THE UNITED REPUBLIC OF TANZANIA
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGY
NATIONAL EXAMINATIONS COUNCIL OF TANZANIA

ANDIDATES’ ITEM RESPONSE ANALYSIS
REPORT ON THE ADVANCED CERTIFICATE OF
SECONDARY EDUCATION EXAMINATION
(ACSEE), 2025

CHEMISTRY



THE UNITED REPUBLIC OF TANZANIA
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGY :

NATIONAL EXAMINATIONS COUNCIL OF TANZANIA

CANDIDATES’ ITEM RESPONSE ANALYSIS
REPORT ON THE ADVANCED CERTIFICATE OF
SECONDARY EDUCATION EXAMINATION
(ACSEE), 2025

132 CHEMISTRY



Published by:

The National Examinations Council of Tanzania,
P. O. Box 2624,
Dar es Salaam-Tanzania.

© The National Examinations Council of Tanzania, 2025

All rights reserved.



TABLE OF CONTENTS

FOREWORD ...ttt et e et e e e na e e annnas v
1.0 INTRODUCTION ...ooiiiiie ettt 1
2.0 ANALYSIS OF CANDIDATES’ PERFORMANCE ON EACH
QUESTION. ...ttt ettt sttt 2
2.1 132/1-CHEMISTRY L.t 2
2.1.1 Question 1: Aliphatic Hydrocarbons ............cccocveveiieiieie e 3
2.1.2  Question 2: Chemical BONAING ........ccceiiiiiiiiieiieiesicse e 7
2.1.3 Question 3: Chemical EqUIlibrium ........cccccoooviiiiiie e, 14
2.1.4 QUESHION 4: THE ALOM ..ccviiiiiicie ettt 18
2.1.5  QUESHION 5. GASES.....cciveeiireiitieitieeitee sttt et e s te e be e sre e sbe e s be e sbae e beesneeenras 24
2.1.6 Question 6: Selected compounds of metals...........cccoevieve v, 30
2.1.7  QUESTION 7: ENEIJELICS. .. ccvviveeie ettt 35
2.1.8 Question 8: Relative Molecular Masses in SoIUtion .............ccceeeveeeiveevenenee. 41
2.1.9 Question 9: Aromatic Hydrocarbons ............cccccovevveieiieie e, 45
2.1.10 Question 10: Environmental Chemistry ..........ccccocveveiieeie i, 51
2.2 132/2-CHEMISTRY 2.ttt 58
2.2.1 Question 1: Chemical kinetics and Electrochemistry .............cccccoeoeiviennenn, 58
2.2.2 Question 2: Transition Elements and POIYMErs.........ccccccovvveiveveccciieneen, 66
2.2.3 Question 3: Extraction of metals and Periodic classification of elements......
.............................................................................................................. 80
2.2.4  Question 4: Solubility, Solubility product and lonic product ..............cc.c...... 86
2.2.5 Question 5: Two components Liquid SYStEMS ..........cccererereneninenieieeeenns 97
2.2.6 Question 6: Carbonyl compounds, Carboxylic acids and Derivatives and
AMINES .ttt bbb e 106
2.3 132/3-CHEMISTRY 3.ttt 114
2.3.1 Question 1: Volumetric ANalYSIS.......cccvveiieiiiiieiieie e 115
2.3 L1 AREINGLIVE BA ... oottt 115
2.3. 1.2 AEINALIVE 3B.....oieiiieiciecee ettt 116
2.3. 1.3 AEINALIVE 3C ..ottt 117
2.3.2 Question 2: Physical Chemistry AnalysiS.........cccccovvveiiiiiiiiie e, 144
2.3.2. 1 AEINALIVE BA ... ottt et 144
2.3.2.2 AEINALIVE 3B ..o e e 145
2.3.2.3 AEINALIVE 3C ...t 146
2.3.3 Question 3: Qualitative ANAlYSIS ........cccveviiiiiiiiiieiecsiece e 169
2.3.3. L AEINALIVE BA ... oot 169
2.3.3.2 AEINALIVE 3B ...t 169



2.3.3. 3 AEINATIVE BC ettt nnnnn 170
3.0 ANALYSIS OF THE CANDIDATES’ PERFORMANCE ON EACH

TOPIC .ttt ens 191
4.0  CONCLUSIONS ..ottt 192
50 RECOMMENDATIONS. ..ottt 193
APPENDIX A: Summary of the Candidates’ Performance in the Theory Papers
.............................................................................................................................. 196



FOREWORD

This report presents an analysis of the Advanced Certificate of Secondary
Education Examination (ACSEE) Chemistry examination, which was conducted in
May 2025. The report examines candidates’ responses to each question and the
performance across the topics covered in the examination. The report aims to shed
light on the factors that influenced the candidates' performance in the Chemistry
examination. Thus, it provides valuable feedback for various educational
stakeholders, including teachers, students, secondary school heads, and
educational administrators. The overall performance of the candidates in the 2025
Chemistry examination was excellent, with 97.23% of the candidates attaining the
pass mark.

Factors that contributed to candidates' success in the examination include an
effective grasp of the subject matter and the ability to understand the tasks of the
questions.

On the other hand, the report ascertains factors that led some of the candidates to
score low marks in the examination. Those factors include a lack of proficiency in
writing chemical equations, insufficient skills in performing chemical calculations,
and failure to adhere to the demands of the questions. In this report, the analysis is
supported with sample extracts from the candidates' scripts.

In addition, the report gives recommendations for improvements. Thus, by
addressing the identified challenges and building on the strengths, educational
stakeholders can collectively work to improve performance in future examinations.

Finally, the National Examinations Council of Tanzania expresses its sincere
gratitude to the examiners, examination officers, and all other stakeholders who
contributed to the preparation of this report.

Prof. Said Ally Mohamed
EXECUTIVE SECRETARY



1.0

INTRODUCTION

This report provides a comprehensive analysis of the candidates' responses
in the Chemistry subject of the Advanced Certificate of Secondary
Education Examination (ACSEE) 2025. The examination comprised three
papers: 132/1 Chemistry 1, 132/2 Chemistry 2, which were theory papers,
and 132/3 Chemistry 3, which was the practical paper. The practical paper
was offered in three equivalent alternative papers: 132/3A Chemistry 3A,
132/3B Chemistry 3B, and 132/3C Chemistry 3C, in which candidates were
required to sit for only one of these alternatives.

Chemistry 1 paper had two sections, A and B, with a total of ten (10)
questions. Section A consisted of seven (7) short-answer questions, with 10
marks each. Section B comprised three (3) 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. The
Chemistry 2 paper comprised six (6) questions, each carrying 20 marks.
The candidates were required to answer a total of five (5) questions. The
Chemistry 3 paper comprised three (3) questions, of which question 1
carried 20 marks while questions 2 and 3 carried 15 marks each. The
candidates had to respond to all three questions.

The Candidates’ Item Response Analysis (CIRA) report employs a
categorisation system based on the percentage of marks scored out of the
allocated marks to assess the performance on each question. Performance is
classified as good (60 — 100%), average (35 — 59%), or weak (0 — 34%),
represented by green, yellow, and red colours, respectively.

The Chemistry examination was attempted by 46,762 candidates, out of
which 45,395 (97.23%) candidates passed. Thus, the overall performance
of candidates was good. In the previous year (2024), 38,715 candidates
(97.43%) out of 39,917 passed the examination. Thus, by comparison, the
candidates' performance has decreased by 0.20 per cent from the previous
year.

This report consists of five sections. The Introduction outlines the structure
and rubric of Chemistry papers and introduces the performance
classification criteria for ACSEE 2025. It also compares the overall
performance of candidates in the 2024 and 2025 Chemistry examinations.



2.0

2.1

The second section covers The Analysis of the Candidates' Performance on
Each Question, which examines the candidates' responses to each question.
Statistical data and samples of good and weak responses from the
candidates support this analysis. Readers will gain insights into what the
candidates were able or unable to do concerning the demands of the
question. The section further analyses misconceptions observed during the
marking of the candidates’ scripts and therefore suggests solutions for
future improvement.

The third section constitutes the Analysis of Candidates’ Performance on
Each Topic. Additionally, a comparison of candidates’ performance topic-
wise in 2024 and 2025 has been appended.

The fourth and fifth sections of the report comprise Conclusions and
Recommendations, respectively. The conclusion part provides overall
observations on the strengths and weaknesses of the candidates' responses to
the examination questions. The recommendation part outlines appropriate
measures to address the identified challenges from the candidates' responses
aimed at improving future examinations.

ANALYSIS OF CANDIDATES’ PERFORMANCE ON EACH
QUESTION

This section analyses the candidates’ responses to the question in
Chemistrypapers 1, 2, and 3. The analysis begins with the demands of a
particular question, followed by data analysis, a detailed description of the
candidates’ responses, and relevant sample extracts of the candidates’
scripts.

132/1-CHEMISTRY 1

This was a theory paper which consisted of sections A and B with a total of
ten (10) questions. In section A, the candidates were required to answer all
seven (7) questions, each weighing 10 marks, making a total of 70 marks. In
section B, the candidates were required to answer two (2) out of the three
(3) questions, each weighing 15 marks, making a total of 30 marks. The
topics that were examined include The Atom, Chemical Bonding, Relative
Molecular Masses in Solution, Chemical Equilibrium, Gases, Energetics,
Aliphatic Hydrocarbons, Environmental Chemistry, Selected Compounds of
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Metals, and Aromatic Hydrocarbons. The pass mark in section A was 3.5
marks, while that for section B was 5.5 marks.

Question 1: Aliphatic Hydrocarbons

The question had two parts: (a) and (b). In part (a), the candidates were
required to describe five unique properties of carbon which enable it to
form so many compounds. In part (b), the candidates were required to give
structures and assign the correct names of the following organic compounds
(i—v) according to IUPAC rules:

(1)  2,2-dimethyl-3-pentene

(it)  3-ethyl-4-heptene

(iii) 2-methyl-4-heptene

(iv) 2,2,3-methylbutane

(v)  5-methyl-3-bromo-3-ethyl-hexane.

This question was attempted by 46,762 (100%) candidates. Among them,
15.35 per cent scored from 0 to 3 marks; 24.77 per cent scored from 3.5
to 5.5 marks, and 59.88 per cent scored from 6 to 10 marks. Thus, the
candidates who scored 3.5 marks or above were 84.65 per cent, indicating
good performance in this question. Figure1l summarises the candidates’
performance on this question.

100 -
90 -
80 -
70 59.88
60 -
50 -
40 -
30 - 2477
20 - 15.35

0 i
00-3.0 35-55 6.0-10.0
Scores

Percentage of Candidates

Figure 1: Candidates’ Performance on Question 1, Paper 1

Candidates who scored high marks (59.88%) in this question had adequate
knowledge of the unique properties of carbon, enabling it to form so many
3



compounds as required in part (a) of the question. Additionally, in part (b),
the candidates demonstrated a good understanding of the rules used in
IUPAC naming of organic compounds, as evidenced by their correct
naming of the compounds. Extract 1.1 is a sample of proper responses 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 described five unique properties of
carbon as a catalyst in part (a). In part (b), the candidate demonstrated good
mastery of IUPAC rules of nomenclature by assigning correct names to all
the organic compounds given.

On the other hand, candidates who scored low marks (15.35%) demonstrated
inadequate knowledge of the properties of carbon and the naming of organic
compounds. For instance, the candidates responded to part (a) by giving
incorrect properties of carbon, such as carbon is found in group IV, Carbon
is a non-metal, and Carbon is black, which are irrelevant to the uniqueness
of carbon in terms of organic concept. In part (b), these candidates failed to
draw the correct structural formulas of the compounds and, at the same time,
lacked knowledge of the rules followed in IUPAC naming of organic
compounds, hence giving incorrect names for the compounds. For instance,
one candidate wrote the structure of 2,2-dimethyl-3-pentene as

CH;s H—CH EH—CHs

and the corresponding IUPAC name as 2,4-dimethyl-3-pentene. Another
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candidate wrote the correct structural formula of 3-ethyl-4-heptene

(2

CH?’—CHE—CH—CH=CH2

with a corresponding incorrect IUPAC name as 3-ethyl-2-heptene. A
sample of the incorrect responses to this question is shown in Extract 1.2
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Extract 1.2: Sample of incorrect responses to question 1, Paper 1

In Extract 1.2, the candidate gave inappropriate chemical properties of
carbon in part (a). In part (b), the candidate did not provide structures and
wrote incorrect names, implying that they were unfamiliar with ITUPAC

rules of naming organic compounds.



2.1.2 Question 2: Chemical Bonding

The question had two parts: (a) and (b). In part (a), the candidates were
expected to give 4 points justifying the statement that “Hydrogen bonding
is essential in sustaining life.” Part (b) (i), the candidates were required to
give reasons as to why A4ICI; is covalent while AIF; is ionic. In part (b) (ii),
the candidates were required to identify the shapes of molecules given and
the type of hybrid orbital shown by the underlined atom; BeF,, NOZ,
and BF;.

The question was attempted by 46,762 (100%) candidates. The analysis
of statistical data shows that 27.07 per cent scored from O to 3 marks,
28.45 per cent scored from 3.5 to 5.5 marks and 44.48 per cent scored
from 6 to 10 marks. The general performance on this question was good
since 72.93 per cent of the candidates scored 3.5 marks or above. A
summary of candidates’performance on this question is shown in Figure 2.
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Figure 2: Candidates’ Performance on Question 2, Paper 1

The candidates who performed well (44.49%) in this question gave four
points reflecting the importance of hydrogen bonding in part (a). In part (b)
(i), the candidates showed good mastery of the concept of polarizability of
anions as they gave a correct explanation on the covalence nature of and the
ionic nature of AIF;. They applied the concepts of electronegativity
difference and anion polarizability to respond to the question. Primarily,
chlorine has higher polarizability than fluorine, making it more covalent
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and less AlF;ionic. In part (b) (ii), the candidates gave correct geometrical
shapes of the molecules together with the hybridisation of the underlined
atoms. Extract 2.1 is a sample of the proper responses to this question.
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Extract 2.1: Sample of correct responses to question 2, Paper 1

In Extract 2.1, the candidate gave correct points on the importance of
hydrogen bonding in part (a). In part (b), the candidate properly used the
concept of polarizability in explaining the covalency and ionic character of
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Alcljand AlF;, respectively. They also provided the correct geometrical
shapes and types of hybridisations of the given chemical species.

