
(AICI,) =M
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In part (b), the candidates were asked to give the product of chlorination of
benzene and methylbenzene in the presence of: (i) a halogen carrier catalyst
and (ii) ultra-violet light.

The question was attempted by 21,755 candidates corresponding to 65.4
percent. The scores in this question were as follows: 43.3 percent of the
candidates scored marks ranging from 0 - 3.0, 28 percent scored from 3.5 -
5.5 marks while 28.7 of the candidates scored marks ranging from 6.0 - 10.
The candidates performance in this question is summarized in Figure 12.

35-55 28.0

Scores

0 20 40 60 80 100
Percentage of Candidates

Figure 12: Performance of the candidates in question 12.

Data summarized in Figure 12 shows that 56.7 percent of the candidates
passed the question. This signified that the overall performance in this
question was average. Few candidates who managed to score high marks
had mastered properly the concepts of aromatic hydrocarbons particularly
the types of reactions which benzene undergoes at different reaction
conditions. Hence, they were able to give appropriate products for
alkylation, nitration, and chlorination of benzene. Furthermore, they were
able to recall the basic concepts regarding the directive influences of
substituent groups on benzene ring, which in turn enabled them to attempt
part (b) correctly. Extract 12.1 displays a sample of good responses from
one of the candidates in part (a).
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Extract 12.1

Rla) =

Extract 12.1 shows that the candidates gave correct products F, G, H, J, K, L and M
by drawing the structures.

Further analysis of the candidates responses in this question, indicated that
most of the candidates who scored low marks (0 - 3.0) were not
knowledgeable enough regarding the basic types of reactions undertaken by
aromatic hydrocarbons (benzene). Therefore, the candidates in this category
failed to supply appropriate structures for the products in part (b). Extract
12.2 illustrates a poor response from one of the candidates for part (a) and

(b).
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Extract 12.2
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In Extract 12.2 the candidate gave incorrect structural formula for compounds F to
M in part (a) as well as irrelevant products in part (b).

2.1.13Question 13: Halogen Derivatives of Hydrocarbons
Part (a) required the candidates to outline with the aid of reaction equations,
six different applications of haloalkanes in the process of organic synthesis.
In part (b), the candidates were required to provide the chemical test used to
distinguish each of the given pairs of organic compounds:

® Q and Q (i) HC—CHBr and  H,C=CHCHjg

Cl CH,CI

Part (c) required the candidates to give a reason why silver nitrate solution
does not precipitate the chloride in 1-chloropropene, but it does so in 1-
chloropropane.

The candidates who attempted this question were 11,026 corresponding to
33.2 percent. Distribution of scores in this question was as follows: 56.7
percent scored marks ranging from 0 - 3.0, 24.1 percent scored from 3.5 -
5.5 while 19.2 percent scored marks in the range of 6.0 - 10. Performance in
this question is summarized in Figure 13.
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Figure 13: Performance of the candidates in question 13.

Figure 13 shows that 56.7 percent of the candidates scored below the
average mark from 0 - 3.0. Further analysis showed that 43.3 percent of the
candidates were able to score 3.5 marks and above. This signifies that the
overall performance in this question was average, but leaning towards the
lower margin. Some candidates among those with high marks managed to
respond appropriately to most parts of the question. They demonstrated
satisfactory competence on the topic of halogen derivatives of hydrocarbons.
Hence, most of them were able to account for the applications of
haloalkanes in organic synthesis aided by supplying suitable reaction
equations. Some of them were able to differentiate correctly between the
given pairs of organic compounds. Furthermore, some few candidates
managed to apply correctly the concept of inductive effects in part (c) and
established the bond strength between carbon and chlorine. Eventually, they
were able to provide an appropriate account on the reactivity of 1-
chloropropane and 1-chloropropene against silver nitrate on the basis of
their bond strength. Extract 13.1 is a sample of good responses in question
13.
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Extract 13.1
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Extract 13.1 is an illustration of good responses from one of the candidates
who managed to answer all the parts of the question correctly and scored full
marks.

However, majority of the candidates (56.7 percent) scored low marks in this
question. Most of them failed to understand the requirements of the
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question. For example, one of the candidates mentioned the applications of
haloalkanes in organic synthesis with the aid of reaction equations as "used
in production of manure, used in production of fertilizer, used in
manufacture of salt when react with base and used in manufacture of
medicines”. This showed that, those candidates had insufficient
competencies on the topic of Halogen Derivatives of Hydrocarbons,
particularly its central application in the synthesis of other organic
compounds. In part (b), some of the candidates failed to provide the
chemical tests used to distinguish between the given pairs of organic
compounds. This indicated that the candidates were not familiar with the
properties of the functional groups in the given pairs of compounds and their
specific reactions. Hence, the candidates in this category failed to account
for the physical changes which could be observed to distinguish the given
pairs of organic molecules. Extract 13.2 illustrates an example of the poor
responses in question 13.

Extract 13.2
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Extract 13.2 shows that the candidate gave inappropriate explanations in part (c)
and incorrect chemical equations in part (a) and (b).
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2.1.14 Question 14: Halogen Derivatives of Hydrocarbons
Part (a) of the question required the candidates to arrange the following
alkyl bromides in order of decreasing reactivity towards an Sy1 type of
attack: (i) CH3Br, (ii) C(CHs)sBr, (iii) CH(CHs).Br and (iv) CH3CH,CH,Br.
Part (b) required the candidates to write the mechanism for each of the
following substitution reactions:

(I) CH3CH,OH + HBr —— CH3;CH,Br + H,0O
(ii) CH3SCH; + CHsl —— (CH3)sS™I

In part (c), the candidates were provided with the information that: "When
phenol is treated with Br,, a mixture of monobromophenol, dibromophenol
and tribromophenol are obtained”. The candidates were required to write a
synthesis mechanism to convert phenol to: (i) 2-bromophenol and (ii) 4-
bromophenol.

A total of 17,110 candidates corresponding to 51.5 percent attempted this
question. The scores in this question were as follows: 98.3, 1.3 and 0.4
percent of the candidates scored 0 - 3.0, 3.5 - 5.5 and 6.0 - 10 marks
respectively. Table 1 summarizes performance of the candidates in this
question.

