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INTRODUCTION  
 

Unit 2: Chemical Principles and Applications II is divided into three modules. These modules are 

• Module 1: The Chemistry of Carbon Compounds 

• Module 2: Analytical Methods and Separation Techniques 

• Module 3: Industry and the Environment. 

 

Candidates’ knowledge of this unit is examined through the following papers.  

• Paper 01 — Multiple Choice 

• Paper 02 — Structured Essay 

• Paper 031 — School-Based Assessment (SBA)  

• Paper 032 — Alternative to the School-Based Assessment 

 

Paper 01 comprises 45 compulsory multiple-choice items, which consist of 15 items per module. The 

paper is worth a total of 90 marks, representing 40 per cent of the total mark for the unit. 

 

Paper 02 comprises three compulsory questions. Each module is the basis of one question. The paper is 

worth a total of 90 marks, representing 40 per cent of the total mark for the unit. 

 

For Paper 031, candidates must complete laboratory exercises. This component of the exam contributes 

20 per cent of the total mark for the unit.  

 

Paper 032 is taken by private candidates. It comprises three compulsory questions which assess 

candidates’ experimental skills. 

 

There was an improvement in the overall performance of candidates in 2021 when compared with 2019 

and 2020. Ninety-five percent of the 3329 candidates who wrote the examination earned Grades I–V. 

There was also a significant improvement in the mean mark on Paper 01 and Paper 02 when compared 

with 2019. 

 

It is encouraging to see an improvement in the performance of candidates on Paper 01 and Paper 02. 

However, candidates are underperforming on certain topics and so we are encouraging teachers to teach 

students about all topics in each unit in detail.  
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PAPER 01 – MULTIPLE CHOICE 

 

Paper 01 consists of 45 multiple-choice items. Approximately 93 per cent of candidates earned Grades I–

IV. Out of a maximum of 45 marks, the mean was 34.71 and the standard deviation 8.20. 
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PAPER 02 — STRUCTURED ESSAY 
_____________________________________________________________________________________ 

Question 1  
_____________________________________________________________________________________ 

 

This question tested syllabus objectives 1.4–1.5, 1.7–1.9 and 2.3–2.5 from Module 1: The Chemistry of 

Carbon Compounds. The mean was 13.09 and the standard deviation 7.51. 

 

Candidate’s Response to Part (a) (i) 

 

 
 

 
 

Candidate’s Response to Part (a) (ii) 

 

 
 

 
 

 

 

 

 

Examiner’s Comments 

The candidate accurately defined the term structural isomerism.  

Examiner’s Comments 

The candidate provided accurate answers and included appropriate examples. Generally, Part (a) (ii) 

was not well answered by candidates. 
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Candidate’s Response to Part (b) (i) 

 

 
 

 
 

  

Examiner’s Comments 

The candidate presented the solution using appropriate chemical equations and volumes of gases. 

The candidate also used well defined algebraic expressions and presented them in an unambiguous 

manner. The solution was very well developed by the candidate. 
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Candidate’s Response to Part (b) (ii) 

 

 
 

 
 

Candidate’s Response to Part (b) (iii) 

 

 

Examiner’s Comments 

Generally, candidates accurately represented the structural formula of the molecular formula they 

obtained in Part (b) (i).  In the exemplar, the candidate wrote the displayed structural formula of P 

accurately. 
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Candidate’s Response to Part (b) (iv) 

 

 
 

 
 

Candidate’s Response to Part (c) (i) 

 

 
 

 
 

  

Examiner’s Comments 

The candidate excellently represented the reaction mechanism for the reaction of P with liquid 

bromine, using appropriate notations and equations. The relevant chemical formulae were all correct 

and the candidate used the appropriate notation to indicate radical atoms. However, the candidate 

did not use curved arrows to indicate the transfer of electrons. 

Examiner’s Comments 

The candidate accurately identified the type of reaction mechanism outlined in Part (b) (iii). 

Examiner’s Comments 

Candidates were generally able to identify the correct isomers. However, some candidates made 

errors in naming or drawing the structural formulae.  
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Candidate’s Response to Part (c) (ii) 

 

 
 

 
 

Candidate’s Response to Part (c) (iii) 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Examiner’s Comments 

Candidates were able to deduce that the molecule Q exhibited geometric isomerism. 

