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FOREWORD

This report presents the Candidates’ Item Response Analysis (CIRA) in the
Chemistry subject on the Advanced Certificate of Secondary Education Examination
(ACSEE) which was conducted in May 2023. The report aims at providing feedback
on the candidates’ responses to the examination items and performance attained in
Chemistry subject. The ACSEE is a summative evaluation that assesses the learners’
knowledge and ability to pursue further education in higher learning institutions.

The general performance of the candidates in this subject was good. Factors that
contributed to candidates’ success in the examination include sufficient knowledge of
concepts, ability to conduct experiments precisely, mastery of the skills for
interpreting observation; and mastery of numerical skills. Conversely, some
candidates scored low marks due to inadequate knowledge of concepts, limited ability
to conduct experiments, inability to justify scientific facts, low ability to write
chemical equations and poor mastery of numerical skills.

This analysis presents the justification for the candidates’ performance in the
Chemistry subject and thus serves as a tool that education stakeholders can use to
improve the teaching and learning of Chemistry at advanced level. In order to address
the weaknesses of candidates who scored low marks, recommendations have been
included in this report. Thus, the Council believes that education stakeholders will
consider all the recommendations given to improve teaching and learning of
Advanced Chemistry.

Finally, the National Examinations Council of Tanzania expresses its sincere
gratitude to the examiners, examination officers, statisticians and all who contributed

to the preparation of this document.

Dr. Said Ally Mohamed
EXECUTIVE SECRETARY
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1.0

INTRODUCTION

This report presents a comprehensive analysis of the candidates' responses in
the Chemistry subject in the Advanced Certificate of Secondary Education
Examination (ACSEE) 2023. The examination comprised three papers. These
included two theory based papers, namely 132/1 Chemistry 1 and 132/2
Chemistry 2; and one practical paper, namely 132/3 Chemistry 3. The practical
paper was offered in three equivalent alternative papers (132/3A Chemistry
3A, 132/3B Chemistry 3B, and the 132/3C Chemistry 3C), and the candidates
were required to sit for only one alternative paper.

Chemistry 1 had sections A and B with a total of ten (10) questions. Section A
consisted of seven (7) short answer questions, each carrying 10 marks. Section
B comprised three structured essay questions, weighing 15 marks each. The
candidates were required to answer all questions in section A and only two
questions from Section B. Chemistry 2 comprised six (6) questions, each
carrying 20 marks. The candidates were required to answer a total of five (5)
questions. Chemistry 3 comprised three questions, and the candidates were
supposed to respond to all the three questions.

The report employs a categorization system based on the percentage of marks
scored out of the allocated marks to assess the performance on each question
and topic. Performance is classified as weak (0 — 34%), average (35 —59%) or
good (60 —100%), represented by red, yellow or green colours respectively in
figures and tables.

The Chemistry examination was attempted by a total of 37,726 candidates, out
of which 36,944 (97.93%) passed. Thus, the overall performance of candidates
was good. In the previous year a total of 34,747 out of 33,731 candidates
(97.48%) passed the examination. Therefore, the candidates' performance has
increased by 0.45 per cent from the previous year.

This report consists of five sections. The first section is the introduction which
outlines the structure and rubric of Chemistry papers and introduces the
performance classification criteria for ACSEE, 2023. It also compares the
overall performance of candidates in the 2022 and 2023 Chemistry
examinations.



2.0

2.1

The second section presents the analysis of the candidates' performance in
each question; it examines the candidates' responses to each question. This
analysis is supported by statistical data and samples of good and weak
responses given by the candidates. Readers will gain insights into what the
candidates were able or unable to do in relation to the requirements of the
questions. The section further analyses misconceptions observed during
marking of the candidates' scripts and suggests solutions for future
improvement.

The third section presents analysis of candidates' performance in each topic.
Additionally, it presents comparison of candidates’ performance in each topic
in 2023 and 2022.

The fourth and fifth sections of the report provide conclusion and
recommendations, respectively. The conclusion part provides overall
observations on the strengths and weaknesses of the candidates' responses to
the examination questions. The recommendations part outlines appropriate
measures to address the challenges observed in the candidates' responses in
order to improve future examinations.

ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH
QUESTION
This section analyses the candidates’ responses to the question in Chemistry

papers 1, 2 and 3. The analysis begins by explaining the requirement of a
particular question as it appeared in the examination paper. This is followed
by data analysis, a detailed description of candidates’ responses, and
presentation of appropriate samples of extracts.

132/1-CHEMISTRY 1

This was a theory paper which consisted of sections A and B with a total of ten
(10) questions. The candidates were required to answer 2 out of 3 questions from
Section B and all 7 questions in Section A. The questions in section A weighed 10
marks each while those in section B weighed carried 15 marks each. The topics
which were examined are The Atom; Chemical Bonding, Relative Molecular
Masses in Solution;, Chemical Equilibrium; Gases; Energetics; Aliphatic
Hydrocarbons; Soil Chemistry; Selected Compounds of Metals and Aromatic
Hydrocarbons. The pass mark for Section A was 3.5 marks while that for Section
B was 5.5 marks.



2.1.1 Question 1: Gases

This question had three parts; (a), (b) and (c) which read as follows:

(@)

(b)

(©

A person swallowed a drop of liquid oxygen, O: (1), which has a density
1.149 g/cm’. Assuming the drop has a volume of 0.050 cm’, calculate
the volume of a gas that will be produced in the person’s stomach at
body temperature (37°C) and a pressure of one (1) atmosphere.

A compound contains only nitrogen and hydrogen and is 87.4%
nitrogen by mass. A gaseous sample of the compound has a density of
0.977 g/L at 710 mmHg and 100°C Determine the molecular formula of
the compound.

A total volume of 2.50x10° cm? of chlorine gas was collected over water
at 20°C and a total pressure of 1 atm. Calculate the mass of chlorine

collected at the given temperature if the vapour pressure of water was
17.5 mmHg.

This question was attempted by all 37,805 candidates. Among them, 13,918
(36.9%) scored from 0-3 marks; 11,297 (29.9%) from 3.5-5.5 marks and
12,511 (33.2%) from 6-10 marks. Thus, the candidates who scored a pass
mark or above (>3.5 marks) were 2,116 (63.1%), which indicates a good
performance. Figure 1 summarizes the candidates’ performance in this
question.

Scores
m0-3.0

03.5-5.5
m6.0-10

Figure 1: Candidates’ Performance in Question 1 Paper 1

The candidates who scored high marks in this question had sufficient
knowledge of the gas laws especially the application of the ideal gas equation,
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(PV=nRT). In part (a), the candidates used the relationship between density,
volume and mass (m=pv) to obtain the mass of liquid oxygen swallowed,

then used the mass to determine the number of moles (n:%‘). The

candidates substituted the value of n obtained into the ideal gas equation and
performed appropriate mathematical manipulations and consequently
obtained the required volume of oxygen. In part (b), the candidates applied
the correct method of determining empirical formula from the percentage
abundances of the gases given (N = 87.4% and H= (100% — 87.4%) =
12.6%) which resulted in the simplest ratio of NHz. They then used the ideal
gas equation and the data given to obtain the molecular mass of the

RT
compound (M, = 'O—).

In part (c), the candidates who scored full marks calculated the pressure of
Cl2 gas from Dalton’s law of partial pressure (Pr = Pwater vapour +PChiorine).
The value of Pcniorine obtained was then substituted into the rearranged ideal

. . . PVM
gas equation to get the correct mass of chlorine gas (i.e m = T"). Extract

1.1 is a sample of the correct response to question 1.
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Extract 1.1: A sample of correct responses to Question 1 Paper 1

In Extract 1.1, the candidate correctly calculated the mass of the liquid oxygen
swallowed, the correct number of moles from the mass and substituted into the
ideal gas equation, thereby obtaining the required volume of oxygen. In part
(b), the candidate showed a step by step calculation of empirical formula, and
used the calculated molecular weight from the ideal gas equation to obtain the
correct molecular formula. In part (c), the candidate manipulated the ideal gas
equation to suit the data given (the value of n in terms of mass and molar
mass) thereby obtaining the correct mass of chlorine.

On the contrary, 13,918 (36.9%) candidates failed to answer this question
correctly, hence, they scored low marks. These candidates failed to interpret the
question correctly and to use the ideal gas equation appropriately. For example,
the candidates failed to appropriately apply the relations

p :n% s pv = nRT’ n= %’” and IDT = Pwatervapour + PCh[orine' Wthh arc key in

gas laws calculations. The analysis also indicates that some of the candidates
confused the use of the molar gas constant (R) in relation to the units stated in
pressure and volume, for example, when to use 8.31 and when to use 0.0821.
Some of the candidates also failed to apply Dalton’s law of partial pressure
(P = +P

Chlorine
incorrect responses of candidates were a result of lack of competence in the
concept of gas laws and their interrelationships. A sample of the incorrect
responses to this question is shown in Extract 1.2

Pier vapour ) to calculate the pressure of chlorine gas. The
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Extract 1.2: A sample of the incorrect responses to Question 1 Paper 1

In Extract 1.2, the candidate failed to calculate the mass of oxygen gas and the
number of moles, and consequently failed to determine the volume of gas

correctly. Again the candidate applied Boyle’s law, Va%,, in part (a), which

is not applicable, and skipped part (b). In part (c) the candidate wrote the
correct ideal gas equation, but failed to substitute the correct values.



2.1.2 Question 2: Relative Molecular Masses in Solution

The question had two parts: (a) and (b). In part (a), the candidates were

required to give brief comments on the following four observations:

(i)  Sodium chloride solution freezes at a lower temperature than that of
pure water but boils at higher temperature than pure water.

(i) A driver adds ethylene glycol to water in a car radiator during winter
season.

(iii)  The blood cells which are isotonic with 0.9% sodium chloride solution
are placed in 1.2% sodium chloride solution.

(iv)  When dehydrated fruits and vegetables are placed in water, they slowly
swell and return to their original forms.

Part (b) of the question had two sub items; (i) and (ii). In item (i), the
candidates were given the following statement: Eighteen grams (18 g) of
glucose, CsH120¢6 (molar mass =180 g/mol) are dissolved in 1 kg of water in a
sauce pan. They were required to determine the temperature at which the
solution boils, given that the Kb for water = 0.52 kg/mol. In item (ii) the
candidates were required fo calculate the elevation in boiling point that is

expected in alcohol when 5g of urea (molar mass = 60 g/ mol) are

dissolved in 75 g of it, given that the molal elevation constant for alcohol
=1.15 K/m.

The analysis of the performance shows that this question was attempted by
37,805 candidates, of which, 10,557 (27.92%), 10,610(28.07%) and 16,638
(44.01%) candidates scored 0-3, 3.5-5.5 and 6-10, respectively. The general
performance in this question was good since 27,248 (72.08%) candidates
scored 3.5 marks or above. A summary of the candidates’performance in this

question is shown in Figure 2.
100
90 +
80 +
70 T+
60 —+
50 + 44.01

40 +
30 L 27.92 28.07

20 +
10 +
0 - | |

0-3.0 35-55 6.0-10
Scores

Percentage of Candidates

Figure 2: Candidates’ Performance in Question 2 Paper 1
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The candidates who performed well (44.01%) understood the concept of
colligative properties and their applications. In part (a), they gave observations
which were based on freezing point depression, boiling point elevation and
elevation of osmotic pressure. These candidates had sufficient knowledge on
these concepts (lowering of vapour pressure increases boiling point and vice
versa) hence they gave appropriate responses. In part (b) (i) and (ii), the
candidates applied the correct formula for the calculation of elevation in
K, xW

WS with correct substitutions of the values. They
X

showed that, the boiling point of solution is obtained from the relation 470 =
(Tsolution — Tpure solvent). Extract 2.1 is a sample of the correct responses to

boiling point, A7, =

this question.
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Extract 2.1: A sample of the correct responses to Question 2 Paper 1
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In Extract 2.1 the candidate gave correct comments on the observations based
on colligative properties regarding the resulting vapour pressure, boiling points
and freezing points of the liquid, osmosis and osmotic pressure. In part (b), the
candidate showed good mastery of the formula for calculation of elevation in
boiling point of solution upon addition of non-volatile solute (47») and used
the value in determining the boiling point of the resulting solution as required
in both sub parts (i) and (ii).

Contrarily, 10,557 candidates (27.92%), scored low marks in this question due
to lack of adequate knowledge on the general concept of colligative properties.
The candidates failed to explain correctly the observations in part (a). Some of
them gave inappropriate reasons and incorrect statements. For example, in
attempting item (a)(i) there were candidates who suggested that sodium
chloride ions undergo association instead of dissociation. The candidates also
failed to use correct formula for calculation of the elevation of boiling points
in parts (b) while others failed to manipulate correctly the given data to get
correct answer. For instance, in sub part (i1), some of the candidates did not
convert the given mass of solvent (75 g) into kilogram (0.075 kg), thus got
incorrect values. Other candidates interchanged the mass of solute (5 g) with
that of solvent (75 g), hence, got incorrect answer too. Extract 2.2 shows a
sample of incorrect responses from one of the candidates in this question.
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Extract 2.2: A sample of the incorrect responses to Question 2 Paper 1

In Extract 2.2, the candidate gave incorrect explanations for each
phenomenon in part (a). In part (b), he/she used incorrect formula and
substituted erroneous data, leading to incorrect answer.
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2.1.3

Question 3: Chemical Bonding

The question had parts (a), (b) and (c). In part (a), the candidates were required
to give brief explanation of the two conditions necessary for the formation of
hydrogen bonding.

In part (b), the candidates were required to study the chemical structures of
two compounds / (ortho nitrophenol) and II (p-nitrophenol) given and then
answer the questions that followed in sub parts (i), (ii) and (iii) by giving
reasons in each case as follows.

(i) What type of hydrogen bonding is exhibited in each compound?

(i)  Which of the two compounds is expected to have higher melting point
that the other?

(iii)  Which compound is likely to be more soluble in a polar solvent?

In part (c), the candidates were required to indicate the types of bonds present
in NH4NO; and state the mode of hybridization of the N atom in the NO; ion.

The question was attempted by 37,805 candidates (100%). The analysis of
statistical data indicates that 8,617 (22.79%) candidates scored from 0-3
marks, 23,389 (61.87%) from 3.5-5.5 marks and 5,799 (15.34%) from 6-10
marks (Figure 5). The overall performance on this question was good as
29,188 candidates (77.21%) scored a pass mark or above (>3.5 marks) as
shown in Figure 3.