On the contrary, the candidates who scored low marks (31.23%) provided
general effects of hydrogen bonding instead of specifying how it sustains
life in part (a). In part (b) (i), they lacked knowledge to explain the two
bonding states of the compounds. In sub-part (ii), the candidates did not
know how to determine the type of hybridisation of the underlined atoms in
the molecules, as well as their geometrical shapes. These candidates used
the method of orbitals but failed to determine the correct hybridisation.
These candidates were unable to write the proper electronic configuration
of the valence shell of the underlined atoms. For example, some candidates

sketched diagrams showing sp? hybridisation for BeF, as;

25 2p

e (1] LLL ] 1]
i

F F

Instead of sp hybridisation as:

25 2p 2s 2p

- [ (11— [0
S ~

<+— sp hybrid orbital

1
T

Extract 2.2 shows a sample of incorrect responses from one of the
candidates in this question.
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Extract 2.2: Sample of incorrect responses to question 2, Paper 1

In Extract 2.2, the candidate had no idea of what hydrogen bonding is,
hence gave an incorrect response in part (a). In part (b) (i) the candidate,
gave a reason about size, which does not correspond to the different
properties of the compounds. In part (b) (ii), the candidate assigned
molecular geometry (shapes) instead of hybridisation to the underlined

elements.
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2.1.3 Question 3: Chemical Equilibrium

The question had two parts: (a) and (b). Part (a) of the question was as follows;

(@)

(b)

A reaction to produce ammonia gas from nitrogen and hydrogen gas, was

carried in 3.5 litres vessel at 375°C and had a Kc value of 1.5 mol® dm®

according to the following equation: N2(g) + 3H2(g)= 2NHs(g)

A sample drawn from the vessel and analysed contains 0.25 moles of

N2(g), 0.0032 moles of Hz(g) and 6.42x10* moles of NH3(g)

(i) Establish whether the reaction system has attained equilibrium or
not when the sample was analysed.

(i1) State the direction of the reaction.

Given the following system at equilibrium:
250,(g) + O2(g) = 250s(g) AH =-188 kJ mol™,

Predict the changes in concentration of SOj if;

(i) The pressure of the system is increased

(if) A noble gas is added such that the pressure of the system increases and
the volume changes occur.

(ili)More SOs is added to the system

(iv) The temperature of the system is increased.

The question was attempted by 46,762 (100%) candidates. The analysis of
statistical data indicates that 31.23 per cent scored from O to 3 marks,

24,

68 per cent scored from 3.5 to 5.5 marks, while 44.09 per cent scored

from 6 to 10 marks. The overall performance on this question was good as

68.

77 per cent scored 3.5 marks or above, as shown in Figure 3.
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Figure 3: Candidates’ Performance on Question 3, in paper 1
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The candidates who performed well in this question (44.09%) had a good
understanding of the general concept of chemical equilibrium. In part (a),
the candidates carried out mathematical manipulations and determined the
value of the reaction quotient (Q), which was greater than the equilibrium
constant (Kc). Therefore, the candidates concluded that the reaction would
shift towards the left as the system was not at chemical equilibrium. In part
(b), the candidates applied the concept of Le-Chatelier’s principle and
responded appropriately to all parts of the question. Extract 3.1 shows a
sample of correct responses to question 3.
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Extract 3.1: Sample of correct responses to question 3, Paper 1

In Extract 3.1, the candidate correctly calculated the value of Q and
compared it with Kc in part (a). In part (b), the candidate precisely
predicted the outcomes of varying the different factors, implying good
mastery of Le Chatelier’s principle.

On the contrary, some candidates (31.23%) did not perform well in this
question. These candidates had inadequate knowledge of the general
concept of chemical equilibrium and its related calculations. They were
unable to determine the correct value of reaction quotient Q. They could
not relate the value of Q obtained with the value of Kc to determine the
equilibrium state and direction of equilibrium required in part (a). In this
part, many candidates applied incorrect formula for calculating the reaction
quotient as
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N2(g) + 3H2(g)= 2NHs(g)
Q — [NH3]
[Na][Hz]

This formula is incorrect because the concentrations of NH3z and Hz should
be raised to their stoichiometric coefficients, which are 2 and 3,
respectively.

In part (b), the candidates failed to predict the changes in equilibrium
positions when altering the conditions given. For instance, in part (b) (i),
some of the candidates predicted that an increase in pressure would shift
the equilibrium to the left instead of the right. This shows that candidates
lacked adequate knowledge on how to apply Le Chatelier’s principle.
Similarly, other candidates failed to relate the heat change of the reaction
to the equilibrium position. They suggested that an increase in temperature
shifts the equilibrium to the right, without realising that since the reaction
is exothermic, the equilibrium position would shift to the left. Extract 3.2
shows a Sample of incorrect responses to question 3.
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Extract 3.2: Sample of incorrect responses to question 3, Paper 1

In Extract 3.2, the candidate converted temperature on the Celsius scale
into Kelvin, which was not necessary in part (a). The candidate skipped the
calculation of the reaction quotient, thus failing to indicate the direction of
the equilibrium position. Similarly, the predictions stated in part (b) were
incorrect.

Question 4: The Atom

This question had two parts; (a) and (b) as follows:

(@) Determine the maximum number of electrons, that can be associated
with each of the following sets of quantum numbers:

(i) n=4,1=2

@@ n=2 /=1, m=-1
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(i) n=3,/=2, m,=-2,ms=—-"%.

(b) Excited hydrogen atom gives many emission lines. One of the series of
lines called Bracket series occurs in the infrared region. It occurs
when an electron jumps from higher energy level orbitals to energy
level n = 4. Calculate the wavelength of the lowest energy lines of this
series.

The question was attempted by 46,762 (100%) candidates. Among them,
59.70 per cent scored from 0 to 3 marks, 22.77 per cent scored from 3.5 to
5.5 marks and 17.53 per cent scored from 6.0 to 10 marks. Thus 40.30 per
cent scored 3.5 marks or above, implying that the overall performance of
the candidates in this question was average. The summary of candidates’
performance on this question is shown in Figure 4.

100 -
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70 59.70
60 -
50
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30
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22.77 17 53
P |
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35-55 0.0 -10.0
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Percentage of Candidates

Figure 4: Candidates’ Performance on Question 4, in Paper 1

The candidates who scored highly in this question, (17.53%) had good
mastery of the general concept of quantum numbers and how they are
inter-related, leading to correct responses in part (a). In part (b), the
candidates had adequate understanding of hydrogen emission spectrum
and correctly applied Rydberg’s equation to calculate the required
wavelength.

Extract 4.1 shows a sample of the correct responses to this question.
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Extract 4.1: Sample of correct responses to question 4, Paper 1

In Extract 4.1, the candidate gave the correct number of electrons in each
set of quantum numbers given in part (a). In part (b), the candidate
correctly identified n=5 as the highest energy line as the source of the
electron, and n=4 as the destination, thereafter calculating the correct
wavelength.

On the other hand, the candidates who scored low marks (59.70%) gave
incorrect responses in part (a) due to a lack of adequate knowledge on the
concept of quantum numbers. For example, some candidates incorrectly
used the formula 2n2 (which uses only the principal quantum number n) to
determine the number of electrons, instead of relating n to the other
quantum numbers, as follows: For n = 4 and | = 2, the relationship of the
quantum numbers should be as follows.

n=4

=0 1 2 3
m=0-10+1 -2 -1 0 +1 +2 -3-2-10+1 +2 +3
ms = - 1% 1% 1 +1H Y -

total number of electrons = 10

In part (b), the candidates also used an incorrect formula to calculate the
wavelength of the lowest energy line by assuming the lowest energy line as
oo instead of n=>5 as required. In the same way, some candidates mistakenly
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wrote Rydberg’s formula, instead of leading to the wrong value of the
wavelength. However, some candidates used the correct Rydberg’s
equation but substituted numbers by interchanging the values of ny and ny,
hence got incorrect answers. For instance, one candidate substituted the

data as %:1.097x107{i—i} which resulted in an incorrect

52 42
wavelength. Extract 4.2 shows a sample of incorrect responses given by
one of the candidates.
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Extract 4.2: Sample of incorrect responses to question 4, Paper 1

In Extract 4.2, the candidate indicated incorrect spin quantum numbers (ms)
of electrons in part (a). In part (b), the candidate used the correct Rydberg

equation; however, they applied the incorrect energy levels in the Brackett
series, resulting in an incorrect wavelength.
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2.1.5 Question 5: Gases

The question had two parts: (a) and (b) as follows:

(@) Use the kinetic equation to deduce the Graham's law.

(o) ()

(i)

At the ends of a horizontal glass tube, plugs of cotton wool
soaked in concentrated ammonia solution and concentrated
hydrochloric acid are inserted simultaneously. After a short
time, a white ring of solid ammonium chloride forms at a certain
point in the tube. If the distance between the inner surfaces of the
cotton wool plugs is 50 cm, how far from the ammonia plug does
the ammonium chloride ring form?

What is the molar mass of gas Z, if it takes 54.4 seconds for
100 cm? of gas Z to effuse through an aperture and 36.5 seconds
for 100 cm® of oxygen gas to effuse through the same aperture?

The question was attempted by 46,762 (100%) candidates. The data
indicates that 39.48 per cent scored from 0 to 3 marks, 21.71 per cent
scored from 3.5 to 5.5 marks and 38.82 per cent scored from 6 to 10 marks.
The overall performance of the candidates on this question was good since
60.52 per cent of the candidates scored 3.5 marks or above. The candidates’
performance in this question is summarised in Figure 5.

100
90
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40
30
20
10

0

Percentage of Candidates

50 -

39.48 38.81
1 21.71
00-3.0 35-55 6.0-10.0
Scores

Figure 5: Candidates’ Performance on Question 5, Paper 1

The candidates who scored high marks (38.82%) derived Graham’s law
based on the fact that the average velocity (v) of a gas is inversely
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proportional to the square root of the mass of the molecule m (which is
related to the molar mass M) in part (a). Thus, they indicated that the rate of
diffusion (r) of a gas is inversely proportional to the square root of its molar
mass. In part (b), the candidates applied Graham’s law to calculate the
distance travelled by gases and the molar mass of gas Z. Extract 5.1 shows a
sample of correct responses from a candidate who scored high marks in this

question.
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Extract 5.1: Sample of correct responses to question 5, Paper 1

In extract 5.1, the candidate has derived Graham’s law from the Kinetic
theory of gases in part (a). In part (b), the candidate has applied correct
mathematical manipulations in addition to Graham’s law, in calculating the
relative distances of diffusion between two gases in subpart (i) and the molar
mass of the unknown gas in subpart (ii).

On the contrary, the candidates who scored low marks (39.48%) had
inadequate knowledge of the kinetic theory of matter, hence failed to deduce
Graham’s law from the kinetic theory equation of gases in part (a). Some of

them used the relation PV =2/3Nmu? or PV= nRT instead of
PV = 1/’3 Nmu?. The candidates failed to generate the root mean square

velocity from the kinetic equation of gases. In part (b), the candidates were
unable to integrate the given parameters with Graham’s law. For instance,
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one candidate wrote the relation :—: = Jﬁ:: instead of 2—: = i—j in
calculating the molar mass of the given gas. Other candidates wrote the
correct formula but failed to substitute the provided data correctly, resulting
in incorrect values of molar mass. Extract 5.2 shows a sample of incorrect

responses from one of the candidates in this question.
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Extract 5.2: Sample of incorrect responses to question 5, Paper 1

In extract 5.2, the candidate used incorrect formulae in part (a) by including
the term RT. In part (b) the substitution of values was incorrect.
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2.1.6 Question 6: Selected Compounds of Metals

The question had three parts: (a), (b) and (c) as follows:
(@) By wusing balanced chemical equations, explain the following
observations:

(i) A dark brown colour is produced when dilute hydrochloric acid
is added to solution containing potassium iodide and potassium
iodate

(it) lodine is more soluble in aqueous solution of potassium iodide
than in water.

(b) By using three specific examples, show that the solutions of salts
formed from strong acids and weak bases are acidic.

(c) When a solution of barium hydroxide [Ba(OH)2] is mixed with a
solution of sulphuric acid, a white precipitate forms and the electrical
conductivity of the solution decreases markedly.

(i)  Write a balanced chemical equation for the reaction that occurs.
(i)  Account for decrease in electrical conductivity.

The question was attempted by 46,762 (100%) candidates in which those
who scored from 0 to 3, were 93.24 per cent, 3.5 to 5.5 marks were 4.88 and
those who scored from 6 to 10 marks were 1.88 per. Generally, the
performance in this question was weak as only 6.76 per cent of the
candidates scored 3.5 marks or above. The summary of the candidates’
performance in this question is shown in Figure 6.
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Figure 6: Candidates’ Performance on Question 6, Paper 1
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Candidates who scored low marks (93.24%) wrote incorrect balanced
chemical equations for the reactions taking place between dilute HCI and
Kl, as well as KIO3, in part (a). For instance, some candidates wrote an
incorrect chemical equation as HCI + Kl + KIO, — KCI + H,O0+ HI and

hence were not able to deduce colour changes due to the formation of I».
Other candidates wrote the formula of potassium iodate as KIO, instead of
KIO,. Similarly, other candidates suggested that iodine is less soluble in
water because it is non-polar, which is not true. They wrote that iodine is

non-polar, contrary to the fact that water, being a polar solvent, cannot
dissolve a non-polar solute.