Examiner’s Comments 

The candidate stated two plausible reasons why Compound Q exhibits geometric (cis/trans) 

isomerism. 

Most candidates did not obtain full marks because their explanations were either incorrect or lacked 

sufficient detail. 
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Candidate’s Response to Part (c) (iv) 

 

 
 

 
 

Candidate’s Response to Part (c) (v) 

 

 
 

 
 

Candidate’s Response to Part (d) (i) 

 

 
 

Examiner’s Comments 

The candidate represented the requested mechanism in a clear, logical and detailed manner. The 

candidate placed all charges on atoms/groups of atoms correctly and used arrows appropriately to 

show movement of electrons. The partial charges were also very well indicated by the candidate. 

Examiner’s Comments 

Most candidates were able to identify the reaction mechanism outlined in Part (c) (iv). 
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Candidate’s Response to Part (d) (ii) 

 

 
 

 
 

Candidate’s Response to Part (d) (iii) 

 

 
 

 
  

Examiner’s Comments 

Many candidates described the expected colour changes correctly. 

Examiner’s Comments 

The accepted answer for the aqueous bromide ion is orange brown or red brown. However, most 

candidates stated ‘brown’ which was not an accepted answer. 

Examiner’s Comments 

The candidate’s answer was accurate. The candidate indicated that there would be no difference in 

the initial colour and the final colour observed. However, some candidates lost marks because they 

did not indicate that even though the colour remained the same, a reaction took place. Therefore, 

answers such as ‘no reaction’ were incorrect. 
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Question 2  
_____________________________________________________________________________________ 

 

This question tested syllabus objectives 1.1, 2.1–2.6 and 3.4 from Module 2: Analytical Methods and 

Separation Techniques. The mean was 13.38 and the standard deviation 6.66. 

 

Candidate’s Response to Parts (a) (i) and (ii) 

 

 
 

 
 

Candidate’s Response to Part (b) (i) 

 

 

 
 

Examiner’s Comments 

The candidate defined the terms correctly. 

Examiner’s Comments 

The candidate earned full marks by providing three correct reasons why NaHCO3 can be used as a 

primary standard. 
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Candidate’s Response to Part (b) (ii) 

 

 
 

 
 

Candidate’s Response to Part (c) (i)  

 

 
 

 
  

Examiner’s Comments 

The candidate stated one correct reason why NaOH may not be used as a primary standard. 

Examiner’s Comments 

In the exemplar, the candidate made an error when writing the first part of the equation for the 

reaction between sodium hydrogen carbonate and sulfuric acid. The correct formula is 2NaHC03 (s) + 

H2SO4 (aq) → Na2SO4 (aq) + 2H2O (l) + 2CO2 (g).  
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Candidate’s Response to Part (c) (ii)  

 

 
 

 
 

Candidate’s Response to Part (d) (i)  

 

 
 

 
 

  

Examiner’s Comments 

The candidate performed all calculations accurately and clearly and therefore earned a mark for each 

calculation.  

Examiner’s Comments 

The candidate provided an adequate definition for the term mean volume. 
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Candidate’s Response to Part (d) (ii)  

 

 
 

 
 

Candidate’s Response to Part (d) (iii)  

 

 
 

 
 

  

Examiner’s Comments 

The candidate calculated the mean volume correctly and provided the correct titre values. Therefore, 

the candidate was awarded full marks.  

Examiner’s Comments 

 The candidate defined the term standard deviation correctly. 
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Candidate’s Response to Part (d) (iv) 

 

 
 

 
 

  

Examiner’s Comments 

The candidate provided a plausible justification for the choice of titre values. 
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Candidate’s Response to Part (e)  

 

 
 

 
 

  

Examiner’s Comments 

The candidate provided accurate calculations and the correct formula but did not clearly identify 

what ratio was used. Hence, the candidate was awarded three out of four marks. 
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Candidate’s Response to Part (f) 

 

 
 

  

Examiner’s Comments 

The candidate outlined five experimental steps that should be carried out to determine the ethanoic 

acid content of vinegar.  
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Question 3  
_____________________________________________________________________________________ 

 

This question tested syllabus objectives 1.1–1.2, 2.1–2.2, 4.1–4.3 and 5.1–5.4 from Module 3: Industry 

and The Environment. The mean was 10.51 and the standard deviation 4.53. 