Table 1: Scores, Number of Candidates and Percentage of Candidates
in question 14

Scores Number of Candidates Percentage of Candidates
0.0-3.0 16819 98.3
3.5-55 221 1.3
6.0-7.0 70 0.4

Statistical data in Table 1 shows that majority of the candidates summing up
to 98.3 percent scored poor marks out of which 88.0 percent equivalent to
15,060 candidates scored zero mark. Data analysis indicated that only 1.7
percent of the candidates who attempted the question scored 3.5 marks and
above. This signifies that the overall performance in this question was poor.
In addition, the overall analysis across different questions in paper 1 showed
that the candidates performed the least in this question.
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Majority of the candidates scored poorly in nearly all parts of the question.
They were not knowledgeable enough regarding types of organic reaction
and reaction mechanisms. Hence, they failed to establish the trend in
stability of the carbocations formed in part (a), and could not deduce the
order of decrease in reactivity towards Sy1 type of attack. Consequently, the
candidates failed to propose plausible reaction mechanism in subsequent
sections (b) and (c). Most of them failed to devise a mechanism which
would avoid formation of the mixture of phenolic products. As a result, most
of the candidates lost all marks in this part which weighed nearly half of the
total marks allocated to the question. Extract 14.1 is a sample of poor
responses in this question.

Extract 14.1
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Extract 14.1 shows that the candidate gave incorrect trend of reactivity of
alkylbromides towards Syl reaction in part (a). He/she devised improper
mechanisms in part (b) and gave an approach which results into a mixture of
phenolic products in part (¢) contrary to the requirement of the question.

On the other hand few candidates who managed to score high marks in this
question were able to attempt most parts of the question correctly. These
candidates showed good understanding of both the concept of reaction
mechanisms and the rules of writing the reaction mechanism. As a result,
some of the candidates managed to score all the marks allocated in part (b).
Extract 14.2 represents responses from a candidate who provided

appropriate responses in part (b).
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In Extract 14.2, the candidate gave correct reaction mechanisms for the two
reactions in part (b)(i) and (ii).

132/2-CHEMISTRY 2
This paper had a total of ten (10) questions. Each question carried 20 marks.
The pass mark in each question was 7 marks.

Question 1: Chemical Kinetics

This question had three parts; (a), (b), and (c). Part (a) of the question,
required the candidates to define rate of reaction, reaction mechanism, rate
constant, molecularity of reaction, zero order reaction and half life. In part
(b), the candidates were provided with the initial concentrations of the
reactants and initial rates of the reaction with regard to chemical equation:
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2NO(g) +2H2(g) —N2(g) +H,0O(g) as follows:

Experiment Initial [NO] Initial Initial rate
(M) [H2](M) (MIs)
1 5x107 2x107 1.3x10°
2 10x107® 2x107 5x107
3 10x107® 4%x107® 10x10°

The candidates were required to determine the order of reaction with respect
to each reactant and the overall order of reaction, establish the rate law for
the reaction, and calculate the rate constant. In part (c), the candidates were
provided with the information that: "The conversion of cyclopropane to
propene in gas phase is a first order reaction with a rate constant of 6.7x10™
s at 500 °C". From this information, the candidates were required in part
(c)(i) to calculate the concentration of cyclopropane after 8.8 minutes if the
initial concentration was 0.25 M. In part (c)(ii), the candidates were required
to calculate the time taken for the concentration of cyclopropane to decrease
from 0.25 M to 0.15 M. In the last part of the question, (c)(iii), the
candidates were required to calculate the time taken to achieve the
conversion of the starting material to reach 74%.

This question was attempted by 29,495 candidates corresponding to 88.7
percent. This was the question that was attempted by most of the candidates
in both paper 1 and paper 2. The performance of the candidates is shown in
Figure 14.
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Figure 14: Performance of the candidates in question 1.

Figure 14 shows that 88.1 percent of the candidates passed the question,
with the majority (62.9 %) scoring marks ranging from 12 - 20. The
candidates who managed to score all the 20 marks were 1.5 percent. Most of
the candidates who scored high marks demonstrated a good understanding
on the concepts of Chemical Kinetics, hence they were able to state the
meaning of the terms asked. Most of them were also able to show the
relationship between the initial concentrations and the rate of the chemical
reactions leading to the correct deduction of the order of the reaction.
Extract 15.1 shows responses from one of the candidates who gave correct
answers and scored full mark in question 1.
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Extract 15.1
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Extract 15.1 is a set of responses from a candidate who correctly defined the
terms and related the initial concentrations to the reaction rates. He/she
correctly deduced the orders of the reactions given and finally used correct
formulae to perform the required calculations.

On the other hand some of the candidates with low scores in part (a) failed
to use the necessary key words in the definitions of the terms and some gave
irrelevant responses at all. One of the candidates for example, defined the
term half life as "This is the reaction where the reaction take place on short
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then stop to producers on the reaction!". Further analysis showed that some
candidates interchanged the definitions of terminologies. For example one
of the candidates defined rate of reaction instead of rate constant.

In part (b), some of the candidates did not figure out how to determine the
order of reaction with respect to each reactant hence, they failed to deduce
the overall order of the reaction and were unable to perform the associated
calculations using the data provided. Some candidates failed to apply and
manipulate the chemical formulae while others generally lacked sufficient
knowledge on Chemical Kinetics.

In part (c)(i), some of the candidates failed to manipulate the data provided
to calculate the time taken to convert 74% of the starting material. The
analysis revealed that some candidates had little knowledge on the topic
while others encountered problems in mathematical computations. For part
(c)(ii) and (iii) of the question, some candidates failed to calculate time
taken for the concentration of cyclopropane to decrease from 0.25 M to 0.15
M. Most of them failed due to inadequate knowledge on derivation of
formulae and data processing. Some candidates had insuffitient knowledge
of Chemical Kinetics to the extent of scoring zero mark out of 10 marks.
Extract 15.2 shows responses from a candidate who attempted part (a) and

(b) poorly.

Extract 15.2

Atr1Dose Peuﬁ’m?

