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FOREWORD

This report is based on Advanced Certificate of Secondary Education Examination
(ACSEE) Chemistry subject which was attempted in May 2021. Following the
analysis of the responses given by the candidates, NECTA has prepared the report
on factors that influenced the performance in Chemistry examination. It is worth
mentioning here that the report also presents a comprehensive analysis of the
candidates’ items responses in Chemistry practicals.

The general performance of the candidates who sat for Chemistry examination in
2021 was good; as 94.81 per cent of the candidates passed. This report is intended
to give feedback to educational stakeholders such as Chemistry teachers, students,
heads of secondary schools and college principals as well as educational
administrators, to mention a few. The analysis presented in this report will serve
the purpose of revealing to educational stakeholders the responses that were given
by the candidates, to help them take appropriate measures to improve the teaching
and learning to the prospective candidates.

The report has analysed in details factors that hindered the candidates to respond to
the asked questions as required such factors include insufficient knowledge of
writing chemical equations, lack/shortage of appropriate skills to perform chemical
calculations as well as the failure to follow the requirements of questions. On the
other hand, the report has identified factors which enabled the candidates to
perform well in the tested questions such as having appropriate competencies in
the subject matter and ability to comprehend the requirements of questions
properly. The analysis done for each question has been supplemented with extracts
from candidates’ scripts.

In lieu of the above account, it is expected that the feedback and the
recommendations given in this report will help, to a great extent, to improve the
performance of the prospective candidates in future examinations administered by
the Council.

The National Examinations Council of Tanzania thanks examiners, chemistry
examination officers and all other stakeholders who participated in the preparation

of this report.

Dr. Charles E. Msonde
EXECUTIVE SECRETARY
iv



1.0

INTRODUCTION

This report analyses responses given by candidates and their performance in
Chemistry examination on the Advanced Certificate of Secondary Education
Examination (ACSEE) 2021. The Chemistry examination tested candidates
in three papers namely 132/1 Chemistry 1, 132/2 Chemistry 2 and 132/3
Chemistry 3. The later paper was examined in three equivalent alternative
papers (132/3A Chemistry 3A, 132/3B Chemistry 3B and 132/3C Chemistry
3C), whereby candidates were expected to sit for one of the alternative
papers.

Chemistry 1 consisted of two sections, A and B with a total of ten (10)
questions. Section A comprised of seven (7) short answer questions, which
weighed 10 marks each, making a total of 70 marks. Candidates were
required to answer all questions. Section B comprised of three structured
essay questions, which weighed 15 marks each. Candidates were required to
answer two (2) questions, making a total of 30 marks. Chemistry 2 consisted
of a total of six (6) questions. Each of the questions weighed 20 marks.
Candidates were required to answer a total of five (5) questions. Chemistry
paper 3 consisted of three practical questions. The candidates were required
to answer all the questions.

Candidates’ performance in a particular question/topic is categorized basing
on the percentage of the marks that a particular candidate was able to score
out of the allocated marks. Thus, the performance is good if the candidate
scored from 60 to 100 percent, average if they scored from 35 to 59 percent
and is regarded weak if they scored from 0 to 34 percent. The weak, average
and good performances are denoted by red, yellow and green colours,
respectively.

A total of 34,517 candidates sat for Chemistry examination (ACSEE) in
2021. The examination results indicate that 94.81 per cent of the candidates
passed. This indicates that the overall performance was good. Despite the
good performance shown by the candidates in 2021, it was lower by 0.01
percent compared to the performance of candidates in this subject in the year
2020, which was 94.82 per cent.

This report consists of five parts, namely Introduction, The Analysis of the
Candidates’ Performance in Each Question, the Analysis of the Candidates
Performance in Each Topic, Conclusions and Recommendations.
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THE ANALYSIS OF THE CANDIDATES’ PERFORMANCE IN
EACH QUESTION

This section analyses the responses of the candidates in each of the question
tested. For each of the question, the analysis starts by giving the
requirements of that particular question, data analysis and detailed
discussion of responses given by the candidates, supplemented with
appropriate sample extracts from the candidate(s).

132/1-CHEMISTRY 1

The paper consisted of sections A and B. Section A had a total of seven (7)
short answer questions which carried 10 marks each. Candidates were
required to answer all questions from this section. Section B consisted of
three (3) structured-essay questions and candidates were required to answer
two questions. Each question in this section weighed 15 marks. In total,
candidates were required to answer nine questions in this paper.

Question 1: The Atom

The question comprised of three parts, namely (a), (b) and (c). In part (a),
candidates were required to differentiate (i) isotopy from isotopes, (ii)
atomic spectrum from photon and (iii) continuous spectrum from line
spectrum. In part (b), the questions required candidates to calculate the
frequency of a wave in a visible region that formed following the emission
of energy by an electron falling from energy level n = 4 to the ground level.
Part (c) of the question required candidates to list two uses of mass
spectrometer.

This question was attempted by 34,392 (99.6%) candidates out of which
10,680 (31.1%) scored from 6.0 — 10 marks, 12,159 (35.3%) scored from
3.5 —5.5 marks and 11,553 (33.6%) candidates scored weakly (from 0 — 3.0
marks). The overall performance of the candidates in this question was
good. This is because the majority (66.4%) of the candidates scored the pass
mark or above (3.5 — 10 marks). Figure 1 summarizes the candidates’
performance in this question.



Percentage of Candidates

35-5.5

6.0-10.0

Scores
Figure 1: Performance of the candidates in question 1

The candidates who scored high marks in this question were those who were
able to differentiate the given terms correctly. They managed to write the
Rydberg’s equation and correctly calculated the frequency of a wave
developed when the given electron fall from n = 4 to 2. Extract 1.1 is a
sample response from one of the candidates with good scores in question 1.
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Extract 1.1: A sample of good responses in question 1

Extract 1.1 displays responses of a candidate who differentiated the terms
asked in part (a) properly. The candidate correctly applied the Rydberg
equation to calculate the frequency of a wave when an electron fall from n =

4 to 2. Moreover, the candidate gave appropriate applications of the mass
spectrometer.

However, some of the candidates scored weakly in part (a) because they

used the terms ‘element’ and ‘atom’ interchangeably while differentiating
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isotopy from isotopes. In part (b), some of the candidates failed to interpret
the ground level of the visible region as n1 = 2; instead, they used levels
which were not correct and thus ended up with wrong value of frequency.
Besides, some of the candidates showed inadequate competence in
mathematical manipulations. As a result, they failed to relate and combine
the Rydberg’s and Planck’s equations to get the resultant equation required
to calculate the frequency required for the given electron transition. In part
(c), some of the candidates showed the lack of basic knowledge of the mass
spectrometer, hence gave inappropriate application of the instrument.
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Extract 1.2: A sample of incorrect responses in question 1

In part (a), as shown in Extract 1.2, the candidate defined the terms
incorrectly and applied inappropriate formulae to calculate the value of
frequency asked. The candidate wrongly assumed that the electron transited
from Paschen (n2 = 3) to Brackett series (n1 = 4) instead of transition from
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Brackett (n2 = 4) to Balmer series (n1 = 2). Thus, he/she got a wrong value
for the wavelength with a negative sign. Finally, the candidate wrote part of
the mode of action of mass spectrometer instead of its uses.

Question 2: Chemical Bonding

This question had three parts, namely (a), (b) and (c). In part (a), candidates
were required to identify the energetically stable compounds among the
following pairs: (a) (i) NaBr and NaBrz, (ii) ClO4 and CIO4~ (iii) OF4 and
SeFsand (iv) SO4 and XeOg. In part (b), candidates were given the statement
that “Although the Valency Shell Electron Pair Repulsion Theory (VSEPR)
predicts correctly the CHs and NHsz molecular geometries (or shapes), it
does not account for the differences in (H-C-H) and (H-N-H) bonds whose
angles are 109.5° and 107.3°, respectively.” Then, candidates were required
to give reasons for such deviations. In part (c), candidates were required to
classify the type of bond involved in each of the following chemical
equations.
. . e)
e R LD
" 5

iy HO+ F: ——— H:F:

This question was attempted by a total of 32,871 (95.2%) candidates, out of
which 52.1, 22.4 and 25.5 per cent scored from 6.0 — 10, 3.5 -5.5and 0 —
3.0 marks, respectively. Figure 2 presents the summary of the candidates’
performance in question 2.

Scores
m0-3.0

35-55
m6.0-10.0

22.4%

Figure 2: Performance of the candidates in question 2
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The statistics shows that the general performance in this question was good,
as a total of 24,499 (74.5%) candidates scored 3.5 marks or above.

The candidates who performed well (74.5%) demonstrated proper
competencies in arranging electrons in a compound. These candidates
managed to relate the concept of electron arrangement to the bond strength
and stability of compounds. Thus, they managed to identify the most
energetically stable compound among the given pairs. In part (b), they were
able to relate the extent of repulsion of electron pairs (lone pair and bonded
pair) to the bond angles while giving the geometrical shapes. Good
performers in part (c) were able to relate the arrangement of valence
electrons according to Lewis structure and the nature of bond formed.
Extract 2.1 is a sample of correct responses from one of the candidates.
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Extract 2.1: A sample of correct responses in question 2

In Extract 2.1, the candidate correctly identified the more energetically
stable compound than the other in each of the pairs. The candidate used the
idea of the effect of lone pairs (non-bonding electron pairs) to comment
correctly on the deviation of bond angles observed.

On the other hand, some of the candidates (25.5%) lacked appropriate
knowledge of electron arrangement within a compound, the concept which
would help them to determine the bond strength and stability of the
compound. Thus, they wrongly picked the energetically stable compounds
from the given pairs. In part (b), some of the candidates commented on the
deviation of bond angles incorrectly. The candidates who scored low marks
in part (c) failed to relate the arrangement of valence electrons according to
Lewis structure and the types of bonds formed in terms of electron transfer
or sharing. Extract 2.2 shows a sample of weak responses from one of the
candidates in this question.
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Extract 2.2: A sample of incorrect responses in question 2

In Extract 2.2, the candidate identified less stable compounds in terms of
energy, instead of the most energetically stable compounds. The candidate
though had some ideas about VSEPR, failed to establish the base for the
difference in bond angles that was asked in part 2 (b). Moreover, the
candidate interchanged the type of bond in part 2 (c) (i) and 2 (c) (i).

Question 3: Relative Molecular Masses in Solution

This question had three parts. Part (a) required candidates to determine the
partial pressure of water in a mixture containing 36 g of water and 32 g of
methanol at 298 K. Candidates were given 3.2 kPa as the vapour pressure of
pure water at 298 K. Part (b) required candidates to calculate the vapour
pressure of a solution made by dissolving 10 g of non-volatile candle wax
(C22Ha46) in 40 g of carbon tetrachloride at 23 °C. Candidates were given 100
mm Hg as the vapour pressure of carbon tetrachloride at 23 °C. Part (c)
required candidates to comment on the observation that, “further dilution of
0.1 M KCI solution causes the observed molecular mass to approach the
theoretical value of 37.3.”

The question was attempted by 32,725 (94.8%) candidates. Figure 3
summarizes the candidates’ performance in the question.
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Figure 3: Performance of the candidates in question 3

Figure 3 shows that the overall performance in the question was good, as
53.9 per cent of the candidates who attempted the question scored 3.5 marks
or above.

The analysis of responses shows that the candidates who performed well in
the question exhibited appropriate mathematical skills as well as correct
manipulation of the units. Hence, they scored in most parts of the question.
They managed to derive the relationship between the mole fractions and
vapour pressure of pure solvent properly. Moreover, the candidates had
enough knowledge regarding the effect of dissociation of solute on its
molecular weight. Extract 3.1 shows responses from one of the candidates
with good scores in question 3.
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Extract 3.1: A sample of correct responses in question 3

In Extract 3.1, the candidate was able to perform all the required
calculations while manipulating the units correctly. The candidate managed

commented in part 3 (c) of the question appropriately.

to relate the effect of dissociation of solute to its molecular weight. Hence,

Besides, some of the candidates amounting to 46.1 per cent scored weakly in
this question. These candidates failed to manipulate the units while

performing the required calculations.

