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EXAMINATIONS COUNCIL OF ZAMBIA 

ASSESSMENT SCHEME 

CHEMISTRY — 4014 

Examination for Certificate of Secondary Education Ordinary Level 
Form 1 – 4 

Aligned to the CDC Chemistry Syllabus, Secondary Education Ordinary Level, Form 1–4 (2024) 

1. Construct 
Applies chemistry concepts and scientific skills in solving real-life problems. 

2. Elements of Construct (EoC) 
The Chemistry examination will be based on the following six (6) Elements of Construct: 

EoC 1  Classifies substances and interprets the physical and chemical changes of the substances for suitable 
application in life 

● Classifies substances according to their nature, properties and their application in real life. 
● Investigates and interprets the physical and chemical changes of substances. 

EoC 2  Analyses and identifies chemical composition of substances for scientific decision making 
● Uses a variety of analytical procedures, methods and techniques involved in identifying the chemical 

composition of substances in solid, liquid or gaseous form in order to solve real-life problems. 

EoC 3  Evaluates industrial chemical processes and suggests alternative methods of production that are 
sustainable and environmentally safe 

● Investigates and evaluates the conditions employed in industrial chemical processes and how these 
processes impact on the environment. 

● Generates alternative methods of production that are sustainable and environmentally friendly. 

EoC 4  Applies Chemistry principles and mathematical operations to determine quantities of either reactants or 
products from quantitative (balanced) chemical equations in real-life situations or for solving problems 

● Applies mathematical manipulations to interpret stoichiometric ratios from balanced chemical 
equations. 

● Determines stoichiometric quantities of reactants and their products from balanced chemical equations. 

EoC 5  Investigates quantities involving industrial processes 
● Determines theoretical yields in various industrial chemical processes as applied by chemists in everyday 

life. 
● Develops more efficient ways of increasing yields. 

EoC 6  Applies Chemistry principles in everyday life 
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● Designs and develops solutions, products and services using acquired scientific knowledge and skills for 
local and global real-life situations. 

3. Test Design 
The Chemistry examination will consist of two components: Component 1, School Based Assessment (SBA), set 
and scored by teachers at school level; and Component 2, the Final Examination, centrally set and marked by the 
Examinations Council of Zambia (ECZ) at the end of Form 4. The weighting of SBA and the Final Examination is 
30% and 70% respectively, in line with the assessment policy stated in the CDC Chemistry Syllabus (2024). 

Summary of the Test Design 
Component Code Level Duration No. of 

Items/Tasks 
Marks Weighting 

School Based Assessment – 
Component 1 

4014/1 Form 2 1 year 6 100  

  Form 3 1 year 6 100 30% 
Final Examination – 
Component 2 

4014/2 Form 4 2 hours 30 minutes 6 80 70% 

 

Distribution of Marks across Elements of Construct — Final Examination 
EoC 1 EoC 2 EoC 3 EoC 4 EoC 5 EoC 6 Total 
13 13 13 14 13 14 80 
 

3.1 Structure 

3.1.1 School Based Assessment – Component 1 
SBA will be conducted during the course of teaching and learning from Form 2 to Form 3 and will be based on all 
six (6) Elements of Construct. The component will comprise a total of twelve (12) tasks — six (6) at Form 2 and 
six (6) at Form 3 — giving a total of 200 marks. Tasks will take the form of class tests, assignments, practical 
work, research/projects (individual or group) and end-of-term/end-of-year tests, and will be scenario-based, 
presenting real-life problems for learners to solve using chemistry concepts and skills. Tasks assessing 
experimental skills may use materials and specimens unfamiliar to learners, requiring them to follow 
instructions, make observations, record data, draw diagrams, and apply concepts to arrive at conclusions. 

3.1.2 Final Examination – Component 2 
The Final Examination will consist of six (6) compulsory items, one drawn from each of the six Elements of 
Construct. Each item will present a real-life scenario followed by a set of structured tasks. Candidates will 
answer all six items. The paper will be written in Form 4, will last 2 hours 30 minutes, and will carry a total of 80 
marks. 

3.2 Test Content 

3.2.1 Types of Tasks and Items 
● School Based Assessment – Component 1: objective and subjective tasks drawn from real-life situations, 

including assignments, presentations, class exercises, practical activities, quizzes, tests, and a subject-
specific project. 
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● Final Examination – Component 2: semi-structured items (requiring words, numbers, symbols, 
equations, definitions, comparisons or calculations) and essay-type items (requiring extended prose 
responses), all scenario-based. 

3.2.2 Syllabus Coverage 
Both components are based on the CDC Chemistry Syllabus, Secondary Education Ordinary Level, Form 1–4 
(2024), covering: Introduction to Chemistry, Matter, Elements/Compounds/Mixtures, and Atomic Structure 
(Form 1); Bonding, Chemical Reactions, Chemical Kinetics, Redox Reactions, and Acids/Bases/Salts (Form 2); 
Stoichiometry and the Mole Concept, Thermochemistry, Equilibrium, Electricity and Chemistry, and Periodicity 
(Form 3); and Metallurgy, Non-Metals, Organic Chemistry, and Environmental Chemistry (Form 4). Items assess 
the key competences of analytical thinking, critical thinking, problem solving, communication, collaboration, 
creativity and innovation, and environmental sustainability. 

3.2.3 Level of Difficulty 
SBA task difficulty ranges from Remembering to Creating (Revised Bloom's Taxonomy); Final Examination items 
range from Understanding to Evaluating. Difficulty is determined by: the complexity of the real-life scenario; the 
depth of subject knowledge and skill required; the number and complexity of cognitive processes needed to 
generate a response; the degree of abstract and critical thinking required; and the extent to which a candidate 
must devise their own strategy rather than follow an explicit procedure. 

