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FOREWORD

The National Examinations Council of Tanzania has prepared this Candidates’ Items
Response Analysis Report (CIRA) for the Advanced Certificate of Secondary
Education Examinations (ACSEE) 2019. The purpose of the report is to give feedback
to stakeholders such as students, teachers, parents, policy makers and the public in
general, on the performance of the candidates who sat for the Chemistry examination.

The Advanced Certificate of Secondary Education Examinations marks the end of two
years of Advanced Secondary Education. It is a summative evaluation which, among
other things, shows the effectiveness of the education system in general and education
delivery system in particular. Essentially, the candidates’ responses 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 the Chemistry subject.
The report highlights some of the factors that contributed to candidates scoring high
marks. It also included 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 the report will enable the educational
stakeholders to identify proper measures to be taken in order to improve the candidates’
performance in future examinations administered by the Council.

Lastly, the Council would like to express sincere appreciation to examination officers,
examiners and all other staffs who participated in the preparation of this report.

Dr. Charles E. Msonde
EXECUTIVE SECRETARY



1.0

2.0

INTRODUCTION

This report analyses the performance of the candidates who sat for the Advanced
Certificate of Secondary Education Examinations (ACSEE) 2019 for Chemistry
Paper 1 and Paper 2. The 2019 Chemistry examination was set according to the
2011 ACSEE format to suit the 2010 ACSEE Chemistry syllabus.

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

Paper 2 had three sections namely; 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 33,237 candidates sat for the chemistry examination in 2019. 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% of the
allocated marks. The results show that the candidates’ performance in 2019 has
increased by 0.11% as 92.82% passed the examination compared to 92.71% of
the candidates who passed the examination in ACSEE 2018.

This report is presented in four sections; introduction, analysis of the candidates’
performance in each question, analysis of performance in each topic and finally,
the report gives a conclusion and recommendations.

ANALYSIS OF THE CANDIDATES’ PERFORMANCE BY QUESTIONS

For each of the analyzed questions, 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.

The performance is classified as either poor/weak, average or good, on the basis
of the percentage of the candidates who passed (scored 35% or more of the
marks allocated in a particular question). If the percentage lies from 0 to 34 is
termed as poor/weak, 35 to 59 average and 60 to 100 good. Furthermore, green,
yellow and red colours have been used in different figures as well as in the
Appendix to denote good, average and poor/weak performance, respectively.
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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 parts (a), (b), (c), (d) and (e). In part (a), the candidates
were required to use s, p, d and f notations to designate atomic orbitals with the
given quantum numbers: (i) n=2andl=1, (i) n=3andl=2, (iii)
n=4and!l =3 and (iv) n=3and 1=0.

In part (b), the candidates were given sets of the following quantum numbers:

. 1
(1) n=21=2m=0m= +=.
i n=31I=Lm=0m=-=.

(i) n=L1=0m= +Lm = +%.
. 1
(iv) n=31l=2m=+2,m = --.
The candidates were thus required to identify and state briefly which of the given
sets of quantum numbers were allowable and which were not. In part (c), they
were asked to define the terms, atomic number and mass number. Part (d) needed

candidates to calculate the number of electrons and neutrons in an atom, 32X. In

part (e), the candidates were asked to state four postulates of Planck’s quantum
theory as were derived from black body radiation.

The question was attempted by 27,451 (79.5%) candidates, of whom 11,224
candidates (40.9%) scored marks ranging from 6.0 - 10 indicating a good
performance and 8,876 candidates (32.3%) scored 3.5 - 5.5 marks, signifying an
average performance. The candidates who scored 0 - 3.0 marks indicating an
unsatisfactory performance, were 7,351 (26.8%). Figure 1 shows distribution of
the candidates’ scores.



Figure 1 shows that 73.2% of the candidates scored 3.5 marks and above,
indicating a good performance in overall. The candidates who scored all the 10
marks in this question showed good understanding regarding the topic of The
Atom. This was attributed to the fact that, the candidates had good background
on the subject matter as some parts of this topic are also studied in the lower
classes. Extract 1.1 illustrates a sample of good responses from a candidate in
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Figure 1: Performance of the candidates in question 1.
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Extract 1.1: A sample of correct responses in question 1.

Extract 1.1 shows responses from a candidate who managed to use correctly the
s, p, d and f orbital notations to designate atomic orbitals. He/she managed to

answer correctly the remaining parts of the question and scored high marks.

However, the candidates who scored low marks signaled lacking the basic
knowledge regarding the electronic configuration in relation to quantum
numbers. The responses which lead to low scores signified poor understanding
on the topic of The atoms despite the fact that it was also taught in the lower
classes. For example in part (b) (iii), one of the candidate responded that a set of
guantum numbers given was allowable instead of not allowable. Moreover, they
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showed little understanding of the modern periodic table of the elements. Extract
1.2 shows a sample of poor responses from one of the candidates.
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Extract 1.2: A sample of poor responses in question 1.

Extract 1.2 shows responses of a candidate who deduced the values for m,

instead of designating the atomic orbitals. He/she provided incorrect responses in
the remaining parts of the question.

2.1.2 Question 2: The Atom

This question had three parts namely; (a), (b) and (c). In part (a), the candidates
were supposed to sketch the hydrogen spectral series based on Bohr atomic
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energy levels. Part (b) (i) required the candidates to explain how a mass
spectrograph of a pure element is used to detect the presence of isotopes. Part (b)
(i) required the candidates to calculate the relative atomic mass of an element
using the data given in the following table:

Isotope Mass of isotope Natural abundance (%)
1 28.0 92.0
2 29.0 5.0
3 30.0 3.0

Part (c) (i) asked the candidates to use the wave-particle models for energy of a
particle to derive the de-Broglie equation. Part (c) (ii) required the candidates to
calculate the wavelength of a-particle having a mass of 6.6 x 10 kg while
moving with a speed of 10°> cms™. They were required to show their work clearly
including how they manipulated the units.

This question was attempted by 29,262 candidates (84.7%) out of which 14,126
candidates (48.3%) scored 6.0 - 10 marks indicating a good performance; and
8,419 candidates (28.7%) scored 3.5 - 5.5 marks which indicated an average
performance. The remaining 6,717 candidates (23.0%) scored 0 - 3.0 marks
which signified a poor performance. Figure 2 summarizes the performance of the
candidates in question 2.
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Figure 2: Performance of the candidates in question 2.
The statistics shows that, the general performance in this question was good, as
77.0 percent of the candidates scored 3.5 marks or above. The candidates, who
managed to perform well in this question, sketched the hydrogen spectral series
properly based on Bohr atom energy level in part (a). This showed that, they
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were familiar with the concept of different energy levels of an atom and the
movement of electrons from one energy level to another.

In part (b) (i), the candidates were knowledgeable on how a mass spectrograph
of a pure element is used to detect the presence of isotopes. This indicated that,
the word spectrograph was familiar to them i.e. they managed to differentiate
between mass spectrometer and mass spectrograph and in fact, they had prior
knowledge on the working mechanism of a mass spectrometer.

In part (b) (ii), the candidates managed to calculate the relative atomic mass of
an element. This is attributed to possession of appropriate skills regarding
mathematical manipulations and wide understanding on the concept of isotopes.

In part (c), the candidates managed to derive the de-Broglie equation and
calculated correctly the wavelength of an a-particle having the mass of 6.6x10%
kg while moving with a speed of 10°> cms™. Such candidates, showed good
understanding on the combined concept of Planck and Einstein. Extract 2.1: An
example of a set of responses from one of the candidates with good performance.
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Extract 2.1: A sample of correct responses in question 2.

Extract 2.1 represents the responses from a candidate who provided appropriate
details and calculated the required of wavelength correctly.

Despite the good performance by the majority of candidates, analysis of the
responses showed that, those who failed to do well in this question had the
following flaws: In part (a), some of the candidates were not familiar with the
concept of different energy levels in an atom and the movement of electrons
from one energy level to another. Hence, these candidates failed to sketch
correctly the hydrogen spectral series.

In part (b) (i), the candidates were unable to explain how a mass spectrograph of
a pure element is used to detect the presence of isotopes. The analysis of the
candidates responses in this part of the question suggested that the word
spectrograph was not familiar to some candidates i.e. they failed to differentiate
between mass spectrometer and mass spectrograph which indicated lack of prior
knowledge regarding the working mechanism of a mass spectrometer.
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In part (b) (ii), some of the candidates failed to calculate the relative atomic mass
of an element. This indicated the lack of appropriate competences in
mathematical manipulation as well as the knowledge on the concept of isotopes.

In part (c), some of the candidates failed to derive the de-Broglie equation and
perform the associated calculations. This was attributed by lack of harmonization
of concepts on quantum theory. An example of responses which did not meet the
requirements of the question is given in Extract 2.2.
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Extract 2.2: A sample of incorrect responses in question 2.

Extract 2.2 is a sample of responses from a candidate who sketched a wrong
hydrogen spectral series. The candidate further gave wrong explanations
regarding the mass spectrograph and performed incorrect calculation in
determining the relative atomic mass of an element.
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2.1.3 Question 3: Chemical Bonding

This question had three parts namely; (a), (b) and (c). In part (a), the candidates
were required to use the structures of ethane and ethene molecules to answer the
subsequent questions as follows:

| | H\ _~H
H—C—C—H c—cC
VNG
H H H
ethane ethene

(i) Write the hybridization of carbon atoms in each of the compound.

(i) Use a well labelled diagram to describe types of C-C bonds in each
compound.

(i)  Briefly explain the concept that each C-H bond length is in ethane
molecule is 1.09 A and C-C bond is 1.54 A.

(iv)  Briefly explain the concept that the C-C double bond in ethene (bond
length 1.34 A) is shorter than C-C single bond in ethane (bond length
1.54 A).

Part (b) (i) required the candidates to briefly describe how ionic bond formation
is favored by ionization enthalpy and electron affinity. Part (b) (ii) required the
candidates to briefly describe how covalent bond formation is favored by
ionization enthalpy and electron affinity. In part (c), the candidates were required
to briefly explain hydrogen bond and coordinate covalent bond; and give one
example of a chemical structure for each of the explained phrases.

The question was attempted by few (6,387, 18.5%) candidates. The data analysis
showed that majority (4,823, 75.5%) of the candidates scored 0 - 3.0 marks,
1,369 candidates (21.4%) scored 3.5 - 5.5 and 195 candidates, (3.1%) scored 6.0
- 10 marks. Figure 3 summarizes the performance of candidates in this question.

12



3.1%

Scores
® WEAK
AVERAGE
= GOOD

Figure 3: Performance of the candidates in question 3.

The statistical analysis showed that, the overall performance was poor as more
than two thirds of the candidates totaling 4823 (75.5%) scored below 3.5 marks.

Analysis of the responses provided by the candidates who scored low marks
indicated that, they had little understanding on the basic concepts regarding the
topic of Chemical Bonding; particularly, the concept of hybridization of atomic
orbitals. Therefore, they were unable to deduce the relationship between ionic
bond formation and ionization enthalpy or electron affinity of an element. An
example of poor responses is shown in extract 3.1.
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Extract 3.1: A sample of incorrect responses in question 3.