Scores
m0-3.0
03.5-5.5
m6.0-10

Figure 3: Candidates’ Performance in Question 3 Paper 1

The candidates who performed well in this question demonstrated good
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understanding of the general concept of hydrogen bonding as required in parts
(a) and (b). They also had general knowledge of chemical bond formation and
hybridization processes on central atom in compounds. The candidates gave
correct explanations of the conditions necessary for the formation of hydrogen
bonding in part (a) and cited the types and effects of hydrogen bonding on
melting points of compounds exhibiting hydrogen bonding and solubility of
compounds in polar solvents in parts (b). In part (c) the candidates correctly
determined the type of hybridization of the central atom in the compound
implying that they had mastered the types of bonds. Extract 3.1 shows a sample
of correct responses to question 3.
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In Extract 3.1, the candidate demonstrated good understanding of the
concepts tested. These include conditions necessary for the formation of
hydrogen bonding, types of hydrogen bonding (ortho and para H-
bonding) and the effects of hydrogen bonding on the physical properties of
compounds (melting point and solubility) in parts (a) and (b). In part (c),
the candidate stated the types of chemical bonds present in the compound
given (ionic, dative and normal covalent bonding) together with the

Extract 3.1: A sample of the correct responses to Question 3 Paper 1

hybridization process of the central atom, N in NO; .
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On the other hand, some candidates (22.79%) did not perform well in this
question. They demonstrated lack of knowledge on the general concept of
hydrogen bonding by failing to give the conditions necessary for the bond
formation and explain the types and effects of hydrogen bonding. These
candidates failed to understand that the highly electronegative atom must
possess at least one lone pair for the formation of hydrogen bond. For
example, in H20, O has two lone pairs of electrons and in NH3, N has one
lone pair, hence both H2O and NH3; form hydrogen bonding. Also, the
candidates could not give difference between o-nitrophenol and p-nitrophenol
as intra and inter-hydrogen bonding respectively. They also failed to explain
their effects on the properties of compounds. The candidates failed to
recognize that p-nitrophenol forms many hydrogen bonds while o-nitrophenol
forms only one hydrogen bond, thus causing differences in their effects on the
physical properties of compounds.

In part (c), the candidates gave wrong types of bonds present in the
compound. This means that they lacked knowledge of the concept of chemical
bonding especially dative bond formed by N (in NH3) donating lone pair of

electrons to H to form NH, . The candidates were not conversant with the

rules and processes for hybridization, hence they could not determine the type
of hybridization of the central atom in part (c). Similarly, these candidates
failed to identify N as the central atom and gave wrong types of hybridization
due to failure to realize the correct electronic configuration. Extract 3.2 shows
a sample of incorrect responses to question 3.
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In Extract 3.2, the candidate outlined the nature of atoms produced in bonding
instead of giving conditions for the formation of hydrogen bonding in part (a).
In part (b)(i), he/she wrote intrahydrogen and interhydrogen bonding instead
of intramolecular and intermolecular hydrogen bonding respectively. The rest
of the responses in part (b) were incorrect as well. In part (¢), the candidate
did not write the ground state electronic configuration of nitrogen which is the
first step in hybridization process. He/she finally assigned nitrogen sp’

Extract 3.2: A sample of incorrect responses to Question 3 Paper 1

hybridization instead of sp? hybridization.
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2.1.4 Question 4: The Atom
This question had three parts: (a), (b) and (c) as follows:

(a)  All radiations are associated with wave nature and differ from one
another in terms of wavelength, frequency, velocity and energy. Give
the relationship between the following:

(i)  Frequency and wavelength
(i)  Wavelength and wavenumber
(iii) Energy and frequency

(iv) Energy and wavelength

(b)  Indicate whether the following electronic configurations are possible or
impossible. For the impossible ones, specify the rules which have been

violated.

(i) @ @t 2@

W WL LY
AL R JEE
v T

v) Y
Is® 2s 2p H—| 2|dTI | |

(¢c)  How many orbitals are there in each of the following subshells?

@ 2p
(i) 3d

The question was attempted by 37,805 (100%) candidates. Among them, 3,369
(8.91%) scored 0—3 marks, 7,365 (19.48%) scored 3.5-5.5 marks, and 27,071
(71.61%) scored 6.0—10 marks. The data show that 34,436 (91.09%) passed as
they scored 3.5 marks or above, implying that the overall performance of the
candidates in this question was good. A summary of candidates’ performance
in this question is shown in Figure 4.
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Figure 4: Candidates Performance in Question 4 Paper 1

The candidates who scored highly in this question (71.61%) had a good
understanding of wave parameters such as wavelength, frequency, energy

and wave number ( E = hv, wherev = cx %) in part (a). The candidates were

also knowledgeable about the rules governing filling of electrons in the
atomic orbitals which are Aufbau’s principle and Hund’s rule of maximum
multiplicity. Through this, the candidates identified the possible and the
impossible electrons configurations in part (b). In part (c), the candidates
correctly applied the concept of quantum numbers; hence, they gave the
correct number of orbitals present in 2p and 3d sub-shells. Extract 4.1 shows
one of the correct responses to this question.
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Extract 4.1: A sample of the correct responses to Question 4 Paper 1

In Extract 4.1, the candidate correctly showed the relationship between the
wave parameters, justified the possible and impossible electronic
configuration, and gave the correct number of orbitals.

On the other hand, 8.91 per cent of the candidates gave incorrect responses
due to lack of knowledge on the concept of hydrogen spectrum in relation to
its wave parameters in part (a). In part (b), most of them confused the rules
governing electronic distribution in atomic orbitals and consequently failed to
identify the possible and impossible electronic configurations. Furthermore, in
part (c), some of the candidates incorrectly indicated that 2p sub-shell has got
2 instead of 3 orbitals while others indicated that there are 3 instead of 5
orbitals in subshell 3d. Generally, the candidates demonstrated poor
knowledge of the concept of quantum numbers. Extract 4.2 shows one of the
incorrect responses given by a candidate.
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Extract 4.2: A sample of the incorrect responses to Question 4 Paper 1

Extract 4.2 show that, in part (a) the candidate gave incorrect similarities
instead of mathematical relationships between the wave parameters. In part (b),
the candidate swapped the possible and impossible electronic distributions and
cited inappropriate rules’ violation. In part (c), the candidate gave 6 and 10
orbitals instead of 3 and 5 for subshells 2p and 3d respectively.

Question 5: Selected Compounds of Metals

The question had two parts, (a) and (b) and was asked as follows;
(a) In the process of manufacturing chemicals, in one of the emerging chemical
industries in Tanzania, a chemist performed the following activities:
(i)  Exposed sodium metal to air followed by addition of water.
(ii)  Burned sodium metal in air followed by addition of water.
Briefly, explain the chemical processes that took place while supporting
your answer with balanced chemical equation in each case.
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(b) Using balanced chemical equations, describe the reactions between the
oxides of lead, aluminium and calcium with dilute;

(i)  Sulphuric acid
(ii)  Nitric acid

The question was attempted by 37,805 (100%) candidates. The analysis of
statistical data indicates that 29,585 (78.26%) scored from 0—3 marks, 6,567
(17.37%) scored from 3.5-5.5 marks and 1,653 (4.37%) scored from 6-10
marks. The overall performance of the candidates on this question was weak
since only 8,220 (21.74%) candidates scored 3.5 marks or above. The
candidates’ performance in this question is summarized in Figure 5.

100 —
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70 +
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50 +
40 +

30T 17.37
20 + :

10 + 4.37
0 | | [ |
0-3.0 35-55 6.0-10
Scores

78.26

Percentage of Candidates

Figure S: Candidates’ Performance in Question 5 Paper 1

The candidates who scored low marks (78.26%) failed to give balanced
chemical equations for the chemical reactions stated in parts (a) and (b). The
analysis shows that some candidates who responded to part (a) (i) by giving
sodium hydroxide instead of sodium oxide as the product formed after
exposing the metal in air. However, other candidates indicated sodium oxide
instead of sodium peroxide as the product of heating sodium. This means that
the candidates had sufficient knowledge of the concept of preparation of oxides
of reactive metals by direct method. In part (b), the candidates failed to write
balanced chemical equations describing the chemical reactions between the
given metal oxides and the dilute acids. For example, some of the candidates
wrote incorrect chemical formulas for the products such as AlOs; (for
aluminium oxide), AISO4 (for aluminium sulphate) and Pb2O (for lead oxide)
instead of Al203, Al2(SO4)3 and PbO. Extract 5.1 shows incorrect responses
from one of the candidates.
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Extract 5.1: A sample of the incorrect responses to Question 5 Paper 1

In Extract 5.1, the candidate gave incorrect chemical equations and wrote
chemical formulas incorrectly by using small letter “o” instead of capital letter
O for oxygen in compounds such as water, aluminium oxide and calcium

oxide.
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The candidates who scored high marks (4.37%) had sufficient knowledge
about the preparation of reactive metal oxides by direct method and their
subsequent reactions with water and dilute acids. The candidates indicated
Na20 (for sodium oxide) and Na20Oz2 (for sodium peroxide) formed by exposure
of sodium metal to air and burning it in air respectively, and the different
products formed (oxides) were then reacted with water. Extract 5.2 shows a
sample of good responses from a candidate who scored highly in this question.
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Extract 5.2: A sample of the correct responses to Question 5 Paper 1

In Extract 5.2, part (a), the candidate explained the chemical processes with
the aid of balanced chemical equations. In part (b), he/she correctly wrote
balanced chemical equations for the reactions between each of the given
metal oxides and the two dilute acids.

Question 6: Energetics

The question had two parts, (a) and (b) as follows:
(a) Differentiate between the two terms given in sub parts (i) and (ii)

(i)  Born-Haber cycle and enthalpy of formation.
(i)  Heat of neutralization and heat of solution.
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(b) You are given an equation representing hydrogenation of ethene as
C2Hy(g) + H2(g) — CH3CH3s(g). What would be the value of standard
enthalpy of hydrogenation of ethene (in kJ) if the bond enthalpies were:
C-H =416, C=C =612, C—C = 348 and H-H =436?

The question was attempted by all 37,805 (100%) candidates and their
performance was as follows: 9,417 (24.91%) candidates scored from 0-3
marks, 7,511 (19.87%) scored from 3.5-5.5 marks and 20,877 (55.22%)
scored from 6-10 marks. Generally, the candidates’ performance in this
question was good since 28,388 (67.77%) candidates scored 3.5 marks or
above. A summary of the candidates’ performance in this question is shown
in Figure 6.
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Figure 6: Candidates’ Performance in Question 6 Paper 1

A total of 20,877 (55.22%) candidates who scored high marks in this
question demonstrated good mastery of the general terms used in energetics,
such as heat absorbed and heat released, hence they managed to differentiate
the terms given in part (a). In part (b), the candidates used correct
mathematical manipulations in relating heat of formations and bond
enthalpies,

AHr =% Thus, they got the correct

bond energies of reactants - Z bond energies of products *
values of the enthalpies required. Extract 6.1 shows a sample of the correct
responses to this question.
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Extract 6.1: A sample of the correct responses to Question 6 Paper 1

1y

In Extract 6.1, the candidate correctly distinguished the two sets of terms given
and applied the correct formula and got standard enthalpy of reaction
correctly.

On the other hand, 9,417 (24.91%) candidates scored low marks. Most of
these candidates failed to differentiate between the given sets of terms in part
(a). For instance, one candidate responded to item (a) (ii) that heat of
neutralization is involved when one litre of acid reacts with one litre of base
while heat of solution is when one gram of salt is dissolved in one litre water
to form a solution. In part (b), the candidates used a wrong formula to
calculate the standard enthalpy of hydrogenation of ethene. In most cases, the
candidates subtracted bond energies of reactants from bond energies of the
products instead of doing vice-versa. Other candidates failed to identify the
types of bonds present in ethane and consequently multiplied the bond
enthalpies with incorrect numbers. For instance, some candidates who
multiplied the enthalpy for double bond by 3 instead of 1 and thus failed.
Extract 6.2 shows incorrect responses given by one of the candidates.
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Extract 6.2: A sample of the incorrect responses to Question 6 Paper 1

In Extract 6.2, the candidate distinguished between Haber process and
enthalpy of formation instead of Born Haber cycle and enthalpy of formation
in part (a) (i). In part (a) (ii), the candidate defined heat of neutralization as a
process instead of a quantity. In part (b), the candidate manipulated the values
of bond enthalpies incorrectly, however, he/she correctly indicated the
structures of the molecules involved.

Question 7: Aliphatic Hydrocarbons

The question had three parts, namely (a), (b) and (c) as follows:

(@)

()

Using one chemical test, distinguish the following organic compounds:

(i) CH3CH=CH: and CH3CH>CHj3
(i) CH3C=CCH;s and CH;CH:C=CH

Predict the major product in each of the following organic reactions:
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()  CH,C=CCH,(g)+H,0(8)—its—
(i) CH,CH,Br+ Ng—%x<te

(iii) CH,CH,+Conc.HNO, —"“—

(iv) CH,CH =CH, + Br, —Y2lh_,

(c) A form six student wanted to arrange the following organic
compounds in order of increasing acidity of their terminal hydrogen
atoms. CH=CH; CH3;C=CH; (CH3);CC=CH; CIC=CH; NO:C=CH.
Suggest a correct sequence required by the student and give two
reasons for your choice of arrangement.

The analysis show that 37,803 (99.99%) candidates attempted this question
and scored as follows: 23,286 (61.60%) scored from 0-3 marks, 8,000
(21.16%) scored from 3.5-5.5 marks and 44,323 (17.24%) scored from 6—
10 marks. Generally, the candidates’ performance in this question was
average as 52,322 (38.40%) candidates scored 3.5 marks or above. A
summary of the candidates’ performance in this question is shown in Figure
7.

Scores
m0-3.0
03.5-55
m6.0-10

Figure 7: Candidates’ Performance in Question 7 Paper 1

A total of 44,323 (17.24%) candidates scored high marks in this question as
they gave appropriate chemical tests to distinguish between the given sets of
aliphatic hydrocarbons (compounds) in part (a). Some of the appropriate
reagents mentioned by the candidates include, bromine water, conc. sulphuric
acid, potassium permanganate, ammoniacal silver nitrate and copper (I)
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chloride. In part (b), the candidates predicted the major product from each of
the chemical reactions in (i) - (iv). In part (c), the candidates correctly
arranged the organic compounds in order of increasing acidity. This implies
that the candidates had mastery of the physical properties of aliphatic
hydrocarbons due to attached groups. Extract 7.1 shows a sample of the
correct responses to this question.
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Extract 7.1: A sample of the correct responses to Question 7 Paper 1

In Extract 7.1, the candidate gave appropriate chemical tests to distinguish
between the sets of organic compounds in part (a). In part (b), he/she predicted
the major organic products for each reaction. In part (c), the candidate
correctly arranged the given sets of organic compounds in the required order
with justification of how the attached group affects the bond strength.
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On the contrary, 23,286 (61.60%) candidates scored low marks because they
gave incorrect responses to most parts of the question. Some of them
suggested improper chemical tests in part (a). For instance, some of the
candidates suggested the use of alkyl halide to distinguish propene from
propane in item (i), which is not correct. In part (b), some of the candidates
predicted minor instead of the major products. Few candidates wrote both
products without specifying the major ones. Similarly, some candidates gave
incorrect products that cannot be formed from the reactions due to several
reasons. For example, some candidates confused the conditions for the
bromination of alkene under U.V with that of bromination of alkene in
darkness, thus they gave quite different products. In addition, in the reaction
between alkene and water, the candidates gave incorrect product of 2-butanol
(alcohol) instead of 2-butanone (ketone). In part (c), some of the candidates
arranged the compounds in order of decreasing acidity while others arranged
them in order of increasing number of carbon atoms. The candidates had poor
understanding of the effect of the attached groups (CH3, CI and NO:>), the size
of alkyl groups and electronegativity differences on the acidic character of the
hydrocarbons. Extract 7.2 shows one of the incorrect responses to this
question.
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Extract 7.2: A sample of the incorrect responses to Question 7 Paper 1

In Extract 7.2, the candidate wrote inapropriate chemical tests (hydrogenation
and ozonolysis reaction) to distinguish between the given sets of aliphatic
hydrocarbons in part (a). He/she predicted incorrect products for reactions (i)
to (iv). In part (c), the candidate positioned nitroethyne as the least acidic
instead of the most acidic compounds. Also, other compounds were
incorrectly positioned in the series.