Distribution of Marks by Cognitive Level — Final Examination 

Remembering Understanding Applying Analysing Evaluating Creating Marks 
0 20 25 25 10 0 80 
 

4. Scoring Criteria 

4.1 School Based Assessment – Component 1 
● SBA will be marked at school level by the subject teacher using scoring guides/rubrics provided in the 

School Based Assessment Guidelines for the Examination for Certificate of Secondary Education 
Ordinary Level. 

● Scoring will measure the correctness of responses as well as the application of scientific skills — 
observation, data interpretation, problem solving, communication, and use of scientific procedures. 

● Raw SBA marks for each of the two years (Form 2 and Form 3) will be submitted to ECZ, which will 
compute the appropriate weighting. 

4.2 Final Examination – Component 2 
● The Final Examination will be marked centrally by examiners engaged by ECZ, using an official scoring 

guide. 
● A coordination meeting will be held before marking begins to harmonise the scoring guide and agree on 

acceptable alternative responses. 
● Method marks will be allocated for correct working in calculations; an accuracy mark will be allocated 

for the correct final answer, including correct units. 
● Marks will be allocated for correctly balanced equations, correct state symbols, and correctly 

drawn/labelled diagrams where required. 
● Omission of essential working in a calculation, even where the final numerical answer is correct, may 

result in loss of marks. 
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5. Notes and Guidelines 
● Candidates must sit both components in order to be graded; ECZ does not process partial marks. 
● Non-programmable, silent scientific calculators are permitted in the Final Examination. 
● Candidates will be expected to use 3.14, 3.142, or the calculator value of π, and Avogadro's constant as 

6.0 × 10²³ mol⁻¹, unless otherwise stated. 
● Relative atomic masses will be provided on the question paper where required. 
● State symbols (s), (l), (g), (aq) must be written in lower case on the same line as the chemical species, 

not as subscripts. 
● Cell phones, programmable calculators, and other unauthorised electronic devices are not permitted in 

the examination room. 
● Practical/experimental SBA tasks must be supervised and scored progressively by the subject teacher, 

not assessed only on a finished product. 

6. Exemplar Test Items 
The following exemplar items illustrate the type, format, scenario-based design, and level of difficulty expected 
for the Final Examination. One item is provided for each Element of Construct, spanning topics across Forms 1–4 
as prescribed in the syllabus. 

Item 1 — EoC 1: Classifies substances and interprets physical and chemical changes 
Element of Construct: EoC 1 

Form Level / Topic: Form 1 — Matter; Elements, Compounds and Mixtures; Criteria of Purity; Purification and 
Separation Techniques 

Specific Competence: Classify substances into elements, compounds and mixtures; separate mixtures using 
appropriate techniques; determine purity of a substance. 

Key Competences: Analytical thinking, problem solving, environmental sustainability, communication. 

Scenario 
A community borehole in a rural area of Zambia has started producing water that looks cloudy and tastes slightly 
salty. A sample brought to the school laboratory is found to contain fine sand particles, dissolved common salt 
(sodium chloride), and a small amount of dissolved plant matter. As the school's young chemist, you have been 
asked by the Parent-Teacher Association to investigate the sample and recommend a way of making the water 
safe and clear for drinking. 

Tasks 

● (a) Classify sand, dissolved sodium chloride, and the borehole water sample itself as an element, a 
compound or a mixture, giving a reason for each classification. [4] 

● (b) Describe, stage by stage, how you would separate the borehole water sample into its pure 
components, naming the separation technique used at each stage. [5] 

● (c) State two criteria of purity you would use to confirm that the water collected after purification is 
pure. [2] 

● (d) Using an example from the scenario, distinguish between a physical change and a chemical change. 
[2] 

Model Answers / Marking Points 
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● (a) Sand — compound (silicon dioxide), made of two elements chemically combined; sodium chloride — 
compound, made of sodium and chlorine chemically combined; the borehole water sample — mixture, 
since sand, salt and plant matter are only physically combined and not chemically bonded, and can be 
separated by physical means. [1 mark each, max 4] 

● (b) Filtration to remove the insoluble sand and plant debris from the salt solution; the filtrate (salt 
solution) is then purified by simple distillation, which evaporates the water and condenses it separately 
from the dissolved salt, leaving pure water as the distillate. [Filtration named and explained – 2; 
distillation named and explained – 3] 

● (c) A pure substance has a sharp, fixed melting/boiling point (pure water boils at exactly 100 °C at 
standard pressure); a pure substance shows no residue and has a constant, definite composition. [Any 
two, 1 mark each] 

● (d) A physical change (e.g. water evaporating during distillation) does not produce a new substance and 
is usually reversible; a chemical change (e.g. bleach reacting with the plant matter to destroy microbes) 
produces a new substance with different properties and is generally not easily reversible. [1 mark each 
contrast] 

[Total: 13 marks] 

Item 2 — EoC 2: Analyses and identifies chemical composition 
Element of Construct: EoC 2 

Form Level / Topic: Form 1/2 — Atomic Structure (Isotopes); Acids, Bases and Salts (Qualitative Analysis) 

Specific Competence: Identify cations and anions present in a salt using qualitative tests; determine the relative 
atomic mass of an element from isotopic abundances. 

Key Competences: Analytical thinking, critical thinking, problem solving, communication. 

Scenario 
A trader in Kasumbalesa has received several unlabelled sacks of white crystalline fertiliser from a supplier and 
does not know whether they contain ammonium sulphate. As the laboratory technician at the nearby 
agricultural research station, you are asked to test a sample dissolved in water to confirm the cation and anion 
present, and to help the station's report writer explain how the relative atomic mass of nitrogen (used in 
calculating the fertiliser's nitrogen content) is obtained from its isotopes. 