In Extract 3.1, the candidate wrote incorrectly the type of hybridization of
carbon atoms in ethane and ethene, failed to use labelled diagrams to describe
types of C-C bonds in given compounds. The candidate further gave statements
which had no proper meaning in the subsequent parts of the question.

On the other hand, the candidates who managed to score good marks were able
to give correct responses to most parts of the question. Further analysis revealed
that, the candidates had enough knowledge on the concept of hybridization of
atomic orbitals. In addition, they showed to have understood properly the
differences between sigma and pie bonds.

Moreover, the candidates who scored high marks in this question signified that
they host the basic prior knowledge on the properties and characteristics of ionic
and covalent bonds. This enabled them to deduce the relationship between the
activation energy and ionization/electron affinity of elements. In addition, they
had enough knowledge on how hydrogen and coordinate bonds are formed.
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Hence, they provided correct explanations and appropriate examples of

compounds asked. Extract 3.2 is a sample response from one of the candidates
who scored high marks.
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Extract 3.2: A sample of good responses in question 3.

Extract 3.2 shows responses of a candidate who was able to answer correctly
most parts of the question. However, the candidate failed to account for the

differences observed in C-C and C-H bond lengths in ethane molecule.
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2.1.4 Question 4: Two Component Liquid Systems

The question had three parts namely; (a), (b) and (c). In part (a), the candidates
were required to:
(i) State Raoult’s law regarding solutions of liquids in liquids.

(i) Define azeotropic mixture.
(iii) Use a well-labelled sketch to show differences between minimum and

maximum boiling point azeotropic mixtures.

In part (b), the candidates were required to explain the following terms in brief.
(i)  Freezing point depression

(i)  Boiling point elevation

(ilf) Van’t Hoff’s factor-i

Part (c) required the candidate to study the diagram of a liquid-vapour phases,
and answer the questions that followed:

AA L
C D E
[¢B)
5
IS
S
e
(¢})
. G H
B
| J K
1(30% X 0% X
0% Y » 100% Y
Composition

(i) If liquid mixture of composition 1 is heated to a temperature C, what will
be the composition of the vapour phase?
(it) I the vapour at E is cooled to temperature F, what will be the composition

of the vapour phase?
(il) What temperature represents the boiling point of composition J?
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The question was attempted by 23,462 candidates corresponding to 67.9%, out
of which 3778 candidates (16.1%) scored good marks (6 - 10) and 6074
candidates (25.9%) scored 3.5 - 5.5 marks, indicating an average performance.
The candidates, who scored 0 - 3.0 marks which indicates an unsatisfactory
performance, were 13,610 corresponding to 58.0 percent. Summary of the
performance in this question is shown in Figure 4.

Scores

B WEAK
AVERAGE
m GOOD

Figure 4: Performance of the candidates in question 4.

The overall performance in this question was average as 42.0% of the candidates
scored 3.5 marks and above. The candidates who managed to score high marks
were able to state Raoult’s law regarding solutions of liquids in liquids. They
managed to define azeotropic mixture and used well-labelled sketches to show
the difference between minimum boiling point and maximum boiling point
azeotropes. This indicated that these few candidates were competent in
understanding the relationship between the pure pressure, partial pressure and
mole fraction of a component in a mixture of liquids. Also, this was attributed to
proper understanding of the colligative properties.

Furthermore, the good performance of some candidates in the last part of the
question was contributed by having appropriate competencies regarding the
knowledge of the effect of temperature on ideal and non-ideal solutions. Extract
4.1 represents a sample of good responses from one of the candidates.
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Extract 4.1: A sample of correct responses in question 4.

Extract 4.1 is a sample of responses from a candidate who explained well the
terms asked and sketched a proper diagram to show the difference between
minimum and maximum boiling point azeotropes.
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However in part (a), some candidates were not competent in deriving the
relationship between pure pressure, partial pressure and mole fraction of a
component in a mixture of liquids. This was attributed to insufficient knowledge
on the concept of ideal and non-ideal solutions. Thus, they failed to state
Raoult’s law regarding solutions of liquids in liquids, define azeotropic mixture
and use a well-labelled hand sketch to show the difference between minimum
and maximum boiling point azeotropic mixtures.

Further loss of marks in this question was attributed to inadequate competences
on the concepts regarding the mixture of liquids. This was signified by the
candidates who interpreted wrongly, the liquid-vapour phase diagram. Extract

4.2 illustrates an example of poor

responses supplied by one of the candidates.
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Extract 4.2: A sample of correct responses in question 4.

In Extract 4.2, the candidate gave incomplete statements of the Raoult’s law
regarding the solution of liquids in liquids and the associated definition of terms.
The candidate also failed to differentiate the two types of azeotropes using a
sketch.

Question 5: Relative Molecular Masses in Solution

The question consisted of three parts namely; (a), (b) and (c). Part (a) (i) required
the candidates to explain why the boiling point of a solvent is elevated by an
addition of a non-volatile solute. Part (a) (ii) asked the candidates to arrange the
following aqueous solutions in order of increasing freezing points and provide
clear reasons for the arrangement.

0.01 M C;HsOH; 0.01M Ba3(PQOy)2; 0.01 M NaySO4; 0.01 M KCI; 0.01M
LisPOy.

In part (b), the candidates were provided with the following information:

Entry Value

Molal boiling point constant for benzene, K, 2.53°C kg mol™
Molal freezing point constant for benzene, K¢ 5.12°C kg mol™
Boiling point of benzene 80.1C
Freezing point of benzene 55C

Then, they were required to calculate the boiling point and freezing point of a

solution made by dissolving 2.40 g of biphenyl, @@ in 75.0 g of
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benzene, © and required to show their work clearly including how they
manipulated the units.

In part (c), the candidates were given the information that, “an aqueous solution
of urea, CO(NH,), at a concentration of 1.754 g dm™ is isotonic at the same
temperature with an aqueous solution of sugar at a concentration of 10.00 g dm”
% They were then required to calculate the relative molecular mass of sugar.

A total of 10,110 candidates equivalent to 29.3% attempted the question, out of
which 64.8% scored 0 - 3.0 marks, 20.5% scored 3.5 - 5.5 marks and 14.7%
scored 6.0 - 10 marks. Figure 5 shows the distribution of the candidates’ scores.

80 -
70 - 64.8
60 -
50 -
40 -
30 -
20 -
10 -
0 -

20.5
14.7

l -

AVERAGE GOOD

Scores

Percentage of Candidates

Figure 5: Performance of the candidates in question 5.

The overall performance of the candidates in this question was poor as most of
them (64.8%) scored the marks below 3.5 (Figure 5). The analysis of the
candidates’ responses revealed that, majority of those who scored low marks
were unable to explain why the boiling point of a solvent is elevated upon an
addition of a non-volatile solute. This suggested that the candidates had
insufficient knowledge on the topic of Relative Molecular Masses in Solution
specifically, the colligative properties.

The candidates also lost some marks in part (b) and (d) due to poor mathematical
skills and inappropriate manipulations of the units. A sample of poor responses is
illustrated in extract 5.1.

25



5| @ Mo Rpilhg prink O Sloort @ elovesd by
additHeg  ef nen- wslakk W,  duwe .

- Lhen addiNew 6  nen Fu1>|0\l'le' d dwe |
cloev 0o 1ng Rypeus  puls Suws fo Tt I &loot e
e Moo g il e bovlng  pole Gad Buss
lte  lnevensing of Ewilig ot .

(b

Daha:
~ Mo 0f /\fﬁ! = 2r4eg.
RS

_ Mo, of /Ay = [5<0g
(A=

T

feasna.

_als
< Molal beiling poct Gendaok (kL) =<6 2
= Melal bl g Sy (p) = B2
fron
NATb= kb xm
v X Mo

Extract 5.1: A sample of incorrect responses in question 5.

In Extract 5.1, the candidate gave wrong explanations on why the boiling point
of a solvent is elevated upon an addition of a non-volatile solute. He/she used
inappropriate formula for calculating boiling point elevation, ATb.

On the other hand, the candidates who managed to score high marks in this
question, were able to understand the requirement of the question. The
candidates had good knowledge regarding the effect induced to a solvent upon
an addition of a non-volatile solute. The candidates were also knowledgeable on
the relationship between the number of moles of ions of the solutes and the
extent of depression of freezing point of a pure solvent.

In part (b) and (c) these few candidates managed to calculate correctly, the
boiling point and freezing point of a solution. This portrayed the fact that, they
had enough capabilities to apply mathematical manipulation skills while
recalling appropriate formulae. Extract 5.1 displays an example of good
responses from a candidate who gave correct answers.
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Extract 5.2: A sample of correct responses in question 5.

Extract 5.2 depicts the responses of a candidate, who arranged correctly, the
given aqueous solutions in the order asked and performed correctly the
associated calculations in part 5 (b) and 5 (c).
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2.1.6  Question 6: Chemical Equilibrium

This question had three parts namely; (a), (b), and (c). In part (a), the candidates
were asked to explain briefly the terms, Reversible reaction and Heterogeneous
equilibrium. They were also required to give one example for each of the terms.

Part (b) (i) required the candidates to state the equilibrium law and provide the
corresponding expression. Part (b) (ii) required the candidates to list four
characteristics of a chemical equilibrium while part (b) (iii) demanded an
expression for the equilibrium constant, Kc for the equation:

Cu(s) + 2Ag*(aq) = Cu*(aq) + 2Ag(s)

In Part (c), the candidates were given the information “the equilibrium equation
for the oxidation of hydrogen chloride to chlorine is

4HCI(g) + O2(9) 2Cly(g) + 2H,0(g). In a certain experiment, 0.80
moles of hydrogen chloride were mixed with 0.2 moles of oxygen in a closed
vessel of capacity 10.00 dm?®. At equilibrium it was found that the mixture
contained 0.2 moles of hydrogen chloride’” and they were required to calculate
the equilibrium constant, Kc for the reaction.

The question was attempted by a total of 30,598 candidates corresponding to
88.6%, making it one among the most attempted questions. Statistical data
shows that, 16.2% of the candidates scored 6.0 - 10 marks, 42.4% scored 3.5 -
5.5 marks, while 28.2% scored 0 - 3.0 marks.

The general performance in this question was good as 71.8% of the candidates
scored 3.5 marks or above. The candidates who scored high marks responded
correctly to most parts of the question. They managed to explain with respective
examples, the meaning of reversible reaction and heterogeneous equilibrium.
They also succeeded to state the equilibrium law and provide the corresponding
expression. Further analysis revealed that, these candidates were competent
enough to understand the terms used in the topic of chemical equilibrium which
then helped them to provide correct responses in most parts of the question.

Moreover, their responses indicated that they had good mathematical skills and
were able to properly apply the law of mass action to solve the numerical value
of equilibrium constant; Kc. Extract 6.1 shows an example of good responses
from one of the candidates’ work sheet.
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Extract 6.1: A sample of correct responses in question 6.

Extract 6.1 shows responses of a candidate who managed to explain correctly the
terms asked and applied the law of mass action to calculate the correct numerical
value of an equilibrium constant, Kc.