TLad 4 o Fbafevee ftosf m,—-rcc} WW

fletfoin hJ/ML caefot ol

Ch) Rele coylect

Pl 1€l eoiRo (v Al (20 nedn,

Yoo rtme L~ (A (/vvtrkd Doss ﬂb’f chrca.g( (orof«,/’
J;m:aﬂ Lud roree (i tongdedo .
(VN/ Reteflon Podloerirn
T L ho afreleor Cloot mejlw Jetao

85




A lppce ov e fowvod «aihos

{,J/ I\/u),ccu-(cuvﬂy rafie

T & o2 pee v Aosdd (dereric "‘W

per gror P P deo reendy'e 1 edpeal
M&WI

4 L e hioels  vlert yreo fisov Lo,
h-P»owa Lo v TOfow Flad ot L(fn/L
Cex] *

v/ [Hetf LiPe
noy @ MHe redlror loeb wRua e <o
,’w pwwm-«)ﬂ‘ o n ('FbF ‘/D?nﬂu-mﬂm
o reasfow ! -

O) (1157 > ¥ 2x15 3% | '37((05)«}-/0“03,(21103
X sx55) +4 ﬁom x I x to%(eT)

— =10

[2: 6 2<f .

41 T led 5t @eeRov 7 Fede Haf
ot Jet JUase /
Extract 15.2 shows responses from a candidate who knew some chemical
kinetics terms, but failed to arrange them properly to give a meaningful
statement. This was attributed to not only lack of enough knowledge but also
poor language skills.

2.2.2 Question 2: Electrochemistry
This question had parts; (a), (b), (c) and (d). In part (a)(i), the candidates
were required to explain the term oxidation-reduction reaction. In part
(@)(ii), they were provided with the following chemical equation of the
reaction between dichromate (V1) ion and chloride ion in acidic solution:

CrO+*(aq) + Cl(aq) —— Cr¥*(aq) + Cl,(aq)
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Then they were required to derive balanced half-reaction equations and
overall net equation. Part (b) required the candidates to state which among
the given chemical equations represented oxidation-reduction reactions. The
chemical equations given were:

() CHa(g) +202(g) —> CO2(9) +2H.0(g)

(i)  Zn(s) +2HCl(aq) —— ZnCl,(aq) +H(Q)

(iii) Cr,07%(aq) +20H (aq) —> 2Cr04*(aq) +H,O(l)
(iv)  Os(9) +NO(g) —> O2(g)+ NO2(9)

Part (c) required the candidates to identify the oxidizing agent, the reducing
agent, the substance being oxidized and the one being reduced in (b) (i - iv).
Lastly, part part (d) required the candidates to calculate e.m.f of the cell:
Pb(s)/Pb* (aq)(1x10*M)//Cu® (aq)(1x10M)/Cu(s) using standard electrode
potentials which were Pb?*/Pb, E°= - 0.126V and Cu®*/Cu, E° = 0.34V.

The question was attempted by 16,671 candidates equivalent to 50.2
percent. Majority of the candidates summing up to 62.5 percent passed the
question out of which 39.9 percent scored 7.0 - 11.5 marks while 22.6
percent scored 12 - 20 marks. The rest constituting 39.9 percent scored
marks ranging from O - 6.5. Figure 15 summarizes the candidates'
performance in question 2.

Scores
mo0-6.5
o7-11.5
m12-20

Figure 15: Performance of the candidates in question 2.

Figure 15 shows that 62.5 percent of the candidates scored 7 marks and
above, an indication that the general performance in this question was good.
Moreover statistical data (not displayed here) shows that 0.1 percent of the
candidates who attempted the question scored full 20 marks. The candidates

who scored high marks demonstrated understanding of the oxidation-
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reduction concept and therefore they were competent enough to write the
half cell reactions and the correct overall net equation. In addition, most of
the candidates who got high marks were able to apply the established
oxidation-reaction concept in part (a) to correctly point out the oxidants and
reductants. Furthermore, the candidates were competent in applying the
Ernst equation to calculate the e.m.f of the given cell. Extract 16.1 displays
an example of good responses from one of the candidates who scored 20
marks in this question.

Extract 16.1
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Extract 16.1 shows that the candidate correctly applied the concept of
oxidation-reduction to derive the overall net equation and succeed to point out
both the oxidizing agents and reducing agents as required. Furthermore,
he/she calculated the exact value of e.m.f of the cell which was 0.4955 V.

However, some few candidates got unsatisfactory marks. In part (a)(i), most
of them defined oxidation-reduction as two independent terms (Oxidation

90



and Reduction) contrary to the fact. This was attributed to insufficient
understanding regarding the requirements of the question. This group was
unfamiliar with the basic rules of balancing redox reactions and lacked
enough exercises on the subtopic. Further analysis showed that some of the
candidates failed to identify the oxidation-reduction reactions, oxidizing
agent and the reducing agent. Similarly, they failed to point out the
substance being oxidized and the one being reduced in the respective
equation. This was due to lack of enough knowledge on electron transfers
accompanying redox-reactions. Therefore, most of them lost most of the
points in the subsequent section of the question as they failed to apply the
Ernst Equation to calculate the e.m.f of the given cell. Extract 16.2 shows
responses given by a candidate who scored low marks in this question.

Extract 16.2
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In Extract 16.2, the candidate incorrectly defined oxidation-reduction reactions,
gave improper chemical equations and failed to apply the Earnst equation in an
attempt to calculate the e.m.f of the cell.
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2.2.3 Question 3: Acids, Bases and Salts
This question consisted of four parts; (a), (b), (c) and (d). Part (a) required
the candidates to define conjugate base, conjugate acid and conjugate acid-
base pair. Part (b) required the candidates to identify the acid, base and acid-
base conjugates for each of the chemical equations provided:
(i) H,0+HCIl——>H30" +CI
(ii) CH3COOH + H,0 === H30" + CH;COO
(iii) CH3COOH + H,SO4 === CH3COOH," + HSO4
(IV) CsHs5NHo + -NH,; == CsHs5NH™ + NH;

In part (c), the candidates were required to calculate the concentration of
sodium propanoate (CH3;CH,COONa) that was required to be present in a
0.01 M solution of propanoic acid (CH3CH,COOH) to produce a pH of 4.30
using the given value of K, of propanoic acid 1.3x10®. In part (d), the
candidates were given the K, of acetic acid 1.8x107 and asked to calculate
the pH of the 0.02 M acetic acid (CH3COOH).

The question was attempted by 27,012 candidates corresponding to 81.3
percent. The analysis shows that the question was one of the most opted
questions by the candidates. The analysis revealed that 67.2 percent of the
candidates were able to score 12.0 - 20.0 marks which indicated good
performance while 21.0 percent scored 7.0 - 11.5 marks which indicates
average performance. Moreover, 11.8 percent of the candidates scored 0 -
6.5 marks which are classified as weak scores. The bar graph (Figure 16)
gives a graphical presentation of these data.