Tasks 

● (a) Describe a chemical test, including the expected observation, that would confirm the presence of the 
ammonium ion (NH₄⁺) in the solution. [3] 

● (b) Describe a chemical test, including the expected observation, that would confirm the presence of the 
sulphate ion (SO₄²⁻) in the solution. [3] 

● (c) Nitrogen has two naturally occurring isotopes: nitrogen-14 (92.0% abundance) and nitrogen-15 (8.0% 
abundance). Calculate the relative atomic mass of nitrogen, giving your answer to one decimal place. [3] 

● (d) Explain, in terms of atomic number and mass number, why nitrogen-14 and nitrogen-15 are isotopes 
of the same element. [2] 

Model Answers / Marking Points 
● (a) Warm the solution with aqueous sodium hydroxide; a pungent gas is released which turns damp red 

litmus paper blue, confirming ammonia gas and therefore the ammonium ion. [Method – 2; observation 
– 1] 
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● (b) Add dilute hydrochloric acid followed by aqueous barium chloride (or barium nitrate) to the solution; 
a white precipitate insoluble in the dilute acid forms, confirming the sulphate ion. [Method – 2; 
observation – 1] 

● (c) Relative atomic mass = (14 × 0.92) + (15 × 0.08) = 12.88 + 1.20 = 14.08 ≈ 14.1. [Correct method – 2; 
correct answer – 1] 

● (d) Both isotopes have the same atomic number (7 protons, defining the element as nitrogen) but 
different mass numbers (14 and 15) due to a different number of neutrons in the nucleus. [1 mark each 
point] 

[Total: 13 marks] 

Item 3 — EoC 3: Evaluates industrial chemical processes and sustainability 
Element of Construct: EoC 3 

Form Level / Topic: Form 3/4 — Non-Metals (Sulphur: Contact Process); Environmental Chemistry 

Specific Competence: Investigate and evaluate the conditions and environmental impact of the Contact Process 
for manufacturing sulphuric acid, and propose sustainable alternatives. 

Key Competences: Critical thinking, environmental sustainability, problem solving, communication. 

Scenario 
A chemical company on the Copperbelt manufactures sulphuric acid using the Contact Process, converting 
sulphur dioxide from smelter waste gases into sulphur trioxide and then sulphuric acid. Nearby residents have 
complained of acidic haze and damage to crops, and the Ministry of Green Economy and Environment has asked 
the company to review its process conditions and environmental controls. 

Tasks 

● (a) State the catalyst and the approximate temperature and pressure conditions used in the key stage of 
the Contact Process. [3] 

● (b) Write balanced chemical equations, with state symbols, for the conversion of sulphur dioxide to 
sulphur trioxide, and for the conversion of sulphur trioxide to sulphuric acid (via oleum). [3] 

● (c) Evaluate two environmental impacts that could result from this process if waste gases are released 
without treatment, and suggest one sustainable measure the company could adopt to reduce each 
impact. [4] 

● (d) Explain the economic importance of sulphuric acid to Zambia's mining and agricultural sectors. [3] 

Model Answers / Marking Points 
● (a) Vanadium(V) oxide (V₂O₅) catalyst; temperature of about 450 °C; pressure of about 1–2 

atmospheres. [1 mark each] 
● (b) 2SO₂(g) + O₂(g) ⇌ 2SO₃(g); SO₃(g) + H₂SO₄(l) → H₂S₂O₇(l), followed by H₂S₂O₇(l) + H₂O(l) → 2H₂SO₄(l). 

[Balanced equations with state symbols, 1–2 marks each as appropriate] 
● (c) Acid rain from escaped SO₂/SO₃ damaging crops and infrastructure — mitigated by scrubbing waste 

gases before release; respiratory harm to nearby residents from sulphur dioxide — mitigated by 
relocating stacks/using taller stacks with gas-cleaning equipment and continuous emission monitoring. 
[1 mark impact + 1 mark mitigation, for each of two impacts] 

● (d) Sulphuric acid is used to leach copper ore in Zambia's copper industry and to manufacture phosphate 
fertilisers for agriculture, supporting two major sectors of the national economy and generating export 
revenue and employment. [Up to 3 marks for well-developed points] 

[Total: 13 marks] 
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Item 4 — EoC 4: Applies stoichiometric principles to determine reacting quantities 
Element of Construct: EoC 4 

Form Level / Topic: Form 3 — Stoichiometry and the Mole Concept 

Specific Competence: Carry out calculations involving moles, concentration, and percentage purity using 
titration data. 

Key Competences: Analytical thinking, problem solving, financial literacy. 

Scenario 
A quality-control officer at a lime-processing plant in Chilanga needs to check the purity of a batch of limestone 
(calcium carbonate) before it is sold to farmers as an agricultural lime. A 2.50 g sample of crushed limestone is 
reacted completely with 100 cm³ of 0.500 mol/dm³ hydrochloric acid, and the excess acid remaining after 
reaction with the sample requires 24.0 cm³ of 0.200 mol/dm³ sodium hydroxide solution to neutralise it exactly. 

Tasks 

● (a) Write the balanced equation for the reaction between calcium carbonate and hydrochloric acid. [2] 
● (b) Calculate the number of moles of hydrochloric acid used initially, and the number of moles that 

reacted with the sodium hydroxide (i.e. the excess). [4] 
● (c) Calculate the number of moles, and hence the mass, of calcium carbonate that reacted with the 

hydrochloric acid. [4] 
● (d) Calculate the percentage purity of the limestone sample with respect to calcium carbonate. [4] 

Model Answers / Marking Points 
● (a) CaCO₃(s) + 2HCl(aq) → CaCl₂(aq) + H₂O(l) + CO₂(g). [Correctly balanced – 2] 
● (b) Moles of HCl initially = 0.100 dm³ × 0.500 mol/dm³ = 0.0500 mol; moles of NaOH used = 0.0240 dm³ × 

0.200 mol/dm³ = 0.00480 mol = moles of excess HCl (1:1 ratio with NaOH). [2 marks each part] 
● (c) Moles of HCl that reacted with CaCO₃ = 0.0500 − 0.00480 = 0.0452 mol; from the equation, moles of 

CaCO₃ = ½ × 0.0452 = 0.0226 mol; mass of CaCO₃ = 0.0226 mol × 100 g/mol = 2.26 g. [Method – 2; 
correct mole and mass values – 2] 

● (d) Percentage purity = (2.26 g ÷ 2.50 g) × 100 = 90.4%. [Method – 2; correct answer with 
unit/percentage – 2] 

[Total: 14 marks] 

Item 5 — EoC 5: Investigates quantities involving industrial processes 
Element of Construct: EoC 5 

Form Level / Topic: Form 3 — Electricity and Chemistry (Quantitative Electrolysis, Faraday's Laws) 

Specific Competence: Apply Faraday's Laws to determine the quantity of metal deposited during industrial 
electrolysis, and determine percentage yield. 