2.1.8 Question 8: Chemical Equilibrium

The question had three parts, namely (a), (b) and (c) as follows.

(a) (i) A chemical system at equilibrium is dynamic. Explain briefly the
meaning of this statement.

(i)  The equilibrium constant K, for the reaction
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(b)

(©)

(i)

(ii)

(iii)

CCly(g) — C(s) + 2Cl2(g) is 0.76 atm at 978 K. Calculate the
initial pressure of carbon tetrachloride that will produce a total
equilibrium pressure of 1.28 atm at 978 K.

Why the solubility of CO: in soft drinks like Coca-Cola decreases
with rise in temperature? Briefly explain.

What happens to the equilibrium in a reversible reaction if a
catalyst is added to it? Explain briefly.

What happens to equilibrium constant of an exothermic reaction if
temperature is raised? Explain briefly.

When a yellow solution of iron(Ill) chloride and a colorless solution of
potassium thiocyanate (KSCN) are mixed in a test tube, a red color

appears according to the following equilibrium:

Fe** (aq) +SCN™(ag) Il [Fe(SCN)]™ (aq)

(i)

(ii)

(iii)

red solution

What would be the effect on Fe’* ions upon addition of KSCN to
the equilibrium?

What would happen to the equilibrium position when the pressure
of the system was to be doubled? Briefly explain.

The red color faded when the test tube containing the equilibrium
mixture was placed in an ice-water bath. Briefly explain whether
the value of Kc for this reaction is high or low and whether the
reaction is exothermic or endothermic.

The question was answered by 27,970 (73.98%) candidates. Statistics show
that 16,169 (57.81%) of the candidates scored from 0-5 marks, 511
(30.43%) scored from 5.5-8.5 marks and 3,290 (11.76%) scored from 9-15
marks. Overall, 1,801 (42.19%) candidates scored from 5.5—15 marks. The
general performance of the candidates in this question was average.
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Figure 8: Candidates Performance in Question 8 Paper 1

The candidates who performed well (11.76%) explained the dynamic nature of
a chemical system at equilibrium in part (a). They also calculated the initial
pressure of carbon tetrachloride based on the law of mass action. In part (b)
and (c), the candidates gave correct explanations which suggested they had
mastered the factors affecting chemical equilibrium and application of Le-
Chatelier’s principle. Extract 8.1 is a sample of the correct responses to

question 8.

39



sa)

b Dynamic Caur\tbrium mocn dhed boiu

?‘g‘-‘-""d ond beckwasrd seocclicnm RERY

picc o od) Lul 1w = veory lew yale 1\40,*

Concedvaliten s0ewm 4G Yewme tn -

conayand-

) CCly . = Cy & C\ 5 (ay"
- Fvew
K'P"‘t PC‘\'\\Q‘
Pc‘cu
Laut

Xp- o-16G-a\w -

QT"— CcAwm

\ed U’\T\\'C‘\ Q t€sdue \)p Y -
Cllym == Cyy * 2Cly gy -
fnital’,  OXC S o
Charse, X — O R4y -
QQwhbm.} x -9 (&) D Y
bud

Redal prenune Pq ~ e e K

2 X4AY” ~ — —)
< -9 quh-_[ QU}\J alm -
. x-Y
06 Uoe—yy = 4% - - ~(\)
Cxemn @cuatyveniy) = :
W — -2~y
CN6( 1"2-y- ) - Yyl

-0 Fa~ay § - Ly,

C A1 .- V82 - qyr-

Hy?24 182y =~ QAR ~ o

N S 229alm ond —<Tatw

L™ cp o ﬂ@sqh\-’w

P\@.\M‘

o ] y-—- 02324 atw.
Jrew
MW= \-2- Y

N - \’;-QQQ&Q C\\\’Vl

o - CRTICgm

Foe il Proue L 0-§16 alw

40



Th

'\/ "E)FC‘C&\A.)Q d\'s&c\\;‘\(\:) e} Cy AN Sci g olvinae

L Gn Oxelhoipny © PrUC Q50 Aoy e Yoo when

LoMeelialue FI 403 YUo TOLOWE PLLCeyn b

Foveurocd & ncd dce 0o bemae, Inxlube

v ettt ditniey’

Y| Cotalysd ey o ©@lecy e o veugnble

(e aciicp Alnce \‘\ Gf%*\wq:\“\ Yook \n &c;u&;c\

Avel bvalt¥ wonnd teacAtion and 1

Caui\thivum 1 fwmatn, AWo yvaw e

i\\'] '(T\ “\pW\pC(qu’laO \> (o yoch Ao @qu;\\h‘\“w

Ccenlany w deciecyeocl

Recouse We = | Peduc *Al

{ Reccrentsd

Uhen  domoecaluie 1y rvduwed Ahen  Avs ameany

Sl (ceclen\l V) Ancicciecl While Auval

<t Preclucty V0 odegieey vy MR EWY

Equ\\\\gu\\,\m CCr oy end » \t:u.(lu'cq

Telty ScmL— L%e (Scr) | "laq

’1[ MUpewvn oddArivon <\ KRaew , \he conce\vaiton

o} 3CW \ner0csres omel R o AG mainlaiwv

Cau W pviuve AL sheldo . qanons e

TTavMAry M ™Make AeR2t (eny Yo

Deciecae ¢ Livce Ahvmeyy  jeacd wrinw

Qoo o i) fCcw 7

‘V A pon addine | Aecubiting Presswure Anesw

T\l b no e ecl chacrve of

Recaws e,

Pienvwiie Woo XV0ck cwvily on  gaszecws

Yy e acicmnmya o> ANGD @ e \se e@xo

Prvedar P A v A e QNI reativaown

Qe3P Wics Mo G{&vc\'

]{\"] Sitnce on plocing o TATXIWMIG 1y tce waktoy

Wath Ave Red ecclcuw :\Gcﬁi’d" ™M Eawn iy Lwa) .

Lhe vevoyse | bacraaiel Veccdicn © -Noncuieqg

by \ow tewmecraluse oxatvwoimyc )

41




J ]\\, Strnce on Placing o maxtuwie 4y tce wakoy

Lailkh Awne ROC\ ccleay %ngd' ™Meany Luah.

\lhe vevoyee \'\oa.cku,c\\c( Veccd{icn © ﬁfwqu

\og Lo Lemecraluve C 9)((5'\\40‘“’\\‘(\

~ e Ke valuwe Yo dwe yeactten 3 \eww ®eanuse

Cicducl one A ocveoasedd whtig § oc clanis

Mmcyead €

be = (Meducd ]

-K:D ®q clon \J

= .
~ Vhe (eaciicnh s encleivgvmre (t\c‘“‘“d

¥ec.clyon) 3Tvcy thon tempedalype -

Dl@cr@ou(-’ <A o~ bcc\fu.a\d\ “'G(\\‘tr\ \J xfwuuw"-

Extract 8.1: A sample of the correct responses to Question 8 Paper 1

On the contrary, 57.81% of the candidates who attempted this question gave
incorrect explanations in part (a) (i). Some of them explained reversible
reaction instead of dynamic equilibrium. For instance, one candidate wrote
“Equilibrium is dynamic when the products can form reactants again”. In item
(a) (i1) some of the candidates calculated reaction quotient instead of initial
concentration of carbon tetrachloride. In part (b), the candidates gave
explanations that are not true while others gave vague ones. For instance, in
item (b)(i), one candidate wrote “Rise in temperature causes viscosity of coca
cola to increase”. The candidate introduced the concept of viscosity instead of
exothermic process and solubility. In item (b) (ii), the candidates gave a wrong
explanation on the incorrect function of catalyst in a reversible reaction. For
instance, some of them explained that catalyst lowers the activation energy.
The candidates interpreted a catalyst as a factor affecting the rate of chemical
reactions instead of position of chemical equilibrium. In part (c), the
candidates gave responses that do not comply with the Le-Chatelier’s
principle. For example, several candidates responded to item (c)(ii) by
explaining that pressure would affect the position of the equilibrium. They
failed to recall that pressure has no effect on aqueous solutions because they
cannot be compressed easily. Extract 8.2 shows incorrect responses given by
one candidate to this question.
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Extract 8.2: A sample of the incorrect responses to Question 8 Paper 1

In Extract 8.2, the candidate calculated partial pressure without involving the
value of the total equilibrium pressure and thus got a wrong answer in part
(a). Additionally, the candidate did not include the decomposition reaction
equation that would have included the initial pressure, change in pressure and
pressure at equilibrium. In part (b)(iii), he/she termed the reaction
endothermic instead of exothermic process. The rest of the responses were
also incorrect.
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2.1.9 Question 9: Soil Chemistry
The question had three parts (a), (b) and (c) as follows:

(@)

(b)

(©

After a successful completion of your Secondary Education, some
farmers in your area of residence invite you to give a talk as far as the
concept of Soil Chemistry is concerned. Briefly, explain each of the
following terms while citing one example in each case:

(i)  Soil reaction

(ii)  Soil colloids

(iii) Liming

(iv) Organic fertilizers

(v)  Artificial fertilizers

Why is it necessary to measure soil pH? Briefly explain by giving two
reasons.

A farmer was advised to supply 200 kg of nitrogen on the paddy farm.
What would be the mass of a fertilizer with 60% by mass of Ca(NO3):
which the farmer has to buy in order to meet the nitrogen requirement
of the farm?

The question was attempted by 32,517 (86.01%) out of 37,805 candidates.
Analysis of the candidates’ performance in this question showed that 8,382
(25.78%) scored from 0-5 marks, 13,624 (41.90%) scored from 5.5-8.5
marks and 10,511 (32.32%) scored from 9-15 marks. Further statistical
analysis indicates that 24,135 (74.22%) candidates who attempted this
question scored 5.5 marks or above. Thus, the candidates’ general

performance In this question was good.

100 —
90 +
80 +
70 +
60 +
50 + 41.90
40 + 3232
30 +
20 +
10 +
0

Percentage of Candidates

55-85 9.0-15
Scores

Figure 9: Candidates’ Performance in Question 9 Paper 1
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The candidates (32.32%) who scored high marks in this question
demonstrated good mastery of the terminologies used in soil chemistry. They

managed to give correct explanations of the terms given together with
appropriate examples as was required in part (a). In part (b), the candidates

gave clear explanations of the significance of soil pH especially on redox

potential of the soil, activities of the micro-organisms, availability of

nutrients and the type of crops to be grown on a particular soil. In part (c),
these candidates followed correct mathematical procedures in calculating the
required mass of the fertilizer. Extract 9.1 is a sample of the correct
responses to this question.
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Extract 9.1: A sample of the correct responses to Question 9 Paper 1
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In Extract 9.1, the candidate correctly explained the given terms together with
the appropriate examples in part (a). Also, the candidate gave a clear
explanation of the significance of soil pH in terms of type of crop to be grown
and amendments to be done in part (b). In part (c), the candidate applied the
concept of fertilizer application ratios and used correct mathematical
manipulations to obtain the required mass of the fertilizer (1952.3 kg).

On the other hand, the candidates who scored low marks (25.78%), gave
incorrect responses to most parts of the question. These candidates lacked
general mastery of the terms used in soil chemistry as required in part (a). For
instance, some candidates mentioned NPK as the type of organic fertilizers
(instead of artificial fertilizer) while others cited manure as among the
artificial fertilizers (instead of organic fertilizer). In part (b), some candidates
wrote the pH range instead of explaining the importance of measuring soil
pH. Similarly, few candidates defined soil pH without explaining its
significance. In part (c), some of the candidates calculated the mass of the
fertilizer namelly. For instance, some of them calculated 60 per cent of 200 kg
and obtained 120 kg, which was incorrect. The candidates were supposed
(among other parameters) to use the molar mass of calcium nitrate. Failure of
the candidates in this question was mainly due to insufficient knowledge of
soil chemistry and poor mathematical skills. Extract 9.2 shows the sample of
the incorrect responses to this question.
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Extract 9.2: A sample of the incorrect responses to Question 9 Paper 1

In Extract 9.2, the candidate gave incorrect definitions of the terms given in
part (a) and failed to give examples. In part (b), the candidate explained that
soil pH reduces death of organisms, which is not correct. In part (c), the
candidate incorrectly divided the product of 200 kg and 100 with 60%.
Additionally, he/she failed to manipulate the units as he/she wrote 333.3 g

instead of 333.3 kg.

2.1.10 Question 10: Aromatic Hydrocarbons

The question had three parts (a), (b) and (c) as follows:

(@) (i)  What are the two effects of substituent groups on the reactivity of
benzene ring?
(i) By giving one example in each case, briefly justify the statement

49



“Despite the fact that both benzene are unsaturated
hydrocarbons, benzene undergoes electrophilic substitution
reactions whereas alkenes undergo electrophilic addition

reactions”’

(b) Why do activators when attached to benzene ring direct the incoming
electrophile to ortho and para positions? Briefly explain.

(c) Why are the products of nitration of methylbenzene obtained at a
shorter time than those of sulphonation of benzene? Explain briefly
and support your answer with a chemical equation in each case.

The question was answered by 15,072 (39.87%) candidates. Analysis of the
performance in this question showed that 8,915 (11.65%) scored from 0—- 5
marks 4,401 (29.20%) scored from 5.5-8.5 marks and 1,756 (59.15%) scored
from 9-15 marks. The overall performance of the candidates in this
question was average since 6,157 (40.85%) candidates scored 5.5 marks or
above. A summary of the candidates’ performance is shown in Figure 10.