67.2%

21.0%
11.8%
0-6.5 7-11.5
Scores

Figure 16: Performance of the candidates in question 3.
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The information in Figure 16 shows that 88.2 percent of all the candidates
passed the question. This signified that the overall performance was good.
The candidates who managed to perform well in this question were able to
utilize correctly the concept of acid-base conjugate pairs to define the given
terms. Most of them identified the acids, bases and acid-base conjugates in
each of the chemical equations. They were also able to recall and apply the
Ostwald dilution law correctly to calculate the pH of 0.02 M acetic acid.
Extract 17.1 illustrates an example of good responses from one of the

candidates.

Extract 17.1
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Extract 17.1 shows responses where by the candidate provided correct
definitions, and identified the acid and bases with their conjugate pairs.
He/she also applied the Ostwald law of dilution properly to calculate the
required pH.

Some candidates who scored low marks in this question missed some key
words in the definition of conjugate base, conjugate acid and conjugate acid-
base pair and some gave irrelevant responses. This is an indication of little
knowledge on acid-base pair concepts and difficulties in language
proficiency. In part (b), some of the candidates could not identify the acid,
base, conjugate acid and conjugate base in each of the given reactions. This
is an indication that some of them had insufficient knowledge about
concepts of Bransted-Lowry theory of acids and bases as well as Lewis and
Arrhenius theories. In part (c), some of the candidates were not able to
calculate the concentration of sodium propanoate (CH3CH,COONa) that
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was supposed to be present in a 0.01 M solution of propanoic acid
(CH3CH,COOH) to produce a pH of 4.30 from the given K, value of
propanoic acid. This could be attributed to insufficient knowledge on the
concept of buffer solutions and their related calculations. In part (d), some of
the candidates faced difficulties in calculating the pH of 0.02 M acetic acid
(CH3COOH) from the given dissociation constant (K,) of acetic acid. The
candidates failed to demonstrate the mastery of Ostwald's dilution law in
calculating hydrogen ion concentration. Extract 17.2 depicts an example of
poor responses from one of the candidates.

Extract 17.2
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In Extract 17.2, the candidate incorrectly defined the terms, gave

inappropriate chemical equations and calculated pH without applying
the Ostwald law of dilution.

2.2.4 Question 4: Solubility, Solubility Product and lonic Product

This question had three parts: (a), (b) and (c). Part (a) required the
candidates to write the solubility product constant (Ksp) expressions for the
solubility of Copper (1) bromide, Bismuth sulphide (Bi,S3), Copper (II)
iodate, Cu(lO3), and Silver chromate (Ag.CrO,). In part (b), the candidates
were given [Ag'] of a solution = 4 x 107 and were required to calculate the
[CI7] that must be exceeded before AgCI can precipitate given that the K, of
AgCl is 1.0x10™. In part (c), the candidates were given the information
that, "25 cm® of 0.001 M BaCl, solution were mixed with 40 cm® of 0.002 M
Na,SO, solution” and then required to determine if BaSO,4 will precipitate
from the solution given the Ky, of BaSO, at 25°C is 1.12 x10™ mol*dm™®. In
part (d)(i), the candidates were required to outline four factors which affect
the solubility of sparingly soluble salts. In part (d)(ii), the candidates were
required to calculate the solubility of AgCl in 0.20 M AgNOj3 solution given
the Ksp of AgCl = 1.0x10™°,
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This question was opted by 59.4 percent of the candidates. The statistical
data show that 24 percent of the candidates scored 0 - 6.5 marks, 38.1
percent scored 7.0 - 11.5 marks and 37.9 percent scored 12 - 20 marks. The
general performance was good since 76.0 percent of the candidates scored
7.0 marks and above. Figure 17 summarizes the performance of the
candidates in this question.

45
40 38.1 37.9

35

Percentage of Candidates

7-11.5
Scores

Figure 17: Performance of the candidates in question 4.

The majority of the candidates with high scores answered correctly most
parts of this question. The candidates with high scores showed good
understanding of the concept of solubility and solubility product hence,
deduced correctly the solubility product expressions as required. They
demonstrated competences in manipulating the data provided to arrive at
correct decision that BaSO, was able to form a precipitate from the solution.
Extract 18.1 represents an example of good responses. However, the
candidate incorrectly mentioned concentration as one of the factors affecting
solubility of sparingly soluble salts.
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Extract 18.1
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In Extract 18.1, the candidate appropriately calculated Ky, and Q, values and
managed to rule out correctly that BaSO, would be precipitated. He/she also
stated the factors affecting solubility properly and calculated the solubility of
AgCI correctly.

A

The candidates who scored low marks (0 to 6.5 marks) failed to write
correctly the solubility product constant (Ks,) expressions for the solubility
of  Copper(l) bromide, Bismuth sulphide (Bi,S3), Copper(ll) iodate,
Cu(103),, and Silver chromate, Ag.CrOy. In part (b), some of the candidates
failed to write the correct balanced dissociation equation of silver chloride.
This misled them to getting the incorrect expressions of solubility product
and hence incorrect [CI].

In part (c), some candidates were unable to do the calculations and compare
Qsp to Kgp in order to predict on whether BaSO,4 will precipitate from the
solution or not. Instead they concluded on the formation of the precipitate
without doing any relevant calculations. Those who attempted the
calculations, they either used incorrect formulae for barium sulphate or
solubility equation and failed to manipulate the data to predict the formation
of the precipitate. This implies that the candidates had insufficient
knowledge on the concept of common ion effect in relation to precipitation.

In part (d)(i), some of the candidates were unable to outline four factors
which affect the solubility of sparingly soluble salts. The candidates failed to
integrate the concepts of properties of compounds of metals with the
concept of solubility and solubility product of sparingly soluble salts. In part
(d)(ii), some of the candidates had difficulties in calculating the solubility of
AgCl in 0.20 M AgNO; solution from the given Ky, of AgCI. This is
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2.2.5

attributed to inability of the candidates to write the solubility product
expression of AgCl. They also failed to apply the concept of common ion
effect to arrive at the correct value of solubility of AgCI which was 5 x 10™°
M. Extract 18.2 gives a sample of candidates’ poor responses for part (a).

Extract 18.2
4 | &y 7o gy
L lube = Cep & VB
\Csp = ) %
oy = "
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( 53
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(sy = o

k&? = “&g‘}( Mp‘rd)b’)lq
Extract 18.2 shows a response from a candidate who gave incorrect K,
expressions. He/she skipped the remaining part of the question.