However, some candidates who scored low marks in part (a), failed to provide
correct responses on the key terms. In part (b) they failed to write an expression
for Kc. This indicated that, those candidates did not understand the basic
concepts and terms regarding the chemical equilibrium. In Part (c), the
candidates were unable to calculate the equilibrium constant, Kc, for the given
reaction. This was due to inappropriate mathematical manipulation skills and
failure to apply the concept of law of mass action to calculate and give a correct
numerical value of the equilibrium constant; Kc. Extract 6.2 displays a sample of
incorrect responses given by a candidate in this question.
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In Extract 6.2 the candidate gave incorrect meaning of the terms, listed incorrect
characteristics of chemical equilibrium and gave inappropriate expression for
the equilibrium constant, Kc. Moreover, he/she calculated the value of the

Extract 6.2: A sample of incorrect responses in question 6.

equilibrium constant, Kc incorrectly.

2.1.7 Question 7: Gases

This question had three parts namely; (a), (b) and (c). In part (a), the candidates

were asked to use the kinetic gas equation to explain the following concepts:

(i) The pressure exerted by an ideal gas increases when it is heated at constant

volume,

(i) The volume occupied by an ideal gas increases when it is heated at

constant pressure.
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In part (b), the candidates were given the information that, “a flammable gas
made up of only carbon and hydrogen is generated by a certain anaerobic
bacteria in sewage drains. A pure sample of a gas was found to effuse through a
certain porous barriers in 1.50 minutes. Under the same conditions of
temperature and pressure it takes 4.73 minutes for an equal volume of bromine
gas to effuse through the same barrier’’ and they were required to calculate the
molar mass of an unknown gas and suggest its name, given that molar mass of
Br =159.8 g/mol.

In part (c), the candidates were required to calculate the relative molecular
weight of chloroform using Hofmann’s method of determination of molecular
weight using the following information: Weight of liquid in bulb = 0.2704 g,
volume of vapour = 110 cm?®, temperature of vapour = 99.6. C, atmospheric
pressure = 747 mmHg, vapour pressure of water vapour at 99.6. C = 285.2
mmHg and 1dm? of H, at s.t.p = 0.09 g.

The question was attempted by 9,423 candidates constituting 27.3%, out of
which 82.4% scored 0 - 3.0 marks, 16.0% scored 3.5 - 5.5 marks while only
1.6% of the candidates scored 6.0 - 10 marks. The summary of the performance
of the candidates in this question is shown in Figure 6.
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30 -
20 -
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0 i

16.0

Percentage of Candidates

1.6

WEAK AVERAGE GOOD
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Figure 6: Performance of the candidates in question 7
Figure 6 shows that the general performance in this question was poor as 82.4%

of the candidates scored below 3.5 marks. Further analysis revealed that 1,101
candidates corresponding to 11.6% scored a zero mark.
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Analysis of the responses given by the candidates in this question indicated that
most of them did not understand the kinetic gas equation hence, failed to apply
it in addressing the concepts asked. They lacked prior knowledge on gas laws
specifically, the Boyle’s and Charles’ law. They were not able to combine them
in order to get the ideal gas equation which was needed to explain the scenario
asked. In part (c), the candidates failed to apply the Graham’s law to calculate
the relative molecular weight of an unknown gas.

Furthermore, most of the candidates had to drop most of the marks in the last
part of the question as they were not conversant with the Hofmann’s method of
determining the relative molecular weight of gases. However, some few
candidates who made a good attempt, ended up poorly performing due to failure
in manipulating the units properly. Extract 7.1 is a sample response from a
script of a candidate whose performance was poor.
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Extract 7.1: A sample of incorrect responses in question 7.

Extract 7.1 shows a set of responses from a candidate who substituted
improperly the data in the formula while calculating the molar mass of an
unknown gas. He/she further calculated the relative molecular weight of
chloroform incorrectly.

On the other hand, some few candidates responded properly to most parts of the
question. Most of them showed appropriate competencies in applying the
kinetic gas equation. They derived a suitable relationship of the parameters,
pressure, temperature and volume; then they applied the relationship to answer
the questions asked. These candidates hosted useful prior knowledge on both
Boyle’s and Charles’ law. They further showed good skills in applying the
Graham’s law and Hofmann’s method to calculate the relative molecular weight
of an unknown gas and that of chloroform, respectively. Extract 7.2 shows an
example of good responses in most parts of the question.
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Extract 7.2: A sample of correct responses in question 7.

In Extract 7.2, the candidate used correctly the kinetic gas equation to explain the
concepts asked in part (a). He/she correctly calculated the molar mass of an
unknown gas and successfully identified the gas. However, the candidate failed
to arrive to the correct value of molecular weight of chloroform.
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2.1.8 Question 8: Gases

This question had four parts namely; (a), (b), (c) and (d). In part (a), the
candidates were required to state and provide mathematical expressions for the
gas laws: (i) Boyle’s law, (ii) Charles’ law, (iii) Graham’s law and (iv) Dalton’s
law of partial pressures.

In part (b), the candidates were required to state five assumptions of the kinetic
theory of gases, while part (c) required them to calculate the partial pressure of
hydrogen gas when 50 cm?® of carbon dioxide at 1x10° Nm™ are mixed with 150
cm® of hydrogen at the same pressure. The pressure of the mixture was given as
1.0 x 10° Nm™,

In part (d), the candidates were given the information that “In 5 minutes, 15 cm®
of argon effuse through a pinhole.” They they were asked to calculate the
volume of Xenon gas which was required to effuse through the same pinhole
under the same condition [Atomic masses Ar = 39.95, Xe = 131.291].

This question was attempted by 34,049 candidates equivalent to 98.6% making it
the most attempted question in paper 1. The candidates who scored 6.0 - 10
marks were 60.9% while 26.7% and 12.4% scored 3.5 - 55 and 0 - 3.0,
respectively. Figure 7 gives the summary of statistical analysis in this question.
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Figure 7: Performance of the candidates in question 8

The overall performance was good as most of the candidates (87.6) managed to
score the pass mark (3.5 marks) or above. Most of the candidates who scored
high marks in this question managed to give the correct responses to the most
parts of the question. They stated and provided the correct mathematical
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expression of gas laws i.e. Boyle’s law, Charles’ law, Graham’s law and
Dalton’s law of partial pressures. This indicated that they were having strong
background knowledge on the topic of gas laws which is also studied in the
lower classes. They manipulated the Graham's law and got a correct value for
the volume of Xenon gas that was supposed to effuse with respect to the given
conditions.

Moreover, they were competent in using the Kinetic gas equation to derive
appropriate formula and used it to calculate the partial pressure of hydrogen gas.
Extract 8.1 is a sample of correct responses given by one of the candidates in
this question.
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Extract 8.1: A sample of correct responses in question 8.

In Extract 8.1, a candidate managed to state and gave correct mathematical
expressions on the gas laws asked, postulated appropriately the kinetic theory of
gases, and finally calculated correctly the volume of xenon gas.

However, some of the candidates who scored low marks in this question were
not competent enough to transform a statement of gas law into its corresponding
mathematical expression. This indicated poor background knowledge on gas
laws which most of them had studied in the lower classes. This group of
candidates failed to properly recall the characteristics of ideal gases as
influenced by pressure, volume and temperature. Consequently, they applied the
fundamental kinetic equation to deduce the gas laws and calculate the partial
pressure of hydrogen gas. Moreover, they showed poor English language
proficiency; hence, they could not communicate their ideas properly. Extract 8.2
is a sample answer showing poor responses given by a candidate in this
question.
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Extract 8.2: A sample of incorrect responses in question 8.

Extract 8.2 shows responses of a candidate who gave wrong assumptions of the
Kinetic theory of gases.

Question 9: Energetics

This question consisted of four parts namely; (a), (b) (c) and (d). In Part (a), the
candidates were required to calculate the enthalpy for the reaction:

2NH3(g) — N2(g) + 3H2(9); given that, the enthalpy of formation of ammonia,
NHs(g) under standard condition is - 46.2 kJmol™. In Part (b), the candidates
were given two equations:

1

1
5 N2(g) + 5 02(9) —> NO(g) AH: =+ 90 kimol™  and

1
NOs(g) —> 3 02(0) + NO(9) AH. = + 74 kImol™
Then, they were required to (i) calculate the enthalpy for the reaction,

N2(g) + 202(g) —2NOy(g) and (ii), point out which among the two species
NO2(g) and NO(g) was thermodynamically more stable.

In part (c), the candidates were provided with the information, “At 25 C, the
dissociation energies of H,(g) and Clx(g) are + 435.4 kimol™ and + 243 kdmol™?,
respectively. The enthalpy of formation of HCI(g) is - 92.2 kimol™ and they
were required to calculate the dissociation energy for HCI(g).
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Finally, part (d) required the candidates to use the given average bond enthalpies
to calculate the change in enthalpy of the reaction, AH;, for

CsHg+ 50,(g) ——> 3CO,(g) + 4H,0(g)

Bond Enthalpy

C-H = 414 kimol™
c-C = 347 kJmol*
Cc=0 = 741 kJmol™
H-O = 464 kJmol™
0=0 = 498 kJmol™
c-0 =335 kJmol™
0-0 =138 kJmol™

The question was attempted by 18,658 candidates, equivalent to 54.0% as shown
in Figure 8.

- 90.1

% 100 -

=

S 80

=]

&)

“5 60 -

S

g 40 -

=

o 8.5

g 20 A 1.5

< Vo
WEAK AVERAGE GOOD

Scores

Figure 8: Performance of the candidates in question 9

Figure 8 shows that the candidates who scored marks ranging from 0 - 3.0, 3.5 -
55 and 6.0 - 10 were 16,807 (90.1%), 1,574 (8.4%) and 273 (1.5%),
respectively.

The statistical analysis (Figure 8) indicates that, the overall performance in this

question was poor as majority of the candidates (16,807 corresponding to 90.1%)

scored below an average mark (< 3.5 mark). Further analysis revealed that of the

90.1 percent who performed poorly, 4,137 (22.2%) scored a zero mark.
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Moreover, the analysis revealed that, this question was the most poorly
performed of all the questions as only 1,851 candidates (9.9%) managed to get
an average mark and above (i.e. 3.5 - 10).

Majority of the candidates (90.1%) who scored low mark (0 - 3.0) missed basic
concepts regarding the topic of Energetics. The analysis on responses supplied
by these candidates indicated that they had poor skills in understanding and
applying the Hess’s law of constant heat summation in calculating the enthalpy
changes accompanying chemical reactions. They had poor knowledge on the
meaning of positive and negative signs as far as energetics is concerned.
Therefore, due to lack of both mathematical and the energetics related skills, the
candidates skipped some parts of the question which involved calculations and
gave incorrect responses to the rest parts of the question. Extract 9.1 shows a
sample of poor responses.
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Extract 9.1: A sample of incorrect responses in question 9.

In Extract 9.1, a candidate calculated incorrectly the enthalpy changes in all parts
of the question.