In part (b), these candidates lacked adequate knowledge of the formation of
acidic salts from weak bases and strong acids. They also failed to write
correct hydrolysis reaction equations to prove the acidic nature of the salts.
For instance, some candidates wrote NH4Cl as an acidic salt, but wrote the

hydrolysis reaction equation as NH,” +H,O0 — NH,OH instead of

NH,” + H,0 — NH, + H,O" in which the presence of H,O" indicates the

acidic nature of the salt. In part (c), most candidates gave incorrect products
of the chemical reaction. For example, one of the candidates wrote the
incorrect precipitation reaction equation as

Ba(OH), + H,S0O, — Ba(S0,), + H,0, in which the formula for barium

sulphate was incorrect (BaSO, ). Furthermore, these candidates were unable

to relate the precipitation process to the reduction of ions in solution, which
lowers the electrical conductivity of the solution mixture. Extract 6.1 shows
incorrect responses to question 6 given by one of the candidates.
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Extract 6.1: Sample of incorrect responses to question 6, Paper 1

In Extract 6.1, the candidate gave an incorrect formula and unbalanced
equations in part (a). The candidate also gave an incorrect interpretation of
the resulting products. The candidate failed to understand the source of the
brown colour in the solution when there are iodide ions. In part (a)(ii), the
candidate had insufficient knowledge of how complex compound formation
affects the solubility of a substance. In parts (b) and (c), the candidate has
demonstrated a complete lack of knowledge of the concepts being tested,
such as solubility, acids, bases, and salts.

On the other hand, candidates who scored high marks in this question
(1.88%) pointed out that the characteristic dark brown colour was due to
iodine (I.) produced in the redox reaction in part (a). In part (b), the
candidates showed that solutions of salts formed from strong acids and weak
bases are acidic because of proton-donor species (acidic ions) formed.

In part (c), the candidates gave the correct equation showing the reaction
between Ba(OH). and sulphuric acid. Additionally, the candidates
explained that the formation of barium sulfate (a white precipitate) caused a
decrease in ion concentration and, consequently, a reduction in the
conductivity of the solution. Additionally, some candidates suggested that
decreased conductivity occurs because hydroxide ions and hydrogen ions
combine to form water.
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Extract 6.2 shows a sample of the correct responses to this question.
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Extract 6.2: Sample of correct responses to Question 6, Paper 1

2.1.7 Question 7: Energetics

The question had two parts, namely (a) and (b).

(@) Explain the applicability of Hess’s law of constant heat summation.

(b) (i) Calculate the lattice energy (AH Lg) Of a solid calcium chloride
given the information that the heat of sublimation (AH sub) for
calcium is +11 kJ mol-1 and its first and second ionisation
potentials (AHip) are +33.5 kJ mol-1 and + 65.2 kJ mol™,
respectively. The heat of dissociation (AH diss) for chlorine is
+13.9 kJ moland the electron affinity (4Has) for the chlorine
atom is —20.8 kJ mol™. The standard heat of formation (4H-) of
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the solid calcium chloride is—45.4 kJ mol™.
(i) If Ca™ and CI ions formed a hypothetical crystal, CaCl(s) with
its lattice similar to that of CaCly, the lattice energy for the

hypothetical CaCl would be +43 kJmol™. Use this value to
calculate the heat of formation of the hypothetical CaCl

(i)  Which of the two CaClx(s) or CaCl(s) has a stable crystal
lattice? Briefly explain your answer.

Statistics show that 46,762 (100%) candidates attempted the question, in
which 78.72 per cent scored from O to 3 marks, 13.45 per cent scored
from 3.5 to 5.5 marks, and 7.83 per cent scored from 6 to 10 marks.
Generally, the candidates’ performance in this question was weak, as 21.28
per cent scored 3.5 marks or above. The summary of the candidates’
performance in this question is shown in Figure 7.
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Figure 7: Candidates’ Performance on Question 7, Paper 1

Candidates who scored low marks (78.72%) gave incorrect responses to
most parts of the question.

In part (a), these candidates lacked enough knowledge of the applicability
of Hess’s law. For instance, some candidates resorted to stating Hess’s law
of heat summation. In part (b), they failed to use the correct formulas in
the calculations, leading to incorrect values of lattice energy and heat of
formation of the compound in question. In calculating lattice energy for
CaCl and CacCl, they were confused about when to divide the dissociation

energy by two and when not to. For example, one candidate used %ﬂHdiss
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of Cl2 in determining lattice enthalpy for CaCl», and electron affinity for
Cl> (E.Ax1 and CI (E.Ax2) which were incorrect. For instance, in the
formation of CaCl, some candidates used the dissociation energy instead of
+6.95 kJ mol™. The candidates in this category also lacked knowledge of
the relationship between the stability of a compound and the enthalpy of its
formation, specifically the distinction between very stable (more negative)
and unstable compounds (more positive). For instance, one candidate
wrote CaCl is more stable because during its formation, more energy is
absorbed. Extract 7.1 shows one of the incorrect responses in this question.
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Extract 7.1: Sample of incorrect responses to question 7, Paper 1

In Extract 7.1, the candidate has provided incorrect applications of Hess’s
law, as well as incorrect formulas, in calculating the lattice energy and heat
of formation. Again, the candidate does not know the relationship between
stability and heat change. For instance, the candidate has explained
stability in terms of the time it takes to form, rather than the enthalpy of
formation.

Contrarily, candidates who scored high marks (7.82%) correctly attempted
most parts of the question. In part (a), they gave the correct applicability of
Hess’s law, such as comparing fuel energies and estimating energy
changes in metabolic pathways. In part (b) of the question, the candidates
correctly applied Hess’s law in calculating lattice energy (NaCl) and the
heat of formation of the hypothetical compound (CaCl). They used the two
values to determine the stability of the compound based on the evolution of
heat (more stable) and the absorption of heat (less stable). This implies that
they had sufficient knowledge of heat changes and their practical
applications. Extract 7.2 shows a sample of the correct responses to this
question.
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Extract 7.2: Sample of correct responses to question 7, Paper 1

In Extract 7.2, the candidate gave the correct application of Hess’s law of

constant heat summation in part (a). In part (b), the candidate used an
appropriate formula, a diagram of the Born-Haber cycle and correct

mathematical manipulations to obtain the required values.
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2.1.8

Question 8: Relative Molecular Masses in Solution

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

(@) (i) What are colligative properties?

(i) Give two limitations of colligative properties.

(b) A sugar solution with a concentration of 2.5 g dm, gave an osmotic
pressure of 8.3x10™* atm at 25°C. Calculate the molecular mass of the
solute.

(c) A solution of Urea (CONzH4) contains 1.75 g dm™ in isotonic at the
same temperature with a solution of 10 g of a certain sugar in 1dm?® of
an aqueous solution. Calculate the relative molecular mass of the
sugar.

The question was opted by 40,160 (85.88%) candidates. Statistics show
that 20.27 per cent of the candidates scored from 0 to 5 marks, 22.19 per
cent scored from 5.5 to 8.5 marks and 57.54 per cent scored from 9 to15
marks. The general performance on this question was good as 79.73 per
cent of the candidates scored 5.5 marks or above. The summary of the
candidates’ performance in this question is shown in Figure 8.
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Figure 8: Candidates’ Performance on Question 8, Paper 1

Candidates who performed well (57.53%) demonstrated a good
understanding in part (a) about the general concept of colligative properties
that depend on the number of solute particles rather than the nature of the
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particles. In part (b), the candidates were knowledgeable on the relationship
between osmotic pressure and concentration of the solution, hence used
correct mathematical manipulations to compute the molecular mass of
sugar. In part (c), the candidates compared the osmotic pressure of the two
given solutions by applying suitable mathematical manipulations and
precisely obtained the molecular mass of the unknown gas. Extract 8.1 is a
sample of the correct responses to question 8.
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Extract 8.1: Sample of correct responses for Question 8, Paper 1

On the other hand, the candidates who scored low marks (20.27%) were
unable to explain the meaning of colligative properties in part (a). For
example, some of them incorrectly assumed that colligative properties
depend on the nature of the solute rather than the number of solute particles.
They also gave incorrect limitations of colligative properties due to a lack
of adequate knowledge of the concept. In parts (b) and (c), the candidates

applied incorrect mathematical manipulations to determine the molecular
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masses of the compounds. They also failed to account for similar osmotic
pressures for isotonic solutions of urea and an unknown sugar as follows;
Tlsugar — Turea.
From v = nRT or n=%
Nsugar = Nurea
since n = % then, using the given masses of the solutions and the molar
mass of urea, the molar mass of the unknown sugar could be calculated.

This demonstrated a lack of mastery of the concept of osmotic pressure.
Extract 8.2 shows a sample of incorrect responses to this question.
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Extract 8.2: Sample of incorrect responses to question 8, Paper 1

In Extract 8.2, the candidate listed colligative properties instead of giving
the limitations. In part (b), the candidate used the wrong formula to
calculate molar mass, while in part (c), divided mass by volume instead of
using the formula for calculating osmotic pressure.

Question 9: Aromatic Hydrocarbons

The question had three parts (a), (b) and (c) as follows:
(a) Describe briefly the following with reference to substitution reactions
on benzene

(i) Activators
(if) Deactivators

45



(b) State with reasons, the group which entered the benzene ring first from
the following compounds:

CH; CH,4
() (ii) @NO (iii) @CI
OH 2 OH
NO, S0.0H COOH
2
(iv) (v) (vi) cl
Cl
NO,

(c) Complete the following organic reactions by filling the missing
structures and reagents designated by letters.

NO, NH,

O e &
CHS'

(“) @ Cl, boil % OH v

The question was opted by 24,375 (52.13%) candidates. Analysis of the
candidates’ performance on this question showed that 13.40 per cent
scored from 0 to 5 marks, 23.83 per cent scored from 5.5 to 8.5 marks and
62.87 per cent scored from 9 to 15 marks. These data indicate that 86.70
per cent scored 5.5 marks or above implying that the general performance
on this question was good. The summary of the candidates’ performance in
this question is shown in Figure 9.
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Figure 9: Candidates’ Performance on Question 9, Paper 1

The candidates who scored high marks (62.87%) in this question
described activators that increase the reactivity of benzene ring and
deactivators that withdraw electron density from benzene ring thereby
decreasing its reactivity in part (a). In part (b), the candidates applied the
concepts of activators and deactivators and correctly predicted the groups
that entered the benzene ring first. In part (c), the candidates identified the
missing structures in relation to the reactions of benzene with various
reagents. This implies that the candidates possessed adequate knowledge
of different reaction conditions, including the nitration of benzene,
reduction of nitrobenzene, chlorination of benzene, and substitution
reactions. Extract 9.1 is a sample of the correct responses to this
question.
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Extract 9.1: Sample of the correct responses to question 9, Paper 1

On the other hand, candidates who scored low marks (13.40%) gave
incorrect answers to most parts of the question. In their responses to part
(@), they lacked knowledge of which substituent increases or decreases
electron density on the benzene ring by confusing the effects of activators
and deactivators. Additionally, these candidates mixed up the directing
effects of activators and deactivators as meta and ortho/para, respectively,
instead of correctly assigning ortho/para and meta positions. In part (b), the
candidates provided incorrect responses due to insufficient understanding
of which substituents act as activators or deactivators, since halogens can
be either, depending on whether their resonance effect or negative
inductive effect dominates on the benzene ring. Consequently, they were
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unable to identify which substituent directs to which position or determine
which substituent entered the benzene ring first. In parts (c) (i) and (ii), the
candidates showed no mastery of benzene's reactivity with specific
reagents under various conditions; for example, nitration of benzene occurs
only in the presence of concentrated sulphuric acid, and the presence of
B+C in the conversion of nitrobenzene to benzene amine indicates two
reagents reacting to produce hydrogen, which acts as a reducing agent.
Extract 9.2 displays a sample of the incorrect responses to this question.
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Extract 9.2: Sample of the incorrect responses to question 9, Paper 1

In Extract 9.2, the candidate has demonstrated a lack of clear
understanding of the chemical properties of aromatic hydrocarbons in parts
(@) and (b). No correct explanations were provided for the activators and
deactivators, as well as their directing effects on the benzene ring. In part
(c), the candidate failed to fill in the gaps with appropriate reagents and
conditions, indicating a lack of sufficient knowledge of electrophilic
substitution reactions on the benzene ring and side chain reactions.

Question 10: Environmental Chemistry

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

(a) What do you understand by the following terms?
(i) Global warming

(ii) Ozone layer

(b) Suppose you got a job at the National Environmental Management
Council (NEMC) of Tanzania, and in one of the occasions, you are
required to address the residents of a certain area on environmental
issues. Briefly, explain the following:

(i)  Meaning of the word incineration.
(i) Two advantages and two disadvantages of incineration.
(iii) Three harmful effects of particulate pollutants.
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(c) (i) What would have happened if the greenhouse gases were totally
missing in the earth's atmosphere? Briefly, explain.
(i)  Give four damaging effects of an acidic rainfall.

The question was opted by 28,991 (62.00%) candidates. Analysis of the
performance in this question showed that 12.53 per cent scored from 0 to 5
marks; 25.00 per cent scored from 5.5 to 8.5 and 62.47 per cent scored from
9 to 15 marks. The overall performance of candidates in this question was
good in which 87.47 per cent of candidates scored 5.5 marks or above. The
summary of the candidates’ performance is shown in Figure 10.
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Figure 10: Candidates’ Performance on Question 10, Paper 1

The candidates who scored high marks in this question (62.47%) had a
good understanding of the concept of air pollution in accordance with the
requirement of the question in part (a). They also demonstrated a good
knowledge of solid waste management, particularly through incineration,
and its detrimental effects, such as air pollution and the adverse impact of
by-products, including ash, as required by part (b) of the question. In part
(c), the candidates demonstrated knowledge of the adverse effects of the
absence of greenhouse gases, such as a sudden drop in the Earth’s
atmospheric temperature, which is detrimental to both agriculture and the
water cycle. On the same note, these candidates managed to describe the
effects of acidic rainfall on plants, aquatic life, and buildings, which is
highly corrosive. This demonstrates good mastery of the general concept
of environmental conservation and management. Extract 10.1 is a sample
of the correct responses to this question.
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Extract 10.1: A sample of correct responses to question 10, Paper 1

In Extract 10.1, the candidate has given correct explanations on the
meaning of the terms provided in part (a). In parts (b) and (c), the
candidate has correctly responded to all parts by thoroughly addressing the
question's demands, including the meaning of incineration and its
disadvantages, as well as the adverse effects of acidic rainfall and the
impact of the absence of greenhouse gases in the atmosphere.