Question 5: Periodic Classification

This question had four parts (a), (b), (c) and (d). Part (a) required the
candidates to explain why hydrogen element was placed in group | in the
modern periodic table. Part (b) of the question required the candidates to
account for the following facts: (i) The cationic size of an element is smaller
than its atomic size, (ii) Group | elements are called alkaline metals, (iii)
Group Il elements melt at higher temperature than group | elements and (iv)
Some compounds are said to be polarized.

In part (c), the candidates were asked to explain the following facts: (i)
Every first member of the group in the periodic table behaves anomalously
from other members, (ii) Some elements in the Periodic Table show
diagonal relationships, (iii) Some elements are called d-block elements and
(iv) The compounds of Sc* are colourless.

In part (d), the candidates were given the information that "The valency
shell electronic configuration of element X is represented as 6s°6p°" and they
were asked to: (i) Give the block, group and period of element X in the
Periodic Table, (ii) Give the possible oxidation states of element X and (iii)
Give the formula of the oxide of X.
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The question was opted by 21,667 candidates equivalent to 62.2 percent.
The candidates who scored 0 - 6.5, 7.0 - 11.5 and 12 - 20 marks were 50.5,
31.8 and 17.7 percent, respectively (Figure 18).

Scores

HO0-65
o7-11.5

m12-20

Figure 18: Performance of the candidates in question 5.

Figure 18 shows that 49.5 percent of the candidates scored marks ranging
from 7.0 - 20 which shows that the overall performance was average. Only
few candidates, 17.7 percent scored good marks.

The candidates who scored high marks managed to answer correctly most of
the parts of the question. Most of them showed good mastery of the topic as
they provided appropriate responses. Extract 19.1 shows one of the
responses from a candidate with high scores. However, the candidate failed
to explain why some compounds are said to be polarized and could not state
the possible oxidation state of element X.
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In Extract 19.1, the candidate applied correctly the concept of modern
periodic law to attempt part (a), (b) and (c). He/she managed to give the
oxidation states of element X and its oxide correctly.

For most of the candid

ates who gave unsatisfactory answers the following

were observed: In part (a), some of them failed to link the concept of
electronic configuration of elements and their positions in the Periodic
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Table. Hence, they failed to show one of the main reasons for the placement
of hydrogen in the first position in the modern Periodic Table.

In part (b), most of the candidates showed insufficient knowledge on
periodicity, hence they failed to establish the effect of trends that could be
observed in effective nuclear charge, ionization energy and electronegativity
of elements both down the group and across the period. This is because they
also had inadequate knowledge on the concept of metallic bonding hence,
they failed to establish its effects on the physical and chemical properties of
the elements.

In part (c), some of the candidates failed to explain the facts asked. They
could not establish the elecronegativity trends along the period and down the
group with respect to the position of elements in the Periodic Table.
Possibly, the candidates did not understand the concept of properties of
transition elements and the relationship between electronic configuration
and position of elements in the block of elements in the Periodic Table.

Some of the candidates failed to fulfill the requirements of part (d). This
unsatisfactory performance was associated with inability to relate the
position of elements with the blocks of elements in the Periodic Table.
Generally, poor performance in this topic is due to lack of enough
competence on the topic of Periodic Classification. Extract 19.2 gives an
example of poor responses given by one of the candidates to question 5.

Extract 19.2
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In Extract 19.2, the candidate gave one of the properties of group | elements
which is not the reason for the placement of hydrogen in position 1. In
subsequent responses the candidate provided unclear statements.

2.2.6 Question 6: Extraction of Metals
This question consisted of three parts; (a), (b) and (c). Part (a) required the
candidates to describe the extraction process of tin (Sn) from its chief ore. In

part (b), the candidates were required to describe the chemical extraction of
aluminium (Al) from its chief ore.

This question was opted by 10,524 candidates corresponding to 31.7
percent. The performance was as shown in Figure 19.
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Scores
m0-6.5
a7-11.5
mi2-20

Figure 19: Performance of the candidates in question 6.

Figure 19 shows that 42.8 percent of the candidates scored from 7.0 - 11.5
marks. The candidates who scored from 0 - 6.5 marks were 34.9 percent
while those who scored from 12 - 20 marks were 22.3 percent The general
performance in this question was good as 65.1 percent of the candidates
scored 7 marks and above.

The candidates who scored high marks in this question were able to attempt
most parts of the question appropriately. Few of them managed to answer all
parts of the question correctly. This is an indication that the candidates had
sufficient knowledge on how to extract tin and aluminium from their ores.
Also it means that they really understood the requirement of the question.
Extract 20.1 shows a sample of good responses in this question.
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Extract 20.1 shows a set of correct responses from a candidate who explained
correctly, with the support of illustrations, the basic stages involved in
extraction process of tin and aluminium from their chief ores.

R

aluminjum  puHek

Some of the candidates who performed poorly in this question failed to
name correctly the chief ores of tin and aluminium. One of the candidates
for example, used haematite instead of bauxite as the chief ore of
aluminium. Majority of the candidates failed to write the formula of the ores
of tin as well as aluminum. Consequently, they failed to write the required
reduction equations proprly. Some of the candidates were unable to give the
balanced chemical equations required for each process. The analysis also
revealed that some of the candidates wrote incorrectly the discharge
equation of aluminum AI** ions at the cathode. This is an indication that the
candidates failed to integrate the knowledge of electrolysis with the process
of aluminium extraction. Extract 20.2 shows a set of responses from a
candidate who performed poorly in the question.
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Extract 20.2 shows that the candidate provided the general methods of
metal extraction instead of specific methods for the extraction of tin. In
part (b), the candidate mentioned haematite incorrectly as the chief
aluminium ore. In subsections (i) - (iv), he/she provided incorrect stages
that are not specific for the process of aluminium extraction.
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2.2.7 Question 7: Selected Compounds of Metals

This question had four parts; (a), (b), (c) and (d). Part (a)(i) required the
candidates to classify the oxides Al,O3, Na,O, ZnO and CaO as amphoteric,
basic or acidic. Part (a)(ii) required the candidates to explain with examples,
five uses of sulphates of selected metals in different fields. Moreover, part
(b) of the question required the candidates to explain the following facts
using suitable equations: (i) the aqueous solution of iron (I11) chloride being
acidic (ii) gaseous iron (I11) chloride at low temperature exist as a dimmer
and being a covalent compound (iii) red hot iron decomposes steam
reversibly, and (iv) the aqueous solution of sodium hydrogen carbonate is
alkaline. In part (c), the candidates were required to give reasons for the
notion that iron (Ill) carbonate does not exist. Part (d) required the
candidates to describe with examples the chemistry of Zinc oxide (ZnO).