Moreover, they provided a wrong

relationship between the effect of dissociation of solute and the relative
molecular mass of the solute. Extract 3.2 is an example of responses with

weak scores from one of the candidates.
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Extract 3.2: A sample of incorrect responses in question 3

In Extract 3.2, the candidate not only used inappropriate formulae, but also
manipulated the units wrongly in performing the required calculations.
Moreover, the candidate incorrectly commented in the last part of the
question; as he/she did not understand how to derive the theoretical value of
the molar mass (37.3).

Question 4: Energetics

The question had two parts, namely (a) and (b). Part (a) of the question
asked candidates “Using the following chemical equations and values
provided for each, calculate the enthalpy of formation of Ca(OH)a.
H,(9)+10,(g) > H,O0(l) AH = -68.3 kCal

Ca(s)+H,O0(l) > Ca(OH),(s) AH = -15.3 kCal

Ca(s)+30(g) » CaO(s) AH =-151.8 kCal .
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Part (b) required candidates to calculate the heat change for the synthesis of

diborane  (BoHe) from its  elements according to  the

equation 2B(s)+3H,(g) — B,H(g) . Candidates were supplied with the

following information:

S/N Reaction AH kJ
1 | 2B(s)+320,(g) - B,0O,(s) -1273
2 | Bz2He(s) + 302 (g) — B203(s) +3H20 (9) -2035
3 | H2g) + £02(g) — 3H20 (1) -286
4 | H20 (g) —>H0 () 44

The question was attempted by 26,705 candidates, corresponding to 77.4 per
cent, out of which, 42.8 percent scored high marks (6.0 - 10), 17.7 per cent
scored average marks (3.5 — 5.5) and 39.5 percent scored from 0 — 3.0
marks. The summary of the candidates’ performance in this question is
summarized in Figure 4.

60.0 -
500 - 39.5
40.0 -
30.0
20.0
10.0

00 T T |
0-3.0 35-55 6.0-10
Scores

Figure 4: Performance of the candidates in question 4

42.8

17.7

1

1

Candidates Percentage

The overall performance in this question was good, as 60.5 per cent of the
candidates scored 3.5 marks or above. The candidates who scored high
marks managed to manipulate the thermochemical equations given and got
correct answers appropriately. Extract 4.1 presents a section of correct
responses from one of the candidates.
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Extract 4.1: A sample of good responses in question 4

In Extract 4.1, the candidate managed to balance all the thermochemical
equations correctly and reversed equations 2 and 4. The candidate calculated
the enthalpy of formation of diborane (B2Hs) correctly.

On the other hand, (39.5%) candidates who got weak scores in this question
showed lack of knowledge of manipulating thermochemical equations.
Hence, they did not arrive at the expected chemical equations and their
associated enthalpies. Extract 4.2 from one of the candidates is an example
of weak responses.
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Extract 4.2: A sample of incorrect responses in question 4

In Extract 4.2, the candidate failed to balance the equations and failed to
reverse equations 2 and 4 which resulted in an incorrect calculation.

Question 5: Soil Chemistry

The question comprised of two parts, namely (a) and (b). Part (a) required
candidates to justify the following facts: “(i) lon exchange in the soil system
is a reversible process (ii) All calcium or magnesium compounds can be
used as liming materials (iii) Aluminum contributes to soil acidity.” In part
(b), candidates were asked as follow: “Rungwe high school farm soil
requires 100 kg of nitrogen to fulfill the plant requirement of nitrogen per
hectare. If the farm has 60 hectares, calculate the number of bags of
ammonium sulphate, (NH4)2SO4 fertilizer required to meet this demand.
(One bag of fertilizer weighs 25 kg).”

A total of 31,331 candidates equivalent to 90.8 per cent attempted the
question, out of which 66.1 per cent scored from 0 — 3.0 marks, 26.0 per
cent scored from 3.5 — 5.5 marks and 7.9 per cent scored from 6.0 — 10
marks. Figure 5 shows a graphical distribution of the candidates’ scores in
question 5.
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Figure 5: Performance of the candidates in question 5
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The overall performance in this question was weak, as 66.1 per cent of the
candidates scored below the pass mark (<3.5 marks), as Figure 5 shows. The
statistical data shows that only 33.9 per cent of the candidates were able to
score an average mark or above (from 3.0 — 10 marks).

The analysis of responses given by the candidates in this question revealed
that the candidates (66.1%) who scored weak marks  were not
knowledgeable of the concept of ion exchange within the soil (soil colloids
and soil solution regrading reversible change of ions), and had no
knowledge of the basic-acidic character of the resulting solutions obtained
when metals hydrolyze in the soil water. Moreover, some of them showed to
have weak language skills hence could not understand the meaning of the
term justify. For instance, in attempting part (a) (i) of the question, one of
the candidates responded “calcium and magnesium can be used in the
laboratories in the experimental processes such as magnesium ribbon and
CacCl, which may be used in qualitative analysis experiment” contrary to the
requirement of the question. The candidate was supposed to defend or
substantiate or validate or endorse or rationalize the use of Ca and Mg
compounds in liming process. The candidate was expected to point out that
hydrolysis of Mg and Ca compounds (particularly the oxides and
carbonates) leads to the formation of strong basic solutions which can
neutralize the amount of acid in the soil during the process of liming. Extract
5.2 is a sample of incorrect responses given by one of the candidates in part
5 (b).
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Extract 5.2: A sample of incorrect responses in question 5

In Extract 5.2, the candidate presented partial data in an attempt to calculate
the number of fertilizer bags that were required. His/her approach to divide
the total amount of nitrogen required (6000 kg) by the mass of one fertilizer
bag (25 kg) to get the number of bags required (240), was not correct. The
candidate was also supposed to determine the nitrogen content in
ammonium sulphate fertilizer and perform appropriate mathematical
operations to get 1132 bags of fertilizers.

On the other hand, 33.9 per cent of the candidates were able to perform in
this question well. These candidates showed to have acquired appropriate
competencies in ion exchange processes taking place in the soil. They also
demonstrated good mathematical skills. In part (a) of the question, the
candidates managed to explain the concept of reversibility of ions within the
soil and used the concept of acid—base character of metal in contact with
soil water to explain how soil acidity and soil basicity can be controlled. In
part (b), the candidates who got full marks in the question mastered
mathematical skills about stoichiometry. Extract 5.1 displays an example of
good responses from a candidate who scored high marks in this question.
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Extract 5.1: A sample of correct responses in question 5

Extract 5.1 shows responses of a candidate who explained the concept of
soil colloids and soil solution well. Moreover, the candidate highlighted the
concept of metal hydrolysis in the soil correctly. Lastly, He/she performed
the required calculations correctly.

2.1.6 Question 6: Selected Compounds of Metals

This question had two parts, namely (a) and (b). In part (a), candidates were
given the following information: “When dilute hydrochloric acid is added
to a yellow solution of potassium chromate, an orange solution of
dichromate is produced.” Then, they were required to provide a brief
explanation of what could be observed if the following were done: “6 (a) (i)
adding more hydrochloric acid (ii) addition of dilute solution of sodium
hydroxide (iii) addition of anhydrous calcium chloride.” Part (b) required
candidates to give brief explanation of “(i) Hydrogen gas is evolved when
magnesium is introduced into a beaker containing aqueous solution of
ammonium chloride. (ii) AICIs reacts chemically with water while NaCl
does not.”
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The question was attempted by a total of 26,705 (77.4%) candidates.
Statistical data shows that 22,903 (85.8%), 2464 (9.2%) and 1338 (5%)
candidates scored from 0 — 3.0, 3.5 — 5.5 and 6.0 — 10 marks, respectively.
Figure 6 shows the distribution of the candidates’ scores in question 6.

5.0%

9.2%

Scores
m0-3.0

35-55
m6.0-10.0

Figure 6: Performance of the candidates in question 6

The general performance in this question was weak, as 22,903 (85.8%) of
the total candidates (26,705; 77.4%) who attempted the question scored
marks below the pass mark (<3.5).

The analysis of responses given by the candidates with low scores (85.8%)
revealed that they had insufficient knowledge of the topic of Selected
Compounds of Metals. These candidates failed to comprehend the situation
that could be taking place in the reaction mixture following an addition of
the given reagents. For instance, one of the candidates while attempting
part 6 (a) (i) of the question wrote, “On addition of more HCI will not
change the colour of the solution” contrary to the correct answer. The
candidates were supposed to understand that upon adding more HCI, the
reaction lies more to the right hand side (products side). Thus, the orange
colour is observed due to the formation of dichromate.

Besides, some of the candidates with low scores repeated the requirement
of the question. For example, one of the candidates in responding to part 6
(b) (i) wrote, “So from the reaction above show that when magnesium is
introduced into a beaker containing aqueous solution of ammonium
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chloride we can see that hydrogen gas is evolved” which is contrary to the
requirement of the question. In this part of the question, the candidate was
expected to understand and respond that when magnesium is introduced
into a beaker containing aqueous solution of ammonium chloride, it reacts
with ammonium chloride to produce magnesium chloride and ammonium
(strong acidic radical). Thereafter, the ammonium ions produced reacts
with water to produce ammonium hydroxide and hydrogen ions.
Magnesium reduces the hydrogen ions to form hydrogen gas. Extract 6.1 is
a sample of incorrect responses given by one of the candidates in question
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Extract 6.1: A sample of incorrect responses in question 6

24



In Extract 6.1, the candidate gave incorrect equation to represent the
equilibrium between chromate and dichromate ions under acidic medium in
part 6 (a) (i), instead of explaining the expected observation. The candidate
was supposed to understand that there is an equilibrium existing between
chromate (yellow in colour) and dichromate ions (orange in colour) under
acidic medium.

The candidate also gave incorrect observation in the subsequent parts of 6
(@). In part 6 (a) (ii), the candidate was supposed to understand and respond
that, when NaOH is added to the equilibrium which was in acidic
condition, neutralization occurs and the equilibrium moves to the left hand
side hence producing yellow chromate. In part 6 (a) (iii), the candidate was
expected to understand that, when anhydrous calcium chloride is added to
the equilibrium it absorbs water and hence the system shifts to the right
hand side producing more orange dichromate. Lastly, the candidate gave
incorrect equation and explanation in 6 (b) (i) and 6 (b) (ii), respectively.
The candidate was supposed respond to this part as described in the
preceding paragraph.

Despite the fact that the majority of the candidates scored weakly in this
question, some of the candidates (5.0%) scored high marks. These
candidates showed appropriate competencies required in this topic. They
applied Le Chatelier’s principle to explain the equilibrium position upon an
addition of given reagents. They also managed to apply the knowledge of
properties of metal compounds in giving explanations in part 6 (b) of the
question. Extract 6.2 shows a sample of responses from one of the
candidates who performed well in this question.
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Extract 6.2: A sample of appropriate responses in question 6

In Extract 6.2, the candidate gave correct observations in all parts of 6 (a).
The candidate also managed to respond to the remaining parts of the
question correctly.

2.1.7 Question 7: Aliphatic Hydrocarbons

This question had two parts, namely (a) and (b). Part (a) (i) required
candidates to give two properties that make organic compounds a suitable
source of fuel. Part (a) (ii) was as follows: “Compressed natural gas
methane, (CH4) is a fossil fuel found in large quantities in our country,
Tanzania. Due to its several advantages, compressed natural gas is
considered the most promising vehicles’ fuel and thus it should be
promoted as the main fuel in our country. State four benefits offered by the
compressed natural gas over conventional fuel like gasoline and diesel.”
Part (b) required candidates to suggest a suitable chemical test to
distinguish between the following pairs of organic compounds: (i) Butane
and 1-butene (ii) Propyne and propene (iii) Pent-1-yne and pent-2-yne (iv)
Propane and 1-bromopropane.