Scores
m0-50

05.5-85
m9.0-15

29.20%

Figure 10: Candidates’ Performance on Question 10 Paper 1

The candidates who scored high marks in this question (11.65%) had good
understanding of the concept of effects of substituent group on the reactivity
of benzene. Thus, they gave correct explanations as required in parts (a) and
(c). For instance, in part (a)(i), the candidates recognized that activators
increase electron density on the benzene ring thereby making it more
susceptible to electrophilic attack, hence high reactivity. Similarly, in part (b),
the candidates correctly explained the effect of the activators on the benzene
ring, that they activate the ortho and para positions increasing the stability of
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the intermediate carbonium ion. In part (c), the candidates used chemical
equation to illustrate why nitration of benzene is faster than sulphonation

process. Extract 10.1 is an example of the correct responses to this question.

10 D AcBahr  add  eleeton  densthy R edbi. aad

fara_ pesthn fntreadng  reddfihy  af Heee

reann -t e Socemtna  elubphtle t ablrahed

b oo aod pas  posihen.

e, ) s cHy

By A e T, AN AT
S5 LA S ) B )

N,

@Nﬂm)ﬂ% of T@tueﬂ(z oCur Aotder dee b

presefiCe off aa,ﬁﬂ@hr u,qzu‘llq {3 ﬂufﬁﬂi gﬂup fGnC!*elU.Q

lechin  deashy h the  beprope g Tncreasing
~J ~J

re‘u%“\ﬁw Cc'm‘ganueo? ke Regrene.

Example .

i I LW
(AL bing —H p Ty N
S i O

r{lg2 Faster

1CH |

/\ AT ATN IS \/A\a 1
.I\U /l RRCEAS v J\U Jlew

?Z) @enzuu LQRQ@W &xhﬂ?h}ﬂ;m recc(f2n Zﬁue h

Deesone, of  delecafdocd @ bond  elchen  Caured

[‘Ur/v Madome e o) .

Ao Uaderze @ddhon reachzn  due b prereqcs

of localtzcd “Poe bond  plechvau. J |

51



o @ ENCUYI@(Q}

CtheH=CH, + Rt —= (H,cHd,
Mkens | !

ot
~1]
N\ . BTN =
(O]t —itp
)
&G&Ew.

DThece  oHers oue

_ laducKue  Ofedt

— MeserneSc Pfleck

o lncduotfve et

b e effect  cawsed by padad  meverwat o1 boade]

elechon buned  fe WL T ehichomgalve  alm.

W o desdd b Doe byges

ol ace

o PesSBue  nduckue  effect ¥

. Ne% akvo  fnduchee  fect.

o Poshue  enduddee  offal

lnuﬁ\uq pa,rh‘?cp Movemont  of  eleckon towad He

bQQZeng fne, [1\/ e ablwched

fubiFhent . Th

foente  feackidh, of lowae  Sre  facease  elehm
‘ 1
Xampl; - | (m) rAW\\,ﬂ %rvup
N

10

@5  « Negulrue Todeck v foee?

b e efect  redt due b @urbel  mevemeof of

eleckn  fm benzne  fg "lete e elechr nuge
Kue SubBhealr  §r abeled 1o FL. v
-1t derease recel Sy p} o betzery dng s

St reduee  ebehnn  lensty B Renzene Yng.

exampli: H}%o%em atkeched & Roorete.

A

N

52



"0 @9« Neabwe  Soduchug offecF

b Hhe ffecf et due R @arfﬁo Mevemenf- of

Sleckn  fom  penwne g wlwae Moo elochridg
Ko &bBheat & abfefled 1w FE. v

-1t dewrease recwe’?tﬂv od o beazery g e
§t reduee  olchn  clens fly  kepzene #nq

EXamgle H}%o%ﬂm afleched & Rotrete, -

A
Y

B Megenensmn et

Ther T e Bl mowemet  of hdin  fom e
peot of o miwle B andhe Hheo Bl R
H.  ocainat  posen . !
-t % decded  h Twe Vﬂg,cu wWhl, e

o Fodfue  maamede  effeet
o NeqalSue  nasomertc  effeck.
1085 - NeqaWue  Mermmude offect |
W offel  Cowsed by bhﬁ mevereet_of
leobon fom e  Renzone Pog & WRe  JubiBheat
oHacked = Bt >

:—I’Le lQLp-@oahz reaolus }w; Orf ﬂﬂr?&n,a apul k.
d@@m@ chochan clbm.h,
Example. N0,

T
\§)

Extract 10.1: A sample of correct responses to Question 10 Paper 1

In Extract 10.1, the candidate explained the effect of substituent group (in
relation to mesomeric and inductive effects) on the reactivity of the benzene
ring in parts (a) and (c). In part (b), the candidate explained the effects of
activators on the benzene ring by increasing the electron density at ortho and
para positions.
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On the

other hand, most of the candidates (59.15%) who scored low marks

gave incorrect responses in parts (a) and (c). This shows that the candidates

lacked

knowledge on the reactivity of benzene in terms of the effect of the

substituent group attached to the ring. For example, some of the candidates

confused the formula for methyl cyclohexane with methylbenzene (toluene),

hence they wrote incorrect chemical equations while responding to part (a). In
part (b), the candidates had insufficient knowledge on the directing effect of
the activator on the benzene ring. Consequently, they failed to give sufficient
explanation required demanded in the question. Extract 10.2 shows an

exampl

e of the incorrect responses to the question.
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Extract 10.2: A sample of incorrect responses to Question 10 Paper 1

In Extract 10.2, the candidate did not highlight the effects of inductive and
mesomeric effects on the benzene ring or delocalization of m bond, which
undergoes mesomerism and delocalization. The candidate failed to apply the
concept of mesomeric and inductive effect which causes the increase of
electron density on benzene, hence, increases reactivity of the benzene ring.
In addition, the candidate used incorrect structure of cyclohexane instead of
benzene. In part (b), the candidate misconceived the concept of directing
effect of the activators hence failed to give a clear explanation as to why
activators direct the incoming electrophile to ortho and para positions when
attached to benzene ring. The candidate stated that the activators do so in
order to avoid reactions between the incoming groups, which was not correct.

132/2-CHEMISTRY 2

This was a theory paper which comprised six (6) questions of which the
candidates were required to answer five (5). The questions carried equal
weight of 20 marks each. The topics covered in this paper were Acids, Bases,
and Salts; Chemical Kinetics; Carbonyl Compounds; Amines;, Carboxylic
Acids and its Derivatives, Transition Elements;, Polymers; Periodic
Classification; Extraction of Metals and Two Component Liquid Systems.
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2.2.1 Question 1: Two Component Liquid Systems

The question was asked as follows:
(@) (i) Can azeotropic mixtures be separated by distillation? Briefly,
explain.
(i) Mixing of acetone with chloroform takes place with reduction in
volume. Identify the type of deviation from Raoult’s law.

(b) Two liquids M and N are mixed to form an ideal solution. The vapour
pressure of the solution containing 3 moles of M and 1 mole of N is
550 mm Hg. When 4 moles of M and I mole of N are mixed, the vapour
pressure of the solution formed is 560 mm Hg. What will be the vapour
pressure of the pure M and N at this temperature?

(c) (i) Briefly explain five conditions that govern the distribution law.

(ii) The experiment was set to assess the solubility of succinic acid in
water and ether at 15 °C. It was found that, 20 cm’ of the ether
layer contained 0.092 g of the acid. If the distribution coefficient
for succinic acid between ether and water is 5.2, find the weight of
the acid which was present in 20 cm’® of the aqueous solution when
the experiment was left at equilibrium.

This question was selected by 37,467 (99.12%) of the candidates. Among
them, 9,118 (24.33%) scored 0—6.5 marks, 12,209 (32.59%) scored 7-11.5
marks and 16,140 (43.08%) scored from 12-20 marks. Thus, the data
indicate that 28,349 (75.67%) candidates scored 7.5 marks or above which
is a good performance. The summary of the performance is shown in Figure
11.

Scores
m0-6.5
07.0-11.5
m12-20

Figure 11: Performance of the Candidates in Question 1 Paper 2
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The candidates who scored high marks in this question (43.08%) correctly
explained the reason why azeotropic mixtures cannot be separated by
distillation method in part (a). Moreover, they explained that the mixture of
acetone with chloroform occurs with reduction in volume, based on the
properties of non — ideal solutions. In part (b), the candidates calculated the
pure vapour pressures of liquids M and N. These candidates had sufficient
knowledge of Raoult’s law of pure vapour pressures of volatile liquids. In
addition, the candidates correctly applied the distribution law to calculate the
weight of succinic acid in the aqueous layer (solution) in part (c). The
candidates’ ability to solve numerical problems and units contributed
significantly to their good performance. Extract 11.1 is an example of the
correct responses to this question.
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Extract 11.1 A sample of the correct responses to Question 1 Paper 2
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Extract 11.1 shows that, in part (a) (ii), the candidate correctly predicted the
type of deviation expected if acetone and chloroform were mixed together. In
part (c¢) (i), they identified and explained the conditions necessary for
distribution law. The rest of the responses given were also correct.

However, the candidates (24.33%) who scored low marks gave incorrect
responses. For instance, in part (a)(i), one of the candidates wrote Azeotropic
mixture can be separated based on differences in boiling points which is not
correct. Similarly, another candidate wrote that, Azeotropic mixtures can be



separated by chromatograph method because they are have different colours.
In part (b), the candidates calculated vapour pressure by applying incorrect
formulas. For instance, some candidates calculated the vapour pressure of M
or N by summing up the two values of vapour pressure given. Others used the
correct formula (according to Raoult’s law), but did a wrong substitution of
data. In part (c), some candidates explained incorrect conditions that do not
adhere to the partition law, (for instance, colligative properties) instead of
conditions that govern the distribution law of immiscible liquids (solvents).
This shows that, these candidates had insufficient knowledge about mixtures
and separation techniques. Extract 11.2 is an example of the correct responses
to this question.
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Extract 11.2: A sample of the incorrect responses to Question 1 Paper 2

In Extract 11.2, the candidates stated that distillation method is appropriate for
separating Azeotropic mixture, which is not true. In the calculation part, he/she
incorrectly calculated the pure vapour pressures by the multiplying given
partial pressures with number of moles of liquids M and N.
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2.2.2 Question 2: Acids, Bases and Salts
The question was asked as follows:

(a)  Comment briefly on the following statements:

(i) Lewis concept of acids and bases overruled Arrhenius concepts of
acids and bases.

(i) HSO:  is an amphiprotic.

(iii) When rain is accompanied by thunderstorm, the collected rain
water will have a pH value slightly lower than that of rain water
without thunderstorm.

(b) (i) Calculate the pH of a mixture when 1 cm® of a 0.5 M
H>80y is mixed with 2 cm’ of 0.1 M HCI, provided that no
reaction occurred in the mixture.

(ii) A 0.1 M ethanoic acid contains 0.0001 M H3;O". What would be the
Ka for this acid?

(c)  How much volume of a 0.1 M HCN should be added to a 50 cm’
of 0.2 M of NaCN solution to prepare a buffer solution with a
pH value of 4.91? (pKa of HCN is 4.76).

The question was answered by 34,239 (90.57%) candidates. Among them,
25,089 (73.27%) scored from 0—6.5 marks, 7,042 (20.57%) scored from 7—
11.5 marks and 2,108 (6.16%) scored from 12-20 marks. Generally, the
candidates’ performance was weak since only 9,150 (26.73%) candidates

scored 7 marks or above. The summary of the performance is shown in Figure

12.
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7.0-11.5 12 -20
Scores

Figure 12: Candidates’ Performance in Question 2 Paper 2
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The candidates (73.27%) who scored low marks failed to show with examples
the superiority of the concept of Lewis acids and bases over that of Arrhenius
in part (a) (i). In item (a) (i1), the candidates gave incorrect explanations about
the concept of amphiprotic substance. This implies that the candidates had
insufficient knowledge on the concept of relative strengths of acids and bases
using Lewis and Arrhenius concepts. In part (b), the candidates used
inappropriate formula to calculate the volume of the acid required to prepare
the buffer solution. For instance, some of the candidates reciprocated the
Henderson Hasselbalch equation for acidic buffer solution instead of placing
the concentration of the conjugate base (or salt) on the numerator part and the
concentration of acid on the denominator part. Extract 12.1 shows a sample of
incorrect responses to this question.
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Extract 12.1: A sample of the incorrect responses to Question 2 Paper 2

In Extract 12.1, the candidate responded to part (a) by giving an incorrect
explanation on the concepts of acids/ bases. For instance, he/she explained that
thunderstorm neutralizes reaction of rainwater, which is misleading. In part (b)
(1), he/she used a wrong formula to calculate the pH of the mixture.

The candidates (6.16%) who scored high marks managed to explain correctly
with examples the strengths of Lewis concepts of acids and bases over
Arrhenius concepts of acids and bases in part (a) (i). In part (a) (ii), the
candidates correctly explained the term amphiprotic species. In part (a) (iii),
they identified the acidic oxides which are formed as the result of
thunderstorm and showed how these acidic oxides react with oxygen in air
and rain water to form acidic rain which decreases the pH of water. They gave
correct reasons by comparing the pH of rain water in the presence of thunder
storm and rain water without a thunderstorm.

In part (b) (i) of the question, the candidates correctly calculated the value of
pH of mixture of two strong mineral acids (H2SO4 and HCl) which do not
chemically react by using dilution law (Mi1xV1=M2xV2). They also correctly
wrote the dissociation equations for these mineral acids, which shows that
they were knowledgeable about the concepts of acids and bases.

In part (b) (i) of this question, the candidates got the responses correctly as
they understand the requirements of the question. They were able to calculate
the value of dissociation constant of ethanoic acid through the application of
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Ostwald’s Dilution Law for Weak Electrolytes and the Law of Mass Action.
Also, the candidates wrote correctly the equation for the dissociation of
ethanoic acid in aqueous solution.

In part (c), the candidates correctly used the Henderson Hasselbalch equation
xV

sal ) to calculate the
xV

weak acid

salt

for acidic buffer solution, pH = pka+log(

weak acid
volume of an acid required to prepare a buffer solution. The good
performance in this question suggests that the candidates were conversant
with the concept of acids and bases. Extract 12.2 shows a sample response
from a candidate who performed well in this question.
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Extract 12.2: A sample of the correct responses to Question 2 Paper 2

In Extract 12.2, the candidate correctly showed how Lewis concept of acids and
bases is superior over Arrhenius in part (a) (i). Moreover, the candidate
correctly showed how hydrogen sulphate ion acts as an amphiprotic substance
in part (a) (i1) and in part (a) (iii), the candidate explained how thunderstorm
causes acidity in rain water. In part (b) (i) the candidate used the correct
approach to calculate the pH of the mixture. He/she managed to calculate Ka of
ethanoic acid and correctly manipulated the units in part (b) (ii). Furthermore,
the candidate correctly used Anderson-Hasselbalch equation to calculate the
volume of an acid in acidic buffer system.
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2.2.3 Question 3: Carbonyl Compounds/ Carboxylic Acids and its

Derivatives/ Amines

The question was set from three topics, namely Carbonyl Compounds,
Carboxylic Acids and its Derivatives and Amines. The question was asked as
follows:

(@

()

(©

(d)

Write the IUPAC name of each of the following organic compounds:
(i) CH3'—C|3H—CO_(|:H"CH3

(i)

(i)

(ii)

(iii)

CH; CH,
CH=CH—CHO
CgHs

An organic compound E with molecular formula CoH100 forms
2,4—dinitrophenylhydrazine (2,4-DNP) derivative. Also, it
reduces Tollen’s reagent and undergoes Cannizzaro’s reaction.
Upon vigorous oxidation, compound E gives 1,4—benzene
dicarboxylic acid. Determine the chemical structure of
compound E.