 

Candidate’s Response to Part (a) (i) 

 

 
 

 
 

Candidate’s Response to Part (a) (ii) 

 

 
 

 
 

 

 

 

 

Examiner’s Comments 

The candidate was able to outline why a catalyst was needed in the reaction. 

Examiner’s Comments 

The candidate used Le Chatelier’s principle to accurately explain the effect of temperature on the 

direction of equilibrium for the ammonia formation. 
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Candidate’s Response to Part (a) (iii) 

 

 
 

 
 

Candidate’s Response to Part (a) (iv) 

 

  
 

 
 

  

Examiner’s Comments 

The candidate correctly stated that the temperatures used in the Haber-Bosch synthesis do not 

favour the formation of high yields of ammonia. 

Examiner’s Comments 

The candidate identified the correct shift in equilibrium but made no reference to the partial 

pressures of the products and the reactants.  
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Candidate’s Response to Part (a) (v) 

 

 
 

 
 

Candidate’s Response to Part (a) (vi) 

 

 
 

 
 

Candidate’s Response to Part (a) (vii) 

 

 
 

 

Examiner’s Comments 

The candidate was able to provide two possible design limitations that could lead to reduced product 

yield. 

Examiner’s Comments 

Even though the candidate provided a satisfactory expression, the correct Kp expression for the 

Haber-Bosch process is Kp = PNH3
2/PH2 x PH2

3.  

Examiner’s Comments 

The candidate failed to state the impact of the catalyst on the Kp of the reaction. It must be noted 

that catalysts do not affect the equilibrium constant but they affect the reaction of the forward and 

reverse reactions of the equilibrium. 
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Candidate’s Response to Part (b) (i) 

 

 
 

 
 

Candidate’s Response to Part (b) (ii) 

 

 
 

 
 

Candidate’s Response to Part (b) (iii) 

 

 
 

 
 

 

Examiner’s Comments 

The candidate identified that lower temperatures increase the formation of ammonia. 

Examiner’s Comments 

The candidate correctly stated that neither high temperature nor high pressure is required for a 

more energy efficient process. 

Examiner’s Comments 

The candidate provided a partially correct response. 
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Candidate’s Response to Part (b) (iv) 

 

 
 

  
 

Candidate’s Response to Part (b) (v) 

 

 
 

  
 

 

 

 

 

Examiner’s Comments 

The candidate provided an incorrect response. Candidates are urged to note that in comparison with 

the Haber-Bosch method, the method shown in Part (b) can prove to be a significant discovery 

because the reaction is being conducted under catalytic conditions that are easy to maintain and 

operate with high yields. 

Examiner’s Comments 

The candidate used two key points to outline why the production of ammonia would be more 

efficient in the presence of a catalyst. The two key points were  

• the reaction would take place at a lower temperature which would make the production of 

ammonia favourable   

• the inclusion of the catalyst would increase the speed of the reaction.  
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Candidate’s Response to Part (b) (vi) 

 

 
 

 
 

Candidate’s Response to Part (c) (i)  

 

 
 

 
 

  

Examiner’s Comments 

The candidate correctly stated that recycling H2 and N2 makes the Haber-Bosch process “green”. 

Examiner’s Comments 

The candidate wrote an incorrect equation. Candidates should have provided one of the following 

equations. 

• C12H22O11 (Sucrose) + H2O ➜ C6H12O6 (Glucose) + C6H12O6 (Fructose) 

• C6H12O6 (Glucose/Fructose) ➜ 2 CH3CH2OH (Ethanol) + CO2  
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Candidate’s Response to Part (c) (ii)  

 

 
 

 
 

Candidate’s Response to Part (c) (iii) 

 
 

Examiner’s Comments 

The candidate provided an incorrect answer for Statement 1. However, the answer given by the 

candidate for Statement 2 was correct. Another answer which could have been given by candidates 

was plant feedstocks that are grown to generate ethanol reduce greenhouse gas emissions by 

absorbing CO2 from the atmosphere. 
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Candidate’s Response to Part (c) (iv) 

 

 
 

 
 

  

Examiner’s Comments 

The candidate’s answer is partially correct. In order to improve the answer, the candidate should 

have included information related to the fact that the climate of the Caribbean can be considered 

unsuitable for growing sugar beets since this crop grows better in cooler climates.  