The question was attempted by 31,489 (91.2%) candidates, out of which,
67.6 per cent scored marks ranging from 0 — 3.0. Meanwhile, 21.7 and 10.7
per cent of the candidates scored from 3.5 — 5.5 marks and from 6.0 — 10
marks, respectively. The summary of the candidates’ performance in this
question is shown in Figure 7.
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Figure 7: Performance of the candidates in question 7

Figure 7 shows that the general performance in this question was weak, as
the majority of the candidates (67.6%) who attempted the question scored
below the pass mark (<3.5).

The responses of the candidates who scored weakly in this question
(67.6%) shows that they lacked the required competencies in understanding
the nature of alkanes as fuels. Moreover, responses from these candidates
indicate that they lacked basic knowledge of the chemical properties of
hydrocarbons. Most of these candidates failed to answer part (b) of the
question. This is attributed to insufficient knowledge of the chemical
properties of functional groups. As a result, candidates failed to choose
suitable reagents which would give observable changes to distinguish
between the given compounds. Extract 7.1 presents a sample of incorrect
responses given by one of the candidates in this question.
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Extract 7.1: A sample of incorrect responses in question 7
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In Extract.7.1, the candidate gave incorrect properties in part (a) (i). In (a)
(ii), the candidate gave the uses of natural gas instead of giving reasons that
make natural gas superior over conventional fuel. Lastly, the candidate
differentiated the given pair of organic compounds in terms of their origin
contrary to the requirement of the question.

However, 10.7 per cent of the candidates managed to score high marks in
the question. The analysis of responses of such candidates showed that,
apart from having appropriate competencies in the topic of Aliphatic
Hydrocarbons, they properly understood the requirements of the question
and scored correctly in most parts of the question. Extract 7.2 is a sample of
responses from one of the candidates who performed well in the question.
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Extract 7.2: A sample of correct responses in question 7

In Extract 7.2, the candidate gave correct properties that make organic
compounds suitable for fuels. The candidate also gave appropriate benefits
of compressed natural gas over conventional fuels. Furthermore, he/she
managed to distinguish the given organic compounds correctly.

Question 8: Chemical Equilibrium

This question had four parts, namely (a), (b), (c) and (d). In part (a),
candidates were required to (i) state Le Chatelier’s principle (ii) differentiate
homogeneous equilibrium from heterogeneous equilibrium as applied in
chemistry. In part (b), candidates were required to predict by giving one
reason in each case, the direction of the net reaction when the pressure of the
system is doubled at constant temperature. They were given the following
equilibrium reactions:

(i) 2Pb(s) + 30, (9) < 2PbO(s) + 20, (9)

(if) PCl;(9) <= PCl,(9) + Cl, (9)
(ii)H,(g) + CO, (9)—— H,0(g) + CO (9)

In part (c), candidates were asked as follows; “Hydrogen iodide gas was
synthesized from hydrogen gas and iodine vapour at 450 °C in a 2.0 Litre
vessel. The value of the equilibrium constant, K¢ for the reaction was found
to be 50.5. If 1.0 x 10 "2 moles of hydrogen gas, 3.0 x 10  moles of iodine
vapour and 2.0 x 10 "2 moles of hydrogen iodide were placed in a vessel at
the stated temperature; (i) write a balanced equilibrium reaction equation
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for the synthesis of hydrogen iodide gas. (ii) calculate the reaction quotient
(Q) for the reaction. (iii) state whether the reaction will proceed to the right
or left of the equation. Give a reason (iv) with a reason, comment on a
possible effect regarding the equilibrium position, if the pressure of the
reaction system is increased.” Part (d) of the question asked candidates to
calculate the equilibrium constant in terms of partial pressure, Kp for the

reaction K, + N, = 2KNAH =-20 jmol *which had the K¢ value of 10

at 25 °C.

Question 8 was among the three optional questions (Questions 8 — 10). In
this section, candidates were required to answer only two questions. The
statistical data show that this question was attempted by 32,451 (94.0%) out
of 34,517 candidates making it the most chosen question in Section B.
Statistical data further indicates that this question was the most well
performed by the candidates in ACSEE 2021 Chemistry theory paper. That
is, 26,434 (81.5%) candidates who attempted it scored a pass mark or
above (>5.5 marks). The distribution of the candidates’ scores in this
question is as follows: 19,503 (60.1%), 6,931 (21.4%) and 6,017 (18.5%)
candidates scored marks ranging from 9.0 — 15, 5.5 — 8.5 and from 0 — 5.5,
respectively. Figure 8 summarizes the candidates’ performance in this
question.

5 80-0 7 60.1
o
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S 60.0 -
>
S
~ 40,0 -
E 18.5
= D _
= Yy
O /'_..'_'_ :

00 L A S

0-5.0 55-85 9.0-15
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Figure 8: Performance of the candidates in question 8

The candidates who passed this question (60.1%) responded to the most
parts of the question correctly. The analysis of responses given by the
candidates in this question indicates that they had acquired appropriate
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competencies in the topic of Chemical Equilibrium. Thus, these candidates
managed to apply Le Chateliers principle appropriately to attempt part (a) (i)
and (b) (i — iii). Moreover, they were familiar with the concept of
equilibrium constant. As a result, they responded to part (c) and (d) of the
question correctly. Extract 8.1 is a sample of correct responses given by one
of the candidates in question 8.
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Extract 8.1: A sample of correct responses in question 8
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Extract 8.1 shows responses of a candidate who gave a correct statement on
the Le Chateliers principle and differentiated the two types of equilibria
given correctly. The candidate manipulated the equations given and
calculated the value of reaction quotient and the equilibrium constant
correctly.

However, some of the candidates scored low marks in this question (18.5%)
because they were unfamiliar with the practical application of Le Chateliers
principle despite the fact that it was one of the topics in ordinary level
Chemistry. Most of such candidates failed to write the balanced chemical
equation for reaction at equilibrium hence got an incorrect Kp/Kc
expression. In addition, some of them did not include the stoichiometric
coefficient in the expressions for reaction quotient and equilibrium constant.
Thus, they got incorrect values of Q and Kp. Extract 8.2 is a sample of poor
responses given by one of the candidates in question 8.
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Extract 8.2: A sample of incorrect responses in question 8

In Extract 8.2, the candidate gave a statement without proper meaning in 8
(@ (i), and attempted to give the differences between homogenous and
heterogeneous mixture instead of heterogeneous and homogenous
equilibrium. In part (b), the candidate did not understand the requirement of
the question, and thus gave irrelevant statements. In part (c) (i), the
candidate wrote a wrong equation for calculating the reaction quotient. The
candidate just divided the enthalpy accompanying the given chemical
reaction by the wvalue of equilibrium constant, instead of using the
expression Kp = Kc[RT]™™ . Thus, the candidate got a wrong answer in this
part of the question.
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2.1.9 Question 9: Aromatic Hydrocarbons and Halogen Derivatives of
Hydrocarbons
This question consisted of six parts, namely (a), (b), (c), (d), (e), and (). In
Part (a), candidates were required to write the IUPAC names of the
following organic compounds:
Q) CCI3CHs
(i)  CHCICCI.CHCI2

(iii) Br@d

(iv)  CCICH2CCls3

In part (b), candidates were asked as follows: “With the aid of a chemical
equation (no reaction mechanism is needed), give a reason for the position
occupied by bromide atom when bromine reacts with: (i) phenol (ii) benzene
carbaldehyde.” In part (c), candidates were required to write the structures
and provide names for the five products in the reaction;

U.V Light, No Fe
CH, g » three (3) products

O e —

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

CH,CI

(i) ©/ + NaCN - .
CH,l

(ii) ©/ + NaOH _ >

In part (e), candidates were required to distinguish the following chemical
compounds:

of
(i) Bromobenzene from

(i)  Vinyl bromide from p-chlorobenzene.

Dark,Fe » two (2) products
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In part (f), candidates were required to show step-wise conversion of 2-
phenol into each of the following organic compounds.

CH,CH,Br CHCICH,
0 (I o (7

The question was attempted by 9,189 (26.6%) candidates, out of which, 16.2
per cent scored from 9.0 — 15 marks, 35.7 per cent scored from 5.5 — 8.5
marks, while 48.1 per cent scored marks ranging from 0 — 5.0. The summary
of the candidates’ performance in this question is shown in Figure 9.
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200
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Figure 9: Performance of the candidates in question 9

Figure 9 indicates that the overall performance in this question was average,
as the majority of the candidates (51.9%) scored average marks or above
(>5.5). The analysis of the candidates’ responses shows that a few
candidates who scored high marks (9.0 - 15) understood concepts in both
topics of Aromatic Hydrocarbons and Halogen Derivatives of Hydrocarbons
well. Hence, they managed to answer all parts of the question correctly. The
analysis also shows that 35.7 per cent of the candidates were partially
competent in Aromatic Hydrocarbons and Halogen Derivatives of
Hydrocarbons. Hence, they provided partial answers in most parts of the
question and scored average marks. For example, despite that one of the
candidates scored in part (a) (i-iii), he/she failed in part (a) (iii), as she/he
named the given compound as “1-trichloro-3-trichloropropane” instead of
1,1,1,3,3,3-hexachloropropane which was the answer. This indicates that the
candidate possessed partial knowledge of naming organic compounds; given
that she/he succeeded in some rules but failed in naming the substituents
groups correctly.
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In another case, one of the candidates with average score in the question
responded to part (b) (ii) as follows: “carbaldehyde is deactivator so it
direct the electron toward para and ortho position”, which was incorrect.
The candidate was expected to understand that deactivators such as
carbaldehyde direct the incoming group to meta position. Such incorrect
responses indicated that the candidates were not competent enough in
Resonance Theory. However, some of the candidates performed well in the
question. Extract 9.1 shows an example of correct responses given by one of
the candidates in the question.
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Extract 9.1: A sample of appropriate responses in question 9

Extract 9.1 shows the responses of a candidate who was able to name
organic compounds according to IUPAC system. The candidate also gave

correct products in subsequent parts of the question.

Nonetheless, 48.1 per cent of the candidates scored weakly in this question.
Analysis of the responses given by these candidates indicates that they had
insufficient knowledge of the properties and reactions of aromatic
hydrocarbons and halogen derivatives of hydrocarbons. The candidates
showed to have experienced difficulties in naming organic compounds
according to IUPAC system. Extract 9.2 shows a sample of poor responses

from one of the candidates in question 9.
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Extract 9.2: A sample of incorrect responses in question 9

In extract 9.2, the candidate named the given organic compounds without
observing the ITUPAC rules, particularly, when naming substituent groups in
part (a) of the question. In part (b), the candidate wrongly introduced the
bromide group into meta position. Moreover, he/she gave incorrect answers
to the subsequent parts of the question.
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2.1.10 Question 10: Gases

This question consisted of five parts, namely (a), (b), (c), (d) and (e). In Part
(a), candidates were required to show how Boyle’s and Charle’s laws are
special cases of the ideal gas law. In part (b), candidates were asked as
follows: “(b) (i) Theoretically, ideal gases cooled to a temperature of -
273.15 °C will occupy zero (0) volume. With reason(s) comment on whether
gases practically occupy zero volume at such temperature. “(b) (ii)
Molecule A is twice as heavy as molecule B. Which of these has higher
kinetic energy at any temperature? Give a reason.” Part (c) required
candidates to explain the following phenomena: (i) Liquid ammonia bottle is
cooled before opening the seal (ii) The tyre of an automobile is inflated to a
slightly lower pressure in summer than in winter. In part (d), candidates
were given the following information: “A 1.0 litre sample of dry air at

25°C and 786 mmHg contains 0.925 g of nitrogen gas (N2) and other
gases.” Candidates were required to assume the dry air was ideal and
calculate (d) (i) mole fraction of N2 in the gas sample while (d) (ii) required
them to calculate the partial pressure of N in the gas sample in mmHg. In
part (e), the candidates were asked as follows: “The volume of 200 cm? of
oxygen gas required 250 seconds to diffuse through a porous membrane.
Under the identical conditions, 200 cm® of gas ‘Z’ is diffused in 177
seconds. Calculate the relative molecular mass of gas Z°.”