On the other hand, the candidates who scored high marks in this question were
conversant with the Hess’s law of constant heat summation including its
application. Therefore, they were able to correctly calculate the different types of
enthalpy changes that accompanied the given chemical reactions. Extract 9.2
shows an example of good responses given by a candidate in this question.
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Extract 9.2: A sample of correct responses in question 9.

In Extract 9.2 a candidate calculated correctly the enthalpies of the given reactions

Moreover, the candidate managed to arrive to a correct value of dissociation
energy in part 9 (c).

2.1.10 Question 10: Energetics

This question consisted of four parts namely: (a), (b) (c) and (d). In Part (a), the
candidates were required to define the following phrases as applied in energetics:

Heat (enthalpy) of formation

(i) Standard enthalpy of formation
(iii) Heat (enthalpy) of fusion
(iv) Heat (enthalpy) of neutralization
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In part (b) (i), the candidates were required to state the Hess’s law of constant
heat summation. In part (b) (ii), the candidates were given a hypothetical
reaction:

aA + bB ——cC + dD where A, B, C and D were compounds and a, b, c and d
were the stoichiometric values. The candidates were required to determine an

expression for enthalpy change, AH? for the reaction.

In part (c), they were asked to calculate the standard heat (enthalpy) of formation
of ethanol using the following information: the standard heat of combustion of

ethanol AH ¢ = -1386 kJ mol™, the standard heat of formation of carbon dioxide,
AHS (CO2)=-393 k] mol™and the standard heat of formation of water, AH’ = -
287 kJ mol™.

In part (d), the question was as follows: “the following data were obtained for
Born-Haber cycle formation for 1 mole of crystalline NaCl".

Step Heat (Enthalpy)
Sublimation of Na metal to gaseous Na atoms AH®, =+107.3 kJmol?
[ -1
lonization of gaseous Na atom to Na* ions AH . =+ 495.8kJmol
and e’

Formation of CI(g) ion by addition e to CI(g) AH®. = - 348.6 kimol™
EA .

Formation of NaCl crystals from Na*(g) and AH{ =-787.3 kJmol™
Cl'(9)

In a single step Na(s) + %Clz(g) ——NaClI(s), it was found that AHS (NaCl,

crystal)= - 412.3 kimol™. Calculate heat (enthalpy) of dissociation of 1 mole of
Cl, gas.”

The question was attempted by 25,725 candidates equivalent to 74.5%, out of
which 18.8% of the candidates scored 6.0 - 10 marks, 34.6% scored 3.5 - 5.5
marks, while 46.6% scored O - 3.0 marks.

The general performance in this question was average as most of the candidates
(53.4%) scored 3.5 marks and above. Most of the candidates who scored high
marks had good background on the concept of heat changes accompanying
chemical reactions. Hence, they were able to provide proper definition for the
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terms asked. Moreover, they demonstrated appropriate competences on how to
apply the Hess’s law of constant heat summation to calculate the enthalpy
changes that accompanied the given reactions. Most of the candidates, who
scored averagely, had provided partial answers to most parts of the question. For
instance, some of them were able to define all the terms asked but failed to
calculate enthalpies that accompanied the given chemical reactions. This
suggests insufficient competencies of these candidates in the topic of Energetics,
particularly the subtopic, Hess’s law. Extract 10.1 shows a sample of correct
responses in question 10.
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Extract 10.1: A sample of correct responses in question 10.

Extract 10.1 shows the response of a candidate who defined correctly all the
terms asked, provided appropriate statement for the Hess’s law of constant heat
summation and finally, performed correctly all the calculations required.

However, the candidates who scored low marks demonstrated having poor
background knowledge in the topic of Energetics. They did not know how to
interpret the Hess’s law in mathematical terms; hence, failed to calculate
correctly all the required enthalpies that accompanied the reactions given. The
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low mark score shown by these candidates, was also contributed by their weak
knowledge on tackling the problems which incorporate the basic operations in
mathematics. Extract 10.2 is a sample of poor responses in this question.
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Extract 10.2 shows responses from a candidate who, despite knowing some
terms which are used in energetics, failed to arrange them properly to get a
correct definition. He/she incorrectly used the Hess’s law of constant heat

Extract 10.2: A sample of incorrect responses in question 10.

summation to perform the calculations required.
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2.1.11 Question 11: Aliphatic Hydrocarbons

This question consisted of four parts namely; (a), (b) (c) and (d). In Part (a), the
candidates were required to suggest suitable tests to distinguish the following
pairs of compounds: (i) Chlorobenzene and (chloromethyl) benzene (ii)
Cyclopentene and pent-2-yne (iii) Chloroform and carbon tetrachloride.

In part (b) (i), the candidates were asked to state and illustrate the type of
hybridization at the functional group carbons in alkenes and alkynes. Part (b) (ii)
required the candidates to arrange the compounds (ethane, ethene, ethyne and
benzene) in order of increasing their acidic strength (starting with the less
acidic). Finally, part (b) (iii) required the candidates to use sp°, sp® or sp hybrid
orbitals to differentiate sigma (o ) from pie () bond.

In part (c), the candidates were provided with the hydrocarbons represented by
the following molecular formulae:
HzC_CHg

ch—ﬁzﬁ_CHg HZCZE_CHz
1 2

They were required to (i) give the systematic names for the hydrocarbons and
(ii), state how each of the given hydrocarbon could have reacted with hydrogen
bromide. They were also required to provide systematic names of the products.

In part (d), the candidates were given the information “Propene reacts with
hydrogen bromide following markovnikov’s rule to give a substance A. When
substance A is heated in presence of potassium hydroxide, an alcohol B is
formed”. The candidates were required, in part (d)(i) to deduce the chemical
structure of substances A and B. In part (d) (ii), they were required to illustrate
the meaning of the terms “base” and “nucleophile” by referring to the reaction of
substance A with potassium hydroxide under stated conditions.

The question was attempted by 6,998 candidates constituting 12.9%. Among the
candidates who attempted this question, 73.7% scored 0 - 3.0 marks, 23.9%
scored 3.5 - 5.5 marks while 2.4% scored 6.0 - 10 marks. The summary of the
candidates’ performance is shown in Figure 9.
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Figure 9: Performance of the candidates in question 11

Generally, the performance in this question was poor as the majority (73.78%) of
the candidates scored below the pass mark (0 - 3.0 marks). Most of the
candidates who scored low marks, failed to provide appropriate distinguishing
tests as required by part (a) of the question. This was attributed to lack of enough
knowledge on the characteristic reactions undergone by different functional
groups. Moreover, these candidates failed to give the type of hybridization of the
functional group carbons. This signified insufficient knowledge on the concept
of hybridization of atomic orbitals. The candidates also failed to apply the
IUPAC (International Union of Pure and Applied Chemistry) system to name the
given hydrocarbons.

In addition, the candidates failed to deduce the chemical structures of substances
A and B. This suggested lack of proper competencies regarding the chemical
properties of hydrocarbons. Extract 11.1 shows sample responses of a candidate
who gave incorrect answers.
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Extract 11.1: A sample of incorrect responses in question 11.

In Extract 11.1 the candidate copied some parts of the question without giving
the required responses. He/she gave incorrect answers on the types of
hybridization and gave the wrong number of carbon atoms for the named
compounds.

However, some few candidates who managed to get good scores in this question,
demonstrated good knowledge on various chemical reactions undergone by
different functional groups. Thus, they managed to identify and supply
distinguishing tests required. The candidates who got high marks, were also
knowledgeable about the concept of hybridization. Therefore, they responded
correctly in part (b) of the question. Furthermore, they indicated a good mastery
of applying the IUPAC rules to properly name all the compounds asked. Extract
11.2 is a sample of good responses to most parts of the question, as hereby given
by one of the candidates. However, he/she failed in parts (a) (ii) and (b) (ii).
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Extract 11.2: A sample of good responses in question 11.

Extract 11.2 shows responses of a candidate who suggested suitable tests to
distinguish the given pairs of compounds. The candidate responded correctly in
most parts of the question. However, he/she failed to distinguish a pair of
compounds given in part (a) (ii) and failed to arrange correctly (in order of
increasing the acidic strength) the compounds in part (b) (ii).

2.1.12 Question 12: Aromatic Hydrocarbons

Part (a) (i) of this question required the candidates to define the term isomerism
while part (a) (ii), required the candidates to draw three structures of the isomers
of pentane and provide their corresponding IUPAC names.

In part (b), the candidates were required to give the IUPAC names of the
following compounds:

67



H, /CH3 2 C
. H c —c By c // ™~
|
H H . HZC:CH
¢C/C§C/C\CH2 ) /\CH—CH
(i)  HC= H H,C—C A
5 CH,

Cl

In part (c), the candidates were given the information that “Compound A is
known to be an aromatic and contains 66.4% carbon, 5.5% hydrogen and 28.1%
chlorine by mass. The vapour density of a pure A was found to be 63.” With this
information the candidates were asked to:

(i) Find the empirical formula of compound A.

(if) Find the relative molecular formula of compound A.

(iii) Give the chemical structures of the four isomers of compound A and their
corresponding IUPAC names.

(iv) ldentify the isomers of compound A that would react with dilute KOH; and
explain their answer briefly.”

The question was attempted by 29,924 candidates corresponding to 86.6%. The
scores in this question were as follows: 49.2% of the candidates scored marks
ranging from 0 - 3.0, 38.3% scored from 3.5 - 5.5 marks while 12.5% of the
candidates scored from 6.0 — 10 marks.

Statistical data shows that 50.8% of the candidates scored 3.5 marks and above
indicating an average performance in general. The analysis of the candidates’
responses in this question indicated that those who scored high marks were
knowledgeable about isomerism. They managed to apply the IUPAC rules to
name the given compounds correctly. Moreover, they managed to perform the
required calculations and give an empirical formula.

In addition, they managed to provide proper explanations on the identified
isomers of compound A that reacted with dilute KOH. This was found to be due
to sufficient competences developed by the candidates on various chemical
reactions involving aromatic hydrocarbons. The candidates who performed
averagely, failed to deduce the molecular formula of compound A hence, failed
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in the subsequent parts of the question. Extract 12.1 displays a sample of good
responses in this question.
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Extract 12.1: A sample of good responses in question 12.

Extract 12.1 displays responses from a candidate who drew and named
appropriately the isomers of pentane. He/she gave correct responses to the rest
parts of the question and scored high marks. However, the candidate gave a
partial definition of the term isomerism in part (d) (i).

On the other hand, the candidates who scored low marks showed little
understanding of the concept of isomers and their existence. Thus, they
provided isomers of pentane with their corresponding names which
unfortunately, did not follow the IUPAC system. This, together with the lack of
mathematical manipulations skills as well as poor mastery of the characteristic
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reactions of different functional groups in organic chemistry, lead to loss of
marks. Extract 12.2 illustrates a set of poor responses given by one of the
candidates.
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Extract 12.2: A sample of correct responses in question 12.