On the contrary, most of the candidates who scored low marks (12.53%) in
this question showed inadequate knowledge on the general environmental
conservation and management practices especially on aerial pollution,
water pollution, and solid waste management. These candidates failed to
give precise meaning of global warming, ozone layer, incineration and
particulate pollutants. They also failed to relate the decrease in earth’s
temperature in the absence of greenhouse gases, instead they suggested
increase in temperature. Extract 10.2 shows an example of the incorrect
responses to question 10.
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Extract 10.2: A Sample of incorrect responses to question 10, Paper 1

In Extract 10.2, the candidate responses given in part (a) as the meaning of

global warming and the ozone layer are incorrect. In part (b), the candidate

did not know the meaning of incineration and particulate pollutants, hence

gave incorrect responses in all parts. In part (c), the candidate has

suggested that the absence of greenhouse gases increases the Earth’s
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temperature, which is incorrect. Additionally, the candidate’s response
regarding the damaging effects of acidic rainfall suggested that acidic
rainfall causes land pollution, which is wrong. Instead, the effect is felt
more on the vegetation onto which it falls and also in the large water
bodies (oceans, seas and lakes/rivers), thereby directly affecting the lives
of aquatic animals.

132/2-CHEMISTRY 2

This was a theory paper consisting of six questions, out of which the
candidates were required to answer a total of five questions only. Each
question carried 20 marks, resulting in a cumulative 100 marks. The
examination covered ten (10) topics, including: Chemical Kinetics;
Electrochemistry; Transition metals; Polymers; Extraction of Metals,
Periodic Classification; Solubility, Solubility Products, and lonic Products;
Two Components Liquid System; Carboxylic Acids and Derivatives and
Amines. The analysis of each question in this paper is as follows:

Question 1: Chemical Kinetics and Electrochemistry

The question had two parts, (a) and (b) as follows;

(@) The following results were obtained in a reaction between X and Y at
293K:

Experiment [X]o [Y]o Initial rate
No. (mol dm=3) (mol dm=3) (mol dm=3s1)

1 2.1x10° 2.1x10° 1.6 x10°

2 2.1x10° 4.2 x10°° 3.2x10°

3 2.1x10° 6.3 x10°° 48 x10°

4 4.2%10° 6.3 x10° 9.6 x 10

5 6.3 x 10°° 6.3 x10° 14.4 x 10°

(i) From the initial concentrations and rates given in the table, find
the rate law for the reaction.

(i) Calculate the rate constant with its units (Use data from
experiment 1).

(i) Find the initial rate of the reaction when the initial

concentrations are [X] =9.0 x 10°°moldm~ and [Y] = 1.0 x
10° mol dm™3,
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(b) A metallic object to be coated with copper is placed in CuSOs
electrolyte.
(i)  Towhich electrode should the object be connected where a direct
current power supply flows?

(i)  What mass of copper will be deposited if a current of 0.22 A
flows through the cell for 1.5 hours?

The question was attempted by 46,017 (98.42%) candidates, out of which
31,148 (67.68%) scored from 12 to 20 marks, 8,958 (19.47%) scored from
7 to 11.5 marks, and 5,911 (12.85%) scored from 0 to 6.5 marks. These
data indicate that 40,106 (87.15%) of the candidates scored 7 marks or
above, reflecting good performance. A summary of the performance is
presented in Figure 11.
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Figure 11: Candidates’ Performance on Question 1, Paper 2

The candidates who scored high marks in this question (87.15%)
demonstrated strong mastery of the concepts involved. In parts (a), they
accurately applied the initial rate method to determine the rate law, the
value of the rate constant and the initial rate of the reaction, respectively.
They correctly formulated the rate law equation, deduced the order of the
reaction with respect to each reactant and used accurate data substitution to
obtain the required values, including the correct units for the rate constant.
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In part (b) (i), the candidates showed a good grasp of the reduction half-
reaction and its role in determining electrode placement during electrolysis.
They correctly identified that copper undergoes reduction and connected it
appropriately in the electrochemical setup. Additionally, in part (b) (ii),
they effectively applied Faraday’s first law of electrolysis and handled unit
conversions properly to calculate the mass of copper deposited. Extract 11.1
provides an example of a correct response from one of the candidates.
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In Extract 11.1, the candidate correctly deduced the rate law, rate constant,
and initial rate of the reaction in part (a). In part (b) (i), the candidate
accurately identified the appropriate electrode to which a metallic object
should be connected for copper coating. In part (b) (ii), she/he applied the
correct formula to calculate the mass of copper deposited at the cathode,
demonstrating competence in all the concepts tested.

On the contrary, the candidates who scored low marks (12.85%) in this
question had inadequate knowledge of the experimental determination of
the order of reaction. They failed to write the correct rate law expression
and made errors in the mathematical manipulations required in part (a).
Some candidates omitted the exponents in the rate law expression, which
are essential to indicate the order of reaction with respect to each reactant.

For instance, one candidate wrote the rate law as: Rate = K[X],[Y],.

In part (b) (i), several candidates gave incorrect explanations, indicating
limited understanding of how half-cell reactions are used to predict the
correct electrode connection during electrolysis. For example, one
candidate stated that since Cu?* ions are being oxidised, the object to be
coated should act as the anode and be connected to the positive terminal,
which is incorrect.

In part (b) (ii), many candidates used the wrong formula to calculate the
mass of copper deposited at the cathode. One candidate, for instance,
interchanged the relative atomic mass (RAM) and the valency of copper in
valencyx Currentx time

the formula: Mass of Cu = .
RAM x Faraday'sconstant

Others failed to convert the time from 1.5 hours to seconds, resulting in
incorrect final answers. Additionally, some candidates who applied the
method using ionic equations and Faraday's law of electricity (involving
moles of electrons) wrote an incorrect half-reduction equation for copper.
One wrote: Cu?* + e~ — Cu instead of the equation: Cu?* + 2e~ — Cu,
thereby assuming that only one Faraday is required instead of two, leading
to the wrong mass of copper deposited. Extract 11.2 shows an example of
such incorrect responses.
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Extract 11.2: Sample of incorrect responses to question 1, Paper 2

In Extract 11.2, the candidate performed incorrect mathematical
manipulations required to determine the order of reaction in part (a). In part
(b) (i), the candidate showed no understanding of the flow of current in an
electrolytic cell. Similarly, in part (b) (ii), the candidate used an incorrect
formula to calculate the mass of copper deposited at the cathode electrode.

Question 2: Transition Elements and Polymers

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

(@)

(b)

(©)

Iron is used as a catalyst in Haber process for the manufacture of
ammonia from combination of nitrogen and hydrogen gas. Briefly,
explain four properties that enables the iron metal to act as a catalyst.

With reference to nylon-6, 6, explain in detail how polyamides
polymer are synthesized.

Write the chemical equation for the preparation of styrene-butadiene
rubber, whose structure is as follows:
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*—~CH,—CH=CH—CH,~CH-CH,——*

n

(d) Using polymerisation of vinyl chloride as an example, when forming
poly (vinyl chloride), show the chain at;
(i) initiation step.
(if) propagation step.
(iii) termination step.

The question was attempted by 35,587 (76.12%) candidates. Of these,
18,562 (52.17%) scored from 0 to 6.5 marks, 8,439 (23.71%) scored from 7
to 11.5 marks, and 8,586 (24.12%) scored from 12 to 20 marks. Overall, the
candidates’ performance was average, as 17,025 (47.83%) of them scored 7
marks or above. The summary of the performance is presented in Figure 12.

100 -
90 -
80 -
70 -
60 - 52.17
50 -
40 -
30 -
20 -
10 -

0 -

23.71 24.12

 n

00-65 7.0-115 12.0-20.0
Scores

Percentage of Candidates

Figure 12: Candidates’ Performance on Question 2, Paper 2

The candidates who scored high marks (47.83%) in this question
demonstrated good mastery of the basic concepts related to the properties of
transition elements, specifically the catalytic property, as seen in part (a) of
the question. They correctly identified the four key features that make iron
a suitable catalyst. Similarly, in parts (b), (c), and (d), they demonstrated a
sufficient understanding of polymer synthesis, accurately applying the
principles of condensation and addition polymerisation. Extract 12.1

presents a sample of correct responses provided by one of the candidates.
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Extract 12.1: Sample of correct responses to question 2, Paper 2

In extract 12.1, the candidate managed to describe the characteristics which
make iron metal act as a catalyst in part (a). In parts (b), (c) and (d), the
candidate correctly showed strong mastery of the synthesis of Nylon-6, 6,
styrene butadiene and poly (vinyl chloride) polymers from their monomers,

respectively.
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In this extract, the candidate also managed to describe the characteristics
that make iron metal act as a catalyst in part (a). In parts (b), (c), and (d),
the candidate demonstrated strong mastery in identifying the correct
monomers and writing appropriate equations for the synthesis of Nylon-6,6,
styrene-butadiene, and poly(vinyl chloride) polymers, respectively.

The candidates who scored low marks (52.17%) provided incorrect
responses to most parts of the question, indicating a lack of sufficient
knowledge of the catalytic properties of transition elements and the
synthesis of polymers from their monomers.

In part (a), many candidates gave general properties of transition elements
rather than focusing specifically on catalytic properties. For example, one
candidate stated that iron is used as a catalyst because it forms complexes,
while another incorrectly claimed that iron has 'empty electrons' instead of
‘'empty orbitals'.

In part (b), several candidates failed to explain how the polyamide polymer
Nylon-6,6 is formed correctly. They were unfamiliar with the appropriate
monomers and their chemical formulas, as well as the reaction involved.
For instance, one candidate identified the monomers as NH,(CH;)NH, and
HOOC(CH,)COOH, which are incorrect.

Similarly, in part (c), some candidates used inappropriate monomers when
attempting to construct the chemical equation for the synthesis of styrene-
butadiene rubber. One candidate, for instance, wrote CH;CH=CHCH; and
C¢HsCH,CH, instead of the correct CH,=CHCH=CH, and C¢HsCH=CH,,
respectively.

In part (d), many candidates failed to write the chemical equation for the
formation of poly (vinyl chloride) via the addition polymerisation of vinyl
chloride. These errors reflect a general lack of mastery of monomers and
polymerisation processes. Extract 12.2 illustrates one of the incorrect
responses given by a candidate.
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Extract 12.2: Sample of incorrect responses to question 2, Paper 2

In Extract 12.2, in part (a), the candidate wrongly associated iron’s catalytic
ability with its molecular mass and concentration, showing a misconception
about the actual properties that make iron a suitable catalyst. In part (b), the
candidate failed to identify the correct monomers and their formulas used in
the synthesis of Nylon-6,6. In part (c), the candidate used incorrect
structures for styrene and butadiene when constructing the chemical
equation for styrene-butadiene rubber. In part (d), the candidate was unable
to write the correct polymerisation equation for the formation of poly (vinyl
chloride) from vinyl chloride.

However, the candidates who scored high marks (47.83%) in this question

demonstrated good mastery of the basic concepts related to the properties of

transition elements, specifically the catalytic property, as seen in part (a) of

the question. They correctly identified the four key features that make iron
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suitable as a catalyst. Similarly, in parts (b), (c) and (d), they showed
sufficient understanding of polymer synthesis, accurately applying the
principles of condensation and addition polymerization. Extract 12.1
presents a sample of correct responses provided by one of the candidates.
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Extract 12.1: A sample of correct responses to question 2, Paper 2

In extract 12.1, the candidate managed to describe the characteristics which
make iron metal to act as catalyst in part (a). In part (b), (c) and (d), the
candidate correctly showed strong mastery on the synthesis of Nylon-6, 6,
styrene butadiene and poly (vinyl chloride) polymers from their monomers

respectively.
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2.2.3

In Extract 12.1, the candidate managed to describe the characteristics that
make iron metal act as a catalyst in part (a). In parts (b), (c), and (d), the
candidate demonstrated strong mastery in identifying the correct monomers
and writing appropriate equations for the synthesis of Nylon-6,6, styrene-
butadiene, and poly(vinyl chloride) polymers, respectively.

Question 3: Extraction of Metals and Periodic Classification of
Elements

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

(@) Name two factors which are to be considered when choosing an
appropriate method for metal extraction.

(b) Give a brief account for the extraction of aluminium, emphasizing the
chemical principles involved. (Technical details are not required).

(c) Consider the following table which shows the variation in
electronegativity across period Il of the periodic table.

Element Li [Be | B |[C |N |O F
Electronegativity [0.97 |1.50 |2.00 .50 | 3.10 |3.50 4.10

Briefly, comment on the variation of electronegativity values shown in the
table.

The question was answered by 33,300 (50.83%) candidates. The statistics
show that 16,374 (49.17%) scored from O to 6.5 marks, 10,232 (30.73%)
scored from 7 to 11.5 marks, and 6,694 (20.10%) scored from 12 to 20
marks. These data indicate that 16,926 (50.83%) of the candidates scored 7
marks or above, demonstrating that the overall performance on this
question was average. A summary of the performance is presented in Figure
13.
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Figure 13: Candidates’ Performance on Question 3, Paper 2

The candidates who scored high marks (50.83%) demonstrated a strong
understanding of metal extraction, particularly the criteria for selecting
appropriate extraction methods in part (a). In part (b), they systematically
explained the stages involved in extracting aluminium from its main ore,
using balanced chemical equations. In part (c), they correctly explained the
trend of electronegativity across Period 2, showing good mastery of
periodic properties. Extract 13.1 is an example of a correct response from
one of the candidates.
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Extract 13.1: Sample of correct responses to question 3, Paper 2

In Extract 13.1, part (a), the candidate correctly outlined the factors to
consider when selecting appropriate methods for metal extraction. In part
(b), the candidate identified the primary ore for aluminium and
systematically described the extraction steps with relevant chemical
equations. In part (c), the candidate demonstrated a good mastery of the
electronegativity trend across Period 2.