The question was attempted by 26,492 candidates, equivalent to 76.8 per
cent. Statistical data show that 22.7 per cent of the candidates scored from
9.0 — 15 marks, 40.1 per cent scored from 5.5 — 8.5 marks, while 37.2 per
cent scored from O — 5.0 marks. The summary of the candidates’
performance in this question is shown in Figure 10.
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Figure 10: Performance of the candidates in question 10
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The general performance in this question was good, as 62.8 per cent of the

candidates scored marks from 5.5 — 15. The candidates who perfor
in this question were able to show how Boyle’s and Charles’s

med well
laws are

special cases of ideal gas equation. They were able to give precise
explanation of the effect of temperature on kinetic energy. Moreover, these

candidates properly explained the application of Boyle’s and Charl

es law in

daily life. In addition, this group of candidates showed to have appropriate
mathematical skills, given that they calculated the mole fraction, partial

pressure and relative molecular mass of the gas correctly. Ext
shows an example of good responses from one of the candidates in
10.

ract 10.1
question
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Extract 10.1: A sample of good responses in question 10

In Extract 10.1, the candidate managed to combine Boyle’s and
Charle’s law correctly to give ideal gas equation. The candidate
calculated the mole fraction, partial pressure and relative molecular

mass of the gas Z correctly.
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However, 37.2 per cent of the candidates got low scores in this
question. These candidates failed to derive the ideal gas equation from
Boyle’s and Charles’s law. Moreover, they failed to explain the effect
of temperature on kinetic energy as well as the application of Boyle’s
and Charles law in daily life. Extract 10.2 is a sample of incorrect
responses given by one of the candidates in question 10.
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Extract 10.2: A sample of incorrect responses in question 10

In Extract 10.2, the candidate derived the general gas equation instead of the
ideal gas equation. The candidate gave wrong explanation and failed to
deduce with a reason a molecule that was heavier than the other. Lastly, the
candidate used a wrong approach in performing the required calculations in
part (d) and (e) and got incorrect answers.
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2.2

221

132/2-CHEMISTRY 2

This paper was a theory paper and consisted of a total of six (6) questions.
All questions in this paper were short answers and each question carried 20
marks. Candidates were required to answer 5 questions. The pass mark in
each question was 7.0 marks.

Question 1: Electrochemistry

This question had four parts, namely (a), (b), (c) and (d). Part (a) (i) required
candidates to distinguish between an electrolytic cell and a galvanic cell.
Part (a) (ii) asked as follows: “Lead rods are placed in each of the following
solutions: AgNOs, CuSQO4, FeSO4 and ZnSO4. In which solution would you
expect a coating of one metal on lead rod?Give a reason.” Candidates were
given: €° Zn?**/Zn=-0.76 V, .€° Pb¥/Pb = - 0.13 V, €° Cu?*/Cu =+ 0.34 V,
€° Ag'/Ag =+ 0.81 V and €° Fe**/Fe = - 0.44 V. In part (b), candidates were
required to give a brief explanation on why the Kohlrausch’s law of
independent migration of ions applies at infinite dilution of electrolyte. In
part (c), candidates were required to show that the cell potential for the cell

reaction  Zn(s)+Cu* (ag)—— Zn**(aq)+Cu(s) with different cell
concentration at temperature of 298K could be given by

2+
s°:s°cell-0.0295logw In part (d), candidates were given a
[Cu™ (aq)]

galvanic cell which consisted of metallic plates of zinc and lead immersed in
0.1 M Zn(NOs)2 and 0.02 M Pb(NOg). solution, they were then required to
(i) write the chemical equations for the electrode reactions (ii) write the cell
notation for the reaction and (iii) calculate the e.m.f of the cell.

This question was attempted by 32,082 (93.0%) candidates out of which
3,988 (12.4%) scored from 12.0 — 20, 11,057 (34.5%) scored from 7.0 —
11.5 and 17,043 (53.1%) scored from O — 6.5 marks, respectively. The
summary of the performance of the candidates in this question is shown in
Figure 11.
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Figure 11: Performance of the candidates in question 1

The general performance in this question was average, as 15,039 (46.9%)
candidates scored the pass mark or above. The candidates who scored high
marks showed proper understanding of the concept of oxidation—reduction.
As a result, they managed to differentiate electrolytic cell from galvanic cell
and derived the expression for cell potential from the cell reaction equation.
Moreover, they correctly applied the Nernst equation in calculating the e.m.f
of the given cell. The candidates who scored average marks responded
correctly to some parts of the question and missed some. For example, one
of the candidates attempted part (d) (iii) as follows:

2+
“g°=¢°,,, -00205l0g L2 (8]
[Pb™ (aq)]

_80

o —
cell —

o
reduction

Bute°=0
Bute°=0

€ €

oxidation

£°=0-0.0295log 01
0.02

&% =0.02V

cell

Although this candidate wrote the correct formulae and scored some of the
marks, he/she plugged in the wrong (£°=0) value for the standard electrode
potential of the cell and, thus, got incorrect answer. The candidate was
supposed to proceed as follows:

- 0.0295Iog[znz+ﬂ
[Pb™ (aq)]

o0 — o0
E =&
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o N} _ o0
€ cell — € reduction € oxidation

&%y =-0.13V +0.76V =0.63V
substituting

£°=0.63- 0.0295log£ =0.609V .
0.02

Extract 11.1 shows a sample of correct responses given by one of the
candidates in question 1.
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Extract 11.1 A sample of correct responses in question 1

In Extract 11.1, the candidate correctly distinguished between galvanic cell
and electrolytic cell. The candidate gave half-reaction equations and derived
the expression for the cell potential correctly. He/she also used an
appropriate formula to calculate the e.m.f of the cell.

On the contrary, some of the candidates got unsatisfactory performance in
the question. They gave wrong responses in all parts of the question. This
was attributed to the misunderstanding of the requirement of the question.
The candidates did not also master the concept of oxidation-reduction.
Hence, they wrote half-reaction equations incorrectly. Moreover, they failed
to derive the expression for the cell potential. Extract 11.2 shows a sample
of incorrect responses given by one of the candidates’ in question 1.
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Extract 11.2: A sample of incorrect responses in question 1

In Extract 11.2, the candidate calculated the e.m.f of a cell in part (a);
contrary to the requirement of the question. The candidate gave a wrong
reason regarding the application of the Kohlrauschs’ law. In part (c), the
candidate failed to derive the required expression.

2.2.2 Question 2: Two Component Liquid Systems

This question had four parts, namely (a), (b), (c) and (d). Part (a) required

candidates to write the mathematical expression for distribution law. Part (b)

asked candidates as follows: “Compound P has a partition coefficient of

4.00 between ethoxyethane and water. Given that 2.0 g of P is obtained in
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solution, in 50cm?® of water, calculate the mass of P that can extracted from
the aqueous solution by (i) 50cm® of ethoxyethane (ii) two successive
extractions of 25 cm?® of ethoxyethane each.” Part (c) required candidates to
comment on the variation of the amount extracted in (b) (i) and (ii). Part (d)
of the question asked 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 a 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 (ii) Mass of the solute G which
will remain in the aqueous solution after a further shaking with 100 cm® of
pentan-1-ol.”

This question was attempted by 33,310 (96.5%) candidates out of which,
29.0 per cent scored from 12 — 20 marks, 40.0 per cent scored from 7.0 —
11.5 marks and 31.0 per cent scored from 0 — 6.5 marks. The candidates’
performance is summarized in Figure 12.
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Figure 12: Performance of the candidates in question 2

The data in Figure 12 show that the majority of the candidates (69.0%)
passed the question, as they managed to score marks from 7.0 — 20. The
candidates with good scores were able to write the correct formula for the
partition coefficient. The candidates transposed the formula for calculating
partition coefficient according to the requirement of the question. Moreover,
they were knowledgeable of the concept of solvent extraction and scored in
all parts of the question. Extract 12.1 shows responses from one of the
candidates who performed well in this question.
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Extract 12.1: A sample of correct responses in question 2

In Extract 12.1, the candidate correctly wrote the expression for partition
coefficient, substituted the data and manipulated the units. As a result,

he/she got correct answers in all parts of the question.

However, some of the candidates (31.0%) scored low marks in this question.
The analysis of responses on the scripts indicated that these candidates

64




understood the concept of solvent extraction but failed to manipulate the
partition coefficient expression correctly. Thus, they failed to get correct
answers. Extract 12.2 shows one of the incorrect responses given by one of
the candidates in question 2.
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Extract 12.2: A sample of incorrect responses in question 2

In Extract 12.2, the candidate incorrectly subtracted 0.04 from the value of
partition coefficient in part (a) and gave incorrect answer in part (b) (ii). The
candidate used incorrect approaches in subsequent parts of the question,

hence missed all the marks.
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2.2.3 Question 3: Solubility, Solubility Product and lonic Product

The question consisted of three parts, namely: (a), (b) and (c). In part (a),
candidates were given the information that “To a solution containing 0.1 M
Cl” and 0.01 M CrOs", a solution of AgNO3 is added slowly”. Then the
candidates were asked as follows: “(a) (i) by showing a work clearly to
identify which salt will precipitate first between AgCl and Ag.CrO4? Show
clearly how you arrived to your answer. (ii) Find the concentration of the
ion that will precipitate first at the time the second ion will start
precipitating Use Ksp (AgCI) = 2.72 x 10 1% and Ksp (Ag2CrOs4) = 2.4 x 10°
122 1n part (b), candidates were asked to calculate the solubility of Ag.CrO4
in water if the value of solubility product was 1.3 x 10% (mol/L)®. In Part
(c), candidates were given the information that: “A4 srandard solution of
AgCl(aq) at 36 °C has a conductivity of 1.32x10°. If its molar conductivity
at infinity dilution is 720 @'cm?mol, calculate; (i) the solubility of AgCl in
g/dm?. (ii) the solubility product of AgCI at the given temperature. ”

The question was attempted by a total of 31,773 (92.1%) candidates, making
it the second most attempted question in paper 2. The statistical analysis
shows that 3,658 (11.5%) of the candidates scored from 12 — 20 marks,
10,413 (32.8%) scored from 7.0 - 15 and 17,702 (55.7%) scored from O - 6.5
marks. Figure 13 summarizes the data.

55.7
60.0

50.0
40.0
30.0 A
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0-6.5 7-11.5 12 - 20
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Figure 13: Performance of the candidates in question 3

The data in Figure 13 show that 44.3 per cent of the candidates scored from
7.0 — 20 marks, which indicates an average performance in the question. The
candidates who managed to score high marks in this question had good
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knowledge of predicting precipitation using both ionic and solubility
product. They used right formulae and correctly manipulated the units while
calculating the solubility and solubility product. Extract 13.1 displays an
example of correct responses from one of the candidates in this question.
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Extract 13.1: A sample of correct responses in question 3

In Extract 13.1, the candidate predicted through calculations, the salt which
will precipitate first correctly. The candidate managed to calculate the
solubility of Ag2CrOs in water in part (b). Lastly, he/she used appropriate
formulae and an approach to calculate the solubility and solubility product
of AgCl in part (c) (i) and (c) (ii).

However, 55.7 per cent of the candidates failed to answer most parts of this
question, and hence, scored weakly. The analysis of the responses indicates
that these candidates had insufficient knowledge of the concept of fractional
precipitation. They incorrectly calculated the solubility and solubility
products asked. Others skipped some parts of the question. Extract 13.2
shows incorrect responses provided by one of the candidates.
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Extract 13.2: A sample of incorrect responses in question 3

In Extract 13.2, the candidate used an incorrect approach in all parts of the
question in calculating the solubility and solubility products from the given

data.
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2.2.4 Question 4: Periodic Classification

This question had four parts, namely (a), (b) (c) and (d). In part (a),
candidates were required to state the reason(s) for each of the following
facts; “(i) Although Na*, Mg?* and AP* ions have the same electronic
configuration, they have different radii (ii) At ordinary temperature,
phosphorus pentachloride (PCls) is a white solid with unexpected high
melting point (iii) Sodium chloride (NaCl) and unhydrous aluminum
chloride (AICI3) are both chloride of metals of period (111). Molten sodium
chloride can be electrolyzed while molten unhydrous aluminum chloride
cannot (iv) The first ionization energy increases from left to right across a
period but the first ionization energy of magnesium is larger than that of
aluminum. (v) Lithium and potassium are metals of group (I). In aqueous
solution, lithium is a poor conductor of electricity while potassium is a good
conductor (vi) Boiling point of water (H20) is higher than that of hydrogen
sulphide (H2S). All are hydrides of group (IV) elements.” In Part (b) (i),
candidates were required to give factors that were used to classify the
elements in the periodic table, while part (b) (ii), required candidates to
account for the fact that the third period of the periodic system of elements
has only eight elements, not eighteen as expected. In part (c), candidates
were given the information that: “Ammonia (NHz) and phosphene, (PH3) are
hydrides of the first two elements in group VA. Some physical properties of
ammonia and phosphene are given in the following table;

Compound Boiling point (°C ) Solubility in water
(mol/dm?3)

Ammonia, NHs -33 31.1

Phosphene, PH3 -88 8.88 x 10*

Then, the candidates were required to (i) suggest one reason for such
difference in boiling temperature (ii) explain with a reason why ammonia is
more soluble in water than in phosphene.