Key Competences: Analytical thinking, problem solving, financial literacy, environmental sustainability. 

Scenario 
An aluminium smelter extracts aluminium by electrolysis of molten aluminium oxide dissolved in molten 
cryolite. During one production run, a steady current of 40 000 A is passed through a cell for 8.00 hours. The 
plant engineer wants to know the theoretical mass of aluminium that should be deposited at the cathode, and 
to compare this with the 90.5 kg of aluminium actually recovered, to assess how efficiently the cell is operating. 

Tasks 
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● (a) Write the half-equation for the reaction occurring at the cathode during this electrolysis. [2] 
● (b) Using Faraday's Laws (1 Faraday = 96 500 C/mol), calculate the theoretical mass of aluminium 

deposited at the cathode during the 8.00-hour run. [6] 
● (c) Calculate the percentage yield of the process, given that 90.5 kg of aluminium was actually 

recovered. [3] 
● (d) Suggest two practical ways the plant could improve the efficiency (percentage yield) of the 

electrolytic cell. [2] 

Model Answers / Marking Points 
● (a) Al³⁺(l) + 3e⁻ → Al(l). [2 marks for correctly balanced half-equation] 
● (b) Quantity of charge, Q = I × t = 40 000 A × (8.00 × 3600 s) = 1.152 × 10⁹ C; moles of electrons = Q ÷ 96 

500 = 11 938 mol; moles of Al = 11 938 ÷ 3 = 3 979 mol (since Al³⁺ requires 3 electrons); mass of Al = 3 
979 mol × 27 g/mol = 107 433 g ≈ 107.4 kg. [Method marks for each stage – 4; final answer with correct 
unit – 2] 

● (c) Percentage yield = (actual yield ÷ theoretical yield) × 100 = (90.5 ÷ 107.4) × 100 ≈ 84.3%. [Method – 2; 
answer – 1] 

● (d) Reducing current leakage/improving electrode contact to minimise energy loss; maintaining an 
optimum electrolyte temperature and composition to reduce side reactions; using purer alumina 
feedstock to reduce impurity loss. [Any two, 1 mark each] 

[Total: 13 marks] 

Item 6 — EoC 6: Applies Chemistry principles in everyday life 
Element of Construct: EoC 6 

Form Level / Topic: Form 4 — Organic Chemistry (Carboxylic Acids, Alcohols, Esters); Environmental Chemistry 

Specific Competence: Prepare and explain everyday applications of esters and alcohols; evaluate the 
environmental sustainability of a bio-based product. 

Key Competences: Creativity and innovation, environmental sustainability, communication, entrepreneurship. 

Scenario 
A women's cooperative in Mansa wants to start a small business producing scented soap and a bioethanol fuel 
additive from locally grown cassava and sunflower oil, to reduce household dependence on imported paraffin 
and to add value to local produce. They have asked a group of Form 4 chemistry learners to explain the 
chemistry behind their proposed products and to advise on the environmental case for bioethanol. 

Tasks 

● (a) Soap is made by reacting a vegetable oil with concentrated sodium hydroxide. Name this reaction 
and write a word equation showing the formation of soap and glycerine. [4] 

● (b) Describe how the cooperative could produce ethanol from cassava starch by fermentation, stating 
the conditions required and the balanced equation for the fermentation step. [4] 

● (c) Explain two reasons why using cassava-derived bioethanol as a fuel additive is considered more 
environmentally sustainable than relying solely on fossil-fuel-derived petrol. [3] 

● (d) Describe a simple chemical test that would allow the cooperative's quality controller to confirm that 
a sample is ethanol and not just water. [3] 

Model Answers / Marking Points 

● (a) Saponification. Vegetable oil (ester) + sodium hydroxide → soap (sodium salt of a fatty acid) + 
glycerine (propan-1,2,3-triol). [Named reaction – 1; correctly structured word equation – 3] 
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● (b) Cassava starch is first hydrolysed (or the crop is malted) to convert starch to sugar (glucose); the 
sugar solution is then fermented using yeast at a warm temperature of about 25–35 °C in the absence of 
air (anaerobic conditions): C₆H₁₂O₆(aq) → 2C₂H₅OH(aq) + 2CO₂(g). [Conditions – 2; balanced equation – 
2] 

● (c) Bioethanol is produced from a renewable crop (cassava) that can be regrown each season, unlike 
finite fossil petroleum reserves; growing cassava absorbs carbon dioxide through photosynthesis, which 
can offset the carbon dioxide released when the bioethanol is burnt, giving a smaller net contribution to 
the greenhouse effect than petrol derived entirely from fossil carbon. [Any two well-explained points, 1–
2 marks each, max 3] 

● (d) Add a small piece of clean sodium metal to the sample in a fume cupboard/well-ventilated area; with 
ethanol, effervescence (bubbling) of hydrogen gas is observed and the sodium reacts steadily, whereas 
with pure water the sodium reacts even more vigorously — a controlled comparison, or use of 
anhydrous copper(II) sulphate (turns blue in the presence of water) on a separately dried sample, can 
distinguish the two. [Method – 2; observation/interpretation – 1] 

[Total: 14 marks] 

7. School Based Assessment (SBA) Task Bank 
The following twelve (12) tasks constitute the full SBA task bank for Chemistry — six (6) tasks to be administered 
in Form 2 and six (6) in Form 3, giving 100 marks per Form level (200 marks total, weighted to 30% of the final 
grade). Each task is scenario-based, targets one Element of Construct, and may be administered as a class test, 
assignment, or practical/investigative task at the teacher's discretion. Teachers should adapt the scenario's local 
detail (place names, materials) to their own school context where appropriate, while preserving the chemistry 
content and mark allocation. 