On the other hand, the candidates who scored low marks in this question
(49.17%) lacked adequate understanding of the general concepts of the
extraction of metals in parts (a) and (b). Most of them failed to identify the
correct criteria for selecting appropriate extraction methods. For example,
one candidate mentioned “availability of aluminium” as a factor, which is a
misconception since aluminium is the metal to be extracted, not a method
or criterion of extraction. This indicates confusion between the metal itself
and the chemical principles used in selecting extraction techniques.

In part (b), many candidates presented lengthy and irrelevant essays on
industrial procedures without addressing the specific stages required for the
extraction of aluminium. Others failed to identify bauxite (Al,03-2H,0) as
the chief ore and used incorrect chemical symbols and formulas, such as
Al;0O, instead of Al,O3. Some candidates also wrote unbalanced or vague
half-cell equations for the electrolytic reduction of alumina, with unclear
identification of reactions at the anode and cathode.
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In part (c), some of the candidates demonstrated misconceptions regarding
the periodic trend of electronegativity. They failed to link the trend to
nuclear charge and atomic radius, which are the main influencing factors.
Instead, some candidates incorrectly attributed the increase in
electronegativity across Period 2 to unrelated concepts such as the
“screening effect” or simply “ionisation energy” without establishing the
correct cause-and-effect relationship. One candidate, for instance, claimed
that electronegativity increases due to “an increase in ionisation energy,
screening effect and atomic size,” which reflects a misunderstanding of
periodic trends and their explanations.

These misconceptions indicate that many candidates lacked both conceptual
clarity and the ability to apply basic principles of periodicity and
electrochemistry. Extract 13.2 illustrates an example of such incorrect
responses.
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Extract 13.2: Sample of incorrect responses to question 3, Paper 2

In Extract 13.2, in part (a), the candidate provided incorrect factors for
selecting appropriate methods of metal extraction. In part (b), the candidate
wrote an incorrect formula for the ore and outlined wrong steps in the
extraction of aluminium, including inaccurate chemical equations. In part
(c), the candidate failed to relate atomic size to the trend in
electronegativity values across the given period.

Question 4: Solubility, Solubility Product and lonic Product

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

(@ (i) What is meant by a common ion effect?
(it)  Distinguish solubility and solubility product of a sparingly
soluble salt.
(iii) How can you affect the solubility of a salt? Give four ways.

(b) Calculate the solubility of AgCl in:
(i) Pure water
(i) 0.1 M NacCl
[Given that Ksp(AgCIl) = 2 x 1071° mol? dm™].

(c) (i) Why precipitate forms when solutions of NaxSO4 and Ca(NO3)2
are Mixed? Explain briefly.

(ii) Exactly 50 cm® of a 0.0152 M Na,SOs is added to 50 cm® of
0.0125 M Ca(NOs3).. Predict whether the precipitate of CaSO4
will be formed or not. Given that the solubility product
[Ksp(CaSO4) = 9.1 x 107 mol?dm].

The question was answered by 45,672 candidates, representing 97.69 per
cent of the total number of candidates. The performance data show that
22,412 candidates (49.07%) scored within the range of 12 to 20 marks,
15,684 candidates (34.34%) scored within the range of 7 to 11.5 marks,
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while 7,576 candidates (16.59%) scored within the range of 0 to 6.5 marks.
These results indicate that 38,096 candidates (83.41%) scored 7 marks or
above, reflecting good overall performance on this question. A summary of
the performance is presented in Figure 14.
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Figure 14: Candidates’ Performance on Question 4, Paper 2

Based on the analysis, the candidates who scored high marks (83.41%)
demonstrated a good understanding of the common ion effect, particularly
in part (@) (i). In part (a) (ii), they accurately distinguished between
solubility and solubility product of sparingly soluble salts. Additionally, in
part (a) (iii), they clearly explained the factors affecting salt solubility,
showing strong conceptual understanding. In part (b), the candidates
applied correct mathematical procedures to calculate the solubility of AgCl
both in the absence and presence of a common ion, reflecting a good grasp
of how the common ion effect influences solubility. Furthermore, in part (c)
(i), many candidates gave relevant explanations supported by balanced
chemical equations. In contrast, in part (c) (ii), they correctly manipulated
the provided data and units to compute the ionic product (Qsp) of CaSO.,.
They compared it with Ksp to predict the possibility of precipitation.
Extract 14.1 presents a sample of correct responses from one candidate.
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Extract 14.1 Sample of correct responses to question 4, Paper 2

In Extract 14.1, the candidate accurately defined key concepts, correctly
performed calculations involving solubility and the common ion effect, and
properly balanced chemical equations. The candidate also successfully
predicted precipitate formation by comparing Qsp and Ksp values. Overall,

the responses reflect a strong understanding of the topic.

However, few candidates (16.59%) had weak performance on this question,
limited understanding of key concepts such as the common ion
effect, solubility, solubility product, and ionic product. In part (a) (i), some
candidates failed to define the common ion effect correctly. For example,

reflecting a
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one candidate wrote that it “causes the position of chemical equilibrium to
shift from left to right as explained by Le Chatelier’s principle,” which
reflects confusion between equilibrium shifts and the ion effect in
solubility. In subpart (i), many candidates were unable to distinguish
between solubility and solubility product; some used unrelated concepts
such as polarity, while others stated solubility product as “the product of
solute and solvent.” In part (a) (iii), one candidate incorrectly identified
“electricity” as a factor affecting solubility, stating that “salts dissolve more
when current is passed through the solution.” In part (b) (i), candidates
made conceptual and mathematical errors when writing the Ksp expression
for AgCI. One incorrectly wrote the dissociation as AgCl, = Ag*® + 2CI~
and calculated Ksp as 4s3, resulting in an incorrect solubility value. In part
(b) (ii), many failed to incorporate the effect of additional CI~ ions from
NaCl into their calculation. In part (c), some candidates could not explain
the formation of precipitate when Na,SO, is mixed with Ca(NO;) , and
lacked proper mathematical handling to compute and compare Qsp and Ksp
for CaSO,. Extract 14.2 illustrates one such incorrect response.
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Extract 14.2: Sample of incorrect responses to question 4, Paper 2
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2.2.5

In Extract 14.2, the candidate gave incorrect definitions of the common ion
effect and failed to distinguish between solubility and solubility product.
The candidate also mentioned wrong factors affecting solubility and
applied incorrect formulas in calculating solubility and Qsp. Consequently,
the candidate failed to determine the occurrence of precipitation.

Question 5: Two components Liquid systems

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

(@) When 500 cm?® of an aqueous solution containing 4 g of solute G per
litre, was shaken with 100 cm? of pentan-1-ol, 1.5 g of the solute G
was extracted. Assuming molecular  state of the solute remains the
same in both solvents, calculate;

(i) The partition coefficient of the solute G between pentan-1-ol and
water.

(i) The mass of the solute G which will remain in the aqueous
solution after a further shaking with 100 cm?® of pentan-1-ol.

(b) An aromatic compound Z was steam distilled at 98 °C and 1
atmosphere pressure. The distillate was found to contain 26 g of
water and 7.5 g of the compound Z. If the saturated vapour pressure
of water at 88 °C is 720 mmHg, calculate the molar mass of Z.

(c) The vapour pressures of ethanol and phenol at 20°C are 53.6 mm Hg
and 85.2 mm Hg, respectively. The mole fraction of ethanol in a

mixture of phenol and ethanol at 20°C is 0.45. Calculate the total
vapour pressure of the mixture and the mole fraction of phenol in the
vapour phase.

This question was attempted by 45,513 candidates, representing 97.35% of
all candidates. Of these, 11,367 candidates (24.98%) scored from 12.0 to
20.0 marks, 12,248 (26.91%) from 7.0 to 11.5 marks and 21,898 (48.11%)
from 0.0 to 6.5 marks. Overall, the performance on this question was
average, with 23,615 candidates (51.89%) attaining 7.0 marks or above.
The candidates’ performance is illustrated in Figure 15.
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Figure 15: Candidates’ Performance on Question 5, Paper 2

The candidates who scored high marks (51.89%) on this question
demonstrated a sound understanding of two-component liquid systems,
particularly in applying the distribution law in solvent extraction, steam
distillation principles, and Raoult’s law for vapour pressures of completely
miscible liquids.

In part (a), these candidates correctly used appropriate formulas to
calculate the partition coefficient of solute G between pentan-1-ol and
water. They successfully determined the amount of solute remaining in the
aqueous layer after further extraction with the organic solvent. In part (b),
they accurately applied Dalton’s law of partial pressures and executed
proper mathematical procedures to calculate the molecular mass of an
aromatic compound through the steam distillation method. In part (c), the
candidates competently used Raoult’s law and the concept of mole
fractions to determine the total vapour pressure of a mixture of ethanol and
phenol, as well as the mole fraction of phenol in the vapour phase. Their
solutions reflected proper formula selection, correct substitution and
accurate computation. Extract 15.1 illustrates one of the correct responses
provided by a candidate for Question 5.
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In Extract 15.1, the candidate applied the correct formulas to all parts of the
question and accurately computed the required answers.

On the contrary, the candidates who scored low marks (48.11%) exhibited
limited understanding of the core principles underlying two-component
liquid systems. In part (a), many candidates incorrectly used the total 4 g of
solute present in 1 litre instead of calculating the amount present in the 500
cm?® aqueous layer, leading to an inaccurate value of the partition
coefficient (KD) and subsequent miscalculation of the amount of solute
remaining after the second extraction. Some candidates also applied
incorrect expressions for KD, interchanging the concentration terms of the
upper and lower layers.

In part (b), candidates often applied the wrong formula to determine the
molecular mass of the aromatic compound. One candidate, for example,
incorrectly interchanged the mass of the compound and that of water in the
equation, resulting in an erroneous answer.

In part (c), several candidates failed to correctly apply Dalton’s law of
partial pressures and mole fraction principles. Some simply added the
vapour pressures of ethanol and phenol without performing proper
calculations. Others failed to compute the mole fraction of phenol correctly,
such as by omitting the step of subtracting ethanol’s mole fraction from one
(1 — 0.45 = 0.55). One candidate used the mole fraction of ethanol for both
components, calculating partial vapour pressures as 0.45 x 53.6 mmHg for
ethanol and 0.45 x 85.2 mmHg for phenol, and then summed them to obtain
62.46 mmHg, which is incorrect. Extract 15.2 illustrates one of the
inaccurate responses submitted for this question.
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Extract 15.2: A Sample of incorrect responses to question 5, Paper 2

In Extract 15.2, the candidate used an incorrect mass value to calculate the
distribution coefficient (KD) in parts (a). Additionally, the candidate
mistakenly applied the total pressure of the system instead of the partial
pressure of the organic compound in the relevant formula. In part (c), the
candidate failed to derive the mole fraction of phenol from that of ethanol
and incorrectly assumed the total vapour pressure to be 1, rather than
calculating it based on partial pressures.
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2.2.6 Question 6: Carbonyl Compounds, Carboxylic Acids and Derivatives
and Amines
This question consisted of four parts; (a), (b), (c) and (d) as follows:

(@) Write IUPAC names of each of the following organic compounds:

CH
CO,H ) COONa |

(i) J@[ (i Q (i) CHSCCH,COH
Cl Cl Cl CH,

(b) Arrange the following organic acids (A-E) in order of increasing
acidity. Give reason(s) to support your order of arrangement.

CO,H
(A) (B) ClsC—CO,H © /©/C02H

(D) CLLHC—CO,H (E) ClI—CH,CHCO,H
|
Cl

(c) Giving reason(s), arrange the following organic compounds (F-J) in
decreasing order of basic strengths.

NH,
NH,

(F) NO, (G) @ (H) CH3NH, (1 NHz; (J)

(d) Write equations for the laboratory synthesis of the following
compounds. Use any suitable organic or inorganic reagent.

NO,

(i) Propanoic acid from butanone.

(ii) Propanoic acid from 1-chloropropane.
(i) Propanoic acid from 1-propanol.

(iv) Propanoic acid from propane.

This question was attempted by 27,681 (59.21%) candidates; of which
16,588 (59.93%) scored from 0 to 6.5 marks, 7,385 (26.68%) from 7 to 11.5
marks and 3,708 (13.40%) from 12 to 20 marks. The overall performance
on this question was average, as 11,093 (40.08%) candidates scored 7
marks or above. Figure 16 summarises the performance of the candidates
on this question.
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Figure 16: Candidates’ Performance on Question 6, Paper 2

The candidate who scored high marks (40.08%) demonstrated a strong
understanding of key concepts related to carboxylic acids, amines, and
carbonyl compounds. In part (a), they correctly identified and wrote the
IUPAC names of the given organic compounds, reflecting proper
application of nomenclature rules. In part (b), many candidates were able to
arrange the provided organic acids in order of increasing acidity and
supported their responses with clear reasoning based on molecular structure
and electron-withdrawing effects.

In part (c), those candidates correctly wrote the factors influencing the basic
strength of amines, such as the nature of substituents and solvation effects.
In part (d), most of them correctly outlined the conversions of various
organic compounds to propanoic acid, demonstrating a sound
understanding of the chemical reactions involving alcohols, aldehydes, and
carboxylic acids, as well as the appropriate use of reagents and reaction
conditions. Extract 16.1 illustrates a sample of correct responses.
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Extract 16.1: A sample of correct responses to question 6, Paper 2

In Extract 16.1, the candidate wrote the correct IUPAC names of the given
compounds in part (a). In parts (b) and (c), the candidate provided the
proper arrangements of the given compounds, respectively. Likewise, in
part (d), the candidate wrote the correct chemical equations for the
synthesis of the given organic compounds.