This question was attempted by 30,544 (88.5%) candidates, out of which,
2,485 (8.1%) scored from 12.0 — 20 marks, 8,520 (27.9%) scored from 7.0 —
11.5 marks and 19,539 .(64.0%) scored from 0 — 6.5 marks. Figure 14
summarizes the performance of the candidates in this question.
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m120-20

Figure 14: Performance of the candidates in question 4

The candidates (8.1%) with good scores (12.0 — 20 marks) in this question
showed a good knowledge of the topic of Periodic Classification. The
candidates showed to have acquired appropriate level of competencies in
periodicity, periodic trends in physical and chemical properties as well as
diagonal relationship. Extract 14.1 shows a sample of responses from one of

the candidate with high scores in this question.
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Extract 14.1: A sample of correct responses in question 4

In Extract 14.1, the candidate correctly commented on all facts given in part
(@). In part (b), the candidate gave appropriate factors used in classifying
elements in the periodic table and gave a proper account for the fact asked in
part (b) (ii). He/she used the concept of hydrogen bonding appropriately to
answer part (c). Lastly, the candidate gave an appropriate explanation of
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existence of diagonal relationship between elements in the periodic table of
elements.

On the other hand, 64.0 per cent of the candidates performed weakly in this
question. The analysis of responses given by these candidates indicates that
they had insufficient knowledge of the features of the modern periodic table
as well as the modern periodic law. Moreover, they showed lack of
knowledge of periodic trends in both physical and chemical properties. As a
result, they missed most of the marks allocated to this question. Extract 14.2
is an example of wrong responses given by one of the candidates in question
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Extract 14.2: A sample of incorrect responses in questlon

In Extract 14.2, the candidate incorrectly responded to parts (a) (i) and (ii).
He/she wrote incorrect equation in (a) (iii) and gave incorrect answers to the
remaining parts of the question. Hence, he/she missed all the allocated
marks.

Question 5: Hydroxyl Compounds

This question had two parts, namely (a) and (b). Part (a) of the question
required candidates to use their knowledge of the hydroxyl group to write
the chemical reaction equations with their IUPAC names showing what
happens when propan-1-ol is treated with each of the following:

(i)  excess HBr under reflux

(i) asmall amount of concentrated H2SO4

(iii) acidified KMnOg4

(iv) ethanoic acid in the presence of concentrated H.SO4
(v) SOCI

In part (b), candidates were given the information “Compound A (C1oH120)
gives off oxygen gas on treatment with sodium metal and also decolorizes
Br2 in CCl4 to give organic compound B. Compound A on treatment with I
in NaOH gives lodoform and salt C which after acidification gives a white
solid D (C7HeO2).” and were required to use their knowledge of organic
chemistry to identify the structures of A, B, C and D.

79



A total of 26,720 (77.4%) candidates attempted this question. The
performance of the candidates is summarized in Table 1.

Table 1: Number, Percentages and Scores of the Candidates in Question
5

Scores Number of Candidates Percentage of Candidates
0-6.5 19,603 73.4

7.0-115 6526 24.4

12.0-20 591 2.2

Statistical data in Table 1 show that the overall performance of the
candidates in the question was weak, as 73.4 per cent of the candidates
scored lowly. The candidates who scored low marks in the question
appeared to have faced difficulties in understanding and naming organic
structures. They also showed the lack of knowledge about the properties of
hydroxyl compounds. As a result, the candidates failed to give appropriate
chemical reaction equations and their names according to IUPAC rules. For
example one of the candidates responded to part (a) (i) — (iii) of the question
as follows:

(i) CH,CH,CH,CH,CH,OH +HBr—*" 5 CH CH,CH,CH,CH,Br + H,0

1-bromopentane water

(ii) CH,CH,CH,CH,CH,OH +conc.H,S0, —"* 5 CH,CH,CH,CH =CH, +H,0
pent-1-ene water

(iii) CH,CH,CH,CH,CH,OH + KMnO4L>CH3CH2CH2CHO + H)O0
pentanal water

These responses provided by the candidates were contrary to the
requirement of the question; as he/she used pentan-1-ol instead of propan-1-
ol in parts (i) — (iii). Thus, the candidate got incorrect structures and hence
IUPAC names. Moreover, one of the candidates wrongly identified some of
the structures (B and C) in part (b) as follows:

GHs CHs
C—OH CCly '
| + B, ——— C—CHapr

A CHs CH; ®
CHs NaOH GHs

A C|Z—OH + @—cl—CHZBr c
CH, CHs
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In his/her responses above, the candidate wrote an incorrect structure for
compound A, hence all the results he/she obtained in part (b) of the question
were incorrect. The candidate was supposed to identify compounds B and C

as follows:

OH
@/\)\

A

OH
N 2 o
+ I, +NaOH + CHlIj
A Yellow

Or
OH

@/V\

A

Br OH

+ Bry(l) .
Br

B

O'Na*

O'Na*
AN
0
+ CHlg
Yellow

+ NaOl
C

Extract 15.1 is another sample of incorrect responses given by one of the
candidates in question 5.
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Extract 15.1: A sample of incorrect responses in question 5

In Extract 15.1, the candidate gave wrong reaction mechanisms in contrary
to the requirement of the question and missed all the marks allocated to this
question.

Despite the fact that the majority of the candidates (73.4%, Table 1) scored
below the pass mark, a few (2.2%) of those who attempted the question

managed to perform well. The analysis of responses indicates that these
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candidates were competent in understanding both physical and chemical
properties of hydroxyl compounds as well as their associated chemical
reactions. Extract 15.2 shows a sample of correct responses from a script of
one of the candidates in question 5.
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Extract 15.2: A sample of correct responses in question 5

In Extract 15.2 the candidate wrote the correct structure for compound A
and appropriate chemical reactions which enabled him/her to identify the
correct structures for subsequent compounds (B-D).

Question 6: Carbonyl Compounds and Carboxylic Acids and its
Derivatives

This question had three parts, namely (a), (b) and (c). Part (a) required
candidates to distinguish between the following pairs of organic compounds,
(i)-(iv) while supporting their answers with chemical equations.

(i) Propanal and Propanone

(if) Ethanal and benzaldehyde

(iii) Pentanal and Pentan-2-one

(iv) 3-Pentanone and 2-pentanone

In part (b), candidates were asked as follows: “An organic compound A
which has characteristics odour is treated with 50% NaOH to give B
(C7HgO) and C which is a sodium salt of an organic acid. Oxidation of B
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gives back A. Heating C with soda lime yields an aromatic hydrocarbon D.
Deduce the structures of A, B, C and D.” In part (c), candidates were
required to complete the following reaction equations by giving the missing
reagents /products.

[Ag(NHg), |

() O{>—CHO ____________

CrO3
(il @OH """"""""
O3
(i) --cooooeo- - 2 \:>—CHO
Zn/H20

0] 0]

. O3 I + I
v)  ---------
(iv) 2 H20 HsC”™ “CHs HaC™ “CH,CHs

The question was opted by 10,894 candidates equivalent to 31.6 per cent.
The question was the least attempted by the candidates in ACSEE 2021
Chemistry theory examination. The distribution of the candidates’ scores is
as shown in Table 2.

Table 2: Number, Percentages and Scores of the Candidates in Question
6

Scores Number of Candidates Percentage of Candidates
0-6.5 5,578 51.2

7.0-115 2,555 23.5

12.0-20 2,761 25.3

Statistical data in Table 2 indicates that a total of 5,316 (48.8%) candidates
out of 10,894 (31.6%) who attempted this question managed to score a pass
mark or above (>6.5 marks). This indicated that the overall performance in
this question was average.

The candidates (25.3%) with good performance in this question had
adequate knowledge about chemical reactions of carbonyl compounds and
carboxylic acids. Thus, they showed appropriate competencies in
interconversion of aldehydes, ketones, hydroxyl, carboxylic acids and
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alkenes functional groups. Moreover, they showed to be familiar with basic
reagents and conditions that were needed to perform such conversions. The
candidates (23.5%) who performed averagely provided partial answers to
most parts of the question. Extract 16.1 shows a sample of correct responses
from one of the candidates in question 6.
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Extract 16.1: A sample of correct responses in question 6

Extract 16.1 shows responses of a candidate who understood the concept of
iodoform test properly. Thus, they managed to differentiate the organic
compounds given in part (a) properly. In part (b), the candidate deduced the
structures of compounds A, B, C and D appropriately. Lastly, he/she
correctly gave the missing reagents in part (c) (iii) and (iv).

On the other hand, 51.2 per cent of the candidates had weak performance in
this question. This category of the candidates showed to have insufficient
knowledge of reactions undergone by carbonyl compounds and carboxylic
acids. They were not knowledgeable of chemical reactions of aldehydes,
ketones and organic acids such as nucleophilic addition, reactions of alkyl
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group adjacent to carbonyl carbon atom and redox reactions. Thus, they
provided incorrect responses to most parts of the question. Extract 16.2 is a
sample of poor responses from one of the candidates in question 6.
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Extract 16.2: A sample of incorrect responses in question 6

In Extract 16.2, the candidate wrote statements which had no proper
meaning in part (a) (i) and gave inappropriate approach for differentiating

the given compounds in (a) (ii).

In part (a) (iii), the candidate used sulphuric

acid to differentiate the given organic compounds instead of the iodoform
test. He/she also wrote incorrect chemical reactions in all subsequent parts
of the question and missed all of the marks allocated to the question.

132/3-CHEMISTRY 3

This was an actual practical paper which was examined in three equivalent
alternatives, namely 132/3A Chemistry 3A, 132/3B Chemistry 3B and
132/3C Chemistry 3C. The candidate was required to sit for one of the
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231

alternative papers. Each alternative paper consisted of three questions
which carried a total of 50 marks. Question one weighed 20 marks, while
questions 2 and 3 carried 15 marks each. Candidates were examined in the
topic of Chemical Analysis in all of the three alternative papers. The
questions were set from the subtopics of Volumetric Analysis, Physical
Chemistry Analysis and Qualitative Analysis for question 1, 2 and 3,
respectively. Candidates were required to answer all the questions. The
pass mark for question 1 was 7.0 marks while for questions 2 and 3 was 5.5
marks. The overall performance in practical examination was taken as an
average of candidates’ performance in question 1, 2 and 3.

A total of 34,497 candidates sat for the Chemistry practical examination in
ACSEE 2021. The analysis of the Practical examination results showed that
the overall performance was good, as most candidates (90.0%) scored an
average marks or above.

Question 1: Volumetric Analysis

Chemistry 3A, 3B and 3C

Question 1 of 132/3A Chemistry 3A was as follows:

“You are provided with the following:

Ul:  Asolution containing hydrochloric acid and acetic acid;
U2: 0.1 M sodium hydroxide solution;

POP: Phenolphthalein indicator;

MO: Methyl orange indicator.

Procedure

(i) Using a pipette filler, pipette 20 or 25 cm? of a solution U1 into a

conical flask.

(i)  Add two to three drops of MO indicator.