7.1 Form 2 SBA Tasks (Tasks 1–6) 

SBA Task 1 — Form 2 
Element of Construct: EoC 1 — Classifies substances and interprets physical and chemical changes 

Topic: Matter; Elements, Compounds and Mixtures (Form 1 foundation) 

Suggested Task Type: Class test or practical investigation 

Specific Competence: Classify substances as elements, compounds or mixtures; distinguish physical from 
chemical changes; apply criteria of purity. 

Key Competences: Analytical thinking, communication, environmental sustainability. 

Scenario 
A cooking-oil vendor at a market in Kitwe is suspected of selling oil that has been mixed with cheaper, less pure 
oil and some charcoal dust from poor storage. A group of learners is asked, as part of a consumer-protection 
club project, to investigate a sample of the oil. 

Tasks 

● (a) Classify pure cooking oil, charcoal dust, and the suspect oil sample as an element, a compound or a 
mixture, with a reason for each. [4] 

● (b) Describe a suitable method to remove the charcoal dust from the oil sample, and one property of 
pure oil the club could use to check whether the remaining oil has been diluted with an impure 
substance. [3] 
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● (c) State whether heating the oil until it smokes and darkens is a physical or a chemical change, and 
justify your answer. [2] 

Model Answers / Marking Points 

● (a) Pure cooking oil — compound (or mixture of similar fatty compounds, accept reasoned answer); 
charcoal dust — mixture of carbon and impurities from incomplete combustion; the suspect oil sample 
— mixture, since the oil and dust are only physically combined. [Up to 4] 

● (b) Filtration removes the insoluble charcoal dust; a fixed/sharp boiling or melting point (or 
density/viscosity check against a known pure sample) can indicate whether the oil has been adulterated. 
[Method – 2; purity check – 1] 

● (c) A chemical change, because smoking and darkening indicate decomposition of the oil into new 
substances (e.g. burnt residues and gases) with different properties, which is not reversible. [2] 

[Total: 17 marks] 

SBA Task 2 — Form 2 
Element of Construct: EoC 2 — Analyses and identifies chemical composition 

Topic: Atomic Structure — Isotopic Nature of Elements (Form 1 foundation) 

Suggested Task Type: Written assignment 

Specific Competence: Determine relative atomic mass from relative isotopic masses; apply electronic 
configuration to classify elements. 

Key Competences: Analytical thinking, problem solving. 

Scenario 
A science club is preparing a poster on chlorine, the element used to disinfect water at the local treatment 
works in their district. They find that chlorine occurs naturally as two isotopes: chlorine-35 (75.0% abundance) 
and chlorine-37 (25.0% abundance), and want to present chlorine's atomic structure correctly on the poster. 

Tasks 

● (a) Explain what is meant by the term isotopes, using chlorine-35 and chlorine-37 as your example. [3] 
● (b) Calculate the relative atomic mass of chlorine from the data given, to one decimal place. [3] 
● (c) Chlorine has atomic number 17. Draw or describe the electronic configuration of a chlorine atom, 

and state whether chlorine is a metal or a non-metal, giving a reason based on its electronic 
configuration. [4] 

Model Answers / Marking Points 
● (a) Isotopes are atoms of the same element (same atomic/proton number, 17 protons in both) with 

different numbers of neutrons, giving different mass numbers (35 and 37). [3] 
● (b) Relative atomic mass = (35 × 0.75) + (37 × 0.25) = 26.25 + 9.25 = 35.5. [Method – 2; answer – 1] 
● (c) Electronic configuration 2, 8, 7; chlorine is a non-metal because it has 7 electrons in its outermost 

shell, close to a full octet, so it tends to gain one electron rather than lose electrons. [Configuration – 2; 
classification with reason – 2] 

[Total: 17 marks] 

SBA Task 3 — Form 2 
Element of Construct: EoC 3 — Evaluates industrial/community chemical processes and sustainability 

Topic: Redox Reactions — Oxidising and Reducing Agents 
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Suggested Task Type: Practical investigation and written report 

Specific Competence: Identify oxidising and reducing agents; evaluate the safety and environmental impact of a 
redox-based process. 

Key Competences: Critical thinking, environmental sustainability, problem solving. 

Scenario 
A small town's water works uses chlorine gas to disinfect drinking water through a redox reaction that kills 
harmful microbes. Some residents have raised concerns after a chlorine gas leak caused breathing difficulties 
among nearby workers, and the town council wants to review whether the process is being run safely and 
sustainably. 

Tasks 

● (a) Explain, in terms of oxidation and reduction, why chlorine is effective as a water disinfectant (i.e. 
state whether chlorine acts as an oxidising or reducing agent, and justify this). [3] 

● (b) Describe one simple chemical test the club could use to confirm that a solution contains an oxidising 
agent. [3] 

● (c) Evaluate one health/environmental risk of using chlorine gas at the plant, and suggest one safer or 
more sustainable alternative disinfection method. [3] 

Model Answers / Marking Points 

● (a) Chlorine acts as an oxidising agent; it gains electrons (is itself reduced) from substances in microbial 
cells, disrupting and destroying them. [3] 

● (b) Add the solution to acidified potassium iodide solution in the presence of starch; a blue-black colour 
forms if an oxidising agent is present (it oxidises iodide to iodine). [3] 

● (c) Chlorine gas is toxic and corrosive and can cause respiratory harm if it leaks, as seen at the plant; a 
safer/more sustainable alternative is using ultraviolet (UV) disinfection or ozone treatment, which 
avoids storing and transporting hazardous chlorine gas. [Risk – 1; alternative with reason – 2] 

[Total: 16 marks] 

SBA Task 4 — Form 2 
Element of Construct: EoC 4 — Applies chemistry principles and mathematical operations 

Topic: Bonding — Chemical Formulae (valencies, percentage composition) 

Suggested Task Type: Class test 

Specific Competence: Deduce chemical formulae of compounds from valencies; calculate percentage 
composition by mass. 