This was the least opted question being attempted by only 1,513 candidates
equivalent to 4.6 percent. This was the most poorly performed question.
95.9 percent of the candidates scored low marks ranging from 0 to 6.5. The
candidates who managed to score average marks were 3.0 percent, while
only 1.1 percent scored high marks from 12 - 20. The performance of the
candidates is as shown in Figure 20.

3.0% 1.1%

Scores
mO0-65
Oo7-11.5
mi12-20

Figure 20: Performance of the candidates in question 7.

Figure 20 depicts that the overall performance of the candidates in the
question was poor as 95.9 percent scored below 7.0 marks. Analysis of the
candidates answers showed that majority of those who had unsatisfactory
performance failed to classify the given oxides as required. Such
performance indicates that they were unable to relate the trends in properties
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of oxides with the position of the corresponding elements in the Periodic
Table as well as reactivity series of metals. In part (a) (ii), most of the
candidates failed to explain with examples the five uses of sulphates of
selected metals in different fields. This suggests that the majority of the
candidates did not attain the appropriate competencies stipulated in the
syllabus hence had insufficient knowledge on the application of sulphates in
daily life.

In part (b), most of them faced difficulties in explaining with suitable
equations the facts presented in the question. This shows that the candidates
had insufficient knowledge on the concept of salt hydrolysis, the cation bond
polarization, and the reactivity series of metals. Such concepts are part and
parcel towards understanding properties of metals and their compounds. In
part (c), most of the candidates failed to give reasons for the non-existence
of iron (IlIl) carbonate which suggested that the candidates did not
comprehend the way small size and high charge of cations affect stability of
carbonate compounds. Few candidates who attempted part (d) failed to
describe with suitable examples the chemistry of Zinc oxide (ZnQO). This
indicates that they had insufficient knowledge on the properties of
compounds of metals and the position of elements in the Periodic Table with
respect to their corresponding oxides.

The overall analysis on the responses given by most of the candidates who
performed poorly suggests inadequate knowledge of Inorganic Chemistry
oriented questions, particularly properties of selected compounds of metals.
There is likelihood that the competence in this topic was not adequately
attained since most of the candidates skipped the question. Extract 21.1 is a
sample of poor responses from one of the candidates.
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Extract 21.1 shows that the candidate incorrectly classified amphoteric
oxides Al,O3 and ZnO as amphoteric instead of basic oxides and the basic
oxides (CaO and Na,O) as acidic oxides. In part (a)(ii), the candidate gave
uses of metal sulphates which were not specific.

On the other hand there were few candidates who managed to answer
correctly most parts of the question. Extract 21.2 shows a response from one
of the candidates who scored high marks.
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Extract 21.2 shows a response whereby the candidate classified correctly the
oxides of metals given, gave three correct uses of metal sulfates with
examples. In other parts of the question the candidate responded correctly

and

included appropriate chemical equations.
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2.2.8 Question 8: Environmental Chemistry
This question had three parts; (a), (b), and (c). Part (a) required the
candidates to outline any six control measures which are useful in
minimizing the chemical pollution of water bodies. Part (b) required the
candidates to outline any four possible causes of environmental degradation.
In part (c), the candidates were required to explain eight effects of air
pollution to living organisms.

The question was attempted by 27,304 candidates corresponding to 82.2
percent. This was one of the most opted questions. Analysis of the
performance indicated that 87.4 percent of the candidates scored 12 - 20
marks, 11.1 percent scored 7 - 11.5 marks while only 1.5 percent scored O -
6.5 marks. Figure 21 shows performance of the candidates in question 8.

100 -
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80 ~
70 A
60 -
50 ~
40 4
30 ~

87.4

Percentage of Candidates

20 1 11.1
10 1 1.5

0 T T
0-6.5 7-11.5

Scores

Figure 21: Performance of the candidates in question 8.

Figure 21 shows that majority of the candidates corresponding to 98.5
percent passed the question. The overall performance in this question was
good. The candidates who scored high marks managed to answer most parts
of the question correctly. This is attributed to the nature of the topic which
cross-cuts several disciplines as one among the most current issues in the
globe. Therefore, the candidates had ample time both at school and at home
to acquire the knowledge of environmental chemistry in their daily life
activities and probably from different media outlets. The candidates who
managed to score all the marks communicated their responses in good
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language and precisely to the point. Hence, they got full marks. Extract 22.1
is a sample of a good response from one of the candidates who scored full
marks.

Extract 22.1
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Extract 22.1 represents a set of correct responses whereby the candidate
demonstrated appropriate competencies; outlined six measures useful in
minimizing the chemical pollution of water, outlined correctly the four
causes of environmental pollution and explained the eight effects of air
pollution to living organisms.

Despite the fact that most candidates attempted well this question, some few
candidates did not understand the requirements of the question items. One of
the candidates for example, mentioned afforestation and global warming as
the causes of environmental degradation. This revealed that the candidates
were not knowledgeable enough on the concept of environmental pollution.
Language proficiency was another factor which contributed to the poor
performance of some candidates in this question. Extract 22.2 represents a
sample of the poor responses from one of the candidates.
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Extract 22.2
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Extract 22.2 shows a response whereby the candidate gave incorrect
answers in part (a). Furthermore, the candidate mentioned afforestation and
global warming as causes of environmental degradation contrary to the fact.
He/she could not answer some question items.

2.2.9 Question 9: Amines
This question had four parts namely (a), (b), (c) and (d). Part (a) required the
candidates to arrange (with reasons), the following amines in order of
increasing basic strength:

ooy
CHs
: NH,

Part (b) required the candidates to show how n-propylamine could be
prepared from each of the following compounds: (i) n-propyl bromide, (ii)
n-propyl alcohol, (iii) n-butyl alcohol and (iv) propanitrile. In part (c), the
candidates were required to describe in two steps, the conversion of benzene
into aniline (phenyl amine) while part (d) required candidates to give the
structures and names of the organic products formed when phenyl amine
reacted with; (i) Ethanoic anhydride, (ii) Aqueous bromine, (iii) Ethanoic
anhydride followed by bromine water and (iv) Sodium nitrite and
hydrochloric acid below 10°C.
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Only 1,261 (3.8 percent) candidates attempted this question, being the least
opted question in this paper. Statistical data indicated that 59.2, 29.7 and
11.1 percent of the candidates scored 0 - 6.5, 7 - 11.5 and 12 - 20 marks
respectively. Summary of these statistics is given in Figure 22.