Why do aldehyde and ketones have lower boiling points than
their corresponding alcohols and carboxylic acids? Explain

briefly.

A compound B (C:H4O) on oxidation gives compound C
(C:2H403z). Compound B undergoes haloform reaction. On
treatment with HCN, compound B forms a product Z which on
hydrolysis, gives 2—hydroxypropanoic acid. Write the equations
for all the reactions involved.

Briefly explain the following observations:

@)
(it)

(¥

Methylamine has lower boiling point than methanol.
Aniline does not undergo Friedel— Craft alkylation.

Identify the structure of compounds A, B, C and D in the
following sequential conversions:

NaNO, /HCl

A—NNOMA L ol OH

SOCl, KCN
0-5°C B

7

C__tAlL .y
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(ii)  Giving reasons, arrange the following organic compounds in
decreasing order of basic strengths.

NH,
NH
© L @
N02 , © , CH3NH2 s NH3 and N02

(iii) How can ethylamine be prepared from propionic acid? Give
two steps.

This question was answered by 20,593 (54.47%) out of 37,804 candidates who
sat for the paper. The candidates’ performance in this question was as
follows: 12,396 (60.19%) scored from 0—6.5 marks, 5,883 (28.57%) scored
from 7-11.5 marks and 2,314 (11.24%) scored from 12-20 marks. These data
indicate that 39.81 per cent of the candidates scored 7 marks or above.
Therefore the candidates’ overall performance in this question was average in
the lower margin. A summary of the performance is shown in Figure 13.

Scores
m0-6.5
07.0-11.5
m12-20

28.57%

Figure 13: Candidates’ Performance in Question 3 Paper 2

The candidates who scored high marks (11.24%) correctly named the given
organic molecules in part (a). In part (b) (i), the candidates correctly identified
structure of compound E (CoH100). In part (b (ii) They also used the concept
of hydrogen bonding to explain the reason why carbonyl compounds are more
associated with lower boiling points than their corresponding alcohols and
carboxylic acids. In part (b) (iii), the candidates wrote all the chemical reaction
equations correctly and eventually identified the names and structure of
compounds B (C2H40), C (C2H402) and Z.

In part (c), the candidates explained why methanol has a higher boiling point
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than methylamine, and why aniline does not undergo Friedel- Crafts
alkylation reaction. In part (d), the candidates deduced the structures of the
compounds, arranged the compounds in order of decreasing basic strength

and gave two steps of preparing propionic acid from ethylamine with the aid
of chemical. The correct responses suggest that, the candidates had sufficient

knowledge of carbonyl compounds, alcohols, amines, carboxylic acids and
their derivatives. Extract 13.1 shows a sample responses of from candidates
who performed well in this question.
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Extract 13.1: A sample of correct responses to Question 3 Paper 2

In Extract 13.1, the candidate responded very well to most parts of the
question. He/she gave the correct explanations and supported them with
relevant chemical equations. However, the candidate skipped item (d)(ii).

The candidates (60.19%) who scored low marks in this question lacked
knowledge on carbonyl compounds, amines, alcohols and carboxylic acids.
The candidates failed to apply IUPAC rules’. For instance, in part (a), some of
the candidates incorrectly named the compounds as alkenes and alcohols
instead of carbonyl compounds. This means that they failed to identify
functional groups of organic compounds. In part (b), the candidates gave
incorrect structures in (b)(i), incorrect explanations in(b)(ii) and incorrect
chemical equations in(b)(iii). For instance, one candidate wrote a chemical
equation for the reaction between compound B and water instead of oxidizing
agent to form compound C. In part (¢), the candidates failed to explain that
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hydrogen bonding as the reason behind the boiling point of methylamine
being lower than that of methanol. In part (d), the candidates gave incorrect
structures, incorrect preparation of ethylamine, and inappropriate order of
basic strengths. For instance, in item (d)(i), one candidate identified
compound D as CH4 instead of CH3CH2NH2. Another candidate responded to
item (d)(iii) by reacting propanoic acid with alcohol instead of ammonia.
Extract 13.2 shows a sample of incorrect responses to this question.
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Extract 13.2: A sample of incorrect responses to Question 3 Paper 2

In Extract 13.2, the

candidates attempted part (a) by writing incorrect names

of the molecules given. In part (b)(i), the candidate cited the concept of
polarity of compounds instead of hydrogen bonding. The candidate gave

incorrect reason in

(b)(i1) and skipped part (c). In part (d), the candidate

identified compounds A and B as ethanoic acid and methane instead of
methylamine and chloromethane, respectively. In the last item, the candidate
wrote a conversion procedure involving four instead of two reaction steps.
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2.2.4 Question 4: Transition Elements / Polymers

The question was as follows:
(@) Given the following complex compound K3[Fe(NH3)s],
(i) Give the IUPAC name of the compound.

(ii)  What is the number of electrons in the d-orbital in the central
metal atom?

(iii)  Give the geometric structure and hybridization of the complex.

(iv)  Is the complex cationic, anionic or neutral? Briefly, explain.

(b) Briefly, comment on the following statements:

(i)  Silver nitrate can react with [Cu(NH3)sCI]Cl but not with
[Cu(NH3)sCl2]

(i)  The complex compounds of cobalt have different colours;
[Co(CN)s]* is yellow, [Co(NH3)s]** is orange while
[Co(H20)6]*" is blue.

(c) Protein is the polymer of amino acid produced naturally by plants and
has the formula;

I
H H O HH—C—H
| L
] i
[T aaVaVa¥al i) C C N C O
o
H—"(l:"'—C"'—-('Z‘-—H H
H H
H—C——H
- H
(i) Name the polymer.
(ii) Suggest two monomers which might have been used to

synthesize this polymer.

(iii)  Is this an addition polymer or condensation polymer? Give
reasons for your answer.
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(iv) Write the reaction equation to show how this polymer is
formed.

(d) (i)  Suppose you are a chemist in one of the synthetic industries and
you are required to synthesize a polymer using acrylonitrile
(CH>=CH-CN) monomers. What type of polymerization process
will you employ in order to synthesize the required polymer?
Give a reason for your answer.

(ii)  With an example in each, distinguish homopolymer from co—
polymer.

This question was attempted by 34,106 (90.22%) candidates and their
performance was as follows: 19,228 (56.38%) scored from 0-6.5 marks,
10,867 (31.86%) scored from 7—11.5 marks and 4,011 (11.76%) scored from
12-20 marks. The candidates’ overall performance in this question was
average as 14,878 (43.62%) candidates scored 7 marks or above. A summary
of performance of candidates is shown in Figure 14.

100 —
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56.38

31.86

11.76

7.0-115 12-20
Scores

Percentage of Candidates

Figure 14: Candidates’ Performance In Question 4 Paper 2

The candidates (11.76%) who scored high marks named the complex
compound (according to [TUPAC system) and identified the number of
electrons in d-subshell of the central metal atom (ion) in part (a). Similarly,
they identified the geometric structure, hybridization and the type of complex
compound.
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In part (b), the candidates appropriately commented on the observations in (i)
and (ii). In part (c), the candidates named the polymer and identified its
monomers and type of polymerization process involved. Moreover, the
candidates distinguished homopolymer from co-polymer with the aid of
examples. A sample of correct responses is shown in Extract 14.1.
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Extract 14.1 A sample of the correct responses to Question 4 Paper 2

However, some of the candidates (56.38%) lacked competences on complex
compounds and polymers. For example, in part (a), some of them gave
incorrect names of the compound. Others incorrectly identified the complex
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compound as a neutral or cationic instead of stating the fact that it was anionic
compound. In part (b)(i), the candidates failed to explain the ionization of
[Cu(NH3)sCIl]CI in aqueous solution to give the chloride ions which later react
with silver ions from silver nitrate to give white precipitates of silver chloride.
Similarly, they failed to explain that compound /Cu(NH3)sCl2] does not ionize
in aqueous solution since the chloride ions are bound inside the shell. In part
(b)(i1), the candidates failed to recall the concept of strength of ligands as the
factor causing the difference in colours of the complex compounds. In part (c),
the candidates gave incorrect name of the protein and suggested inappropriate
monomers. Generally, the candidates had did not have sufficient knowledge on
the amino and the carboxylic parts of amino acids. Also, the candidates failed
to write the reaction equation for the formation of the polymer. In part (d) the
candidates gave incorrect type of polymerization process. They also failed to
distinguish homopolymer from co-polymer. The candidates failed to realize
that a homopolymer is made up monomers of one type while a co-polymer is
made up of monomers of different types. A sample of incorrect responses is
shown in Extract 14.2.
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Extract 14.2: A sample of incorrect responses to Question 4 Paper 2
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225

In Extract 14.2, the candidate stated that ammonia is a weak ligand instead of
stating it is a a strong one. In addition, the candidate gave the name of the class
to which the protein belongs (polypeptide) instead of giving the specific name
of the protein. Moreover, the candidate skipped parts (a) and (d).

Question 5: Periodic Classification / Extraction of Metals

This question had four parts, namely (a), (b), (c) and (d). The question was
as follows:

(@) Briefly describe four characteristics of p—block elements.
(b) In four ways, briefly explain the factors affecting ionization energy.

(c) How do oxides of period 3 elements react with water? Explain briefly
and support your answer with appropriate chemical equations.

(d) You have been asked to extract sodium metal from sea water through
electrolysis. What will be the drawback and how would you overcome
it? Explain briefly and support your answer with appropriate chemical
equations.

This question was attempted by 29,839 (78.93%) candidates; out of whom,
24,458 (81.96%) scored from 0-6.5 marks, 4,997 (16.75%) scored from 7—
11.5 marks and 384 (1.29%) scored from 12-20 marks. The general
performance in this question was weak since only 5,381 (18.04%) candidates
scored 7 marks or above. Figure 15 summarizes the performance in the
candidates on this question.
100 +
90 - 81.96
80 +
70 +
60 +
50 +
40 +
30 +
20 +
10 + 1.29
0 I I |
0-6.5 70-11.5 12-20
Scores

16.75

Percentage of Candidates

Figure 15: Candidates’ Performance in Question 5 Paper 2
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The candidates (81.96%) who scored low marks described incorrect
characteristics of p-block elements in part (a). For instance, some candidates
wrote the characteristics of d-block elements instead of those of p-block
elements. Others wrote the general formula for the outer electronic
configuration of p-block elements, ns'-?(n-1)d’""’ which in this sense is not
considered as a characteristic. In part (b), the candidates failed to explain the
factors affecting ionization energy. The common misconceptions include
boiling point, freezing point, temperature and electronegativity. In part (c), the
candidates failed to explain the reactions of oxides of period 3 elements with
water. Some of the candidates mentioned incorrect products such as formation
of oxygen gas and free elements. Others wrote chemical reactions of elements
of group III elements with water. In part (d), the candidates failed to explain
the drawback of extracting sodium metal from sea water by electrolysis. Some
candidates wrote the half equation for the deposition of sodium at the cathode
without pointing the drawback. Other candidates stated that electrolysis is very
expensive hence, low voltage should be used so as to minimize cost. A sample
of incorrect responses is shown in Extract 15.1.
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Extract 15.1: A sample of incorrect responses to Question 5 Paper 2

In Extract 15.1, the candidate wrote properties of transition elements instead of
p-block elements in part (a). In part (¢), the candidate wrote reaction of water
with period 3 elements instead of oxides of period 3 elements. In part (d),

he/she

cited presence of impurities instead of the unsuitability of using

aqueous solution of sodium in electrolysis. Thus the candidate explained
methods of purifying metal ores instead of the need to use fused instead of
aqueous sodium.

The candidates (1.29%) who scored high marks gave the characteristics of p-
block elements and the factors affecting the ionization energy of elements.
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They also gave relevant explanations and chemical equations of how oxides of
elements of period 3 react with water. Furthermore, they explained the
extraction of sodium metal from sea water by means of electrometallurgy
technique (by means of electrolysis) with the aid of relevant half oxidation and
reduction reactions at the electrodes as shown in Extract 15.2.
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Extract 15.2: A sample of the correct responses to Question 5 Paper 2

&9




2.2.6 Question 6: Chemical Kinetics

This question consisted of three parts: (a), (b) and (c). The question was as
follows:

(@)

(®)

(©

The decomposition of dinitrogen pentoxide is of first order being
governed by the reaction equation 2N,05(g) ——> 4NO,(g) + O,(g).

When this reaction was allowed to proceed at 40°C, the following data
were collected:

[N20s|M Time (min)
0.400 0.00
0.289 20.0
0.209 40.0
0.151 60.0
0.109 80.0
Calculate;
(i) The rate constant at the given temperature without using
graph.

(i) The concentration of N2Os after 10 minutes.

In the Arrhenius equation for a certain reaction, the value of A and Ea
are 4x10%/s and 98.6 kJ mol”’, respectively. If the reaction is of first
order, calculate the temperature at which its half — life period will be
10 min.

The following data were obtained during the first order thermal
decomposition of SO:Cl> at constant volume,
SO,Cl, —*— SO,(g) + CL(g).

Experiment Time (s™) Total pressure /atom
1 0 0.5
2 100 0.6

Calculate the rate of the reaction when total pressure is 0.65
atmosphere.

This question was attempted by 32,776 (86.70%) of the candidates. Out of
whom, 21,410 (65.32 %) scored from 0-6.5 marks, 7,447 (22.72%) scored
from 7-11.5 marks and 3,919 (11.96%) scored from 12-20 marks. The
general performance in this question was weak since only 11,366 (34.68%) of
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the candidates scored 7 marks or above. Figure 16 summarizes the candidates’
performance on this question.