(ili)  Titrate the solution against solution U2 until a colour change is

observed.

(iv)  Record the first titre value.

(v) Add two to three drops of POP.

(vi)  Continue to titrate until the second colour change is observed.

(vil)  Record the second titre value.

(viii) Repeat the titration steps (i) to (vii) three more times and record the
results as shown in Table 1.
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Table 1: Table of results
Burette Reading Pilot 1 2 3

Final readings (cm®) using MO

Final readings (cm®) using POP

Initial readings (cm®)

Volume used (cm?®) using MO

Volume used (cm?®) using POP

Summary

(i)  The volume of the pipette used was .

(ii) cm® of U1 required cm® of U2 when
MO was used, and cm® of U2 when POP was
used.

Questions

(@) Calculate the concentration of the acid solution, U1, in g dm™ when:
(i) POP was used.

(i) MO was used.
(b)  What is the colour change during titration when MO was used as an

(©)

indicator and when POP was used.

Name the compounds reacted during the first and second titrations ”

Question 1 of 132/3B Chemistry 3B was as follows:

You are provided with the following:

M1: A solution made by dissolving 6.25 g of CuSO4.XH20 in distilled
water to make a 250 cm® of a solution;

M2: A solution made by dissolving 12.40 g of Na>S203.5H.0 in distilled
water to make a 500 cm? of a solution;

M3: A solution of 10% KiI;

M4: A starch solution.

Theory

A guantitative reaction between copper sulphate and potassium iodide can

be represented by the following equation:

2CU + 410 5 CU,l, + 1, e (i)



The liberated iodine can be titrated against sodium thiosulphate whose

reaction can be represented as follows:
25,07 + 1, = S,0.77+ 217 s (ii)
Procedure

(i) Pipette 20 cm® or 25 cm® of M1 into a conical flask. Add 10 cm® of
solution M3 and shake well the mixture.

(if) Titrate the mixture at step (i) with solution M2 from the burette until
a pale yellow colour appears. Then, add about 2 cm?® of solution M4.
Continue titrating until the pale yellow colour just disappears and a
pale yellow green colour appears.

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

Summary

(i)  The volume of the pipette used was

(ii) cm® of M1 liberated iodine that required

cm® of M2 for complete reaction.

Questions
(@) Calculate the concentration of M2 in mol/dm?®

(b)  Write the half-reaction equations to show the oxidation and
reduction processes taking place in procedure (ii) indicating in each
case the oxidants and reductants.

(c) Calculate the:
() molarity of M1.
(ii) concentration of M1 in g/dm?.
(i) value of X in the formula CuSO4.XH20.

Question 1 of 132/3C Chemistry 3C was as follows:

“You are provided with the following:

A: A solution made by dissolving 1.58 g of KMnQ4 in a 0.5 dm? of a
solution.

B: A solution made by dissolving 5.8 g of Na2S;03.XH20 in a 0.25 dm? of
a solution.

C: Asolution of 10% KI;

D: A starch solution;
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E: A solution of dilute H2SOa.

Theory

Quantitatively, potassium permanganate and potassium iodide react in an
acidic medium as represented by the reaction equation,

MNO,” + 17— MN* + Ly (i).

The liberated iodine, |2 is titrated against sodium thiosulphate, Na>S,O3
and the reaction taking place during this titration is represented as

25,0, +1, = S,0,7+ 2l eovcerreeerrn. (ii).
Procedure

(i)  Pipette 20 or 25 cm® of a solution A into a conical flask. Using a
measuring cylinder, add an equal amount of C (20 or 25 cm?®)
followed by 20.00 cm® or 25.00 cm® of E in the same flask.

(i)  Titrate the liberated iodine with B until the colour change is
observed. Add 2 cm® of D and continue to titrate until the permanent
colour change is observed.

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

Summary

(i)  The volume of the pipette used was

(i) cm® of A liberated iodine that required cm?
of B for complete reaction.

Questions
(@) State the role of solution D in this experiment.

(b) State the main purpose of adding solution C into a conical flask
containing acidified solution of A.

(c) Why is it advisable to add solution D just close to the end point in
this experiment?

(d) Calculate the;
() concentration of A in g/dm?.
(i) molarity of A.
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(iii))  molarity of NazS20:s.
(iv)  concentration of Na2S,03 in g/dm?.

(e) Find the value of X in the formula NazS;03.XH20.”
Question 1 was attempted by all of the candidates registered for 132

Chemistry amounting to 34,481. The distribution of the candidates’ scores in
question 1 is summarized in Table 3.

Table 3: Number, Percentages and Scores of the Candidates in Question
1

Scores Number of Candidates Percentage of Candidates

The general performance of the candidates in this question was good, as a
total of 32,573 (94.5%) candidates managed to score an average mark or
above (Table 3). The candidates (71.5%) who managed to score high marks
in this question showed to have gained appropriate skills in volumetric
standardization. In alternative A, the candidates managed to standardize a
mixture of acetic acid and hydrochloric acid using a common standard base
sodium hydroxide. In alternative B, they managed to standardize hydrated
copper(ll) sulphate with unknown number of molecules of water of
crystallization, X while those in alternative C, managed to standardize
hydrated sodium thiosulphate with an unknown number of molecules of
water of crystallization, X.

Extracts 17.1, 17.2 and 17.3 are samples of correct responses for question 1
given by the candidates in alternative A, B, and C, respectively.
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Extract 17.1: A sample of correct responses in question 1 of the

alternative practical A
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In Extract 17.1, the candidate filled the table of results appropriately by
observing the required decimal points (two decimal places). The candidate
calculated the titre value correctly and was within the acceptable range in
comparison to the expected value. (i.e +0.5 cm®). The candidate gave the
correct chemical reaction between given acids and the base. Hence,
determined proportional volumes correctly. Thereafter, he/she performed
all the required calculations in the remaining parts of the question correctly.
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Extract 17.2: A sample of correct responses in question 1 of the
alternative practical B

In Extract 17.2, the candidate filled the table of results and gave the
volumes in two decimal places as required. He/she was able to arrive to a
correct titre value that was within the required range (i.e 0.5 cm®). The
candidate answered the remaining parts of the question correctly.
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Extract 17.3: A sample of correct responses in question 1 of the
alternative practical C
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In Extract 17.3, the candidate observed all the required conditions in filling
the table and correctly calculated the required concentrations. Finally,
he/she performed appropriate calculations to get the correct value of X (the
number of molecules of water of crystallization).

However, some of the few candidates amounting to 1,908 (5.5%) scored
low marks (from 0 — 6.5) in question 1 (Table 3). The analysis of responses
in their scripts shows that they had insufficient knowledge of the subtopic
of Volumetric Analysis despite the fact that it was studied in the topic of
Volumetric Analysis and Related Calculations in form three. This is
signified by the mistakes observed in their responses such as failing to
record and manipulate experimental data according to the requirement of
the question. Some of the candidates designed and filled the volumetric
table (Table of results) using one decimal place instead of two. Moreover,
they lacked accuracy in performing the titration experiment. Hence, they
got titre values which are out of range. Additionally, some of the candidates
used indicators MO and POP in contrary to the experimental procedures.
As a result, they observed irrelevant colours.

Another factor which contributed to the weak performance of these
candidates was using wrong chemical equations. For example, in
responding to part (a) of the alternative paper A, one of the candidates
wrote the reactions that took place when MO and POP were used as

“CH,COOH +NaOH —"° 5 CH,COONa +H,0

HCI+NaOH —*%*— NaCl +H,0 .

Although the chemical reactions are correct and balanced, the candidate
exchanged them. The candidate was supposed to be familiar with the
concept of choosing suitable indicators. Thus he/she would have realized
that MO indicator is suitable for titration(s) involving strong acid against a
strong base and POP is a suitable indicator for titration(s) involving weak
acid and strong base. Thus the correct reactions were supposed to be as
follows:

HCI+NaOH —¥° NaCl +H,0

CH,COOH +NaOH —**5CH,COONa+H,0 .

Yet, some of the candidates, while responding to part (a) of the same
alternative paper, wrote the formulae for the reacting species incorrectly.
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Hence, they failed to proceed correctly to other parts of the question. For
example, one of the candidates wrote the formula for the acetic acid as
CH3CH2COOH instead of CH3COOH. Due to that mistake, the candidate
missed the marks intended for both writing the correct chemical equation
and correct value of U1 in g/dm®.

It was also noted in the scripts of the candidates who attempted alternative
B that some of them incorrectly identified the oxidant and reductant agents
in part (b). For example, one of the candidates wrote, “2S,03% is oxidant
and S40¢% is a reductant” contrary to the fact. The candidate was supposed
to deduce S203?" as the reducing agent and I, as an oxidizing agent in the
experiment. Extracts 17.4, 17.5 and 17.6 show sample responses given by
the candidates in question 1 of the alternative papers A, B and C,
respectively.

A Nelde ol reaundd -
Bovele  Yeudine 0 [ A4 9 2
Dol vedine (cDling MO -0 | oo ot | o6
hned verdiro (o Xwe, POP (1% 02| 09 13-08 _ 17-0%-
Yot vedons, (3 cov| o-po | oo | 0o
Nobune  uged ) Ugna o [theq| Ioc | M- 06 | W06
\to\-ur\me. gee] tJSLE P G-qLf G oz [R5, E 609

GS Tl elume of ’a'mé#’ ceeed toay Qécmg

G0 25 o’ of th puecrec] 1106 coP  of lh chen Mo
sone el  pned  C.02° cniZ of My siben PP tdc?_r'u._fztu/

\Lu«en ?OP [FEY~X u_gec! -
@s /s Cln-
Concendraten = Magg
Volerme -

. bmraé/ =

ot
Yottoryre—

MQC( = (/Pﬂ-fafl\q K(/D&Jmﬁ .
MMag [ /x G-00 -
Mase = .02 o
— )

Concentrabeor- & o9
E.00 vro> At
Conpentraton = I (5> q/c/mz ’

—F

Cerrie o M—n = - / Kfog,, /{;/m‘? )
—7
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\twLumeU‘(‘ HO : ||'O§CWJS —’Jﬂig )
N O6ep® o - O-OflC’)uéo[n‘Jg'
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Z o oll el
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foﬂcPM'on = 9'3“!.')&4/:/03‘3'
Extract 17.4: A sample of incorrect responses in question 1 of the alternative
practical A

In Extract 17.4, although the candidate filled in results in the table, he/she
failed to perform the required calculations. The candidate wrongly used the
formula  Concentration =mass/volumeto calculate the required
concentration in part (a). The candidate was supposed to substitute the
n,xM,xV,
n,xV,

np = moles of base, Va = volume of acid , Vy = volume of base, Ma =
molarity of acid and My = molarity of base.

il o Ot e | 3 |
40af oo | 33.00 B4 D 3206 | 35 00 |
,S)cow‘f Feod/ DO-pg | LO" QD Q0D ' DO'OOE

I Tv{v-fzmcﬂ- 53%-00 ErRES ?;5'00135'0_5_7;
Avesae, = 3400 - 3300 1~ 3500
2

Ave)rqo\p = 3400 sz

required data in the formula, M, = where; na = moles of acid,
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Extract 17.5: A sample of mcorrect responses in question 1 of the
alternative practical B

In Extract 17.5, the candidate, apart from getting the volumes out of range,
used a wrong formula to calculate the concentration in part (a) of the
question. In part (b), he/she gave incorrect half-reaction equations instead

of 258,02 ——>S,0% +2e” for oxidation and
2Cu** + 21~ +2e~ — Cu,l, for reduction process.
1
Sumnaty
17 23—
1
The Main Purgesce of ai-im\a, %oLr}von
& s to pedrdize the =glution A
thich ave aT’ec‘Ebl aciditie

106




2.3.2

Ly

1/ Concen'ﬁo‘jrtoﬂ— of 4 in 314’”3

Cone = Sass”
Algt mass

MaesS sFA4 = |-6§73%
Ao Aat tnass

o Mn O4

24+ 55T 15 r4)

Aot S F
/V‘Oia’r megss — |SY
Concemedon. —  Acos
0 lkermesz
157
155
! L p
12 643 g ldmS
J

Extract 17.6: A sample of incorrect responses in question 1 of the
alternative practical C

In Extract 17.6, the candidate tried to design a table of results but did not
fill in any data. He/she wrote the volume 26.8 cm® without indicating if it
was a volume of the pipette used or the mean titre value as required in the
summary part of the question. In part (b), the candidate gave a wrong
purpose for adding solution C into a conical flask containing solution A.
The candidate was expected to respond that the main purpose for adding
solution C (iodine) into a conical flask containing solution A, was to
liberate iodine which would then react with solution B (sodium
thiosulphate) from the burette.