7-11.5 29.7

Scores

0 10 20 30 40 50 60 70
Percentage of Candidates

Figure 22: Performance of the candidates in question 9.

The general analysis from figure 22 shows that majority (59.2 percent) of
the candidates scored below average (0 - 6.5 mark). Further analysis shows
that 191 candidates amounting to 15.1 percent scored zero mark. However,
40.8 percent of the candidates scored 7 marks and above Therefore, the
overall performance in this question leaned towards the lower side of the
average performance (35 - 59 percent).

Most of the candidates who managed to score high marks in this question
showed a good understanding on the topic of amines. Hence, they were able
to give correct arrangement of given amines in order of increasing basic
strength. Most of the candidates in this group were conversant with the
methods of preparation of amines hence, gave the plausible synthetic
pathways for the synthesis of n-propylamine from the given precursors.
Extract 23.1 depicts responses from the script of a candidate with high
scores in the question. However, the candidate failed to give the structure
and name of the product formed in part (d)(iii).
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Extract 23.1
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Extract 23.1 gives responses from one of the candidates who demonstrated a
good understanding on the topic of amines by supplying correct reactions and

names of the products in most parts of the question.

Most of the candidates with low performance failed to arrange the given list
of amines in order of increasing basic strength. This implied that, they had
insufficient knowledge about the directive influences of activators such as
methyl group on the basicity strength of aromatic and aliphatic amines, and
their corresponding classes. This is due to insufficient competencies
regarding the concepts of mesomerism and delocalization as well as
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inductive effects. Although some candidates managed to arrange the
compounds according to basic strength, they could not justify their
responses hence, lost some marks. Most of the candidates also failed to
show how n-propylamine could be prepared from the given compounds.
This indicated inadequacy of the knowledge on the reactions and properties
of different functional groups in the preparation of amines. Such observation
Is attributed to insufficient exposure and practices on the topic. The clear
evidence from the candidates answers shows that most of them had
inadequate knowledge about the principles of reaction mechanisms, the
factors effecting organic reactions and interconversion from one functional
group to the other. Extract 23.2 represents one of the candidates poor
responses.

Extract 23.2
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Extract 23.2 portrays a portion of sample responses in which the candidate
gave incorrect arrangement of the amines in terms of their basic strength.
He/she accounted erroneously for the stated arrangement.
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2.2.10 Question 10: Carboxylic Acids and Derivatives
This question had four parts; (a), (b), (c) and (d). Part (a) required the
candidates to arrange the following compounds in order of increasing acidic

strength:
COOH

OH CH,OH NO,
- O O

(i) Ethanoic acid, propanoic acid, methanoic acid, 2-chloroethanoic acid
and 2-methylpropanoic acid.

Part (b) required the candidates to provide the major products of the

reactions:

(i) CH,CH,OH + KMnO,, H,0, H" —>

(i) @COOH . PCly —

COOH

(iv) CHg—ﬁj o) E CH; + H,0

In part (c), the candidates were given structural formula of compound A
which was extracted from certain yellow flowers:

H

o
O H OH O

and were required to give the organic product that will be formed when the
compound was treated with: (i) Nitrous acid, (ii) Ethanol, (iii) LiAIH,4, (iv)
Potassium dichromate and (v) PCls. Part (d) required the candidates to
explain the uses and hazards of carboxylic acids.

The question was attempted by 8,661 candidates constituting 26.1 percent of
all candidates. The distribution of candidates performance is as shown in
Figure 23.
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Oo7-11.5
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Figure 23: Performance of the candidates in question 10.

The statistical data shows that 34.9, 34.2 and 30.9 percent of the candidates
scored marks ranging from 12 - 20, 7 - 11.5 and 0 - 6.5, respectively.
Analysis indicated that the overall performance in this question was good as
majority of the candidates amounting to 69.1 percent scored 7 marks and
above.

Most of the candidates who scored high marks answered correctly in most
parts of the question. Majority of them were able to arrange properly the
carboxylic acid compounds given in order of increasing acidic strength.
Furthermore, they demonstrated understanding the concept of stability of
carbocations hence, they predicted correctly the major products in the
reaction equations provided. Moreover, some of them were able to give all
the structures with correct IUPAC names on part (c) of the question and
scored all the marks. Extract 24.1 shows a sample of good responses from
the script of one of the candidates who managed to score nearly all of the
marks allocated to this question.
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Extract 24.1
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Extract 24.1 represents a set of responses from one of the candidate who was
conversant with the topic of carboxylic acid and derivatives by answering properly
nearly all parts of the question.

The candidates who performed poorly in this question failed to apply the
concepts of mesomerism and inductive effects to establish plausible trend in
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acidic strength of the compounds given in part (a). In subsequent sections,
most of the candidates showed inappropriate understanding on reaction
mechanisms and therefore could not deduce the plausible structures for the
products. Furthermore, some of them were not able to relate the type of the
reaction with the respective functional groups given. Consequently, some
candidates failed to explain the uses and hazards of carboxylic acids due to
insufficient exposure and competence on the application of carboxylic acids
in daily life. Extract 24.2 represents a sample of a poor response from one of
the candidates.

Extract 24.2
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In Extract 24.2, the trend in acidic strength presented in part (a)(ii) is
incorrect. He/she supplied propanoic acid instead of ethanoic acid in
part b(i). Furthermore, the candidate gave incorrect structures for the
products in the subsequent sections.
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3.0

ANALYSIS OF THE CANDIDATES’ PERFORMANCE IN EACH
TOPIC

A total of twenty (20) topics were examined in paper 1 and paper 2. The
candidates performed well in the following topics: Environmental Chemistry
(98.5%), Acids, Bases and Salts (88.2%); Chemical Kinetics (88.1%), The
Atom (79.3%), Solubility, Solubility Product and lonic Product (76.0%),
Gases (72.2%), Carboxylic Acids and Derivatives (69.1%), Extraction of
Metals (65.1%), Chemical Equilibrium (63.3%) and Electrochemistry
(62.5%).