Scores
m0-6.5
07.0-115
m12-20

Figure 16: Candidates’ Performance in Question 6 Paper 2

The candidates (65.32%) who scored low marks failed to calculate both the
rate constant of the reaction and the concentration of dinitrogen pentoxide
after 10 minutes in part (a). Some of the candidates applied the concept of
cross multiplication instead of the rate law to calculate the concentration of
dinitrogen pentoxide. In part (b), most of the candidates failed to able to apply
the Arrhenius equation. Some candidates wrote the equation correctly but
made wrong substitution of data. Others wrote the equation wrongly by
swapping initial and final concentration symbols. In part (c), some of the
candidates calculated the rate of reaction at a pressure of 0.6 instead of 0.65
atmosphere. Others wrote the formula for equilibrium constant (Kp) which
was not appropriate since the reaction was not a reversible process. A sample
of incorrect responses is shown in Extract 16.1.

Cda. Reogrleed’

L) Rcate Constant

ek orclo, rec oy

From
infAale = kb + In[AJ
Ler

(Ao = [al. L =i,
2

In[Ale — In{ AL = - Kt
2 3
I'n ([ AT - kL,
(Al =
= S/
ln2=- -—1RYE,,




JJ&: ~ Inz

Y,

K~ -lop 1

20

Y~ 002466 S
hono

Mo rate tonstant  vna by

0084 e

E/‘/ [ A O] req__u?m(_p atter lom.,

nrm
InfAle= —Rt + IN[A],

fﬁf/}]&: _'/‘O'DJdéé)XfO <In (oq)

IN[Aly = —b-5s6F72

LAJ20s]= O-56209

nce Ho onwnrcures o

r [ A)Os])
U _ O 356709, 7

&b

clata qiues

A= +110% 4

Ea= gz .6 KJ mar™

&y, = lpmin

[
1 K= Ac”
1y =
}: /[ 10x60 3
oy
L K- In2
1044,
R= Il-|s5s 403~
b= -
FazRAe
T= EBa = 9R_&ELTmu~! X6 ogdmo
L A 111SS ¥[03 x 4 x (QN
T /2K
o The temperatiue wusa be 17 K

92




e (€ - Conerclo v,

20 = Pr— Pintal. Pr= Preocse
Congr@er e ciMort— | AR

.Api:i 0 -5t — O ok

Ao= o 1S e

%xpcr\ﬁlcrt\—‘(ﬂl

-Apa_ o- @:T&M——o ~G ok

Y celta
bRt C@‘\‘x‘mﬁ’v{\ﬂ = 2303 ool 2 )

T
] PEE= v
| o | _~ \—x—f'?———g
L/
| o — L
| { R
—+=2= (o ' :o‘c)[&cﬁq,'.

_ T?UCT-L(Q qwen by

ST (N A CCA TR

Extract 16.1: A sample of the incorrect responses to Question 6 Paper 2

In Extract 16.1, the candidate got a negative value for the rate constant in
part (a) (i). In item (a) (ii), the candidate obtained incorrect value which is
greater (it should be smaller) than the initial concentration of N2Os. In part
(b), the candidate used incorrect Arrhenius expression to calculate the
temperature of the reaction. In part (c), the candidate failed to associate
partial with concentration in the rate of chemical reaction.

On the other hand, candidates (11.96%) who scored high marks calculated the
value of rate constant of the reaction without using graphical method in part
(a). In part (b), the candidates also calculated the temperature of the reaction
by using Arrhenius equation. Moreover, in part (c), they correctly calculated
the rate of reaction and the total pressure of the reaction by using integrated
rate law equation for the first order reaction. A sample of correct responses is
shown in Extract 16.2.
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Extract 16.2: A sample of the correct responses to Question6 Paper 2

2.3 132/3-CHEMISTRY 3

This was the actual practical paper which was in three equivalent alternatives,
namely 132/3A Chemistry 3A, 132/3B Chemistry 3B and 132/3C Chemistry
3C. The candidates were required to sit for one of the alternative papers. Each
alternative paper consisted of three compulsory questions which carried a total
of 50 marks. Question one weighed 20 marks while questions 2 and 3 carried
15 marks each. Each alternative practical paper covered three sub-topics under
the topic of Chemical Analysis. Questions 1, 2 and 3 were set from the sub-
topics of Volumetric Analysis, Physical Chemistry Analysis and Qualitative
Analysis respectively. The pass marks for questions 1, 2 and 3 were 7.0, 5.5
and 5.5 marks respectively. The analysis of each question is as follows:

2.3.1 Question 1: Volumetric Analysis

2.3.1.1 Alternative 3A

The question was as follows:

You are provided with the following solutions:

T1: A solution containing a mixture of NaOH and Na:CQOs3;
T2: 0.2 M hydrochloric acid;

POP: Phenolphthalein indicator;
MO: Methyl orange indicator.

Procedure
(i)  Pipette 20 or 25 cm? of T1 into a clean conical flask.

(ii) Add 3 drops of POP into T1 in (i) and titrate the mixture against T2 until
a colour change is observed.

(iii) Record the first titre value.
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(tv)

v)
(vi)

After the first end point in step (ii), add 3 drops of MO in the solution
mixture and continue titrating until the second colour change is
observed.

Record the second titre value.

Repeat the procedures (i) to (v) three times. Record your results in a
tabular form.

Table 1: Table of Results
Burette Readings (cm’) Pilot 1 2 3
Second end point
First end point
Initial reading
First titre volume
Second titre volume

Summary

cm® of TI required cm’® of T2 in the presence of
POP and cm?’ of T2 in the presence of MO for complete reaction.
Questions
(a) Explain the colour change observed for the reaction taking place

(b)

(©

between:

(i) TI and T2 in the presence of POP.

(i) TI and T2 in the presence of MO.

Write a balanced chemical equation for the reaction taking place in:
(i) Procedure (ii).

(ii) Procedure (iv).

Calculate;

(i)  the concentration of sodium carbonate in g/dm’.

(ii) the concentration of sodium hydroxide in g/dm’.

(iii) the percentage composition of each component in T1.
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2.3.1.2 Alternative 3B

The question was as follows:

You are provided with the following:

J: A solution made by dissolving 1.58 g of KMnOs in a distilled water to
form a 0.5 dm’ of an aqueous solution;

K: A solution made by dissolving 7.91 g of Na:5:03.XH:0 in a distilled
water to form 0.25 dm’ of an aqueous solution;

L A solution of 10% KI;
M: A starch solution,

N:  Dilute H2SOs solution,
Theory

A quantitative reaction between potassium permanganate, KMnOs+ and
potassium  iodide, KI can be represented by the reaction:

MnO, (aq)+1 (aq)—> Mn** (aq)+1,(aq)............ (1). The liberated iodine, I>
is titrated against sodium thiosulphate, NaxS:03. The reaction taking place
during this titration can be represented as  follows:
L4280 +21 e, (id)

Procedure

(i) Pipette 20 or 25 cm’® of J into a conical flask. Add an equal volume of
(20 cm? or 25 cm?®) of L, followed by another equal volume (20 cm’ or
25 cm?) of N in the same flask.

(i)  Titrate the mixture in (i) with K, until the colour change is observed.
Add 2 cm® of M and continue titrating until a permanent colour change
is observed.

(iii)  Repeat the procedures (i) and (ii) three more times and record your
results in a tabular form.

Summary
(a)  The volume of pipette used was .
(b) cm?® of J liberated iodine that required cnmof K

for complete reaction.
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Questions

(@
@)

(©

(d)
(¢

1

State the function of M in this experiment.

State the main purpose of adding L into the conical flask containing
acidified J.

Why is it advisable to add M just close to the end point in this
experiment?

Write an overall balanced reaction equation for the whole experiment.
Calculate the;

(i) concentration of KMnQOq in g/dm’.

(ii) molarity of KMnOs.

(iii)  concentration of Na2S:03.XH:0 in g/dm’.

(iv)  molarity of Na>S203.

v) concentration of Na2S:0s3 in g/dm?.

Find the value of X in Na25:03.XH:O.

2.3.1.3 Alternative 3C

The question was as follows:

BI1: A solution of H20: prepared by diluting 1.00 cm® with distilled water to
form 250 cm? of an aqueous solution,

B2: A solution of KMnO4+ made by dissolving 0.79 g in distilled water to
form a 250 cm® of an aqueous solution.

B3: A dilute H:SO4,

Procedure

(i)  Pipette 20 or 25 cm’ of BI into a conical flask. Add 10 cm’ of B3.

(ii)  Titrate the mixture from step (i) against B2 until a pink colour is
observed.

(iii) Repeat the procedures (i) and (ii) three more times and record your
results in tabular form.

Summary

(i) The volume of pipette used was ___ cm’.

(ii) cm’ of solution BI required cm’® of B2 for

complete reaction.

Questions
(a) Write the two half reaction equations for the experiment.

(b) Write a balanced ionic equation for the whole process
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(c) Calculate the concentration of the original solution of hydrogen peroxide
in g/dm’.

(d) Calculate the volume of oxygen gas produced at s.t.p when Bl reacted
with an acidified B2.

The questions was attempted by 37,726 candidates (100%). The analysis
indicates that 9.95 per cent of the candidates scored from 0 to 6.5 marks, 29
per cent scored from 7 tol1.5 marks and 60.26 per cent scored from 12 to 20.
Generally, the candidates’ performance in this question was good because
90.16 per cent scored 7.0 marks or above. The summary of the performance is
shown in Figure 17.

100 +
90 +
80 +
70T 60.26
60 +
50 +
40 +
30 +
20 +
10 +
o N .
0-65 7.0-115 12-20
Scores

29.79

Percentage of Candidates

Figure 17: Candidates’ Performance in Question 1 paper 3

The candidates who scored high marks in these questions filled correctly the
table of results by considering two decimal places, and accuracy of the data. This
means that they followed correctly titrating procedures to obtain correct readings.
Similarly, the candidates read the volume of pipette used and recorded it
correctly.

In alternative 3A, the candidates correctly wrote balanced chemical equation for
the chemical reaction-taking place in procedure (ii) and (iv) that is between
NaOH with HCI and NaHCO3 with HCI. The candidates also correctly calculated
the concentration of sodium carbonate and sodium hydroxide in g/dm® and
finaly, the candidates calculated the percentage composition of NaxCOs3 and
NaOH using the double indicator method.
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However, in alternative 3B, the candidates exhibited a strong grasp of the
concept of iodometry titration, which involves the reaction between indirectly
generated iodine against sodium thiosulphate. They efficiently standardized
sodium thiosulphate through a two-step reaction with acidified potassium
permanganate. The first step involved liberation of iodine gas, followed by the
reaction between the liberated I2 (iodine gas) and sodium thiosulphate. Finally,
the candidates calculated molarity and concentration of KMnO4 and Na2S:203
respectively.

In in alternative 3C, the candidates successfully standardized hydrogen peroxide
(analyte) using potassium permanganate (titrant). Their understanding of
balancing redox reactions and stoichiometric coefficients was evident, enabling
them to calculate the volume of oxygen gas produced at standard temperature
and pressure (STP) during the reaction between potassium permanganate and
hydrogen peroxide, considering the limiting reactant. Furthermore, these
candidates were well-versed in the dilution law, allowing them to calculate the
original concentration of hydrogen peroxide. Extracts 17.1, 17.2 and 17.3 show
samples of the correct responses to question 1 in Alternative Practical A, B, and
C, respectively.
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Extract 17.1: A sample of correct responses to Question 1 in

Alternative Practical 3A

In Extract 17.1, the candidate correctly completed the table of results by
observing the required two decimal places. Additionally, she/he correctly
calculated the titre volume, which fall within the acceptable range when
compared to the expected value.
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Extract 17.2: A sample of correct responses to Question 1 in
Alternative Practical 3B

In Extract 17.2, the candidate correctly wrote the overall chemical equation.
Furthermore, he/she successfully calculated the molarity, concentration of
sodium thiosulphate and the number of molecules of water of crystallization in
hydrated sodium thiosulphate (Na2S203.XH20).
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Extract 17.3: A sample of correct responses to Question 1 of the
alternative practical 3C

In Extract 17.3, the candidate successfully performed all the necessary
calculations and identified the concentration of the original solution of hydrogen
peroxide.

In the other hand, the candidates who scored low marks failed to fill the table of
results correctly. Some of them got incorrect volumes of the acid solution used.
Similarly, they neglected to account for the two decimal places while others left
some gaps in the table of results. Moreover, some of them did not indicate the
volume of pipette used. Likewise, in alternative 3A, the candidates failed to
write well balanced chemical equations involved in double indicator and redox
titration. As a result, the candidates obtained incorrect mole ratio of acid to base.
In addition, others used wrong formulae in the successive calculations in an
attempt to determine the percentage purity of sodium carbonate and sodium
hydroxide in the solution. Generally, the candidates in this category had
insufficient knowledge about the concept of volumetric analysis technique.

However, in alternative 3B the candidates who scored low marks mistakenly
wrote, the function of M (starch) was to provide an acidic medium contrary to the
fact it is an external indicator during titration in part (a). Similarly, in part (b),
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some candidates wrote the main purpose of L (KI) was to react with sodium
thiosulphate contrary to its primary role of facilitating the liberation of iodine.
Principally, potassium iodide (KI) ionizes to produce iodide ions, which are then
oxidized by potassium permanganate, leading to the formation of iodine.
Generally, the candidates falling under this category lacked adequate knowledge
about the chemical equation, mole concept, and volumetric analysis.

Moreover, in alternative 3C, the candidates who scored low marks failed to
attempt most parts of the question. For instance, some of them failed to write the
overall ionic equation for the redox reaction. In other case, some candidates
provided partial responses, while others left the field blank. This suggests that the
candidates lacked adequate knowledge about balancing redox reactions to derive
the overall ionic equation. Extracts 17.6, 17.7 and 17.8 show samples of the
incorrect responses to question 1 in Alternative Practical A, B, and C,

respectively.
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Extractl 7.6: A sample of incorrect responses to Question 1 in
Alternative Practical 3A
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In Extract 17.6, the candidate recorded inaccurate data that deviated negatively
by 2.10 cm’.
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Extract 17.7: A sample of incorrect responses to Question 1 in
Alternative Practical 3B

In Extract 17.7, the candidate wrote

incorrect redox chemical equations and

failed to explain the role of starch during the titration. Hence failed to get the

correct value of X in Na2S203.XH-20.
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Extract 17.8: A sample of incorrect responses to Question 1 in
Alternative Practical 3C

In Extract 17.8, the candidate provided incorrect data in the table of results.
Similarly, her/his responses to parts (a), (b), (c), and (d), including chemical
equations, formulae, and calculations were incorrect.

2.3.2 Question 2: Physical Chemistry Analysis
2.3.2.1 Alternative 3A

The question was as follows:
You are provided with the following:

PI: A solution containing 49.6 g/dm’ of Na2S:03.5H20;
P2: Dilute HCI;
Distilled water.

A white plain paper marked X;
Stop watch/clock.

Procedure

You are required to investigate the effect of concentration of sodium
thiosulphate on the rate of the reaction between sodium thiosulphate and
hydrochloric acid using the following steps:

(i) Place a 50 cm’® beaker on top of the mark X in such a way that the
mark is clearly seen through the bottom of the beaker.