Key Competences: Analytical thinking, financial literacy, problem solving. 

Scenario 
A local cooperative wants to buy fertiliser and needs to compare two nitrogen-supplying compounds — 
ammonium sulphate, (NH₄)₂SO₄, and urea, CO(NH₂)₂ — to decide which gives more nitrogen per kilogram 
bought, since nitrogen is the nutrient the cooperative's maize crop needs most. 

Tasks 

● (a) Using the valencies NH₄ = 1, SO₄ = 2, show how the formula (NH₄)₂SO₄ for ammonium sulphate is 
obtained. [2] 

● (b) Calculate the relative formula mass of ammonium sulphate, (NH₄)₂SO₄. [N = 14, H = 1, S = 32, O = 16] 
[3] 
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● (c) Calculate the percentage of nitrogen by mass in ammonium sulphate. [3] 
● (d) Given that urea, CO(NH₂)₂, contains 46.7% nitrogen by mass, advise the cooperative on which 

fertiliser gives more nitrogen per kilogram, and why. [3] 

Model Answers / Marking Points 
● (a) NH₄ has a valency of 1 and SO₄ has a valency of 2, so two NH₄ units are needed to balance one SO₄ 

unit, giving (NH₄)₂SO₄. [2] 
● (b) RFM = 2(14 + 4×1) + 32 + (4×16) = 2(18) + 32 + 64 = 36 + 32 + 64 = 132. [3] 
● (c) % N = (2 × 14 ÷ 132) × 100 = (28 ÷ 132) × 100 = 21.2%. [3] 
● (d) Urea (46.7% N) gives considerably more nitrogen per kilogram than ammonium sulphate (21.2% N), 

so the cooperative should buy urea for better value per kilogram of nitrogen delivered, provided cost 
per kilogram of the two fertilisers is comparable. [3] 

[Total: 17 marks] 

SBA Task 5 — Form 2 
Element of Construct: EoC 5 — Investigates quantities/efficiency involving processes 

Topic: Chemical Kinetics — Rates of Reaction and Factors Affecting Rate 

Suggested Task Type: Practical investigation 

Specific Competence: Investigate factors that affect the rate of a chemical reaction and apply this to 
controlling/improving a real process. 

Key Competences: Problem solving, analytical thinking, entrepreneurship. 

Scenario 
A household in Mongu brews traditional maize beer (munkoyo/chibuku-style) by fermenting maize meal, and 
has noticed that on cold days the fermentation takes much longer to be ready for sale than on hot days, 
affecting how much beer they can sell each week. 

Tasks 

● (a) Name two factors, other than temperature, that could be manipulated to increase the rate of the 
fermentation reaction. [2] 

● (b) Explain, using collision theory, why fermentation is slower on cold days than on hot days. [3] 
● (c) Design a simple experiment (apparatus and method) the household could use to compare the rate of 

gas production (carbon dioxide) from the fermenting mixture at two different temperatures. [4] 
● (d) Suggest one practical, low-cost way the household could control the temperature of fermentation to 

keep production more consistent through the year. [2] 

Model Answers / Marking Points 

● (a) Concentration of sugar/yeast used; surface area of the maize meal (fineness of grinding). [2] 
● (b) At lower temperatures, particles have less kinetic energy, so they move more slowly and collide less 

frequently and with less energy; fewer collisions exceed the activation energy, so the reaction 
(fermentation) proceeds more slowly. [3] 

● (c) Set up two identical fermenting mixtures at different temperatures (e.g. one at room temperature, 
one gently warmed); connect each to a delivery tube leading into an inverted, water-filled measuring 
cylinder to collect the gas produced; record the volume of gas collected at regular time intervals for both 
set-ups and compare. [Apparatus – 2; method – 2] 
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● (d) Keep the fermenting container in a warmer part of the house (e.g. near a cooking fire, within a safe 
distance) during cold weather, or insulate the container, to maintain a more consistent fermentation 
temperature. [2] 

[Total: 16 marks] 

SBA Task 6 — Form 2 
Element of Construct: EoC 6 — Applies chemistry principles in everyday life 

Topic: Acids, Bases and Salts — Preparation of Salts and Indicators 

Suggested Task Type: Practical investigation 

Specific Competence: Prepare a soluble salt using an appropriate method; use acid-base indicators to test 
acidity/alkalinity in a real situation. 

Key Competences: Problem solving, entrepreneurship, environmental sustainability. 

Scenario 
A farmer near Choma has noticed that maize planted in one section of the field is stunted and yellowing, and 
suspects the soil there may be too acidic. The local agricultural extension officer asks a group of Form 2 learners 
to test the soil and recommend a treatment. 

Tasks 

● (a) Describe how the learners could prepare a soil-water mixture and use an indicator to estimate 
whether the soil is acidic, neutral or alkaline. [3] 

● (b) Agricultural lime, calcium hydroxide, Ca(OH)₂, is commonly recommended to treat acidic soil. Write a 
balanced equation for the reaction between calcium hydroxide and excess dilute hydrochloric acid 
representing the soil acids being neutralised, including state symbols. [3] 

● (c) Name the salt prepared in part (b) and describe how a pure, dry sample of it could be obtained from 
the resulting solution. [3] 

● (d) Explain why applying too much lime could also harm the crop, relating your answer to the properties 
of bases. [2] 

Model Answers / Marking Points 
● (a) Mix a sample of the soil thoroughly with distilled water, allow it to settle, and test the clear liquid 

with universal indicator solution/paper, comparing the colour produced to the standard pH colour chart. 
[3] 

● (b) Ca(OH)₂(aq) + 2HCl(aq) → CaCl₂(aq) + 2H₂O(l). [3] 
● (c) Calcium chloride; the solution is evaporated to the point of crystallisation (using gentle heating) and 

then allowed to cool so that crystals of calcium chloride form, which are filtered off and dried between 
filter paper. [Name – 1; method – 2] 

● (d) Excess lime would make the soil too alkaline; bases in excess can also damage plant roots and 
interfere with the uptake of nutrients, so the crop could be harmed just as much by over-liming as by 
the original acidity. [2] 

[Total: 16 marks] 

7.2 Form 3 SBA Tasks (Tasks 7–12) 

SBA Task 7 — Form 3 
Element of Construct: EoC 1 — Classifies substances and interprets trends 
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Topic: Periodicity — Trends in Groups and Periods 

Suggested Task Type: Class test 

Specific Competence: Analyse periodic trends to classify elements as metallic or non-metallic in nature. 