Examiner’s Comments 

The candidate correctly stated that ethanol can be used as a solvent. 
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Candidate’s Response to Part (c) (v) 

 

 
 

 
  

Examiner’s Comments 

The candidate matched each formulation to the appropriate set of characteristics that best described 

it. 
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PAPER 032 – ALTERNATIVE TO THE SCHOOL BASED ASSESSMENT 
 

Paper 032, Alternative to School-Based Assessment, was taken by private candidates. The paper 

comprised three questions which were based on syllabus objectives 2.6 and 2.9 from Module 1: The 

Chemistry of Carbon Compounds, 2.4–2.5 from Module 2: Analytical Methods and Separation Techniques, 

and 3.3 from Module 3: Industry and the Environment. 

Overall, the performance of candidates was weak. The paper was worth a total of 45 marks. The mean 

score was 13.90 and the standard deviation 5.66. 

 

Question 1  
_____________________________________________________________________________________ 

This question involved the testing of organic compounds to differentiate between unknown liquids and 

to categorize these liquids aldehydes, alcohols or ketones.   
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Candidate’s Response to Part (a) 

 

 
 

 
 

 

Examiner’s Comments 

In the exemplar, the candidate demonstrated good data reporting skills.  

Generally, candidates seemed to be unclear about what data should have been recorded on the 

data sheet and often reported excessively or inadequately. 
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Candidate’s Response to Part (b) 

 

 
 

 
 

  

Examiner’s Comments 

Candidates were required to identify the presence of three functional groups, using inferences made from 

qualitative data gathered. Fewer than five candidates were able to write structural formulae for at least 

two functional groups correctly.  
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Candidate’s Response to Part (c) 

 

 
 

 
 

 

  

Examiner’s Comments 

Part (c) was not well answered by most candidates. 
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Question 2  
_____________________________________________________________________________________ 

 

Candidates were assessed on their ability to 

• provide experimental information related to titrimetric analysis 

• record the data appropriately from the titrimetric analysis 

• perform calculations based on data obtained from the titrimetric analysis 

 

Candidate’s Response — Parts (a) to (d) 
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Examiner’s Comments 

In Part (a) to Part (d), the candidate demonstrated good skills in analysis and data presentation. The candidate 

was able to identify the substance in the titration which performed the role of the indicator and the expected 

colour change. The candidate was also able to state why the meniscus could not be read in this titration. 

Additionally, the candidate constructed the required table to record the titration results, including the initial 

and final burette readings and the volume of KMnO4 (aq) used. The candidate also performed the correct 

calculations to determine the ethane-1, 2-dioic, in mol dm-3 and outlined the steps to be taken to perform the 

titration. 
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Question 3  
_____________________________________________________________________________________ 

 

This question focused on the planning and design of an experiment to determine the oil dispersant action 

of a given cactus plant against a viscous oil. 

 

Candidate’s Response to Part (a) 

 

 
 

 
 

Candidate’s Response to Part (b) 

 

 
 

 
 

 

Examiner’s Comments 

In Part (a), candidates were required to derive an appropriate hypothesis. Many candidates had difficulty 

providing an appropriate hypothesis. In the exemplar, the candidate provided a suitable answer. 

Examiner’s Comments 

Generally, candidates were able to identify the aim of the experiment. In the exemplar, the candidate did so 

effectively. 
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Candidate’s Response to Part (c) 

 

 
 

 
 

  

Examiner’s Comments 

Many candidates were able to derive an appropriate list of apparatus and materials. In the exemplar, the 

candidate created an exhaustive list. 
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Candidate’s Response to Part (d) 

 

 
 

 
 

  

Examiner’s Comments 

The candidate provided the steps that were suitable for conducting the experiment. Generally, candidates 

experienced difficulty answering Part (d) and, in many instances, did not provide an answer. 
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Candidate’s Response to Part (e) 

 

 
 

 
 

Candidate’s Response to Part (f) 

 

 
 

 
 

 

Examiner’s Comments 

Part (e) was not well answered by most candidates. However, in the exemplar, the candidate was able to 

provide an appropriate answer. 

Examiner’s Comments 

Determining the expected results that would govern a successful experiment proved to be challenging for most 

candidates. In the exemplar, the candidate did a fair job in stating the expected results. 
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Candidate’s Response to Part (g) 

 

 
 

 

Examiner’s Comments 

Generally, applicable precautions were identified by candidates. 