In Extract 12.2 a candidate wrongly used 17.75 as an atomic mass of Cl instead
of 35.5. Although the candidate seemed to know some organic chemistry
structures, he/she failed to organize them properly.
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2.1.13 Question 13: Aliphatic Hydrocarbons

The question had four parts; (a), (b), (c) and (d). In part (a), the candidates were
required to write all the isomers of CsHj,. Part (b) required the candidates to
draw the structural formulae of (i) 2,2-dimethylpropane and (ii) 4-methylpent-2-
yne. In part (c), they were asked to name the compounds (i) CH;CH=CHCH3;
and (ii) CH3C=CCH,CHjs.

In part (d), the candidates were given the information, “Ozonolysis of a
hydrocarbon R (CsHj0) in the presence of zinc dust gives compounds S (C,H30)
and T (C3Hs0). While compound S gives negative iodoform test, compound T
responds positively to iodoform test”. Then, they were asked to (i) give the
structures R, S and T and (ii) write all reaction equations that took place during
the whole process. Part (e) required the candidates to explain how they can
differentiate CH3C=CH from CH3C=CHjs.

The candidates who attempted this question were 29,488 corresponding to
85.4%. Distribution of scores in this question was as follows: 41.1% scored
marks ranging from 0 - 3.0, 41.1% scored from 3.5 - 5.5 while 17.8% scored
marks in the range of 6.0 - 10. Performance of the candidates in this question is
summarized in Table 1.

Table 1: Number, Percentage and Scores of the Candidates in Question 13

Scores Number of Candidates Percentage of Candidates
0.0-3.0 12,125 41.1
3.5-55 12,120 41.1
6.0-10 5243 17.8

Table 1 shows that majority of the candidates (58.9%) answered the question
correctly (scored 3.5 marks and above). This indicates an average performance in
overall.

The analysis showed that, most of the candidates who attempted this question
were acquainted to most of the concepts accessed. The candidates had good
understanding on key concepts such as isomerism, application of IUPAC rules in
naming organic compounds as well as different chemical tests exhibited by
different functional groups. Extract 13.1 is a sample of good responses provided
by a candidate in question 13.
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Extract 13.1: A sample of correct responses in question 13.

Extract 13.1 shows responses of a candidate who wrote all the isomers of CsH;»
correctly and drew the correct structural formulae of isomers with their
corresponding IUPAC names. The candidate, further managed to answer
correctly the remaining parts of the question.

However, the analysis showed that some of the candidates who attempted this
question scored low marks. The analysis of these candidate’s responses revealed
that they were incompetent in the concept of isomerism. Hence, they drew
incorrect structures and provided the names without putting into consideration
the ITUPAC rules. Moreover, the candidates lacked basic knowledge regarding
the chemical properties of aliphatic hydrocarbons which is also taught in the
ordinary level secondary education. Extract 13.2 illustrates one of the poor
responses.

74



Bl ye — Cf —~”Eﬁ —Cw
= o
— 9
!4——%— — &4
B [ d
¥ -0 -
23
C\BW'D'Q,g Q '—dﬁnﬁﬁ\?\ provpane
o T W
W—C —c —¢ %
W

r £

GD 4 - 'mvch’q\‘ol Penl = R =Ny

' 1
A T
H—=C —d=C =8 —-ch
W 1 ]
A& Li H
t—cT -4 ™
}

75




Ay &y R (G Hae)

g B
[=4

4

. 3 \ ¢
Gi) cHpcu=cH-W, —CHy + 03 —— =55

CH‘q = C ‘\— CL‘\D .:CL“‘I)_"@H
1 - = N

e ) )
(2> CHa C-= (- ] C&JCE“_"CCHZ ~
Boockio vt koW 1= Rocukn wily dam

P et ve oF rerber OF | Kob - reduced nom ber-
}':ﬁp\e-\mnh < drom Bugo M| Tounds b Hars ko
ho‘!w‘hg \w buny -

Extract 13.2: A sample of incorrect responses in question 13.

Extract 13.2 shows responses of a candidate who wrote the structural formulae
without considering the valency of a carbon atom. The candidate also gave
incorrect chemical formulae and equations in the remaining parts of the question.
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2.1.14 Question 14: Halogen Derivatives of Hydrocarbons

In Part (a), the candidates were required to show a one-step reaction on how the
following molecules could be prepared. They were also required to indicate
suitable reagents and conditions for their preparations: (i) Butan-2-ol from 2-
iodobutane, (ii) Propane from 1-chloropropane, (iii) Ethylamine from
iodoethane, (iv) Butane from bromoethane, (v) Methylbenzene from
bromoethane and (vi) But-2-ene from 2-bromobutane. In Part (b), the candidates
were given the information, “A haloalkane P (CsH11Br) reacts with aqueous
sodium hydroxide to give Q (CsH320). Q reacts with concentrated H,SO, at
170C to form R (CsH10) which decolourises bromine water. When R is reacted
with ozone followed by hydrolysis, methanal and a branched aldehyde S is
formed.” Then, they were required to use the chemical reactions involved to
deduce the structural formula of P, Q, R and S.

A total of 14,956 candidates corresponding to 43.3% attempted this question.
The scores in this question were as follows: 52.8%, 28.7% and 18.5% of the
candidates scored 0 - 3.0, 3.5 - 5.5 and 6.0 - 10 marks, respectively. The general
performance of the candidates in this question was average as 47.2% scored
marks ranging from 3.5 to 10.

The few candidates who managed to score high marks had adequate knowledge
on the chemical properties of halogen derivatives of hydrocarbons, specifically
the halo alkanes. They demonstrated possession of good knowledge on
characteristic chemical reactions of different families of organic compounds such
as alcohols, alkenes, haloalkanes and carbonyl compounds. This was signified as
they managed to identify the compounds P, Q, R, and S through different
reactions. Extract 14.1 represents a set of correct responses from one of the

candidate.
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Extract 14.1: A sample of correct responses in question 14.

Extract 14.1 displays responses of a candidate who interconverted correctly the
functional groups. He/she also deduced correctly the structural formula of the
compounds P, Q, R and S.

On the other hand, the candidates who scored low marks in this question had in
adequate knowledge on the chemical properties of halo hydrocarbons especially
halo alkanes. Additionally, they showed to have little knowledge on the specific
chemical reactions of different families of organic compounds such as alcohols,
alkenes, halo alkanes and carbonyl compounds. As a result, they identified
wrongly the compounds P, Q, R and S. Extract 14.2 is a sample showing poor
responses given by one of the candidate.
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Extract 14.2: A sample of incorrect responses in question 14.

Extract 14.2 shows responses where by a candidate wrote incorrect chemical

reactions which, in turn, mislead him/her to deduce correctly, the structural
formulae of the compounds asked.
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2.2

221

132/2-CHEMISTRY 2

This paper had a total of ten (10) questions. Each question carried 20 marks. The
pass mark for each question was 7 marks.

Question 1: Acids, Bases and Salts

This question had four parts; (a), (b), (c) and (d). Part (a) required the candidates
to define the following terms and give one example in each: (i) A conjugate base,
(if) A conjugate acid base pair, (iii) A conjugate acid, and (iii) Arrhenius acid. In
part (b), the candidates were provided with the following reactions and required
to label the conjugate acids and bases.

(i) S*(ag) + H:O"(aq)
(ii) NH,"(aq) + H,0(aq)
(iif) NHz'(aqg) + H20O(aq)
(iv) CHsCOOH(aq) + H>0(l)

HS (aq) +H20(aq)

NHa(ag) + H30"(aq)

NHs(aq) + OH (aq)

CHsCOO (aq) + H30"(aq)

In part (c), the candidates were required to calculate the concentration of
hydrogen ions and hydroxyl ions in a 0.01 M solution of: (i) Hydrochloric acid
and (ii) Acetic acid (a for CH;COOH was 5%). In part (d), the candidates were
provided with the information that, the K,, of water at 25°C and 65C are 10
and 2.92 x10™ mol® dm™®, respectively and they were asked the following
questions:

(i) State the effect of temperature in the dissociation of water
(i) Calculate the [H'] at 65°C

(iii) Find the pH of water at 65C

(iv) Calculate the pH of water under neutral condition at 65 C.

This question was attempted by 30,619 candidates corresponding to 88.7 percent,
being the second most attempted question. Statistical analysis of the candidates
performance indicated that, 27.2 percent scored 12 - 20, 37.8 percent scored 7 -
11.5 and 35 percent scored 0 - 6.5 marks. This indicated a good performance
overall as the majority of the candidates (65.0%) managed to score an average
mark and above (7 - 20).

Most of the candidates with high scores in this question were knowledgeable
regarding the Brgnsted-Lowry concept of acids and bases; hence, provided
correct responses in most parts of the question. Furthermore, the candidates with
high scores demonstrated good skills in mathematical manipulations and
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correctly applied an equation for ionic product of water to calculate [H*] and the
pH of water at 65 C. Extract 15.1 shows the responses from one of the candidates
who was able to give the correct answers and scored all the marks.
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Extract 15.1: A sample of correct responses in question 1.

Extract 15.1 shows responses of a candidate who defined the terms properly,
labelled correctly the conjugate acids and bases and performed correctly the

required calculations.

On the other hand, some of the candidates who scored low marks in this question
were not knowledgeable enough about the Brgnsted-Lowry concept of acids and
bases. Moreover, these candidates had difficulties in performing correct
mathematical approaches on specific parts of the question. They were also
unable to apply the equation for ionic product of water to calculate [H*] and the
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pH of water at 65 C. Extract 15.2 represents the responses from a candidate who
gave incorrect answers.
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Extract 15.2: A sample of incorrect responses in question 1.

Extract 15.2 shows responses from a candidate who gave incorrect definitions of
terms and performed wrong calculations.

2.2.2 Question 2: Chemical Kinetics
This question had four parts namely; (a), (b), (c) and (d). In part (a) (i), the
candidates were required to explain: (i) Average rate of reaction and (ii) Rate
constant (k). In part (b) (i), the candidates were asked to briefly explain why they
88



would prefer a catalyst that works at room temperature rather than heating the
reactants to 200 C; if they were incharge of a chemical company. In part (b) (ii),
the candidates were informed of a student’s definition of substance that speeds
up a reaction without taking part in the reaction. They were asked to state what
they found wrong with the definition.

In part (c), the candidates were asked to explain the following:

(i) Powdered sugar dissolves faster than crystalline sugar.

(if) It takes more time to cook rice at higher altitudes than low altitudes.

(iii) We save fuel when we use a pressure cooker.

(iv) There is no difference in cooking time between sea level and higher
altitude when we use a pressure cooker at both places.

In part (d), the candidates were instructed to consider the reaction with E; = 75
kdmol™ at 293 K. When a catalyst is used in the same reaction at 20°C, its E, is
lowered to 20 kJmol™”. Then they were asked to calculate how fast the catalyzed
reaction is with respect to uncatalyzed one.

The question was attempted by 19,009 candidates, equivalent to 55.1 percent, out
of which 15,823 candidates (83.2%) scored 0 - 6.5 marks indicating a poor
performance and 2,520 candidates (13.3%) scored 7 - 11.5 marks, showing an
average performance. The candidates, who scored 12 - 20 marks which indicates
a good performance, were 666 (3.5%). The performance of the candidates is
summarized in Figure 10.