(ii) Measure 10 cm® of solution PI1 and pour it into a beaker in (i). Then
add 5 cm’ of P2 and immediately start the stop watch. Stir the mixture
gently and record the time taken for disappearance of the mark X.
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(iii)  Repeat the procedure (ii) using:
o 8cm’of Pl, 2cm’® of water and 5 cm® of P2.
o 6 cm® of P1, 4cm’ of water and 5 cm® of P2.
o 4cm’of Pl, 6¢cm? of water and 5 cm® of P2.

(iv)  Record your results in a tabular form as follows:

Volume | Volume | Volume [P 1] T(sec | 1/t(sec™) [P 1] Xt
of P1 of of P2 3
(en’) | Distilled | (cm?) | (moVmoldnr) (molid
Water msec)
(cmt’)
Questions

(@) Plot a graph [P1] (mol/dm’) against time, t (sec).
(b)  Plot a graph of 1/t (sec’) against [P1] (mol/dm’).
(c) Study the results and the graphs then answer the following questions:

(i) What is the effect of concentration of sodium thiosulphate on
the rate of chemical reaction?

(ii) What is the order of reaction with respect to Na:S203?
(iii)  How did you reach your conclusion in (c) (ii)?

(d) Comment on the value of the product of concentration and
time; that is [Pl]xt.

2.3.2.2 Alternative 3B

The question was as follows:

You are provided with the following:

A: A solution of 0.02 M potassium permanganate;

C: A solution of 0.05 M oxalic acid in 0.5 M of sulphuric acid;
A thermometer (0 - 100°C);

Stop watch/clock.

Theory

In acidic medium, oxalic acid is oxidized by potassium permanganate.
Completion of the reaction is indicated by the disappearance of the purple
colour of the permanganate ions as shown by the following chemical equation:

121



2MnO, (aq)+5C,0,” (aq)+6H " (aq)—> 2Mn’" (aq)+10CO,(g)+8H,0(1)

Procedure

(i) Put about 200 cm® of water into a 250 cm® or 300 cm® beaker. Heat the
beaker containing water. Use it as water bath.

(ii)  Measure 10 cm’ of solution A and 10 cm’ of C; put them into two
separate boiling test tubes.

(iii)  Take the test tubes containing A and C and put them into the water
bath; allow the contents to warm to 50°C.

(iv)  Pour both solutions A and C into a 50 cm® beaker. Immediately, start a
stop watch/ clock and record the time taken for the purple colour to
disappear.

(v)  Repeat the procedures (ii) to (iv) using temperatures 60°C, 70°C, 8§0°C,
90°C. Record your results as indicated in Table 1:

Table 1: Experimental Table.
Temperature, T Temperature, T Time for 1 , Log (1) (sec)
°C) (K) reaction, t (Sec) ? (K~)

50
60
70
80
90

Questions
(a)  Write ionic redox half equations for this experiment.

(b)  Plot a graph of log (t) against %(K").

(c)  Calculate the activation energy (Ea) of the reaction for the experiment.

2.3.2.3 Alternative 3C

The question was as follows:

You are provided with the following:

S A solution of 0.5 M sodium thiosulphate;,
T: A solution of 0.1 M nitric acid,

A stop watch/clock;

A white plain paper marked N;

A thermometer (0 — 100°C);
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Theory

A yellow precipitate of amorphous Sulphur can be obtained by the action of
the dilute acid on sodium thiosulphate (Na25:03) according to the equation;

5,0,

“(aq)+2H,0" (aq)——>3H,0(1)+S0,(g) +S(s).

The precipitated Sulphur causes the solution to become opaque. From this

phenomenon, you can assess the rate of Sulphur precipitation by measuring

the time taken for the solution to become totally opaque due to Sulphur.

Procedure

(i) Place a 50 cm® beaker on top of a white plain paper marked N in such
a way that, the mark is clearly seen through the bottom of the beaker.

(ii) Put about% full of water into a 250 or 300 cm’ beaker and use it as
your water bath.

(iii)  Measure 10 cm’® of solution S and 10 cm’ of T into two separate
boiling test tubes.

(iv)  Put the two boiling test tubes containing S and T into the water bath
and warm the contents to about 50°C.

v) Immediately pour the hot solutions of S and T into a 50 cm® beaker
placed on top of letter N in step (i), and immediately start a stop
watch/ clock.

(vi) Using a glass rod, stir the reaction mixture in (v) and record the time
taken in seconds, for letter N to disappear completely.

(vii)  Repeat the procedures (iii) to (vi) at temperatures 60°C, 70°C and

80°C and tabulate your results as indicated in Table 1:

Table 1: Experimental Table.
Temperature of the | Time for

111 4 1 4

Reaction Mixture reaction, t ¥(K ) ;(Sec ) | log ?(Sec )
°C T (K) (sec)

50

60

70

80
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Questions
1
(a)  Plot a graph of log ;(secfl) against %(K‘I ).

(b)  Determine the slope of the graph in part (a).

-Ea
(c)  Using the equation, K=Ae *", which gives the relation describing the
dependence of the rate constant on temperature, determine the value of
activation energy in a given equation.

The question was attempted by 37,798 candidates (100%). Among them,
35,334 (68.23%) scored from 9-15 marks, 1,924 (26.11%) from 5.5-8.5
marks, while 540 (5.65%) scored from 0-5.0 marks. The performance
distribution is shown in Figure 18.

100 +
90 +
80 +
70 +
60 +
50 +
40 +
30 26.12
20 +
10 + 5.65
o LN . .
0-5.0 55-85 90-15
Scores

68.23

Percentage of Candidates

Figure 18: Candidates’ Performance in Question 2 Paper 3

The candidates who performed well demonstrated mastery on Physical Chemistry
Analysis. They displayed proficiency in recording data, analyzing data, and
plotting graphs (to obtain the best-fit line).

In alternative 3A, the candidates appropriately pointed out that, the effect of
concentration of Na2S203 shows that, the rate of reaction is directly proportion
to the concentration. In addition, they determined the order of reaction
experimentally using both the graphical method and initial rate method. In
addition, they commented that, the values of the product are constant. In
alternative 3B, the candidates accurately determined the activation energy as
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demanded by the question. In addition, they demonstrated proficiency across multiple
skills, including balance chemical equation, and effectively apply the Arrhenius
equation to determine the value of activation energy in a given equation in alternative
3C. Extracts 18.1, 18.2 and 18.3 show samples of the correct responses to question 2

in Alternative Practical A, B, and C, respectively.

V)  dle ¢ renltsy

Veluma OtrVohmae\;Eiﬁlob Velune o LAl I I _ Pl xt
P (ar?) | asnne @) | P2lad) [Grdsat)| B00) | (IeC) [(nd g 5%)
o 0 5 |o0:20] 6% [15x1077] 1340
1 2 5 106 | €2 [12x1073] 1342
A 4 5 1o | [9xi1g°| 124
4 ¢ 5 1008 [ 174]6x162] 1393
vy,
&) The @¥woh oL Ce] _G@ial t (ee)
&8)  plot

Nd’urp,; EP, J 1 nvagely  proporhene

o e .

B

b)) Tho 9k oL W (e’ ) aoant TP

(o] Jom3D 2 ' plofed

rave_ M 3 oTrediy propedrIn o)

v O

c) 1) Goncenfyarion of *6,604 T 'b;ramy

Dféo&rfﬁﬁnai 1o 9ha @0 of chemTm) eadit.

400 Gaenhaden 75 kigh , the RIL als moese

afp _aher @acondvetign 76 fmo, the @R dfe

BQreasds -

n) The e®e of (eadin dih (erpect 4o

Mao$203 U Firik oser

125



29\ | | | | el adsew) oF| OO @olen) aawr +Ge)
e bl ) il ragind Qo
e sk e oo o cong

&

]

-
oA

]
P
|

T

¢

=2
&

P

b o
T f’LlecL (Igf)

126




o e | arapr OF M (oc ) Agan [P (molbrd) |
5 0 o s s e
] t 4 QC’ it Yerreg ealel | an reteey [X]é}—gjo;'j

X '3 . [ R : : ‘ ‘ ‘
A (VRN |
o A e
: 91 . 7/ .
S A o
MR Vet b
IR 7/ ' w
-
o S // f
- L
{l : ol Oreg mcéfo«os elo mq_‘e‘q, orle o¢ o-%?o 011224‘ ; ﬁ?
] i) %f,'j ‘("'0%{):?

Extract 18.1: A sample of correct responses to Question 2 in
Alternative Practical 3A

In Extract 18.1, the candidate successfully tabulated the experimental data and
appropriately plotted the graph and determined the order of the reaction
graphically. This implies that the candidate was competent in all aspects of the
question including experimental data handling, manipulation of data and
drawing the graph.
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Extract 18.2: A sample of correct responses to Question 2 in
Alternative Practical 3A

In Extract 18.2, the candidate successfully tabulated the experimental data. In
part (a) and (b), he/she appropriately plotted the graph and determined the
activation energy by relating slope from the graph and Arrhenius equation.
This implies that the candidate was competent and excelled in all aspects of
the question from experimental data handling, manipulation of data and
drawing the graph.
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Extract 18:3 A sample of correct responses to Question 2 in
Alternative Practical 3C

In Extract 18.3, the candidate correctly plotted the graph in part (a) and
determined the slope of the graph in part (b). He/she finally calculate the
activation energy by manipulating the Arrhenius equation.
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On other hand, the candidates who scored low marks failed to complete the
table of results correctly. Some of them recorded time which deviated much
from the expected range, implying that they lacked skills of timing the stop
watch. There were also some candidates who recorded similar values of both
time and 1/t, indicating failure in recognizing the relationship between the two
dimensions. In other case, the candidates did not indicate the reciprocal of
time as the rate of the reaction. Similarly, some of the candidates plotted the
graph without labeling the axes, while others did not indicate the title of the
graph. Moreover, in sketching the graph, some candidates used inappropriate
vertical and horizontal scales. Some even sketched curves instead of linear
graphs. This sequence of errors ultimately resulted in an inaccurate
determination of the order of reaction and activation energy. These findings
indicate that the candidates possessed insufficient knowledge regarding
chemical kinetics. Extracts 18.4, 18.5 and 18.6 show samples of the incorrect
responses to question 2 in Alternative Practical A, B, and C, respectively.
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Extract 18.4: A sample of incorrect responses to Question 2 in
Alternative Practical 3A

In Extract 18.4, the candidate recorded the data incorrectly for both
concentration and the product of concentration and time. Furthermore, he/she
failed to utilize the graphical and initial rate methods to determine the order of
the reaction, and gave a wrong comment on the value of the product of

concentration and time.
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Extract 18.5: A sample of incorrect responses to Question 2 in
Alternative Practical 3B

In Extract 18.5, the candidate recorded the time incorrectly, leading to
inaccurate data representation and errors in the subsequent calculations or
graphing. Additionally, the candidate failed to insert data on both the y-axis
and x-axis, resulting in an incorrect value of the slope. Furthermore, the
candidate wrote an incorrect half redox ionic equation and determining the
activation energy using incorrect formula and gas constant.
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Extract 18.6: A sample of incorrect responses to Question 2 in
Alternative Practical 3C

In Extract 18.6, the candidate recorded the data incorrectly for both
concentration and the product of concentration and time. Furthermore, he/she
failed to utilize the graphical and initial rate methods to determine the order of
the reaction, and gave incorrect comment on the value of the product of

concentration and time.
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2.3.3 Question 3: Qualitative Analysis
2.3.3.1 Alternative 3A

The question was as follows:

You are provided with sample U containing two cations and one anion.
Perform the experiments given in Table 2 and record the observations. Make
appropriate inferences and hence identify the two cations and anion.

Table 2: Experimental Table
S/n Experiments Observations | Inferences

(a) | Observe sample U.

(b) | Heat a small portion of the sample in
a dry test tube.

(c) | Perform a flame test.

(d) | Add concentrated sulphuric acid to
a small portion of the sample.

(e) | To the small portion of solution, of the
sample, add dilute sodium

hydroxide.

() | To the small portion of the solution,

add dilute HCI followed by hydrogen

sulphide. Filter the precipitates to

obtain filtrate and residue then

proceed as follows:

(i) To the filtrate, add potassium
Hexacyanoferrate ().

(ii) Dissolve the residue in aqua regia
and then add excess ammonia
solution.

(g) | To the small portion of the solution of
the sample, add dilute nitric acid
followed by silver nitrate.

Questions
(i Write the molecular formula for the sample.
(i1) What are the cations and anion in the sample?
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2.3.3.2 Alternative 3B

The question was as follows:

Sample B contains two cations and one anion. Perform the experiments given
in Table 2 and record the observations and make appropriate inferences.
Hence, identify the two cations and an anion.

Table 2: Experimental Table

S/n Experiment Observations | Inferences

(a) | Observe sample B.

(b) | Heat a small portion of the sample in a
dry test tube.

(c) | Add concentrated sulphuric acid to a
small portion of the sample.

(d) | Perform a flame test.

() |To a small portion of the sample
solution, add NaOH solution.

) To a small portion of the sample
solution, add dilute nitric acid followed
by silver nitrate solution, then ammonia
solution.

(g0 | To the small portion of the sample
solution, pass hydrogen sulphide gas or
ammonium sulphide solution in the
presence of hydrochloric acid. Filter the
precipitates to obtain filtrate and
residue.

(i) To the filtrate add dilute acetic acid
followed by a few drops of lead
acetate.

(ii) Dissolve the residue, add aqua
regia and then excess ammonia
solution.

Questions
(i)  Write the molecular formula for the sample.
(ii) What are the cations and anion in the sample?

2.3.3.3 Alternative 3C

The questions was as follows:

Sample Z contains two cations and one anion. Perform the experiments given
in the Table 2 and record the observations. Make appropriate inferences and
hence, identify the two cations and anion.
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Table 2: Experimental Table

S/n Experiment Observations | Inferences

(a) | Observe sample Z.

(b) | Heat small portion of the sample in a dry
test tube.

(c) | Perform a flame test.

(d) | Add concentrated sulphuric acid to the
dry sample.

(e) | To the small portion of the prepared
solution, add HCI followed by barium
chloride solution.

(#) | To the small portion of the prepared
solution, add excess ammonia solution
and then pass hydrogen sulphide gas
slowly for one minute.

(g) | Perform confirmatory tests for cations
present in the sample.

Questions
(i) Write the molecular formulas for the samples.
(i)  What are the cations and anion in the sample?