Key Competences: Analytical thinking, communication. 

Scenario 
A mining company in North-Western Province has sent a science outreach team three unlabelled mineral 
samples containing Elements X, Y and Z from the same Period of the Periodic Table, and asks a Form 3 class to 
use periodic trends to predict which is most likely to be a reactive metal, based on their positions. 

Tasks 

● (a) State two physical properties and two chemical properties that generally change across a Period 
from left to right. [4] 

● (b) Element X is on the far left of the Period, Element Y is in the middle, and Element Z is on the far right. 
Using periodic trends, predict which element is most likely to be the most reactive metal, and justify 
your answer. [3] 

● (c) Explain, in terms of electron arrangement, why elements in the same Group of the Periodic Table 
have similar chemical properties. [3] 

Model Answers / Marking Points 

● (a) Physical: atomic size generally decreases across a Period; melting/boiling points rise then fall. 
Chemical: electropositivity (metallic character) decreases across a Period; electronegativity (non-
metallic character) increases across a Period. [1 mark each, max 4] 

● (b) Element X, since elements on the far left of a Period are the most electropositive (most metallic) and 
therefore most reactive as metals, readily losing their outer electron(s). [3] 

● (c) Elements in the same Group have the same number of electrons in their outermost shell (valence 
electrons), and it is this outer-shell arrangement that largely determines an element's chemical 
behaviour, so elements sharing it behave similarly. [3] 

[Total: 17 marks] 

SBA Task 8 — Form 3 
Element of Construct: EoC 2 — Analyses and identifies chemical composition 

Topic: Electricity and Chemistry — Conductors, Electrolytes and Non-Electrolytes 

Suggested Task Type: Practical investigation 

Specific Competence: Classify and analyse solutions as electrolytes or non-electrolytes based on electrical 
conductivity. 

Key Competences: Analytical thinking, digital literacy, problem solving. 

Scenario 
A group of learners building a simple electric cell for a school science fair has four liquids available — distilled 
water, sugar solution, salt (sodium chloride) solution, and dilute hydrochloric acid — and needs to identify which 
will work best to conduct electricity in their cell. 

Tasks 

● (a) Describe a simple circuit (including a bulb or ammeter) that the learners could set up to test the 
electrical conductivity of each liquid. [3] 

● (b) Predict, with a reason, which of the four liquids would conduct electricity and which would not. [4] 
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● (c) Explain, in terms of the particles present, why the salt solution conducts electricity but the sugar 
solution does not. [3] 

Model Answers / Marking Points 

● (a) Connect two electrodes (e.g. carbon rods) dipped into the liquid in a circuit with a battery and a bulb 
or ammeter; the brightness of the bulb (or reading on the ammeter) when each liquid is tested indicates 
how well it conducts. [3] 

● (b) Salt solution and dilute hydrochloric acid conduct electricity, since they are electrolytes containing 
free-moving ions; distilled water and sugar solution do not conduct (or conduct very poorly), since they 
contain no/very few free ions — sugar is a covalent, non-electrolyte substance and pure water has 
extremely low ion concentration. [4] 

● (c) Salt solution contains freely moving Na⁺ and Cl⁻ ions, which can carry electric charge through the 
solution, whereas sugar dissolves as neutral molecules with no charged particles free to move and carry 
current. [3] 

[Total: 17 marks] 

SBA Task 9 — Form 3 
Element of Construct: EoC 3 — Evaluates processes and sustainable alternatives 

Topic: Thermochemistry — Sources of Energy 

Suggested Task Type: Research assignment and written report 

Specific Competence: Justify the need to harness alternative sources of energy by evaluating their safety, cost, 
and environmental impact. 

Key Competences: Environmental sustainability, critical thinking, problem solving. 

Scenario 
A rural school in Eastern Province currently relies entirely on firewood for cooking in its boarding kitchen, which 
has led to increasing deforestation of the nearby woodland. The school's Environment Club has been asked by 
the head teacher to research and recommend a more sustainable energy source for the kitchen. 

Tasks 

● (a) State two disadvantages of the school's continued use of firewood as an energy source, referring to 
both the environment and the chemistry of combustion. [3] 

● (b) Compare firewood with one renewable energy source (e.g. biogas or solar) and one non-renewable 
source (e.g. LPG gas), in terms of cost, renewability and cleanliness of combustion. [6] 

● (c) Recommend, with justification, which energy source the club should propose to the head teacher. [2] 

Model Answers / Marking Points 
● (a) Continued cutting of firewood causes deforestation and soil erosion around the school; incomplete 

combustion of firewood produces smoke containing carbon monoxide and soot, harming the health of 
kitchen staff and contributing to indoor air pollution. [3] 

● (b) Biogas: renewable (produced from organic/animal waste), relatively low running cost once installed, 
burns cleanly; LPG: non-renewable (fossil fuel derived), moderate-to-high cost and needs to be 
purchased regularly, burns cleanly with little smoke; firewood: renewable only if replanted, currently 
free/low direct cost but high environmental cost, burns with significant smoke. [Up to 2 marks per 
source, max 6] 
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● (c) Biogas is recommended, as it is renewable, can be produced on-site from available organic waste, 
reduces both deforestation and smoke-related health problems, aligning with sustainable practice. [Any 
well-justified recommendation, 2 marks] 

[Total: 17 marks] 

SBA Task 10 — Form 3 
Element of Construct: EoC 4 — Applies chemistry principles and mathematical operations 

Topic: Stoichiometry and the Mole Concept — Concentration of Solutions 

Suggested Task Type: Class test 

Specific Competence: Determine concentration given the amount of solute and volume of solution, and apply 
the dilution law. 