Scores

mWEAK
AVERAGE
mGOOD

Figure 10: Performance of the candidates in question 2
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The statistical data in Figure 10 shows that, majority of the candidates (83.2%)
scored below 7.0 marks. Hence, the most poorly performed question in the two
papers. Further statistical analysis (not shown in Figure 10) indicates that 869
candidates corresponding to 4.6% scored a zero mark while only one candidate
was able to score a full mark.

Majority (83.2%) of the candidates answered this question incorrectly due to
poor background on the basic concepts regarding chemical kinetics. They lacked
appropriate basic mathematical skills which could have enabled them to properly
tackle the parts of the question that needed mathematical manipulations. Further
analysis of their responses, revealed that the candidates failed to integrate the
theoretical part of this topic with the real life activities. Hence, they were not
able to figure out how the cooking time is affected by altitude. The lack of these
appropriate competences made most of the candidates lose marks. Extract 16.1
shows a sample of responses given by one of the candidates who performed
poorly in this question.

dna (ﬁ),y,gwf%g 12E @ wellon —¥ fHhe 12 0d Shich fﬁ:areeet—
N ﬁm(cceﬂc»éﬂﬁtwn Qleﬁ‘fi_'

/If} KGJ" LnsTent —» A#@.Jfﬁqoﬂt £ rele oo ecitn
'g//%e [f&mﬁ%@aizmﬁf el reiged/ 5 !ﬁrﬂ'&l{a
metac @&ﬁﬂu&nf’

Lo K= ~
f‘a.-"!‘L rn -LA

/b) /’] ﬂ&mdof 1Shech Lok o> at” mom Temperatae VA ,I,é,:—mg_

ch /m., ghos  Cleor seqrtd— =

(II} ﬂ&#:hq Mtbé L /\}qu I/#_wé' -"Jt(/enf dcﬁmf L w
o B fhe Kb lace 1 Sped Up Graltn bithe
koss  Thet (Zfecté Speed lip eacf lorer fhe rets @ recels
tn S M hmms Thens Lo Shet STaclent Foraet £ M
/7‘!1 bierdd Al/ﬁ?c y7,] f/Qa ’_(‘f W Lp ¢

7 fif  Btause porsclend Sisor o A#LW,, fﬁ’
s fectes foe & Jarser Rrpoc G -

90



Q'ng. @ (f;f gf&udc %&%/mt& [f érun% At5£erm '

/M v H foe) moe in  form) b Vipane clue Lom pre 510
ﬂfﬁu produn (3 ker Cnd Amca so_muuch hnemplin
‘Pdﬂuf

W/ ‘gfawa < o@akwfﬁrx{ZﬁAM Qm ém L /fau
bso cmpm‘d?»c R Hoe Line %ﬁf&ma 17 buis Lme.
MM»CO 'fﬁc‘h !ct-;’fw

Extract 16.1: A sample of incorrect responses in question 2.

Extract 16.1 shows some responses from a candidate who gave improper
definition of the terms. He/she managed to partly modify the definition of a
catalyst, but did not mention that the catalyst participate in the reaction and
regenerated at the end. Moreover, the candidate provided wrong explanations in
the remaining parts of the question.

On the other hand, the few candidates who gave correct responses showed good
understanding of the basic terms used in the topic of Chemical Kinetics. They
were familiar with the properties and mechanisms of catalysts. Moreover, they
showed proper knowledge on the relationship between boiling point and
atmospheric pressure, hence scored most of the marks.

These candidates were further knowledgeable about the factors affecting the rate
of chemical reactions such as surface area, concentration, pressure and
temperature which enabled them to respond correctly in part (c) of the question
and scored most of the marks. Extract 16.2 represents a set of good responses
shown by one of the candidates.
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Extract 16.2: A sample of correct responses in question 2.

Extract 16.2 shows responses of a candidate who managed to define the terms
properly and performed the required calculations correctly.
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Question 3: Electrochemistry

This question consisted of four parts namely: (a), (b), (c) and (d). Part (a)
required the candidates to describe the following:

(i) Standard electrode potential.

(if) Electrochemical series.

Part (b) (i) required the candidates to write the equation showing how the
electromotive force (e.m.f) of the following cell changes with their ions
concentration;

Ce(s) | Ce™(aq) &t Cr®*(aq) |Cr(s)

While part (b) (i) required the candidates to calculate the value of the equilibrium
constant, for the following reaction given that;

eo Ce¥*/Ce=-233vande CrrY/Cr=-041v

Ce(s) + Cr** (aq) Ce** (aq) + Cr ()

In part (c) (i), the candidates were required to write down the expression for the
e.m.f of a cell for the reaction:

MnO, (aq) + 8H*(aq) + 56— Mn**(aq) + 4H,0(I)

In part (c) (ii), the candidates were required to state why the oxidizing power of
manganate (VII) ions in (c) (i) was quite sensitive to the concentrations of
hydrogen ions. In part (d), the candidates were required to give a brief
explanation on any four methods used to prevent rusting.

The question was attempted by 27,402 candidates corresponding to 79.4 percent.
The statistical analysis revealed that 10.7 percent of the candidates scored 12.0 -
20.0 marks, 38.3 percent scored 7.0 - 11.5 and 51.0 percent scored O - 6.5 marks.
Figure 11 summarizes the performance of the candidates in this question.

94



100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -

51.0

383

10.7

10 -

0 | e

WEAK AVERAGE GOOD
Scores

Percentage of Candioadates

Figure 11: Performance of the candidates in question 3.

The data in Figure 11 shows that, 49.1 percent of the candidates passed the
question as they scored an average mark and above (7.0 - 20). Most of the
candidates who scored high marks in this question were familiar with the basic
concepts regarding electrochemistry. They were able to use mathematical
expressions to show the dependency of an equilibrium constant of a reaction, to
concentration of reactants and products. In addition, these candidates revealed
good background knowledge on the concept of rusting, hence, provided correct
responses in the last part of the question. Extract 17.1 illustrates an example of
good responses from one of the candidates.
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Extract 17.1: A sample of correct responses in question 3.

Extract 17.1 shows correct responses from a candidate who defined correctly the
terms asked and showed how the e.m.f of a cell depends on the concentration of
its ions. The candidate also wrote the equilibrium expression properly and
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performed the related calculations correctly. Moreover,
appropriate methods for rusting prevention.

he/she supplied

However, some of the candidates who attempted this question scored low marks.
They failed to deduce the relationship between the electromotive force (e.m.f) of
a given cell and the concentration of its ions. This was due to lack of appropriate
competences in the subtopic The Nernst Equation.

Furthermore, the candidates had insufficient knowledge regarding the subtopic
Oxidation and Reduction. Hence, they failed to understand the relationship
between the oxidizing power of permanganate ions and the concentration of
hydrogen ions. Extract 17.2 is an example of poor responses provided by one of
the candidates.
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Extract 17.2: A sample of incorrect responses in question 3.

Extract 17.2 shows wrong definitions given by a candidate as well as an
unbalanced equation without an expression for the cell e.m.f.
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2.2.3 Question 4: Periodic Classification

This question had four parts, namely: (a), (b) (c) and (d). Part (a) (i), required the
candidates to define the term isoelectronic species. In part (a) (ii), the candidates
were asked to name a species that will be isoelectronic with F” and Mg?*. In part
(b), the candidates were asked to identify the elements of the second period, Li to
Ne, with the specifics given below. The candidates were required to give reason
for their answer in each case.

(i)  Anelement with the highest first ionization energy.

(i)  An element with the highest electronegativity.

(iii) An element with the largest atomic radius.

(iv) An element that is most reactive non meta.

(v)  Anelement that is the most reactive metal.

In part (c), the candidates were required to write a chemical equation

representing the following:

(i)  In moist air copper corrodes to produce a greenish layer on the surface.

(if)  Chlorination of calcium hydroxide produces a bleaching agent.

(iii) Adding concentrated H,SO, in sugar produces a dense brownish black
mass.

(iv) Action of phosphorus on concentrated HNO3.

(v) Oxidation of hydrogen peroxide with potassium permanganate in acidic
medium.

(vi) Action of zinc on dilute nitric acid.

In part (d), the candidates were supposed to consider that element A burns in
nitrogen to give an ionic compound B. B reacts with water to give C. C reacts
with CO, to give D. Also C gives a milky colouration on bubbling with CO..
Excess bubbling of C gives a clear solution E. Then they were asked to use
chemical equations to identify A, B, C, D and E.

This question was attempted by 4,923 candidates corresponding to 14.3 percent.
This was the question which was attempted by the smallest number of
candidates. The statistical data shows that, 82.6 percent of the candidates scored
0 - 6.5 marks, 15.6% scored 7 - 11.5 marks and 1.8% scored 12 - 20 marks.
Figure 12 summarizes the performance of the candidates in this question.
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Figure 12: Performance of the candidates in question 4.

As shown in Figure 12, the general performance was poor because most of the
candidates (82.6%) scored low marks (0 - 6.5). These candidates showed poor
understanding of the isoelectronic concept. They also seemed to lack basic
knowledge about the structure and arrangement of elements in the modern
periodic table. Hence, they were not competent enough to point out the required
elements asked. For instance, some candidates gave the meaning of ions in 4 ()
(i) instead of writing the isoelectronic species asked. Moreover, they failed to
write appropriate chemical equations in part (c) and (d). This was attributed to
insufficient knowledge regarding periodicity and the chemical properties of
different compounds of metals. Extract 18.1 represents a sample of candidates’
pOOr responses.
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Extract 18.1: A sample of incorrect responses in question 4.

Extract 18.1 depicts responses of a candidate who gave a wrong definition of the
term isoelectronic species. Moreover, the candidate though knew some chemical
terms and symbols, he/she failed to organize them properly.

The few candidates, who managed to answer the question correctly, were able to
define the term isoelectronic species and named all the required isoelectronic
species. For instance, one of the candidates managed to name Ne, 0" Na*, Mg?*,
and APP* as isoelectronic species to F.. Moreover, they understood the periodic
table properly hence, managed to answer the remaining parts of the question
correctly. In addition, they showed a good mastery of the concept regarding the
physical and chemical properties of compounds of metals and non-metals. This
enabled them to give appropriate chemical equations in part (c). Extract 18.2
represents one of the best responses in this question.
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Extract 18.2: A sample of correct responses in question 4.

Extract 18.2 shows the responses where by a candidate managed to define the
term isoelectronic species and named the species that are isoelectronic with F°
and Mg**. The candidate correctly identified the required elements in part (b)
and finally, identified the compounds A, B, C, D and E.

2.2.4 Question 5: Selected Compounds of Metals

This question had three parts namely; (a), (b), and (c). Part (a) required the

candidates to show with the aid of chemical equations, how the following oxides
can be prepared:
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(i) Calcium oxide (Direct method).
(i) Magnesium oxide (Direct method).
(iii) Copper oxide (Indirect method).
(iv) Zinc oxide (Indirect method).

Part (b) of the question required the candidates to show with the aid of a
chemical equation, how the following carbonates can be prepared:

(i)  Sodium carbonate.

(i) Magnesium carbonate.

(iii)  Zinc carbonate.

In part (c), the candidates were asked to state three uses of metal oxides.