The Good performance in the stated topics was attributed to the fact that
most of the candidates had adequate knowledge and clearly understood the
requirements of the respective questions. Moreover, most of them were able
to use correctly the English language in answering the questions which
required explanations.

The candidates had an average performance in the topics of Aromatic
Hydrocarbons (56.7%), Chemical Bonding (55.3%), Periodic Classification
(49.5%), Aliphatic Hydrocarbons (48%), Amines (40.8%) and Two
Components Liquid System (36.4%). On the other hand, the candidates had
weak performance in the topics of Energetics (33.3%), Halogen Derivatives
of Hydrocarbons (22.5%), Relative Molecular Masses in Solution (7.6%)
and Selected Compounds of Metals (4.1%).

Poor performance in the four stated topics reflected to a great extent
inadequate knowledge and incompetence in writing appropriate formula
equations. In the topic of Selected Compounds of Metals for example, most
of the candidates failed to give the application of metal sulphates as well as
description regarding the chemistry of zinc oxide (ZnO). Such low
performance was attributed to insufficient competencies in inorganic
chemistry, specifically the properties of Selected Compounds of Metals. It is
noted that the candidates did not understand the topic or probably did not
cover the topic.

The comparison of the candidates’ performance between the year 2017 and
2018 shows that, the performance in 9 topics has increased, while it has
decreased in 11 topics. More details of the performance in different topics
are presented in the appendix.
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4.0
4.1

CONCLUSIONS AND RECOMMENDATIONS

Conclusion

The question analysis of the performance in Chemistry paper 1 and 2 for the
ACSEE 2018 has shown that overall candidates’ performance was good.

The analysis shows that 10 topics had good performance, 6 topics had
average performance and 4 topics had weak performance. Good
performance was attributed to good mastering of the concepts tested in the
respective topics and understanding of the questions’ demands.

However, the analysis on individual items indicated that some of the
candidates experienced difficulties in answering the questions due to
inadequate  knowledge. Hence, they failed to interpret scientific
observations. They had insufficient ability to tackle chemistry problems
which involves mathematical manipulation. This was evident in the analysis
made on the poorly performed questions from the content areas of

Energetics, Halogen Derivatives of Hydrocarbons, Relative Molecular

Masses in Solution and Selected Compounds of Metals.

Among other factors, this performance could be greatly attributed to:

(@) Lack of mathematical skills and inadequate knowledge on the tested
topics. This was evident from some of the candidates who gave
responses which did not relate to the questions asked. Most of them
were not able to transpose the formulae and plug in the data provided
to arrive at the correct value of the items required.

(b) Inability of the candidates to follow the required steps in answering
questions. This is shown by some of the candidates who substituted
data into formulae without units agreement while at the same time
skipping a couple of necessary steps.

(c) Failure of the candidates to understand the requirements of the
questions. Some candidates were unable to identify the key words used
in the questions. For example, they responded synonymously on the
question words such as define and explain.

(d) Lack of English language proficiency. This was manifested by the

candidates who gave incorrect sentences to the extent of not being able
to communicate their answers.
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4.2

(€)

(f)

(9)

Failure to apply appropriate formulae and chemical equations. For
example some candidates incorrectly wrote van der Waal's equation.

Failure to integrate classroom lessons with the real life situations. This
was observed from candidates who failed to relate the common
chemical substances such as sulphates with their common uses in daily
life.

Lack of enough exposure to practicals. This was justified due to
presence of incorrect responses from some of the candidates who
failed to interpret the experimental data provided in some questions.

Recommendations
In order to improve performance of candidates in Chemistry, the following
measures are recommended:

(i)

(i)

(iii)

(iv)

Teachers should put more emphasis on mathematical-based concepts
and skills related to Energetics, Halogen Derivatives of Hydrocarbons,
Relative Molecular Masses in Solution and Selected Compounds of
Metals.

Teachers should encourage prospective candidates to participate
actively in the process of teaching and learning (Competence based
approach). This will help to raise the interest and curiosity of
candidates. Furthermore, the teachers should provide the prospective
candidates with relevant experiments and effective assessment to build
their confidence and appropriate competences regarding the subject
matter.

Teachers should ensure that all of the topics stipulated in the syllabus
are covered properly and systematically within the recommended
boundaries of time limits. This recommendation is highly encouraged
so as to allow ample time for the prospective candidates to do a lot of
exercise and revision.

The prospective candidates should be encouraged and involved in
tasks which can help to nurture and develop their language skills.
Among other approaches in this matter, the English speaking
programme through inter-school and intra school debate competitions
as well as morning speeches on chemistry topics, are hereby highly
recommended as a possible remedy.

145



(v) Teachers are emphasized to integrate both the theory and practicals in
their teaching. This will allow the prospective candidates to build
confidence and appropriate competencies in the subject matter.
Furthermore, the prospective candidates will be able to establish long
term memory on the subject matter. Educators (teachers) should
emphasize on the use of chemical symbols, formulae and equations
following IUPAC system as these are the cornerstones in Chemistry.
In addition, teachers should teach appropriate use of units and
dimensions in line with SI.
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Appendix: Summary of the Performance of Candidates — Topicwise

SIN

N
o
=
(o]

2017

Topic

HE% %w§§§3® L §§ :%,w%g‘%sm 2
SE|2cs288w3 S SE|2ES2 338w 3 3
ESIF85E0x23] § |EE8|FE€s5Eo<2g §
ZO & O=8§ @ z0| & Sts @
1. Environmental Chemistry
2. | Acids, Bases and Salts.
3. | Chemical Kinetics.
4. | The Atom.
Solubility, Solubility
5. | Product and lonic Average
Product.
6. Gases.
7 Carboxylic  Acids and
" | Derivatives.
8. | Extraction of Metals. 1 1]
9. | Chemical Equilibrium. | 1 | Average [0
10. | Electrochemistry. Average
11. | Aromatic Hydrocarbons. 1 Average
12. | Chemical Bonding. 2 55.3 Average
13. | Periodic Classification. 1 49.5 Average
14. | Aliphatic Hydrocarbons. 1 48 Average
15. | Amines. 1 40.8 Average
16, Two Components Liquid Average ) 364 Average
system.
17. | Energetics.
18, Halogen Derivatives of Average
Hydrocarbons.
19 Relative Molecular Average
" | Masses in Solution.
20. Selected Compounds of

Metals.
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