Question 2: Physical Chemistry Analysis
Chemistry 3A, 3B and 3C

Question 2 of 132/3A Chemistry 3A was as follows:
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“You are provided with the following:

Al: A solution of 0.2 M sodium thiosulphate;
A2: A solution of 0.1 M hydrochloric acid;
A3: Distilled water;

Stop watch/clock;

A sheet of white paper marked X.

Theory

The rate of reaction between thiosulphate and an acid is given by:

d[thiosulphate] K
dt -
rate constant and the integers m and n are orders of reaction with respect
to thiosulphate and acid.

Reaction =

[thiosulphate] " [acid] ", where K is the

Procedure

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

(i) Measure 2 cm® of Al and 8 cm® of A3 and put them in the beaker
placed on top of a sheet of white paper in procedure (i) above.

(iii) Measure 10 cm® of A2 and pour in the beaker containing Al and A3
and immediately start a stop watch.

(iv) Record the time taken for the precipitation to obscure the mark X.

(v) Repeat the experiment for different sets of volumes as shown in Table
2:

Table 2: Experimental Table

Experiment | Volume | Volume of | Volume | Time | 1/time
of Al A3 (cm?d) of A2 | (sec) | (s?)

(cmd) water (cm3)

(a) 2 8 10

(b) 4 6 10

(©) 6 4 10

d) 8 2 10

(e 10 0 10
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Questions

(@)
(b)
(©)
(d)

(€)

Write the ionic equation for the reaction.

Calculate the value of m.

Given that, the value of n = 2, find the value of K for experiments
(a) and (b), then comment on the value of K obtained.

From the experiment conducted, is it possible for the value of n to
be found? Give a reason for your answer.

What is the order of reaction in this experiment with respect to
thiosulphate?”

Question 2 of 132/3B Chemistry 3B was as follows:

“You are provided with the following:

C1:
C2:
C3:

0.2 M sodium thiosulphate solution;
0.1 M hydrochloric acid solution;
Distilled water;

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

Theory

The rate of reaction between thiosulphate ion and an acid is given by,

Reaction rate =

3[S,0,"]

S K[S,0,” J"[H']". Where m is the

order of the reaction with respect to S;0s%* and n is the order of reaction
with respect to H*.

Procedure

0] Place a 50 cm® beaker on top of a white plain paper marked X in
such a way that the mark is clearly seen through the bottom of the
beaker.

(i)  Measure 2 cm® of C1 and 8 cm® of C3 and put them in a 50 cm?®
beaker in procedure (i) above.

(iii)  Measure 10 cm® of C2 and pour the content into a beaker in
procedure (ii) and immediately start the stop watch.

(iv)  Record the time taken for the mark X to disappear.

109



(V) Discard the contents and clean the conical flask, then, repeat the
procedures (i) to (iv) using the specifications as indicated in Table
1.
Table 1: Experimental Table
Experi | Volume | Volume of | Volume | Time, #(S_l)
ment of C3 (cm?d) of t (sec.) | time
C1 (cmd) C2 (cm?)
A 2 8 10
B 4 6 10
C 6 4 10
D 8 2 10
E 10 0 10
Questions
(@) Write the ionic equation for the experiment.
(b) Plot the graph of % (vertical axis) against the volume of sodium
thiosulphate (horizontal axis).
(c) Determine the order of the reaction with respect to sodium
thiosulphate from the graph.
(d) Given that, the value of n is 2, determine the order of reaction with
respect to sodium thiosulphate using rate law equation.
(e) Comment on the order of reaction obtained in (c) and (d).
)] Find the value of K.
(9) What causes the precipitate to occur in the reaction?”

Question 2 of 132/3C Chemistry 3C was as follows:

“You are provided with the following:
C1: Asolution of 0.1 M NazS20s;

C2:  Asolution of 0.1 M HCI;
Stop watch/clock;

Thermometer;

White plain sheet of paper marked X.
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Procedure

(i)

(i)
(iii)
(iv)

(v)

(vi)

Put a 50 cm® beaker on top of a white sheet of paper marked X in
such a way that the mark is clearly seen through the bottom of the
beaker.

Put about 200 cm® of water into a 250 or 300 cm?® beaker. Heat the
beaker containing water. Use this as the water bath.

Measure 10 cm® of C1 and 10 cm® of C2 and put into separate
boiling test tubes.

Take the test tubes containing C1 and C2 and put into the water

bath; allow the contents to warm to 35 C.

Pour the contents into a 50 cm® beaker placed on top of a mark X
and immediately start a stop clock. Record the time taken for the
mark X to disappear.

Repeat procedures (iii) to (v) by varying the temperature of the
contents as indicated in Table 1.

Table 1: Experimental data

Time for reaction, t 1/t (Sect)
(Sec)

Temperature ( C)

35

40

45

50

55

60

Questions

(@)

(b)

(©)

(1)  Write a balanced reaction equation for the experiment.
(i)  Explain what makes letter X to disappear.

Using different axes, plot a graph of;
(i)  time, t (s) used against temperature, T (°C).
(i)  1/time (s*) against temperature, T (°C).

Study the graphs in (b) and explain how the rate of reaction

changes with temperature.”
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The question was attempted by a total of 34,411 (99.8%) candidates, out of
which, 23,193 (67.4%) scored from 9.0 — 15 marks, indicating a good
score. Further, 7,620 (22.1%) scored from 5.5 — 8.5 marks, indicating an
average score and 3,598 (10.5%) scored from 0 — 5.0 marks, indicating a
weak score.

The overall performance of the candidates in the question was good, as the
majority (89.5%) of the candidates scored a pass mark or above (>5.5
marks). The candidates who performed well in question 2 showed to have
mastered the concepts about the subtopic of Physical Chemistry Analysis
properly. These candidates managed to determine the order of the given
reaction in the alternative papers A and B as well as the effect of
temperature on the rate of a chemical reaction in alternative C correctly.
Extracts 18.1, 18.2 and 18.3 show samples of correct responses for question

2 given by a candidate in alternative A, B, and C, respectively.

2| Table of resulds -
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2 {[b) [-252 = (J-25)M
Apply  logarithm  both sidles
los (1-252) = m [os (t-25)

m = 1-0072
m = 1
m = 1 C 1 cignifeant fowe) -

(<) G—;wz;’r n= 2
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Extract 18.1: A sample of correct responses in question 2 of the
alternative practical A

In Extract 18.1, the candidate managed to fill in the experimental data in the
table and performed all the required calculations correctly.
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Extract 18.2: A sample of correct responses in question 2 of the
alternative practical B

In Extract 18.2, the candidate filled in the experimental table appropriately
and correctly performed the required calculations in all parts of the question.
In part (b), the candidate correctly plotted the graph of rate (s*) against the
volume of sodium thiosulphate while taking into account the essential
features of a graph.
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Extract 18.3: A sample of correct responses in quéstion 2 of the
alternative practical C
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In Extract 18.3, the candidate managed to fill in the required experimental
data in a table. The candidate managed to plot the graphs required and made
correct interpretations.

However, some of the candidates (10.5%) scored low marks in this question.
These candidates showed to have insufficient skills of determining the order
of chemical reactions (alternative papers A and C) and analysing the factors
affecting the rate of a chemical reaction (alternative paper B)
experimentally. For example, one of the candidates, in attempting question 2
(@) and (c) of the alternative paper A, responded as follows:
“S0,CO, *(agq)—> H,0(1)+ SO, *(g) +S*
Solution
n=2

_ Rate

~ (SO,CO,

k=2 k=2x1=2
2

K=1"

In his/her responses, the candidate gave an incorrect ionic equation and
incorrectly deduced the value of rate constant. This signified the lack of
appropriate skills in chemical reactions and rate constant determination.
Further analysis of the responses given by the candidates with low scores
indicates that they were not knowledgeable of plotting appropriate graphs.
For example, while responding to part (b) (ii) of the question in the
alternative paper C, the candidate drew a straight line in contrary to the data

points on his/her graph The candldate plotted the following graph
iy ) ] agmhr,r?g( k&g ARl

al e e €3 S

EHE| HETSHH TIOR3 ity 1N Aa | Qoo g L Tee e
TR HEH iR R R s
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In his/her graph, the candidate joined the data points incorrectly. That is, the
candidate did not use a free hand to draw the best line (which was a curve in
this case) by passing through the data points indicated. Extracts 18.4, 18.5

and 18.6

show samples of incorrect responses in question 2 given by a

candidate in alternative A, B, and C, respectively.
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Extract 18.4: A sample of incorrect responses in question 2 of the
alternative practical A
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In Extract 18.4, the candidate incorrectly manipulated the data in the table of
results, gave incorrect chemical equations and used incorrect data to

calculate

the rate of reaction.
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Extract 18.5: A sample of incorrect responses in question 2 of the
alternative practical B

In Extract 18.5, the candidate incorrectly gave a neutralization reaction

instead

of an ionic reaction between HCI and Na.S:03 in part (a) of the

question. In part (b), the candidate filled in the column for rate (s?),
however the data were incorrect. Lastly, the candidate gave a reason for the
occurrence of the precipitates in the experiment to be Cl. The candidate had

a pre-id
insolubl

ea that C1” can precipitate (of course it can if the salt formed was
e) but that scenario was not correct at this juncture because NaCl

that was formed in the reaction is soluble. Precipitation in this case, as
lightly highlighted in previous paragraph, was caused by the deposition of

sulphur.
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Extract 18.6: A sample of incorrect responses in question 2 of the alternative

practical C

In Extract 18.6, the candidate

incorrectly wrote the reaction between

Na>S203 and HCI in part (a). In part (b), the candidate tried to state the

nature of the graph from Arrhen

ius equation. However, he/she did not plot

the graph as per the requirement of the question.
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2.3.3 Question 3: Qualitative Analysis
Chemistry 3A, 3B and 3C

In 132/3A Chemistry 3A the question was as follows:

“Sample M is a simple salt containing one cation and one anion. Carefully,
carry out qualitative analysis experiment to identify the ions present in the
salt based on the following tests:

(@) Appearance of the sample.

(b) Action of heat on the sample.

(©) Solubility.

(d) Action of aqueous sodium hydroxide on solution of M.

(e) Action of freshly prepared FeSO; solution on solution of M
followed by concentrated H2SO4 through the side of the test tube.

Q) Action of lead ethanoate and then boil.

(9) Perform a confirmatory test for the cation and anion.”

Questions

(1) Prepare a relevant Table showing the qualitative analysis results.
(i) Write a balanced chemical equation for the reaction in experiment

In alternative B, the question was as follows:

“You are provided with sample Z containing two cations and two anions.
Carry out the experiments described in Table 2. Record carefully your
observations, make appropriate inferences and finally identify the cations
and anion present in sample Z.

Table 2: Experimental Results
S/n Experiment Observations Inference
(@) | Take a spatulaful of sample Z into a

boiling test tube then add about 3 cm?®

of distilled water. Heat gently the
mixture for about one minute while
swirling the test tube. Filter to obtain

a clear solution and divide the

resulting solution into three portions.

(i) | To the first portion add
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S/n

Experiment

Observations

Inference

NaOH solution.

(i)

To the second portion add
dilute HNO3z followed by
AgNO3 and then NH3
solution.

(iii)

To the third portion, add
ammonia solution.

(b)

Dissolve the residue in a
little quantity of

HCI as possible and identify
any resulting gas.