The candidates who scored low marks in this question revealed several
notable misconceptions across various areas of organic chemistry,
particularly in naming, acidity, basicity and synthesis. In part (a), many
candidates demonstrated confusion in applying IUPAC naming rules. For
instance, one candidate misidentified 2,4-dimethylbenzoic acid as 4,6-
dichlorobenzoic acid, while another incorrectly named 4-chlorosodium
benzoate as 4-chloro sodium benzoic acid. These errors indicate a
misunderstanding of how to assign substituent positions and correctly name
carboxylic acid salts. In part (b), candidates struggled to order organic acids
by increasing acidity due to a lack of understanding of substituent effects,
such as inductive and resonance effects, as well as how the position and
type of substituents influence acidity.

In part (c), misconceptions were evident in candidates’ explanations of
amine basicity. For example, one candidate wrongly concluded that
methylamine (CH3NH,) is the least basic because the alkyl group increase
the reactivity of the lone pair, thus increasing "acidity", a statement that
confuses acidity with basicity and misinterprets the inductive effect. Part
(d) exposed conceptual errors in organic synthesis and an incorrect
application of reagents. Some candidates attempted to oxidise ketones using
reducing agents like LiAlH,. In contrast, others wrongly assumed that
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water could convert alcohols directly into carboxylic acids, revealing a poor
grasp of reaction conditions and redox principles.

Overall, the low scores were primarily due to conceptual deficiencies rather
than procedural errors. The candidates’ responses revealed fundamental
gaps in their understanding of organic chemistry, especially in functional
group transformations, proper reagent usage, acid-base behaviour and
systematic nomenclature. Extract 16.2 shows one of the incorrect responses
to question 6.
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Extract 16.2: A Sample of incorrect responses to question 6, Paper 2

In Extract 16.2, the candidate gave incorrect IUPAC names for the organic
compounds in part (a). In parts (b) and (c), the candidate incorrectly
arranged the given carboxylic acids and amines, respectively. Additionally,
in part (d), the candidate used inappropriate reagents in the synthesis of
carboxylic acids from the provided organic compounds.

132/3-CHEMISTRY 3

This was an actual practical examination paper presented in three equivalent
alternatives: 132/3A Chemistry 3A, 132/3B Chemistry 3B and 132/3C
Chemistry 3C. Candidates were required to attempt only one of these
alternatives. Each paper consisted of three compulsory questions, carrying
50 marks. Question 1 carried 20 marks, while Questions 2 and 3 had 15
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marks each. All three questions focused on subtopics under the main topic
of Chemical Analysis. Specifically, Question 1 covered Volumetric
Analysis, Question 2 focused on Physical Chemistry Analysis and Question
3 dealt with Qualitative Analysis. The minimum pass marks were 7.0 for
Question 1 and 5.5 for both Questions 2 and 3. The following section
presents the analysis of each question.

2.3.1 Question 1: Volumetric Analysis

2.3.1.1 Alternative 3A

The question was as follows:

You are required to demonstrate your analytical skills by doing iodometric
titration, aiming at determining the number of molecules of water of
crystallisation. Use the following reagents to accomplish the analysis.

Ul: solution of 0.04 M KMnQg;

U2: solution of Na,S,03.XH.0 made by dissolving 12.4 g in 0.5 dm?® of
distilled water;

U3: solution of 10% KI;

U4: starch solution;

U5: solution of 1 M sulphuric acid.

Theory

A quantitative reaction between potassium permanganate and potassium
iodide in acidic medium involves production of iodine. During the titration
process, molecules of iodine produced react with sodium thiosulphate.

Procedure

(i)  Fill the burette with U2.

(i)  Pipette 20 cm® of U1 into a conical flask. Add 20 cm?® of distilled
water. Swirl the mixture gently and then add 20 cm? of U3 into the
flask followed by 20 cm?® of U5 into the same flask.

(i)  Titrate U2 with the solution mixture in the conical flask until a pale
yellow colour is observed. Add 2 cm® of U4 and continue to titrate
until the dark blue colour is discharged to colourless.

(iv)  Record the first titre value.

(v)  Repeat steps (i) to (iv) three times to obtain three titre values.
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Questions
(@) Tabulate the results.

(b)  Write the balanced chemical equation for the experiment which
involved:
(i)  production of iodine.
(i)  consumption of iodine.
(iii)  the whole experiment.

(c) Calculate the actual molarity of solution U1 after dilution.
(d)  Compute the value of X in the formula Na>S203.XH:O.

(e)  Explain what will happen when potassium permanganate is missing
in this experiment.

2.3.1.2 Alternative 3B

The question was as follows:

A solution which contains iodine is commonly used to clean wounds.
During this process, medical attendants may unpredictably smear iodine on
their clothes. Cleanliness of these clothes requires the use of specific
amount of thiosulphate solution. Perform titration technique and calculate
the amount of sodium thiosulphate required for the laundry using the
following reagents and the given apparatuses.

Q1: A solution of 0.04 M KMnOy;
Q2: A solution of NazS;03;

Q3: A solution of 10% KI;

Q4: A starch solution;

Q5: A solution of 1 M sulphuric acid.

Theory
A quantitative reaction between potassium permanganate and potassium
iodide in acidic medium involves production of iodine. lodine reacts with
sodium thiosulphate during titration process.
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Procedure

(i)  Fill the burette with Q2.

(i) Measure 10 cm® of Q1 into a conical flask. Add 10 cm? of distilled
water. Swirl the mixture gently, then add 10 cm® of solution Q3
followed by 10 cm?® of Q5 into the mixture.

(ili)  Titrate Q2 against the mixture in the conical flask until a pale yellow
colour is observed. Add 2 cm® of Q4 into the conical flask and
continue to titrate until the dark blue colour turn to colourless.

(iv)  Record the first titre value.

(v)  Repeat steps (i) to (iv) three times and record the titre values.

Questions

(@) Tabulate your results.

(b)  Write the balanced chemical equation for the whole experiment.

(c) Calculate the final molarity of potassium permanganate.

(d)  Determine the concentration of sodium thiosulphate in g/dm?.

(e)  Suggest another suitable mineral acid apart from sulphuric acid that

can be used in this experiment.

2.3.1.3 Alternative 3C

The question was as follows:

Use the reagents and apparatus given to demonstrate how you would
analyse hydrated Na>S,03 to determine the number of molecules of water of
crystallisation.

W1:
W2:

W3:
W4:
W5:

A solution of 0.08 mole of KMnO4 in 2000 cm?;

A solution of NazS;03.XH,0 made by dissolving 14.88 g in 600 cm?® of
distilled water;

A solution of 10% KI;

A starch solution;

A solution of 1 M sulphuric acid.

Theory

A quantitative reaction between potassium permanganate and potassium
iodide in acidic medium leads to the production of iodine. During titration,
iodine reacts with sodium thiosulphate in presence of starch which acts as
an indicator.

Procedure

(i)

Fill a burette with W2.

117



(i)  Measure 10 cm® of W1 into a conical flask. Add 10 cm? of distilled
water. Swirl the mixture gently and add 10 cm? of W3. Add 10 cm® of
WS5 into the mixture.

(iti) Titrate W2 against the mixture until a pale yellow colour is
observed. Add 2 cm? of W4 and continue to titrate until the colour of
the solution changes from dark blue to colourless.

(iv)  Record the first titre value.

(v)  Repeat steps (i) to (iv) three times and record the titre values.

Questions

(@) Tabulate the results.

(b)  Write balanced redox chemical equations to represent the following:
(i) Reaction between potassium permanganate and potassium

iodide in the presence of sulphuric acid.
(ii) Reaction between iodine and sodium thiosulphate.

(c) Calculate the concentration of potassium permanganate that reacted
with potassium iodide.

(d) Determine the percentage composition of water in NaxS203.XH-O.

(e)  Suggest another suitable substitute for potassium permanganate in

this experiment.

Question 1 was attempted by 46,748 candidates, and their performance is
summarised in Figure 17.

100 -
90 -
80 -
70 -
60 - 51.10
50 -
40 - 35.51
30 -
20 - 13.39
0 ]

0.0-6.5 70-115 12.0-20.0

Scores

Percentage of Candidates

Figure 17: Candidates’ Performance on Question 2, Paper 3
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Table 1 shows that, the majority (86.61%) of candidates scored 7.0 marks
or above. Their performance revealed both theoretical understanding and
practical skill in titration procedures and in applying the dilution law.
They also demonstrated competence in writing and balancing chemical
equations, particularly those involving iodometric redox reactions

In Alternative A, candidates accurately standardized sodium thiosulphate
solution using the iodine liberated from a reaction between potassium
permanganate and potassium iodide in the presence of dilute sulphuric
acid. This enabled them to correctly calculate the molarity, mass
concentration, and the number of water of crystallization molecules in
hydrated sodium thiosulphate (Na,S,03-XH,0). Furthermore, they
showed a clear understanding of the redox process, recognising the role
of potassium permanganate in liberating iodine, indicated by the
characteristic dark brown colouration in the solution.

In Alternative B, the candidates applied the dilution law to calculate the
molarity of a prepared potassium permanganate solution. They then
performed a redox titration using sodium thiosulphate to determine its
molarity and mass concentration. Additionally, they identified and
justified the use of an alternative mineral acid other than sulphuric acid as
a suitable acidic medium for the reaction.

In Alternative C, the candidates followed the prescribed experimental
procedures to determine the number of moles of water of crystallisation in
hydrated sodium thiosulphate. They carried out calculations based on
titration data to accurately establish the percentage composition of water
in the compound, demonstrating a high level of proficiency in
quantitative analysis and mathematical manipulation. Furthermore, they
proposed and justified an alternative reagent suitable for replacing
potassium permanganate in the experimental setup.

Generally, high-scoring candidates exhibited excellent analytical skills
and a strong understanding of the principles of volumetric analysis,
particularly in iodometric titration. They followed the correct procedures
and demonstrated accuracy in data recording and interpretation, enabling
them to address the question's requirements effectively. Extracts 17.1,
17.2, and 17.3 illustrate correct responses to Question 1.

119



100 Table ©r ik,

&xporimord ALOT el [idoa | THres

Fonl 100dhaaend 30290 | 40:00 |4040 124.90

i reoding (o® | 0o00 | 000 10,00 10.00

Mo tie volupe (] 39.90 | 40.00[40:10 (39,90

wueed

Avorare volume ysed = £+2+13
3

Averoge Nohume 1sed = (4000 +40:10+.39-90 ) em?

3

.. Ayerage ~olume L\SQdi 40.00uw

120




ab)| Ha!f; _dudionyoachion :

Mn0z + 3ttt 50 — Ma + 4450

Halr —exidalon readion :

QL — Ta+ 98

Owverall ropdhion

AMNOG+ 10T~ + | pH? — aNn?Ti5Ta 1 2000

) Haly - educion condion:
la tap0 —> 1-

Huh' _andakon  renaifon:

252,05 > $e0F” +3€

Avoll @action

ala 03+ Ta ——> Se®F t2a]-

Un
i)

[ ANINOE ¢ 10T T16HT —> Mt 1 585 + 9120

5[ R49DF +da —2 S¢ HCX 4210

v L BNpOE + 101 1B —> oy 55, + 2D

L 153208 1 51K > 6 Q408 + 1pd-

1@ 27 = Rys-1c%)

L= 90
5 3
L6

Lo The value g1 Xig 5.

/

©

J; oo‘t(}\gmn« porpaanpantlo de m' eeino, Hnor@ will b

"~

"peration oL (OB(MQ einee o fe no

m\dmnm oognt o i 0xidadlon
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In Extract 17.1, the candidate accurately completed the table of results
using two decimal places. The titre volumes were correctly calculated and
fell within the acceptable range. Correct half-equations for the redox
reactions were provided. The candidate identified the colour change from
brown to colourless at the endpoint. All calculations to determine the
water of crystallisation in Na,S,03-XH,O were accurate.
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Extract 17.2: A sample of correct responses to question 1,
Alternative Practical 3B

In Extract 17.2, the candidate accurately recorded data and calculated the
titre volumes. The candidate correctly applied the dilution law to compute
the final molarity of potassium permanganate. The molarity of sodium
thiosulphate was determined using the mole ratio concept. The candidate
also proposed a suitable inert mineral acid alternative to sulphuric acid.
Overall, the response demonstrated a clear understanding of the principles
of redox titration.
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Extract 17.3: A sample of correct responses to question 1, Alternative
Practical 3C
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In Extract 17.3, the candidate accurately recorded titre values to two
decimal places, all of which fell within the acceptable range. They wrote
balanced redox equations for reactions between potassium permanganate
and iodide ions under acidic conditions. The dilution law was correctly
applied to calculate the molarity of potassium permanganate. The
candidate accurately calculated the percentage composition of water in
Na,S,03-XH,0. They also suggested a suitable alternative oxidising
agent to replace potassium permanganate.

Conversely, a few candidates (13.39%) scored low marks, ranging from 0
to 6.5 in Question 1, as indicated in Table 1. These candidates displayed
several key weaknesses. A common challenge was their inability to
accurately identify the endpoint of the redox titration, which led to
incorrect titration values and, consequently, erroneous calculations. Most
of them demonstrated limited understanding of the dilution law,
particularly in determining the molarity of the diluted potassium
permanganate solution. This knowledge gap adversely affected
subsequent calculations, including the determination of the number of
moles of water of crystallisation in hydrated sodium thiosulphate
(Na;S,03-XH,0). Additionally, some candidates struggled to write
balanced redox equations, leading to incorrect mole ratios between the
oxidant and reductant. For instance, in Alternative A, several candidates
incorrectly used the original molarity of potassium permanganate rather
than the diluted molarity derived from the dilution law to calculate the
concentration of sodium thiosulphate. Others failed to explain the
significance of potassium permanganate in the redox reaction; for
example, one candidate incorrectly stated that its role was to act as a self-
indicator, which is not applicable in this context.