The question was opted for by 8,428 candidates, equivalent to 24.4%. The
candidates who scored 0 - 6.5, 7.0 - 11.5, 12 - 20 marks were 63.8, 24.0 and
12.2%, respectively. Majority (63.8%) of the candidates scored marks ranging
from 0 - 6.5 which indicates a poor performance overall. Only a few candidates
amounting to 12.2% scored good marks (12.0 - 20).

Most of the candidates with low scores were unable to link between the effect of
heating a certain metal or a compound of metal in oxygen and the method of
preparation of the asked oxides of metals. For the case of preparation of metal
carbonates, most of the candidates had little knowledge on the chemical
properties of nitrates, hydroxides, sulphates, chlorides and hydrogen carbonates
of the respective metals in question. These weaknesses led them to fail to give
proper methods used to prepare the metal oxides and carbonates asked. Extract
19.1 gives an example of poor responses given by one of the candidates to
question 5.
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Extract 19.1: A sample of incorrect responses in question 5.

Extract 19.1 represents a set of responses from a candidate who gave indirect
instead of direct methods for preparation of metal oxides. He/she also gave
incorrect chemical reactions in the remaining part of the question.

On the contrary, the candidates who answered this question correctly were able
to link between the effect of heating a certain metal or a compound of metal in
oxygen and the method of preparing a particular metal oxide. For the case of
preparation of metal carbonates, some few candidates had adequate knowledge
on the chemical properties of nitrates, hydroxides, sulphates, chlorides and
hydrogen carbonates of the respective metals in question. Thus, they managed to
give appropriate chemical equations used to prepare the carbonates in question.
Extract 19.2 represents a response from a script of a candidate who got high
scores.
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Extract 19.2: A sample of correct responses in question 5.

Extract 19.2 displays a set of responses from a candidate who correctly used the
chemical equations to show the preparations of metal oxides and carbonates.
Finally, she/he managed to state the three uses of metal oxides correctly.

2.2.5 Question 6: Transition Elements

This question consisted of four parts namely; (a), (b) (c) and (d). Part (a) (i)
required the candidates to explain how [PtCl,(NHj3),] and [Pt(NH3)s]Cl4 differ in
electrolytic conductance. In part (a) (ii), the candidates were asked to write the
hybridization state of Pt in compounds at 6 (a) (i).

In part (b), the candidates were asked to identify with reasons, the coloured
complexes from the following: (i) [Ti(NOg3)4], (ii) [Cu(NHs3)4]BF, (iii)
[Cr(NH3)s]Cls and (iv) K3[VFe]. In part (c) (i), the candidates were required to
distinguish paramagnetism from diamagnetism. In part (c) (ii), the candidates
were asked to identify with a reason, the paramagnetic and diamagnetic
compounds between [Fe(CN)]* and [FeFs]®".

In part (d), the candidates were given the information “An element X with a
common oxidation state of +2 is obtained as a white gelatinous precipitates when
sodium hydroxide is added to its ionic solution. When excess amount of the
alkali is used, the precipitate dissolves. The precipitate also dissolves when an
aqueous solution of ammonia is added in excess amount”. Then, they were asked
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to deduce an element X using proper chemical equations from the given
information.

This question was opted for by 9,316 candidates corresponding to 27.0%. Data
analysis shows that, very few candidates (3.0%) scored from 12.0 - 20.0 which is
a good performance, 20.1% of the candidates scored marks ranging from 7.0 -
11.5 which is an average performance and 76.9% scored from O - 6.5 indicating
an unsatisfactory performance. Figure 12 summarizes the performance of the
candidates in this question.
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Figure 12: Performance of the candidates in question 6

The general performance in this item can be categorized as poor because 7,165
candidates corresponding to 76.9% scored from 0 - 6.5 marks. This indicates an
unsatisfactory performance (Figure 12). The poor performance of the candidates
in this question was attributed to insufficient competences, in the topics of
Transition Elements and some concepts from Selected Compounds of Metals.

The analysis of the candidate’s responses in this an unsatisfactory category
revealed that candidates lacked knowledge of important properties that account
for complex compound to conduct electricity. They had little knowledge of the
Crystal field theory hence, failed to comment on the magnetic property and
colour formation in complexes. Furthermore, these candidates seemed to lack
prior knowledge on the concept of oxidation state of elements, hence failed to
deduce the oxidation state of a central metal atom, a key point to this question.
Extract 20.1 is a sample of poor responses from one of the candidates.
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Extract 20.1: A sample of incorrect responses in question 6.

Extract 20.1 shows responses of a candidate who gave wrong colours for
complexes in part b (i) and (ii). The candidate also gave a wrong reason
regarding a coloured complex in part (b) (iv).

However, some candidates had good performance in this question. They were
able to provide correct responses in most parts of the question. These candidates
had good knowledge regarding the formation of a complex compound. They
showed understanding of the Crystal Field Theory (CFT) and hence, colour
formation in complex compounds. Moreover, these candidates had prior
knowledge on the concept of oxidation state of elements as well as characteristic
chemical reactions of different compounds of metals like oxides, chlorides,
sulphates, hydrogen carbonates, carbonates hydroxides and nitrates. Extract 20.2
shows a sample of good responses.
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Extract 20.2: A sample of correct responses in question 6.

Extract 20.2 shows responses of a candidate who correctly explained, how the
two complex compounds differ in terms of their electrolytic conductivity, and
wrote the correct hybridization state of Pt. The candidate responded correctly in
the rest part of the question while supporting his/her answers with correct

chemical equations.
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2.2.6  Question 7: Soil Chemistry

This question had four parts namely; (a), (b), (c) and (d). Part (a) (i) required the
candidates to state four significance points of soil colloids. Part (a) (ii) required
the candidates to brief explain briefly two effects of soil pH on plant growth. Part
(b) of the question required the candidates to explain why it is important to
manage soil pH.

In part (c), the candidates were required to consider that a certain soil sample
was analyzed in the laboratory and found to contain the following ions in meq
/100g of oven dry soil: K*=0.28, Mg®** = 0.12, Ca®* = 1.00, Na" = 0.03 and H* =
10.00. Then, they were asked to calculate the Percentage Base Saturation (PBS),
if the Cation Exchange Capacity (CEC) of the soil is 3.83 meq/100 g of the oven
dry soil.

In Part (d), the candidates were given the information, “A 21 g of soil sample
was dried in an oven and lost its weight by 1 g. The soil was analyzed and found
to contain 0.0015 g of Ca*". Then the candidates were asked to calculate the
concentration (in meg/100g oven dry soil) of Ca®* in the soil sample. They were
given the atomic mass of Ca = 40 gmol™.

A total of 26,326 candidate’s equivalent to 76.3% opted for this question. The
analysis of the candidates performance shows that 6,128 candidates (23.4%)
scored from 12.0 — 20 which indicates a good performance. Furthermore, the
statistical analysis indicates that 11,076 candidates equivalent to 42.0% scored
from 7.0 — 11.5 marks showing an average score while 9,122 candidates (34.6%)
scored from 0 - 6.5 marks, indicating an unsatisfactory performance.

The candidates who managed to score high marks in this question reflected
possession of prior knowledge regarding soil science hence, they were able to
give correct responses to most parts of the question. Extract 21.1 represents
responses from one of the candidates with high scores.
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Extract 21.1: A sample of correct responses in question 7.

In Extract 21.1, a candidate gave appropriate significances of soil colloids and
managed to explain in brief the effects of soil pH on plant growth. Moreover, the
candidate calculated correctly the PBS and the concentration of Ca* in the given
soil sample.

However, some of the candidates who performed poorly in this question
reflected little knowledge on the topic of Soil Chemistry. These candidates failed
to apply their prior knowledge on soil science to sort out the methods used to
improve soil fertility. They did not understand the concept regarding ions
exchange in the soil. As a result, they failed to perform the required calculations.
Extract 21.2 is a sample of poor responses from one of the candidates.
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Extract 21.2: A sample of incorrect responses in question 7.

In Extract 21.2, a candidate gave vague statements. The candidate calculated the
Percentage Base Saturation (PBS) and the Cation Exchange Capacity (CEC)

incorrectly.
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2.2.7 Question 8: Hydroxyl Compounds

This question had three parts; (a), (b) and (c). Part (a) supplied the candidates
with the statement “An alcohol with a formula CgH1,0OH does not react with
bromine or bromine water”. Then, they were asked to:

(i) State what the information about bromine tells them.

(if)  Identify the number of rings that the compound possesses.
(iii) Draw the structure of the alcohol.

(iv) Suggest the name for the alcohol in (a) (ii).

Part (b) (i) required the candidates to show the structure and give the IUPAC
name of the resulting organic compound, when propan -1-ol reacted with
ethanoic acid in presence of a mineral acid. In part (b) (ii), the candidates were
provided with the statement “Phenol has a structure very much like ethanol”, and
they were asked to draw the structure of the molecule and predict whether
anything would have happened if the two liquids were mixed with hot benzoyl
chloride in an acidic medium.

In part (c) (i), the candidates were asked whether alcohol act as a nucleophile by
giving a reason. In Part (c) (ii), the candidates were required to explain why
apparatuses and chemicals must be dry when using PCls or SOCI; to test for the
presence of an OH" group.

The question was attempted by 25,984 candidates corresponding to 75.3%. The
analysis of the candidates performance shows that, 373 (4.4%) candidates scored
marks between 12.0 - 20.0 indicating a good performance. Further analysis
shows that 1,475 candidates, corresponding to 17.3% scored average marks
ranging from 7.0 — 11.5. 6,674 candidates (78.3%) scored between 0 — 6.5 marks
which indicates an unsatisfactory performance. Figure 13 summarizes the
performance of the candidates in this question.
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Figure 13: Performance of the candidates in question 8

Figure 13 indicates that the overall performance was poor as majority of the
candidates corresponding to 78.3% scored an unsatisfactory marks (0 - 6.5). The
poor performance in this question was attributed to poor understanding of the
chemical properties of both alcohols and phenols. Candidates showed knowledge
of only few chemical reactions involving the two functional groups. This was
due to lack of appropriate competences to tackle problems of chemical reactions
which require creativity and high order thinking. These candidates seemed not
knowledgeable enough about the properties of unsaturated compounds.
Furthermore, the candidates with low scores had little knowledge on the rules of
naming different families of organic compounds.

Extract 22.1 represents a sample of poor responses from one of the candidates.
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Extract 22.1: A sample of incorrect responses in question 8.

Extract 22.1 represents responses of a candidate who gave a structure of an
unsaturated alcohol instead of saturated alcohol in part 8 (a) (ii). The candidate

also responded incorrectly, to the remaining parts of the question.

However, few candidates (21.7%) managed to respond correctly to the question
by scoring marks ranging from 7.0 — 20. The candidates who responded fairly
correctly to the question with an average score answered some parts of the
question partially. Though some candidates managed to identify the required
alcohol in part (a) (iv), most of them named it incorrectly. Figure 22.2 represents

responses from a candidate with a good score.
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Extract 22.2: A sample of correct responses in question 8.