The question was attempted by a total of 37,798 candidates. The statistics
show that 30,533 (80.78%) candidates scored from 9.0-15 marks while 5,251
(13.89%) scored from 5.5-8.5 marks. However, 2,014 (5.33%) candidates
scored from 0-5 marks. This question attained good performance in which
94.67% candidates scored 5.5 marks or above. The summary of the
performance is shown in Figure 19.
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Figure 19: Candidates’ Performance in Question 3

The candidates who performed well in this question exhibited sufficient
knowledge of laboratory techniques, sound understanding of chemical
reactions, and effective analytical skills. They displayed keen and precise
observation skills and accurately noted the color of the sample, and other
visual cues during the experiment. The candidates also correctly followed the
experimental procedures, used appropriate reagents in the right proportions,
and ensured proper mixing and handling of solutions. Moreover, they applied
the fundamental concepts, including solubility rules, ion reactions, and acid-
base behavior. This strong conceptual foundation enabled them to anticipate
reactions, predict outcomes, and make informed conclusions based on their
observations. In addition, they effectively communicated their findings in a
clear and organized manner. Their written descriptions of observations,
inferences, and conclusions were concise yet comprehensive, making it easy
for assessors to follow their analytical thought process. In addition, their
ability to discern various color and appearance allowed them to accurately
identify the presence of ions. Extracts 19.1, 19.2 and 19.3 show samples of the
correct responses to question 3 in Alternative Practical A, B, and C,
respectively.
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Extract 19.1: A sample of correct responses to Question 3 of
Alternative Practical 3A

In Extract 19.1, the candidate gave correct observations and inferences thus
he/she identified the cations (Fe*" and Cu?") and the anion (CI°).
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A sample of correct responses to Question 3 of

In Extract 19.2, the candidate appropriately interpreted the observations, gave
precise inferences and identified the ions as Cr**, Cu** and CI-.
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Extract 19.3: A sample of correct responses to Question 3 in the
Alternative Practical 3C

In Extract 19.3, the candidate correctly identified the cations and anion.
He/she precisely gave the molecular formulas for the samples ZnSO4 and
(NH4)2SOa.

The candidates who performed poorly in this question exhibited a various
challenges in their approach, execution, and interpretation of the experiment.
Most of them struggled with accurate observation of color changes. They
failed to distinguish between similar colors, or misinterpreted the appearance
of the samples. This hindered them to identify and differentiate the presence of
ions in the mixture. Not only that, a significant portion of the candidates
displayed inadequate laboratory technique. Improper use of reagents, incorrect
dilutions, and insufficient mixing of solutions led to unreliable or inconclusive
results. This compromised the candidates' ability to perform precise and
reliable tests, impacting their overall analysis. In other cases, other candidates
struggled with making accurate inferences from their observations. They often
misidentified the ions responsible for specific reactions, leading to incorrect
conclusions. For instance, some candidates incorrectly attributed reactions to
Cr’* ions when they were actually caused by Cu?’ ions, and vice versa in
alternative 3B. A significant portion of the candidates exhibited a lack of
understanding of fundamental chemical concepts related to complex ion
reactions and solubility rules. This hindered their ability to predict and
interpret the outcomes of different reactions, contributing to their overall poor
analysis. Candidates also faced challenges in effectively communicating their
findings. Inadequate descriptions of observations, poorly written inferences,
and disorganized presentation of results made it difficult for assessors to
follow their thought process and evaluate their performance accurately.
Further analysis shows that, some candidates struggled with time management,
spending excessive time on certain steps of the analysis and rushing through
others, this was observed through incomplete experiments. As a results it
affected the thoroughness of their observations, the accuracy of their
interpretations, and the overall quality of their analysis.

156



To address these shortcomings and improve the future candidates' performance
in qualitative analysis, it is recommended that they receive additional training
and practice in laboratory techniques, observation skills, and fundamental
chemical concepts. Hands-on practice, interactive learning, and guided
experiments can help candidates develop a stronger foundation in qualitative
analysis and enhance their ability to accurately identify and interpret chemical
reactions. Moreover, emphasizing the importance of systematic observation,
precise measurements, and clear communication of findings can contribute to
a more robust and effective analysis process. Extracts 19.4 provide sample of
incorrect responses in alternatives 3B. Extracts 19.1, 19.2 and 19.3 show
samples of the incorrect responses to question 3 in Alternative Practical A, B,
and C, respectively.
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Extract 19.4: A sample of incorrect responses to Question 3 in
Alternative Practical 3A
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In Extract 19.4, the candidate gave inappropriate observations and inferences.
For instance, in part (c), the candidate mentioned the observation of a brown
color in the flame test, which does not infer the presence of Zn>' ions.
Similarly, in part (d), the candidate incorrectly wrote brown fumes instead of
colorless gas. Additionally, in part (e), the candidate mistakenly referred to
insoluble salts instead of soluble salts. These discrepancies imply that the
candidate had poor skills in observation and interpretation.
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Extract 19.5: A sample of incorrect responses to Question 3 in
Alternative Practical 3B

In Extract 19.5, the candidate gave incorrect observations and inferences. For
instance, in part (d), he/she failed to identify the gas evolved. Similarly, in part
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(e), the candidate failed to recognize the formation of precipitate. Finally, the
candidate made inappropriate confirmations regarding the cations and the

anion.
2 EXPERIMENTAL  TABE
oA Brpenoesty i Ohbseryation ogor el -
: 1
(@ Obgevved yample <. A g o was while, in | iNop arghon

clour  aod was in traifilied rockal rooy

!1orm abior by wader ;be prGJ(—'nf'

pom e oi’mosphcpa o, Na JoL ol

foro Sk Ecoz uob

‘Cr,Onl' reuy

Le petent-
NOJ ()T (0,*"
<IN /)

O beg,em\?

(> Heat vercu! pection o e The cdloul e goy  Mag el nony be

Somde ln a dry, it hbe  evolod  whide hums maﬁ‘ D)—?JQ“)r

A Immed! arocunt qiuwﬂalhmu PAper ko bhwe

z un hooyoied oo a ko ot {'rv‘-{ﬁmdmb

detn and Cb\"r) bait hubie phite fures  wilth v

ad He (eesl vk et e gou

genlly  an) o chorgly L

@) A deamad wie (qu‘ﬂ“ e el eofour  wia eat’ oo

Pod o Tob Aube) was  gbnee on 0 lame b preieal 1

c:if?é’p(’(£ o woterkalal  tpaen Gloue  wiay Rt oy

H#d l'ﬁ’ﬁh o Hp S(lm?t? @‘b]en)gd e P}-Qj«’n*’
fdlowaed b, heatirg it oo , |
i Q /:LPGP{\Q»* \J !
f/fV | £X pory roeolr - Ol jervahin mfgwﬂf

(OD A small  aroount g« (deounrlest Gas vt m‘m}.m cl- may_'

Conple 7 way \mm,ﬁr@f ool @uw_ovdved  whih, be presest

1o o clean arp‘] Cbho reJ'" \‘uvna ro=ut Mmu.a_{}iPP"

S ....__L.

e - P o grall zon Bue to wed  and

acoount o (emmkaf-eo'ﬁgorm‘ comja. white 1Umea ]
Moo, was oddedd [ wim aromuin  gas -

o wodiuy e ool _r I
was unvesd geothy _ |

163



7

(6) 1o e Jrru“_pa(hm OLLL[rs1le, JJLU—‘@Tbr\ WMJamf C;[_rru._g

e D’QPQPR.E -k " be presa]
addh | ilde dol weo o
_OLJJQJ .fdlu)-wc,f by
Javiums Wonde Lolubs o
() To the (wall pobiog No precipllale w  cafor')
fre oﬁmwc( ok~ foroed Ba™
| was lfamHemd in ol @ b peyad
_Qod iy J:eﬁ twbe fher 1 ! |
et armmoenda  Joluby ; o
Wi aclded fren po !
1'\/)0“""@ _Culgidp ga |
(Iouo for e rrfonk:
(9 fbﬂﬁ‘wﬂd‘w ot o L
. Bgtr 0 !
. IMLDQJ‘ wie (o QL 4-' ]
od o taf hube) wa
doeped lo_toneneatad ticl
Yoor ¥ 1 LC(ijQ-’ :
i | txporiment chgrakon Mofererye
(9) tohloued by, bheatim % oe | Bridited
_ i o lace- {Treon wlET woas | Batle
B ] ob el Cenpiypoed
l
' conrimaton feit e cat’] Brick e lorme ot
l- A C&&maj wive C‘;’ glus oo Olp.(eni@cp (ondrrmach

ool o tob ke ) wa

Hel

1; J)oapecﬂ lo awnwnlwaf@cj)f
fhen fo e JC‘H’IP{ "

* Qn o ,Hame

\ po[lmba} b\, hea,l’\m lt‘

164



3.0

()W-Fr"e’—

_(DW)Q mdewedar fOrmufaj for e damp(gpf afe

Batl, and cc»olg

C‘)mz athivn) o tre mmp[e, we Bl ar;of_ @t

™~

amf the Clmar\ loy ﬁ’)é fc\mp’e ) cl”

e —

Extract 19.6: A sample of incorrect responses to Question 3 in
Alternative Practical 3C

In Extract 19.6, the candidate gave incorrect observations about flame test in
part (c). In part (d), he/she reported of gas evolution, while the procedure was
not accompanied with evolution of gas. Similarly, in part (f), the candidate
failed to recognize the residue formed from reacting Zn>" (aq) with S**(aq).

ANALYSIS OF THE CANDIDATES’ PERFORMANCE IN EACH TOPIC

The 2023 ACSEE Chemistry examination comprised 23 topics, spread into
three papers. Chemistry Paper 1 covered 10 topics, including The Atom,
Chemical Bonding, Relative Molecular Masses in Solution, Chemical
Equilibrium, Gases, Energetics, Aliphatic Hydrocarbons, Soil Chemistry,
Selected Compounds of Metals, and Aromatic Hydrocarbons. Chemistry Paper
2 covered 10 topics, namely; Acids, Bases and Salts, Chemical Kinetics,
Carbonyl Compounds, Amines, Carboxylic Acids and its Derivatives,
Transition Elements, Polymers, Periodic Classification, Extraction of Metals,
and Two Component Liquid Systems. In the practical paper the candidates
were tested on Volumetric Analysis, Physical Chemistry Analysis, and
Qualitative Analysis which are subtopics under the topic of Chemical Analysis.

Chemical Analysis was the highest-performed topic, with 93.03 per cent of the
candidates scoring average marks or above. Other topics which attained high
performances were The Atom (91.10%), Energetics (75.09%), Soil Chemistry
(74.25%), Relative Molecular Masses in Solution (72.08%), Chemical
Bonding (67.70%), Gases (63.11%), and Two Component Liquid Systems
(75.66%).

The candidates who achieved high in these topics demonstrated sufficient
knowledge of the questions' requirements and exhibited appropriate
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competencies in the tested concepts. Their good performance reflects the grasp
of the underlying concepts and ability to apply the acquired skills effectively.

However, the analysis reveals that the candidates had average performance on
the following topics: Elements and Polymers (43.61%,), Chemical Equilibrium
(42.19%), Aromatic Hydrocarbons (40.89%), Carbonyl Compounds, Amines,
Carboxylic Acids, and its Derivatives (39.81%) and Aliphatic Hydrocarbons
(38.42%). The candidates provided partially correct responses to the questions
from these topics.

On the other hand, the candidates performed weakly in the topics of Chemical
Kinetics (34.67%), Acids, Bases, and Salts (26.73%), Selected Compounds of
Metals (21.75%) and Periodic Classification and Extraction of Metals
(18.01%). Analysis of responses from the candidates who scored weakly in
these topics indicate insufficient knowledge of the subject matter, leading to
errors in formulas, chemical equations, and calculation approaches.

Additionally, when comparing the 2023 performance to that of 2022, there
have been improvements in the topic of Aromatic Hydrocarbons. However,
there were declines in performance in the topics of Chemical Equilibrium,
Selected Compounds of Metals, and Periodic Classification and Extraction of
Metals. A comprehensive summary of candidates' performance in various
topics tested in the theoretical paper and topics tested in the practical paper is
provided in Appendices A and B, respectively.

CONCLUSIONS

The general performance of the candidates who sat for the Chemistry
examination in 2023 was good, with a pass rate of 97.48%. The analysis of the
candidates' responses to each question indicated that the majority of the
candidates demonstrated a good understanding of the tested concepts. The
performance in the practical paper was better than in the theory papers, which
can be attributed to the saying, "when I do I remember and understand."
Engaging in practical sessions allowed the candidates to acquire more
competences and achieve higher scores.

Given these findings, teachers are advised to incorporate more practical
sessions into the curriculum implementation and make use of locally available
materials whenever possible. This will enhance students' understanding and
eventually improve the overall performance in the subject.
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On the other hand, the responses from the candidates who performed weakly
suggested that they lacked sufficient knowledge of the subject matter that was
tested. To address this, educators should focus on reinforcing fundamental
concepts and offering additional support to weak students. Overall, this
analysis provides valuable insights into the strengths and weaknesses of the
candidates, which can guide future teaching strategies and help students excel

in the subject.

RECOMMENDATIONS

The weak and average performance observed in the tested topics can be
improved through collaborative efforts between teachers and prospective
candidates during teaching and learning. Based on the analysis of the
candidates' responses, the following measures are recommended to enhance
the candidates' future performance in the examination:

(a) Practical Sessions:

(1) Students should be provided with more practical exercises to
improve their knowledge and competence in data collection.

(i1)) Teachers should guide students to increase accuracy in recording
data, emphasising the importance of recording data to two
decimal places.

(iii) Key concepts such as the mole concept in relation to
stoichiometry, oxidation states, and balancing of redox reactions
should be emphasised. This will help students in mathematical
manipulations based on these concepts.

(b) Periodic Table:
Students should be encouraged to focus more on learning periodic
classification practically to become familiar with the properties and
reactivity of elements in the Periodic Table.

(©) Use of Atomic Models:
Teachers should use atomic models as a suitable teaching aid,
especially in the topics like chemical bonding, to help students develop
interest and understanding, ultimately enhancing their memory
retention.

(d) Real-Life Examples:
During teaching and learning processes, teachers are encouraged to use
real-life situations as examples to help students understand and apply
scientific concepts more effectively. This approach will make teaching
and learning more meaningful.
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(e)

Chemistry Club:

Chemistry clubs should be integrated within schools to engage more
students in discussions about challenging topics such as Chemical
Kinetics. This will improve students' understanding of the subject and
foster a sense of confidence among learners.
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Appendix A: Summary of the Candidates’ Performance in the
Theory Papers 2023 and 2022
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13. Chemical Kinetics

Acids, Bases and Salts

15.

Periodic Classification and Extraction
of Metals

Gases Average
Transition Elements and Polymers 1 43.62 Average
1 42.19 Average
1 40.85 Average
12. | Aliphatic Hydrocarbons 1 41.90 Average Average

Electrochemistry 39.80
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Appendix B: Summary of the Candidates’ Performance in the

Practical Papers 2023 and 2022
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