In Alternative B, several candidates failed to obtain the correct titre due to
a lack of knowledge of the colour changes involved in the titration
process. These transitions from brownish-yellow to yellow, pale yellow,
blue, and finally colourless were either overlooked or misinterpreted,
leading to inaccurate end-point detection. Additionally, there were issues
with the presentation of the data. Some candidates did not adhere to the
requirement of recording values to two decimal places or failed to
organise results in a proper tabular form. One candidate, for instance,
filled the results table using only one decimal place. Others misapplied
the dilution formula, using expressions such as Vd = VU1 + VU3, which
lack scientific validity.
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In Alternative C, several candidates failed to write balanced redox
equations relevant to iodometric titration. One such example was the
incorrect balancing of thiosulphate ions as 1 mole instead of 2 moles in
the reaction:

S,07 +1,——S,07 +2I-

Some also wrote incorrect chemical formulas for reagents, resulting in
unbalanced equations and flawed calculations. In terms of computation,
others misapplied mathematical procedures, such as using the wrong
formula for the percentage composition of water in the hydrated salt.
These conceptual and procedural errors prevented them from arriving at
the correct values. Extracts 17.4, 17.5, and 17.6 illustrate examples of
such incorrect responses from candidates in this category.
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Extract 17.4: A Sample of incorrect responses to question 1, Alternative
Practical 3A

In Extract 17.4, the candidate recorded a titre value that was 11.60 cm3
below the acceptable range and used only one decimal place in
Experiments 1 and 3. In part (b), she/he failed to balance the redox
equations. In part (c), the candidate did not apply the dilution principle
correctly, leading to an incorrect molarity of potassium permanganate. In
part (d), the candidate computed the wrong value of X in Na,S,03-XH,0.
Instead of explaining the role of potassium permanganate, the candidate
merely listed types of redox titrations.
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Extract 17.5: A Sample of incorrect responses to question 1, Alternative
Practical 3B

In Extract 17.5, the candidate recorded a titre value of 11.0 cm?3, which is below
the acceptable range. In part (b), she/he wrote incorrect balanced chemical
equations. In part (c), the candidate failed to apply the dilution principle,
resulting in an incorrect concentration of sodium thiosulphate. In part (e), the
candidate incorrectly suggested hydrochloric acid (HCI) as an alternative to
sulphuric acid.
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Extract 17.6: A Sample of incorrect responses to question 1, Alternative
Practical 3C

In Extract 17.6, the candidate recorded incorrect data, resulting in an
inaccurate mean titre volume. In part (b), she/he wrote the wrong formula
for the permanganate ion and provided unbalanced equations. In part (c),
the dilution principle was not applied correctly, resulting in errors in the
thiosulphate concentration and water composition in part (d). In part (e),
the candidate gave an inappropriate substitute for KMnO,, by citing
KCr,0,.

2.3.2  Question 2: Physical Chemistry Analysis

2.3.2.1 Alternative 3A
The question was as follows:
Identification of the type of chemical reaction is an experimental
parameter that requires chemical analysis skills. Using the reagents and
apparatuses provided, determine whether the process of dissolving
sample PR and PK is endothermic or exothermic:

PR: 2 g ammonium chloride;
PK: 2 g sodium hydroxide pellets;
Thermometer.

Theory

When a solid chemical substance is dissolved in water, heat is either
given out or absorbed. When heat is evolved to the surrounding, the
reaction is exothermic and when heat is absorbed the reaction is
endothermic.

144



2.3.2.2

Procedure

(i) Measure 50 cm® of distilled water in 100 cm® plastic beaker and
record the initial temperature.
(i) Add PR in a beaker containing distilled water. Stir the mixture using
thermometer and record the final temperature.
(iii) Repeat steps (i) — (i) using PK and hence record the results as

indicated in Table 1.

Table 1: Experimental Results

Final Initial Temperature | Total | Mass of
Compound | temperature | temperature | change °C | volume | solution
°C °C (cm3) g
PR
PK
Questions
(@) Find the heat change for dissolution of:
0] PR
(i) PK
(b) Calculate the molar enthalpy change for dissolution of:
0] PR
(i) PK

(c) Giving a reason in each case, state the type of reaction (in relation
to heat changes) for the dissolution of:

0] PR
(i) PK
Alternative 3B

The question was as follows:
Chemists should control rate of chemical reactions in order to avoid
explosion for the reactions whose rate is vigorous. This task is done by
determining the rate constant of reaction. Determine the rate constant of

the reaction using the following reagents:

F1: 0.1 M hydrochloric acid;
F2: 0.15 M sodium thiosulphate;

Distilled water.
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Theory

o -d|S,0% Xy s
The rate of reaction is expressed as: Rate :%:k[spﬁ ] [H ]y

Where x is the order of reaction with respect to S,0s%, y is the order of
reaction with respect to H* and k is the rate constant.

Procedure
(i)  Place a small beaker of 100 cm?® on top of the “X” mark on the white
paper.

(i) Measure 25 cm® of F2 using measuring cylinder and pour into the
beaker placed on the marked paper.

(iii) Measure 25 cm® of F1, then add into the beaker containing F2 and
immediately start the stopwatch.

(iv)  Record the time taken for the mark on white paper to be obscured.

(v)  Repeat steps (i) to (iv) using the set of mixtures in Table 1.

Table 1: Experimental Table

Exp Volume of F2 (cm®) Volume of distilled yolume of F1 (cm?3)
water (cm?3)

1 25.00 0.00 25.00

2 20.00 5.00 25.00

3 15.00 10.00 25.00

4 10.00 15.00 25.00
Questions
(@) Write the ionic equation for the reaction taking place in this

experiment.

(b) Calculate the order of reaction with respect to F2, given that the
volumes are directly proportional to their concentrations.

(c) If the value of y = 1, calculate the rate constant.

2.3.2.3 Alternative 3C
The question was as follows:
Use the following reagents and the given apparatuses to determine the
rate constant of the reaction:
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R1: Hydrogen peroxide solution;

R2: A solution made by dissolving 7.9 g of sodium thiosulphate in 1 dm?
of distilled water;

R3: A solution made by dissolving 8.3 g of Kl per litre in 0.5 M H2SOg;

Starch solution;

Distilled water;

100 cm? beakers labelled 1 and 11;

Stopwatch.

Theory

Hydrogen peroxide reacts with iodide ions in acidic medium to form
iodine. The iodine produced reacts with thiosulphate ions as indicated in
the following reaction equations:

H.0.(aq) +2H"(ag) + 21 (aq) —12(aq) + 2H20(aq)

25,037 (aq) + l2(aq) —S406% (aq) + 21 (aq)

The initial rate of oxidation of iodide ions by hydrogen peroxide in acidic
solution is found by measuring the time taken to liberate sufficient iodine
to react with thiosulphate ions.

Procedure

(i) Measure 15 cm® of R3, add few drops of starch followed by 5 cm?® of
distilled water and put in beaker 1.

(i) Using another measuring cylinder, measure 5 cm® of R2 solution and
30 cm?® of R1 then put in beaker 1.

(ii1) Add mixture of beaker Il into beaker I and start stopwatch.
(iv) Swirl the mixture thoroughly.

(v) Record the time taken for the blue colour to appear and tabulate the
results.

(vi) Repeat the steps (i) to (v) but this time change the volume of R1 and
distilled water as indicated in the Table 1. Each time keep the
volume of R2, R3 and starch solution as in the first experiment.
Table 1: Table of Results

Volume of R1(cm?) 30 | 25 | 20 | 15| 10 | 5
Volume of distilled water | 5 10 15 20 25 30
(cm3)

Time for blue colour to
appear (sec)

Rate (1/time ) (sect)
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Questions
(@) Plot agraph of (1/t) against (volume) of R1.

(b) What is the order of reaction with respect to R1?
(c) Calculate the rate constant for the reaction.

A total of 46,748 candidates attempted the question. Of these, 28,587
candidates (61.15%) scored within the range of 9.0-15 marks, 11,938
(25.54%) within 5.5-8.5 marks, and 6,223 (13.31%) within 0-5.0 marks.
The performance distribution is illustrated in Figure 18.

70 -

61.15
60 +
50 +
40 +

30 + 25.54

20
10

Percentage of Candidates

0

55-85 9-10
Scores

Figure 18: Candidates’ Performance on Question 2, Paper 3

The overall performance of candidates was good, with 86.69% scoring the
pass mark or above (> 5.5 marks). High-performing candidates
demonstrated strong competence in Physical Chemistry Analysis across all
three alternatives. In Alternative 3A, they correctly applied mathematical
procedures to calculate the enthalpy change of dissolution and accurately
identified that the dissolution processes were exothermic based on
temperature changes. In Alternatives 3B and 3C, candidates effectively
determined the order of reaction using experimental data, interpreted results
appropriately, and calculated the rate constant with precision. Extracts 18.1,
18.2, and 18.3 present samples of well-constructed responses from
candidates in Alternatives 3A, 3B, and 3C, respectively.
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Extract 18.1: A sample of correct responses to question 2, Alternative
Practical 3A
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In Extract 18.1, the candidate correctly tabulated the experimental data,
showing both initial and final temperatures with appropriate units and
decimal places. In part (a), they calculated the heat change of dissolution
using the formula ¢ = mcAT, substituting accurate values. In part (b), the
candidate computed the molar enthalpy change by dividing the heat change
by the number of moles of solute. In part (c), they correctly identified the
reaction as exothermic, providing justification based on the temperature
increase during dissolution.
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Extract 18.2: A sample of correct responses to question 2,
Alternative Practical 3B

In Extract 18.2, the candidate accurately recorded the experimental results
and correctly completed the table of results with appropriate values and
units. In part (a), she/he wrote the balanced ionic equation:

S,03 (aq) +2H" (ag) ——>S(s) +S0O,(g) + H,O(l) . In part (b), the candidate
analysed the time data from different experiments to determine the order of
reaction with respect to sodium thiosulphate. In part (c), using the provided
order with respect to H*, they correctly applied the rate law equation to
calculate the rate constant.
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Extract 18.3: A sample of correct responses to question 2, Alternative
Practical 3C
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In Extract 18.3, the candidate accurately recorded and organised the
experimental data in a table. In part (a), the candidate correctly plotted the
graph of 1/t (rate) against the volume of R1, ensuring proper labelling of
axes and scales. In part (b), the candidate determined the order of reaction
with respect to the volume of R1 by analysing the graph. In part (c), she/he
correctly calculated the rate constant using the rate law and experimental
data.

On the other hand, 13.31 per cent of the candidates, who scored low marks
ranging from 0 to 5, demonstrated limited understanding of the
experimental procedures and numerical calculations required to determine
enthalpy changes, as well as the classification of the process as either
exothermic or endothermic. These candidates struggled to apply the correct
formula for heat change and failed to interpret temperature variations
accurately. Moreover, many of these candidates demonstrated a limited
understanding of how changes in volume or concentration affect reaction
order. As a result, they were unable to determine the correct order of
reaction as required. Additionally, several candidates lacked the skills to
select appropriate scales when plotting graphs, which led to incorrect
interpretations of the graphical relationships used to determine the order of
reaction with respect to each reactant. For instance, in Alternative A, one
candidate incorrectly applied the formula q = mcAT without considering
the sign of the enthalpy change, which led to an incorrect conclusion about
the reaction's nature. Another candidate omitted the entire formula, leaving
the calculation incomplete.

In Alternative B, some candidates failed to write the correct ionic equation
for the reaction. For example, one wrote an unrelated or incomplete
equation. Others used incorrect rate law expressions, such as
Rate = k[Reactant], without including the correct exponents to represent the
reaction order, which resulted in incorrect rate constant calculations.

In Alternative C, some candidates did not obtain a straight-line graph due to
inconsistent or inaccurate data plotting; for instance, one candidate drew a
curved graph instead. This led to a misinterpretation of the reaction order.
Another candidate did not apply the rate law formula correctly, which
resulted in an incorrect value for the rate constant.
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Extracts 18.4, 18.5, and 18.6 present examples of these inaccurate
responses from candidates in Alternatives 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 mass of the salt sample instead
of the mass of the solution and reported an incorrect temperature change. In
parts (@) and (b), she/he used the wrong mass value in the formula q =

mcAT, |

eading to an incorrect molar enthalpy. In part (c), the candidate

incorrectly identified an endothermic reaction as exothermic. The
conclusion did not align with the observed temperature change.
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Extract 18.5: A Sample of incorrect responses to question 2, Alternative
Practical 3B

In Extract 18.5, the candidate recorded an incorrect reaction time that did
not match the expected trend. In part (a), she/he wrote an incorrect ionic
equation unrelated to the actual reaction. In part (b), the candidate used an
inappropriate formula to calculate the order of reaction with respect to F2.
In part (c), she/he applied a wrong rate law expression, resulting in an
incorrect rate constant.
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Extract 18.6: A Sample of incorrect responses to question 2, Alternative

Practical 3C

168

In Extract 18.6, part (a), the candidate drew a curved graph instead of a
straight line and incorrectly interchanged the axes by plotting volume on
the y-axis and 1/t on the x-axis. In part (b), she/he failed to deduce the order



of reaction from the graph. In part (c), the candidate failed to calculate the
slope and was therefore unable to determine the rate constant.

2.3.3 Question 3: Qualitative Analysis

2.3.3.1 Alternative 3A
The question was as follows:
Sample RS contains one cation and one anion. Analyse the sample using
systematic qualitative analysis procedures. Carefully, record the
experiments, observations and inferences as shown in Table 2. Finally,
identify the anion and cation present in sample RS.

Table 2: Experimental Data

SIN Experiments Observations Inferences

Questions
(@) What are the cation and anion in the sample?

(b)  Write the molecular formula for the sample

2.3.3.2 Alternative 3B
Question 3 was as follows:
Sample RK contains one cation and one anion. Analyse the sample using
systematic qualitative analysis procedures. Carefully, record your
experiments, observations and inferences as shown in Table 2. Finally,
identify the anion and cation present in sample RK.

Table 2: Experimental Data

S/N Experiments Observations Inferences

Questions
(@) What are the cation and anion in the sample?