(i)

Dilute the resulting solution
in (a) (i) with distilled water
and divide the solution into
three portions.

e To the first portion,
add few drops of
CaCl solution.

e To the second portion,
add dilute NH4OH till
no further change.

e To the third portion
add excess ammonia
solution followed by
ammonium oxalate
solution.

Questions

(i)
(i)

Write the molecular formulas for the samples.

What are the cations and anions in the sample?”

In alternative C, the candidates were asked as follows:

“Sample K is a simple salt containing one cation and one anion. Carefully,
carry out qualitative analysis experiment to identify the ions present in the
salt based on the following tests:

(h)

Appearance of the sample.
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() Action of heat on the sample.

() Solubility.

(k) Action of aqueous sodium hydroxide on solution of K.

() Action of ammonia solution on solution of K.

(m)  Action of FeClz solution on solution of K followed by dilute HCI
then boil.

(n) Perform flame test for sample K.

(0) Perform a confirmatory test for the cation and anion.

Questions

(i) Prepare a relevant Table showing the qualitative analysis results.
(if)  Write the molecular formula for the sample.
(iii) Write a balanced chemical equation of the reaction in experiment

(b).”

This question was attempted by all (100%) candidates. The candidates’
performance in this question 3 is summarized in Table 4.

Table 4: Number, Percentages and Scores of the Candidates in Question
3

Scores Number of Candidates

Percentage of Candidates

5.5-85 8,786

The candidates’ overall performance in this question was good, as the
majority (86.2%) of the candidates passed the question (scored marks
>5.5). The candidates with a good performance in the question showed to
have sufficient knowledge of carrying out qualitative analysis to identify
cations and anions in a mixture of salts (in alternative A and B) or a single
salt (in alternative C). Extracts 19.1, 19.2 and 19.3 show samples of correct
responses in question 3 given by candidates in alternative A, B, and C,
respectively.
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Extract 19.1: A sample of correct responses in question 3 of alternative
practical A

In Extract 19.1, the candidate properly followed the procedures given and
identified the cation and anion correctly. Moreover, the candidate wrote the
equation required correctly.
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Extract 19.2: A sample of correct responses in question 3 of the alternative

practical B
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In Extract 19.2, the candidate properly followed the procedures given and
identified the presence of cations, Ca®* and Zn?* and anions, CO? and CI”

correctly.
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Extract 19.3: A sample of correct responses in question 3 of the
alternative practical C

In Extract 19.3, the candidate performed the given tests properly and
identified the presence of cation Zn?* and anion CO; correctly. Lastly, the

candidate wrote a well-balanced chemical equation that happened when a
salt was heated (test b).

However, it was noted during the analysis of the candidates’ responses that
a few of them were not competent enough in carrying out experiments to
identify unknown salt(s). Some of the candidates reported incorrect
observations and inferences. Thus, they scored weakly in most parts of the
procedures. For example, one of the candidates who attempted alternative
practical A, wrote the following in procedure (d) and (e):
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The observations and inferences given by the candidate contradicted the
fact. The following were the correct observations and inferences in part (d)
and (e), for the sample salt (NH4CI) that was given to them anonymously:

Experiment Observations Inference
(d) No precipitate NH4" may be
formed, ammonia present
gas was formed on
warming
(e) No brown ring test NO; probably

formed.

absent.

Moreover, some of the candidates gave incorrect chemical equations in
some parts of the experiments in alternative practicals A and C as well as
the molecular formula in alternative practical B. For example, one of the
candidates in part (ii) of the alternative practical A, wrote as follows:
“NH, (aq)+Cl (ag)——> NH,Cl(aq) Conclusion, the cation is NH4", the

anion is CI™ instead of the equation showing action of heat on the sample
(NH4CI). In alternative practical C, one of the candidates wrote a chemical
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equation of what happened at the experiment (b) as:
“Zn(NO;),——>ZnO+NO,”, which is not correct regarding the
decomposition of the salt. Extracts 19.4, 19.5 and 19.6 show samples of
incorrect responses in question 3 given by candidates in alternative
practicals A, B, and C, respectively.
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Extract 19.4: A sample of incorrect responses in question 3 of alternative
practical A

In Extract 19.4, the candidate identified the cation to be Pb%" and anion
NOs? instead of NH4" as the cation and C1” as an anion.
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Extract 19.5: A sample of incorrect responses in question 3 of the
alternative practical B.

In Extract 19.5, the candidate gave incorrect observations and inferences in
part (a)
and not
a result, the candidate wrongly identified the presence of NH4* and
suggested that the mixture of salt to consists of NH4CIl and ZnSQ4 instead
of ZnCl2/CaCl; and CaCO3/ZnCO:s.

which could be obtained if a given sample was heated in a dry tube
when dissolved in distilled water as suggested by the candidate. As
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Extract 19.6: A sample of incorrect responses in question 3 of the
alternative practical C

In Extract 19.6, the candidate gave a wrong colour for the flame test and
incorrectly confirmed the cations and anions present. Finally, the candidate
gave incorrect molecular formula and chemical equation intended for parts
(i1) and (iii) of the question, respectively.

THE ANALYSIS OF THE CANDIDATES’ PERFORMANCE IN
EACH TOPIC

The ACSEE 132 Chemistry examination in 2021 consisted of questions
from a total of 18 topics, out of which, 11 topics (Chemical Equilibrium;
Chemical Bonding; The Atom; Gases; Energetics; Relative Molecular
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Masses in Solution; Aromatic Hydrocarbons; Halogen Derivatives of
Hydrocarbons; Soil Chemistry and Aliphatic Hydrocarbons) were examined
in Chemistry paper 1. In Chemistry paper 2, seven topics (Two Components
Liquid System; Carbonyl compounds/Carboxylic Acids and Derivatives;
Electrochemistry; Solubility, Solubility Product and lonic Product; Periodic
Classification and Hydroxyl Compounds) were examined. Chemistry
practicals consisted of three subtopics Volumetric Analysis, Physical
Chemistry Analysis and Qualitative Analysis which were derived from a
topic of Chemical Analysis.

Among the tested topics in Chemistry theory (paper 1 and 2), a topic of
Chemical Equilibrium which was examined in question 8 was the most well
performed topic by the candidates (as 81.5 per cent of the candidates were
able to score an average or above average marks). Other topics which had
good performance were Chemical Bonding (74.5%), Chemical Kinetics
(69.0%), The Atom (66.4%), Gases (62.8%) and Energetics (60.5%). The
performance of the candidates in the topic of Chemical Analysis was good,
as the majority (90.0%) of the candidates who sat for one of the alternative
practical papers scored average marks or above. The performance of the
candidates in the topic of Chemical Analysis was taken as an average
performance of the subtopics Volumetric Analysis (94.5%), Qualitative
Analysis (89.5%) and Physical Chemistry Analysis (86.2%) examined in
questions 1, 2 and 3, respectively. The candidates who performed well
managed to understand the requirements of the questions. They showed
appropriate competencies in the topics tested.

Further analysis indicates that the candidates had an average performance in
the topics of Relative Molecular Masses in Solution (53.9%); Aromatic
Hydrocarbons/Halogen Derivatives of Hydrocarbons (51.9%); Carbonyl
Compounds/Carboxylic acids and Derivatives (48.8%); Electrochemistry
(46.9%); Solubility, Solubility Product and lonic Product (44.3%) and
Periodic Classification (36.0%). Despite the fact that some of the candidates
had appropriate knowledge of the tested topics, they provided partial
answers and were not keen on understanding specific requirements of the
questions. Thus, they performed averagely in most of the tested topics.

Despite the good and average performances of most candidates in the
aforementioned topics, some of the candidates performed weakly in the
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topics of Soil Chemistry (33.9%); Aliphatic Hydrocarbons (32.4%);
Hydroxyl Compounds (26.6%) and Selected Compounds of Metals (14.2%).

Further analysis of the data indicates that the topic of Selected Compounds
of Metals (14.2%) was the most poorly performed topic in 2021. In 2019,
the performance in the topic was 41.3 per cent. It was also noted that the
performance of the candidates in the topic of Periodic Classification
(36.0%) improved compared to candidates’ performance in the topic in 2019
(17.4%) and 2020 (28.9%). The analysis of responses given by the
candidates with weak scores in these topics indicates that they had
insufficient knowledge of the subject matter under question. As a result,
they gave wrong formulae, chemical equations and followed incorrect
approaches when performing calculations. The summary of the candidates’
performance in different topics of theoretical and practical examinations are
presented in the appendices A and B, respectively.

CONCLUSIONS

The general performance of the candidates who sat for Chemistry
examination in 2021 was good, as 94.81 per cent passed. The analysis of the
candidates’ responses in each of the questions from the theoretical and
practical paper indicates that the majority of the candidates were conversant
with the tested topics. The performance in practicals was a bit higher than in
theory paper because, as a rule of thumb, when a candidate involves more
sense organs in learning, he/she builds a long term memory and remembers
with ease. Therefore, teachers are advised to be more creative in integrating
theory into practical work and utilize locally available materials whenever it
is possible. Responses from the candidates who performed weakly indicate
that they lacked or had insufficient knowledge of the subject matter tested.

RECOMMENDATIONS

The weak and average performances observed in the tested topics can be
improved through collaborative efforts of teachers and prospective
candidates during the teaching and learning processes. Based on the analysis
of responses given by the candidates, as discussed in this report, the
following measures are hereby recommended to improve candidates’ future
performance in the examination:
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Teachers and students should participate in designing and building
organic compounds models during the teaching and learning of topics
of Aliphatic Hydrocarbons and Hydroxyl Compounds. This can help
not only to raise learners’ interest in the subject matter, but also to
build a long term memory of students of structural and chemical
formulae.

Teachers should guide students to discuss various types of chemical
reactions and their inferences using wall charts. This will help learners
to grasp much of the concepts and build a long term memory of the
topic of Selected Compounds of Metals.

Teachers should guide learners to form small groups and perform
practical tasks on chemical reactions; involving the identification of
oxides, hydroxides, carbonates, hydrogen carbonates, sulphates,
chlorides and nitrates. Thereafter, students should present their
findings written on flipcharts/manila cards, to other groups; followed
by the plenary discussion.

Teachers should facilitate small group discussions on different types of
manures and fertilizers, the importance of liming and chemical
reactions taking place in the soil; followed by the plenary discussion.
This will help learners to acquire appropriate competencies in the topic
of Soil Chemistry.

During the teaching and learning processes, teachers are encouraged to
use examples drawn from real life situations and to encourage learners
to do the same. This will help in integrating scientific concepts into
applications. As a result, the teaching and learning processes will be
more meaningful.
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Appendix A: The summary of the Performance of the Candidates Topic-wise in Theory Papers

N
o
N
o
N
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SIN Topic

of
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of
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Candidates
who Scored

the
35

an Average
35

of

Above
who Scored

an Average

Percentage
of

Questions
of
Candidates
Remarks

Percentage
The

The

of
Remarks
Number

Questions

1 | Chemical Equilibrium

Average

2 | Chemical Bonding

Two Components Liquid

System
4 | The Atom
5 Gases

6| Energetc L 568 | Avenae |

Average
in Solution

Aromatic Hydrocarbons
Aromatic ~ Hydrocarbons 1 51.9 Average
and Halogen Derivatives of
Hydrocarbons

Relative Molecular Masses

Carbonyl 1 42.1 Average 48.8 Average
9 | Compounds/Carboxylic
Acids and Derivatives

10 | Electrochemistry 1 46.9 Average

Solubility, Solubility | 1 59.4 Average | 1 44.3 Average

1 Product and lonic Product

12 | Periodic Classification Average

13 | Soil Chemistry

14 | Aliphatic Hydrocarbons

15 | Hydroxyl Compounds Average

Selected Compounds of | 1 41.3 Average

16 Metals
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Appendix B: The Summary of the Performance of the Candidates Topic-wise in Practical Paper

2021

Topic Subtopic

the
or

Number of
who Scored
an Average
of 35

Questions
Percentage

The

of
Candidates
Above
Remarks

Volumetric
Analysis

Qualitative
Chemical Analysis Analysis

Physical Chemistry
Analysis
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