In Extract 22.2, a candidate proposed correctly the structure of the alcohol asked
and managed to answer correctly most of the subsequent parts of the question.
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2.2.8 Question 9: Carbonyl Compounds

This question had three parts namely; (a), (b) and (c). In part (a), the candidates
were given the information “An unknown compound with a molecular mass of
86 a.m.u contains 69.8% Carbon, 11.6% Hydrogen and the rest is Oxygen. The
compound does not reduce Fehling’s solution but gives a positive iodoform test”.
Then they were required to describe the possible structure of the compound. Part
(b) required the candidates to show, by using chemical reactions, how propanone
reacts with (i) Hydroxylamine, (ii) Hydrazine, (iii) Phenyl hydrazine and (iv)
Phosphorus pentachloride. In part (c), the candidates were required to explain the
statements:

(i) o-hydroxybenzaldehyde is a liquid at room temperature while p-
hydroxybenzaldehyde is a high melting solid.
(if) Itis incorrect to name butanone as butan-2-one.

A total of 19,310 (55.9%) candidates attempted this question. The statistical data
indicated that 58.0%, 27.9% and 14.1% of the candidates scored 0 - 6.5, 7 - 11.5
and 12 - 20 marks, respectively (Table 2).

Table 2: Number,%age and Scores of the Candidates in Question 9

Scores Number of Candidates Percentage of Candidates
0.0-6.5 11,207 58.0
7.0-115 5376 27.9
12.0-20.0 2727 14.1

The statistical analysis (Table 2) indicates that the general performance of the
candidates in this question was average as 42.0 percent of the candidates
managed to score 7.0 marks and above. The analysis of the candidates responses
revealed that the few candidates who managed to score good marks understood
the topic properly as well as the requirements of the question.

Most of the candidates who scored high marks, despite showing good skills in
mathematical manipulations and mastery of many chemical reactions involving
carbonyl compounds; they provided partial responses in some parts of the
question. Extract 23.1 represents responses from a script of a candidate who
performed well.
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Extract 23.1: A sample of correct responses in question 9.

In Extract 23.1, a candidate suggested a plausible structure and supplied correct
explanation while supporting the proposed answers with appropriate chemical
equations.

Equally, the analysis of the candidates’ responses showed that majority of those
who performed unsatisfactorily, wrongly correlated, the effect of hydrogen
bonding and the state of the corresponding compound. The implication is that,
they failed to understand the requirement of the question. They showed little
understanding of the distinguishing chemical reactions of carbonyl compounds.
In addition, they were not familiar with the concept of hydrogen bonding, types
of hydrogen bonding and the necessary conditions for a certain compound to
form a certain type of hydrogen bonding. Extract 23.2 represents one of the
candidates’ poor responses.
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Extract 23.2: A sample of incorrect responses in question 9.

In Extract 23.2, a candidate wrote benzene by guessing, instead of using the
given data to calculate the empirical formula and arrive to a correct molecular
formula. The candidate also gave incorrect answers to the remaining parts of the
question.

Question 10: Polymers

This question had three parts namely; (a), (b) and (c). In part (a), the candidates
were given the polymer, PTFE and were required to show the initiation and
propagation steps for the polymer during: (i) Free radical polymerization, (ii)
Cationic polymerization, and (iii) Anionic polymerization. Part (b) required the
candidates to give the IUPAC names of the monomers in the following
polymers:

(i) Semi aromatic polyamide
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NH, n

(i)  Neoprene (oil resistant elastomer)

H,CC——CHCH,CH,C=—=CHCH,

Cl Cl

(iif) Saran (packaging film)

At CHLCCLCHCH,CL, v

(iv) Oil soluble polymer
v H,CHC==CHCH, e

In part (c), the candidates were given the structures of natural amino acid for
protein synthesis: Alanine (A), Glycine (G) and Valine (V).

H H HoH
CH;—C—COOH NH,——C——COOH H3C—C—C——COOH
NH, CH; NH,

Alanine (A) Glycine (G) Valine(V)

The candidates were then asked to:

(i) Identify the functional groups in those amino acids.

(i)  Show how polymerization of those monomers can be done.

(iti) Provide the common name of the resulting polymer in (c) (ii).

(iv) Write the minor product common to all in (c) (ii).

(v) Provide the name given to the bond combining the three amino acids.

The question was attempted by 16,289 candidates constituting 47.2% of all the
candidates. The statistical data shows that 12.5%, 27.0% and 60.5% of the
candidates scored marks ranging from 12 - 20, 7 - 11.5 and 0 - 6.5, respectively.
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Further analysis indicated that, the overall performance in this question was
average as more than one third of the candidates (6,437, amounting to 39.5%)
scored 7 marks and above.

® WEAK
AVERAGE
= GOOD

Figure 14: Performance of the candidates in question 10.

The few candidates who scored high marks (7.0 — 12.0) had basic knowledge on
polymers, specifically the types of polymerization. They showed that they
properly understood the concept of nomenclature and applying the IUPAC rules.
They also indicated to have accommodated properly, the key types of chemical
reactions involving preparation of polymers. The candidates who scored an
average mark (7.0 — 12.0) showed to have also mastered the concepts in the topic
Polymers. However, they provided incorrect responses in some parts of the
question. Extract 24.1 shows a sample of good responses from the script of one
of the candidates who managed to score full marks.
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Extract 24.1: A sample of correct responses in question 10.

In Extract 24.1, a candidate gave correct steps involved in the polymerization
process of PTFE. He/she further managed to supply appropriate responses in the
subsequent parts of the question.
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Conversely, the analysis of the candidates’ responses showed that majority of
those who had an unsatisfactory performance, had inadequate knowledge on the
IUPAC rules of naming organic compounds. Moreover, they showed to lack
appropriate competences regarding chemical reactions involved in the
preparation of different types of polymers. These candidates did not know the
concept of steric hindrance for proper identification of minor and major
products. Thus, they failed to meet the requirement of the question. Extract 24.2
represents a sample of poor responses from one of the candidates.
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Extract 24.2: A sample of incorrect responses in question 10.

Extract 24.2 shows responses of a candidate who gave the structure of a polymer
in part (a), instead of showing what happens in each step provided. He/she
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named the monomers incorrectly and repeated to draw the structures of the given
amino acids, instead of responding to the requirement of the question.

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: The Atom (75.1%), Chemical
Equilibrium (71.8%), Soil Chemistry (65.4%) and Acids, Bases and Salts
(65.0%).

The good performance in the mentioned 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 had good
English language proficiency. This was reflected by the given answers to
detailed explanations.

The candidates had an average performance in the topics of Gases (52.6%),
Aromatic Hydrocarbons (50.8%), Electrochemistry (49.0%), Halogen
Derivatives of Hydrocarbons (47.2%), Aliphatic Hydrocarbons (42.6%),
Carbonyl Compounds (42.0%), Two Components Liquid Systems (42.0%),
Polymers (39.5%), Selected Compounds of Metals (36.2%) and Relative Molecular
Masses in Solution (35.2%).

The candidates who performed averagely in these topics, apart from showing a
good mastery of the content regarding the topic in question, they provided partial
answers. Most of them seemed not to capture all the requirements of the
questions; suggesting poor time management and insufficient language
proficiency hence, loss of some marks.

Further analysis shows that, the candidates had weak performance in the topics of
Energetics (31.6%), Chemical Bonding (24.5%), Transition Elements (23.1%),
Hydroxyl Compounds (21.7%), Periodic Classification (17.4%) and Chemical
Kinetics (16.8%).

Poor performance in the six mentioned topics reflected, to some great extent, the
inadequate knowledge and incompetence in writing appropriate chemical
formulae and equations. The poor performance also signaled incompetence in
tackling problems incorporating mathematical manipulations. These factors,
together with the lack of the aforementioned attributes, contributed to an
unsatisfactory performance.
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The comparison of the candidates’ performance between the year 2018 and 2019
shows that, the performance in five topics has increased, while it has decreased
in ten topics. More details of the performance in different topics are presented in
the appendix section.

CONCLUSION

The question-wise analysis of the performance in Chemistry paper 1 and 2 for
the ACSEE 2019 has shown that overall candidates’ performance was good.

The analysis shows that four (4) topics had good performance, ten (10) topics
had an average performance and six (6) topics had poor performance. Good
performance was attributed to good mastery 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.
This was obvious in the analysis made on the poorly performed questions, from
the content areas of Energetics, Chemical Kinetics, Chemical Bonding,
Transition Elements, Hydroxyl Compounds and Periodic Classification. Among
other factors, this performance could be greatly attributed to:

(@) Lack of mathematical manipulation skills and inadequate knowledge on the
tested topics. It was evident from some of the candidates who gave
responses which did not relate with 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 was shown by some of the candidates who substituted data
into formulae without units’ agreement, 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 perceived and responded synonymously to the
questioning 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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(€)

(f)

Failure to apply appropriate formulae and chemical equations. Failure to
integrate classroom lessons with real life situations. This was observed in
candidates who failed to relate the common chemical substances such as
metal oxides with their common uses in daily life.

Lack of enough exposure to practicals. This was justified by a variety 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)

(ii)

(iii)

(iv)

v)

(vi)

Students should practice more on the use of atomic models to demonstrate
the overlapping of atomic orbitals to form molecular orbitals.

Teachers should guide students to perform various calculations regarding
the Hess’s Law of constant heat summation.

Students should discuss the kinetic behavior of solid, liquid and gaseous
substances at different temperature conditions. The discussion should be
verified practically by using marble chips, powdered calcium carbonate,
HCl and NHs.

Teachers should emphasize on the use of the modern periodic table to
deduce the periodic trends in physical properties of elements down the
groups.

Teachers should assist students through the use of wall charts, to classify
positive, negative and neutral ligands.

Wall charts showing various reactions of alcohols should be used during

teaching and learning process to help students understand the properties of
hydroxyl compounds.
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Appendix: Summary of the Performance of Candidates — Topicwise

2018 2019
S/IN Topic - © 0T ® ] o wow
cg % EEBs. | ¢ |THE EEEs. | ¢
25 ST 383w 3 I 25 E-B 33w 3 <
Eg 8O'Um>m.0 1= ESOU”’>°°.Q e
53 5 52%s< & 535 523s< g
z0 & O=8§ z9 & O=8§
1 | The Atom
2 | Chemical Equilibrium
3 | Soil Chemistry
4 | Acids, Bases and Salts
5 | Gases 2 Average
6 | Aromatic Hydrocarbons 1 50.8 Average
7 | Electrochemistry 1 49.0 Average
3 Halogen Derivatives of 1 47.2 Average
Hydrocarbons
9 | Aliphatic Hydrocarbons 1 48.0 Average | 2 42.6 Average
10 | Carbonyl Compounds 1 42.0 Average
1 Two Components Liquid 5 36.4 Average 1 42.0 Average
system
12 | Polymers 1 39.5 Average
13 Selected Compounds of 1 36.2 Average
Metals
1 Relative Molecular Masses Average
in Solution
15 | Energetics
16 | Chemical Bonding Average
17 | Transition Elements
18 | Hydroxyl Compounds
19 | Periodic Classification Average
20 | Chemical Kinetics
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