Key Competences: Analytical thinking, financial literacy, problem solving. 

Scenario 
A rural health post needs to prepare Oral Rehydration Solution (ORS) for treating diarrhoea. The clinical 
guideline requires a solution containing 3.5 g of sodium chloride dissolved in 1 dm³ (1000 cm³) of clean water, 
and the health worker wants to confirm the molar concentration before mixing a batch. 

Tasks 

● (a) Calculate the number of moles of sodium chloride, NaCl, in 3.5 g. [Na = 23, Cl = 35.5] [3] 
● (b) Calculate the molar concentration (molarity) of the ORS solution in mol/dm³. [3] 
● (c) The health post only has a more concentrated 1.00 mol/dm³ stock solution of sodium chloride. Using 

the dilution law, M₁V₁ = M₂V₂, calculate the volume of stock solution that must be diluted with water to 
make 500 cm³ of the ORS concentration calculated in (b). [4] 

Model Answers / Marking Points 

● (a) Moles = mass ÷ molar mass = 3.5 ÷ (23 + 35.5) = 3.5 ÷ 58.5 = 0.0598 mol. [3] 
● (b) Molarity = moles ÷ volume (dm³) = 0.0598 ÷ 1.00 = 0.0598 mol/dm³ ≈ 0.06 mol/dm³. [3] 
● (c) M₁V₁ = M₂V₂ → 1.00 × V₁ = 0.0598 × 500 → V₁ = 29.9 ÷ 1.00 = 29.9 cm³ ≈ 30 cm³ of stock solution, 

made up to 500 cm³ with water. [Method – 2; correct answer – 2] 
[Total: 16 marks] 

SBA Task 11 — Form 3 
Element of Construct: EoC 5 — Investigates quantities involving industrial processes 

Topic: Electricity and Chemistry — Quantitative Electrolysis 

Suggested Task Type: Class test 

Specific Competence: Apply Faraday's Laws to determine the quantity of metal deposited in a small-scale 
electroplating process. 

Key Competences: Analytical thinking, entrepreneurship, problem solving. 

Scenario 
A small jewellery business in Lusaka electroplates cheap metal bangles with a thin layer of silver to make them 
more attractive to customers. The owner passes a current of 2.00 A through the electroplating bath for 45 
minutes to coat one batch of bangles and wants to know how much silver this should deposit, to check they are 
not being overcharged for silver by their supplier. 
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Tasks 

● (a) Write the half-equation for the deposition of silver at the cathode during electroplating. [2] 
● (b) Calculate the quantity of charge (in coulombs) passed through the bath in 45 minutes. [3] 
● (c) Using 1 Faraday = 96 500 C/mol and the relative atomic mass of silver = 108, calculate the theoretical 

mass of silver deposited. [6] 

Model Answers / Marking Points 
● (a) Ag⁺(aq) + e⁻ → Ag(s). [2] 
● (b) Q = I × t = 2.00 A × (45 × 60 s) = 2.00 × 2700 = 5400 C. [3] 
● (c) Moles of electrons = Q ÷ F = 5400 ÷ 96 500 = 0.0560 mol; since Ag⁺ requires 1 electron per ion, moles 

of Ag = 0.0560 mol; mass of Ag = 0.0560 × 108 = 6.05 g. [Method marks – 4; final answer with unit – 2] 
[Total: 16 marks] 

SBA Task 12 — Form 3 
Element of Construct: EoC 6 — Applies chemistry principles in everyday life 

Topic: Chemical Equilibrium — Reversible Reactions and Dynamic Equilibrium 

Suggested Task Type: Written assignment / class discussion task 

Specific Competence: Demonstrate reversibility of chemical reactions and apply dynamic equilibrium concepts 
to explain an everyday phenomenon. 

Key Competences: Communication, critical thinking, problem solving. 

Scenario 
A shopkeeper in Livingstone has noticed that bottled soft drinks left open for a while go 'flat' (lose their fizz), 
while unopened bottles stay fizzy for months. A customer asks the shopkeeper's daughter, a Form 3 chemistry 
learner, to explain why, since she is studying equilibrium at school. 

Tasks 
● (a) Explain, using the idea of dynamic equilibrium, why an unopened bottle of soft drink stays fizzy: 

describe what is happening to dissolved carbon dioxide gas inside the sealed bottle. [4] 
● (b) Explain why opening the bottle causes the drink to eventually go flat, relating your answer to the 

position of the equilibrium. [3] 
● (c) Give one other everyday or household example of a reversible reaction or dynamic equilibrium, and 

briefly explain it. [3] 

Model Answers / Marking Points 
● (a) Inside the sealed bottle, dissolved carbon dioxide gas exists in dynamic equilibrium with carbon 

dioxide gas in the space above the liquid: CO₂(aq) ⇌ CO₂(g); the rate at which CO₂ escapes from solution 
into the gas space is equal to the rate at which it redissolves, so the amount of dissolved CO₂ (and 
therefore the fizz) stays constant. [4] 

● (b) Opening the bottle allows the CO₂ gas above the liquid to escape into the much larger volume of the 
surrounding air, so the forward process (gas escaping from solution) is no longer balanced by gas 
returning to solution; the equilibrium shifts to replace the lost gas, and dissolved CO₂ continuously 
escapes until the drink goes flat. [3] 

● (c) Any suitable reasoned example, e.g. thermal dissociation/recombination of ammonium chloride on 
heating and cooling (white fumes reforming on a cool surface), or hydrated copper(II) sulphate losing 
and regaining water of crystallisation on heating and re-wetting. [3] 
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[Total: 16 marks] 