(b)  Write the molecular formula for the sample
169



2.3.3.3 Alternative 3C

Question 3 was as follows:
Sample RV contains one cation and one anion. Using systematic qualitative

analysis procedures analyse the sample. Carefully, record your
experiments, observations and inferences as shown in Table 2. Finally,
identify the anion and cation present in sample RV.

Table 2: Experimental Table

SIN Experiments Observations Inferences

Questions
(@) What are the cation and anion in the sample?
(b) Write the molecular formula for the sample.

The question was attempted by 46,748 candidates. Of these, 38,834
(83.07%) scored within the range of 9.0 to 15 marks, while 4,501 (9.63%)
scored within the range of 5.5 to 8.5 marks. A total of 3,413 candidates
(7.30%) scored within the range of 0 to 5.0 marks. Overall, the performance
was good, with 43,335 candidates (92.70%) achieving the pass mark of 5.5
or above. A summary of the performance is presented in Figure 18.
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Figure 19: Candidates’ Performance on Question 3, Paper 3

The candidates who performed well in this question (92.70%) demonstrated
a firm grasp of systematic qualitative analysis procedures. They provided
detailed analyses of the sample salts, including accurate observations and
insightful inferences, to identify the constituent ions accurately.
Additionally, these candidates demonstrated a strong understanding of the
properties of transition elements, atomic spectra, periodic classification,
solubility, and the formation of complex compounds. This expertise
enabled them to accurately determine the cations and anions present in the
samples upon addition of NaOH or NH,OH. Extracts 19.1, 19.2, and 19.3
present exemplary responses to Question 3 in alternative practicals A, B,
and C, respectively.
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Extract 19.1: A sample of correct responses to question 3, Alternative



In Extract 19.1, the candidate provided accurate qualitative observations,
including the formation of a white precipitate upon the addition of NaOH
and the absence of gas evolution. The candidate correctly inferred the

presence of the Zn2* cation and NO;~

anion based on the observed

reactions. Finally, she/he wrote the correct molecular formula of the salt as

Zn(NOs), .
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Extract 19.2: A sample of correct responses to question 3 of Alternative
Practical 3B

In Extract 19.2, the candidate accurately recorded observations, including
effervescence upon the addition of acid, which indicates the release of a
gas. He/she inferred the presence of HCOs™ anion based on the gas test and
correctly identified Na* as the cation due to the lack of precipitate with
NaOH. The candidate then concluded by writing the correct molecular
formula of the salt as NaHCOs.
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Extract 19.3: A sample of correct responses to question 3, Practical
Alternative 3C
In Extract 19.3, the candidate recorded accurate observations, such as the
formation of a white precipitate with dilute hydrochloric acid and its partial

181



solubility in hot water. Based on these results, she/he correctly inferred the
presence of Pb2* as the cation and CI~ as the anion. The candidate
concluded by writing the correct molecular formula of the salt as PbCl.,.

On the other hand, a small proportion of candidates, 3,413 (7.30%), who
scored low marks exhibited various weaknesses, as reflected in their
incorrect observations and inappropriate inferences during the preliminary,
solution and confirmatory tests. Many of these candidates demonstrated a
limited understanding of solubility rules and the formation of complex
compounds. This led to misinterpretation of reactions involving the
addition of NaOH or NH,OH to the sample solution. Some candidates also
demonstrated insufficient knowledge of the characteristic behaviours of
transition elements, resulting in inaccurate identification of compounds
during qualitative analysis.

Furthermore, several candidates lacked sufficient knowledge of atomic
spectra and periodic classification, which contributed to errors during the
flame tests. This was evident in observations that failed to align with
expected flame colours corresponding to specific metal ions. Additionally,
many candidates were unfamiliar with the correct chemical formulas of
common ionic compounds, which led to incorrect identification of the salts
present in the given samples.

For instance, in Alternative A, one candidate recorded the observation
"white precipitate insoluble in excess" after adding NaOH, and inferred the
presence of Ca2*, Sr2*, or Ba2*. The correct observation should have been
"white precipitate dissolves in excess,” indicating the presence of Zn?",
Sn?*, or Pb?*. Another candidate mistakenly observed a "yellow
colouration™ after adding copper turnings, rather than the expected "brown
fumes.” These errors indicate a lack of understanding of redox reactions
and analytical chemistry.

In Alternative B, one candidate reported that the evolution of a colourless
gas forming dense white fumes with ammonia indicated the presence of CI™
ions. This misinterpretation revealed a lack of understanding of the reaction
between bicarbonates and mineral acids. Another candidate incorrectly
confirmed the presence of CO3%" instead of HCO3™ due to insufficient
knowledge of how carbonates and bicarbonates react differently with
magnesium sulphate.
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In Alternative C, a candidate noted "yellow sparks™ when a glass rod
moistened with concentrated hydrochloric acid and dipped into the sample
was placed in a non-luminous flame. The correct observation should have
been a “blue flame,” corresponding to a specific line spectrum. This error
revealed an inadequate understanding of atomic spectra and the principle
that each element emits a characteristic colour in a flame. Extracts 19.4,
19.5, and 19.6 illustrate examples of incorrect responses to question 3 in
alternative practicals A, B, and C, respectively.
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Extract 19.4: A Sample of incorrect responses to question 3, Alternative
Practical 3A

—
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In Extract 19.4, the candidate provided incorrect descriptions, stating that
the sample was white and odourless. The candidate observed a colourless
gas upon adding copper turnings and concentrated sulphuric acid instead of
the expected brown fumes. Based on this, the candidate wrongly inferred
the presence of Na* and CI~ ions, reflecting a poor understanding of redox

reactions and confirmatory analysis.
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responses to question 3,

In Extract 19.5, the candidate correctly identified the colour of the salt but
incorrectly described its texture by confusing it with the state of matter,
stating it was simply "solid." He/she failed to observe effervescence upon
the addition of dilute HCI, missing a key reaction clue. The candidate also
recorded inappropriate observations and drew incorrect inferences when
NaOH and NH,OH were added, as well as during confirmatory tests,
ultimately failing to identify both the cation and anion present in the sample
salt.
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Extract 19.6: A Sample of incorrect responses to question 3,

Alternative P

ractical 3C

In Extract 19.6, the candidate correctly described the sample as “white’ but
incorrectly noted the texture. During the flame test, the candidate reported
the flame colour as “brick-red” instead of blue. Upon adding concentrated
hydrochloric acid to the sample, the candidate noted the gas as “colourless
with pungent smell” but did not mention the formation of dense white
fumes with ammonia. The candidate inferred the presence of Ca?* and
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3.0

S0,2” ions, showing a misunderstanding of the correct solubility behaviour
and flame test interpretation.

ANALYSIS OF THE CANDIDATES’ PERFORMANCE ON EACH
TOPIC

The 2025 ACSEE Chemistry examination comprised 23 topics, divided
across three papers. Chemistry Paper 1 covered 10 topics: Relative
Molecular Masses in Solution; Gases; Chemical Bonding; Chemical
Equilibrium; Selected Compounds of Metals; Environmental Chemistry;
The Atom; Aromatic Hydrocarbons; Aliphatic Hydrocarbons and
Energetics.

Chemistry Paper 2 included 10 topics: Two Components Liquid System;
Chemical Kinetics; Carbonyl Compounds; Carboxylic Acids and their
Derivatives; Hydroxyl Compounds; Polymers; Periodic Classification;
Extraction of Metals; Amines and Electrochemistry.

In Practical Papers 3A, 3B, and 3C, candidates were tested on VVolumetric
Analysis, Physical Chemistry Analysis, and Qualitative Analysis, which are
subtopics under Chemical Analysis.

Chemical Analysis was the highest-performed topic, with 92.70 per cent of
the candidates scoring average marks or above. Other topics with high
performances were Environmental Chemistry (97.47%), Chemical Kinetics
and Electrochemistry (87.15%), Aromatic Hydrocarbons (86.6%), Aliphatic
Hydrocarbons (84.65%), Acids, bases and salts/ Solubility, Solubility
Product and lonic Product (83.41%), Relative Molecular Masses in
Solution (79.73%), Chemical Bonding (72.93%), Chemical Equilibrium
(68.77%) and Gases (60.52%)

The candidates who excelled in these topics demonstrated a clear
understanding of the question requirements and exhibited strong
competencies in the tested concepts. Their good performance reflects a firm
command of the underlying principles and the ability to apply acquired
skills effectively.

Further, the analysis revealed that the topics of Two Components Liquid
System (51.89%), Periodic Classification and Extraction of Metals
(50.83%), Polymers (47.83%), The Atom (40.3%), and Carbonyl
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4.0

Compounds, Carboxylic Acids and their Derivatives (40.07%) were
performed on average. While some candidates demonstrated adequate
knowledge of these topics, a significant portion provided partial answers
and lacked the attentiveness necessary to understand the requirements of
the questions fully. Consequently, their performance on these topics
remained at an average level.

On the other hand, weak performance was observed in the topics of
Energetics (21.28%) and Selected Compounds of Metals (6.76%). Analysis
of responses from the candidates revealed a lack of sufficient knowledge of
the subject matter, resulting in errors in formulas, chemical equations, and
calculation approaches related to the topics.

When comparing the 2025 performance to that of 2024, improvements
were observed in the topics of Environmental Chemistry, Chemical Kinetics
and Electrochemistry, Aromatic Hydrocarbons, Aliphatic Hydrocarbons,
Acids, bases and salts/ Solubility, Solubility Product and lonic Product,
Periodic Classification and Extraction of Metals, Polymers and Transition
Elements, The Atom and Energetics.

However, there were declines in the performance of the topics of
Energetics and Selected Compounds of Metals. A comprehensive summary
of the candidates' performance on various topics covered in the theoretical
and practical papers is provided in Appendices A and B, respectively.

CONCLUSIONS

The 2025 Chemistry examination demonstrated a strong level of performance,
with a pass rate of 97.23 per cent. The analysis of candidates’ responses
across both theory and practical components indicated effective
engagement with the subject matter, particularly in the application of
valuable skills. Educators are encouraged to integrate more experiential
learning and utilise locally available resources to enhance conceptual
understanding and student outcomes further.

Conversely, responses from lower-performing candidates revealed
conceptual weaknesses and knowledge gaps. Addressing these through
reinforced foundational instruction and targeted academic interventions will
be essential in supporting student progress. This evaluative summary
provides key insights to inform instructional planning and promote
sustained academic achievement in the subject.
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5.0

RECOMMENDATIONS

To enhance performance in the tested topics, a collaborative effort between
teachers and students is essential. Based on the analysis of candidates’
responses, the following targeted recommendations are proposed:

(@)

(b)

(©)

(d)

Energetics

Teachers should reinforce thermodynamic concepts by focusing on
energy changes, especially enthalpy changes associated with
chemical reactions. Calorimetric experiments should be conducted to
give students hands-on experience in measuring heat changes and
applying calorimetry equations. Furthermore, students should be
guided through energy cycles such as Hess’s Law and the Born—
Haber cycle, which are essential in calculating bond and lattice
enthalpies in both ionic and covalent compounds.

Selected Compounds of Metals

Teachers should emphasise the chemical properties, reactions, and
uses of selected metallic compounds. Practical demonstrations and
discussions should be used to reinforce the theoretical content.

The Atom

To improve students’ understanding of atomic structure, teachers
should emphasise the fundamental concepts such as electron
configurations, atomic models and quantum numbers. Incorporating
visual tools, such as interactive simulations and physical models, can
effectively illustrate atomic orbitals, electron shells, and atomic
spectra. Additionally, providing historical context by discussing the
development of atomic theory through key experiments such as
Thomson’s cathode ray tube and Rutherford’s gold foil experiment
will enhance conceptual engagement and retention.

Acids, Bases, and Salts/Solubility, Solubility Product, and lonic
Product

Teaching in this area should focus on connecting theory with
practice. Laboratory experiments involving acid-base titrations,
buffer solutions, and solubility equilibria are crucial for reinforcing
classroom instruction. Teachers should also guide students through
practical calculations involving pH, pOH, Ka, Kb, and Ksp using
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(€)

(f)

()

(h)

real-world scenarios to build analytical skills. Furthermore,
integrating environmental chemistry case studies, such as acid rain,
ocean acidification and equilibrium in aqueous systems, will help
students appreciate the relevance and application of the topic.

Aromatic Hydrocarbons

To strengthen competence in aromatic chemistry, teachers should
encourage students to work in groups to discuss the factors that
activate or deactivate the benzene ring and how these influence
substitution orientations. This collaborative approach deepens
understanding of structural analysis. Moreover, teachers should
guide students through the synthesis of polymers by emphasising
both condensation and addition polymerisation reactions, thereby
bridging theoretical knowledge with practical outcomes.

Periodic Classification/Extraction of Metals

In this topic, students should be taught to recognise periodic trends,
such as electronegativity, atomic radius, and ionisation energy,
across periods and groups. Teachers should also emphasise the
practical applications of the periodic table, including its use in
predicting chemical reactivity, oxidation states, and the behaviour of
elements. This approach will help students utilise the periodic table
as a powerful tool for understanding element properties and chemical
trends.

Aliphatic Hydrocarbons

Teaching strategies in this topic should include a review of
systematic IUPAC naming rules and the concept of structural
isomerism across alkanes, alkenes, and alkynes. Additionally,
students should explore addition and substitution reactions of
aliphatic hydrocarbons, with emphasis on the underlying
mechanisms. This will promote a deeper understanding of the
reactivity and transformation of organic molecules.

Volumetric Analysis

Teachers should provide students with hands-on practice in titration
experiments that involve diluting solutions to adjust their
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concentrations. This approach will strengthen students’ competence
in performing accurate volumetric calculations.

To implement the above recommendations effectively, teachers should
employ a range of instructional strategies. These may include inquiry-based
learning (e.g., case studies, research projects and group discussions),
practical demonstrations, the use of educational videos to visualise
scientific processes and contextual learning through locally available
resources. Such methods are instrumental in simplifying complex topics
and enhancing students’ overall understanding of chemistry.
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Summary of the Candidates’ Performance in the Theory Papers

Appendix A
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Appendix B

Summary of the Candidates’ Performance in the Practical Paper
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