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1. Isotopic Data and Atomic Masses in Environmental Chemistry

Scenario .In an environmental chemistry lab, researchers are tasked with analyzing the 
isotopic composition of pollutants such as sulfur dioxide (SO₂) in industrial emissions. They 
need to use a mass spectrometer to determine the relative atomic masses of sulfur 
isotopes, enabling them to assess the source and nature of these pollutants.

 .   

Tasks:Section A:

1. (i) What is the significance of isotopic data in determining the relative atomic mass of an 
element?

(ii) Explain how a mass spectrometer works to determine the relative atomic mass of 
isotopes.

(iii) Why is the knowledge of isotopic abundances important in environmental chemistry?

2. (i) Describe how isotopic data helps in identifying the source of pollution in environmental 
studies.

(ii) How can the isotopic composition of sulfur isotopes affect the analysis of industrial 
emissions?

(iii) Explain the concept of “isotope fractionation” and its relevance to pollution source 
identification.

3. (i) What is the relationship between isotopic masses and the relative atomic mass of an 
element?

(ii) Using sulfur isotopes, explain how you would calculate the average relative atomic mass 
from the mass spectrometer data.
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(iii) How does the abundance of each isotope influence the final calculation of atomic 
mass?

4. (i) How would the presence of isotopes with different abundances impact the 
environmental pollution study?

(ii) What are the limitations of using mass spectrometry in environmental analysis?

(iii) What are the practical applications of accurate atomic mass determination in pollution 
control?

5. (i) Discuss the role of isotopic data in assessing the safety of industrial emissions.

(ii) How could isotopic analysis be used to trace sulfur dioxide back to a specific industrial 
process?

(iii) What environmental consequences might arise if the isotopic analysis is inaccurate?

6. (i) Explain how the isotopic data can be used to track changes in environmental pollution 
over time.

(ii) How would a researcher apply mass spectrometry data to determine the historical 
impact of industrial pollutants?

(iii) In what ways can isotopic composition help identify mitigation strategies for industrial 
pollution?

Section B - Part 1:

1. (i) If you are given isotopic masses of sulfur as  (mass 31.972 amu) and  (mass 33.968 
amu), with abundances of 95% and 5%, respectively, calculate the relative atomic mass of 
sulfur.

(ii) How would you ensure the accuracy of your calculation using mass spectrometer data?

2. (i) You are presented with the following data from a mass spectrometer: the sulfur 
isotopes , , and  with respective abundances of 90%, 5%, and 5%. Calculate the relative 
atomic mass of sulfur based on this data.

(ii) How would you handle any discrepancies in the data when conducting this calculation?

Section B - Part 2:
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1. (i) Given the data from a mass spectrometer, the relative atomic mass of sulfur is 
calculated to be 32.07 amu. Explain how this value compares to the standard atomic mass 
of sulfur.

(ii) How would you explain a significant variation in the measured atomic mass if the data 
was from a different sample source?

2. (i) Consider that an industrial facility releases a mixture of sulfur isotopes with different 
abundances. How would the isotopic analysis help determine the proportion of pollutants 
from various sources?

(ii) What would be the impact of using inaccurate isotopic data in identifying the source of 
sulfur dioxide emissions?

Mole Calculations in Chemical Engineering:

Scenario 2: 

A chemical engineering company is working on a new process to produce ammonia (NH₃) 
from nitrogen (N₂) and hydrogen (H₂) gas using the Haber process. The engineers need to 
calculate the moles of each reactant required for a large-scale reaction and ensure that the 
correct amounts are used to optimize production.

 

Section A:

1. (i) What is the importance of mole calculations in industrial chemical reactions?

(ii) How does Avogadro’s number play a role in mole calculations for gas reactions?
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(iii) Why is it necessary to calculate the exact number of moles in a reaction, and how does 
this affect efficiency in industrial processes?

2. (i) Using the balanced equation for the Haber process, , calculate the moles of hydrogen 
needed to react with 2 moles of nitrogen.

(ii) How would you adjust the mole calculations if the reaction were to occur at a different 
temperature or pressure?

3. (i) How do mole ratios affect the efficiency of the Haber process?

(ii) In a scenario where there is excess nitrogen in the reaction, what impact would this have 
on the mole calculation and product yield?

(iii) How can incorrect mole ratios lead to the formation of waste products or 
underproduction?

4. (i) How do mole calculations help determine the optimal conditions for a chemical 
reaction in an industrial setting?

(ii) Why is it essential to monitor the mole fractions of reactants and products throughout 
the reaction?

(iii) Discuss the importance of maintaining a stoichiometric balance during the production of 
ammonia.

5. (i) Explain the relationship between the amount of reactants used and the amount of 
products produced in terms of moles.

(ii) Why is the concept of limiting reactants important when performing mole calculations in 
industrial chemistry?

(iii) How can mole calculations help in scaling up reactions for large-scale industrial 
processes?

6. (i) How do mole calculations ensure that chemical reactions are performed with minimal 
waste?

(ii) How can mole calculations be applied to optimize the yield of ammonia in the Haber 
process?

(iii) What is the significance of accurate mole calculations when designing industrial 
chemical plants

Section B - Part 1:
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1. (i) Given the balanced equation for the Haber process , calculate the number of moles of 
ammonia produced when 3 moles of hydrogen react with an excess of nitrogen.

(ii) What are the implications of this calculation on industrial-scale ammonia production?

2. (i) Calculate the moles of nitrogen required to produce 5 moles of ammonia in the Haber 
process.

(ii) How would you calculate the volume of nitrogen gas required, assuming the reaction 
occurs at standard temperature and pressure?

Section B - Part 2:

1. (i) How would you use mole calculations to determine the mass of hydrogen required to 
react with a given mass of nitrogen?

(ii) What is the importance of stoichiometry in this process?

2. (i) If the reaction produces 4 moles of ammonia, how many moles of hydrogen were 
consumed, according to the balanced equation?

(iiSolutions and Concentration in Pharmaceutical Chemistry

 Explain how this calculation is used to ensure the efficiency of the reaction.

Solutions and Concentration in Pharmaceutical Chemistry

Scenario 3: 

Pharmaceutical companies often need to prepare precise concentrations of drug solutions 
for clinical trials. One such task involves determining the molarity of a solution of a 
pain-relieving drug (e.g., ibuprofen) that is to be tested in a new formulation. The scientists 
must prepare the solution with a specific molarity to ensure accurate dosing during clinical 
trials. 
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.  

Section A:

1. (i) Why is it important to accurately measure the concentration of solutions in 
pharmaceutical chemistry?

(ii) How is molarity related to the number of moles of solute in a solution?

(iii) What is the effect of incorrect concentration in the preparation of pharmaceutical 
solutions?

2. (i) How do you calculate the molarity of a solution, and what information is required to 
perform this calculation?

(ii) Given a solution with 5 grams of ibuprofen in 500 mL of solution, calculate the molarity of 
the solution.

(iii) Why is it necessary to know the molecular weight of ibuprofen to perform this 
calculation?

3. (i) How can molarity be used to determine the exact amount of drug to be administered in 
clinical trials?

(ii) How can you adjust the concentration of a solution to ensure that it meets the required 
molarity?

(iii) Why is precision in preparing pharmaceutical solutions critical to clinical trial success?

4. (i) What are the consequences of using solutions with incorrect concentrations in clinical 
trials?

(ii) How does molarity influence the safety and effectiveness of the drug being tested?
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(iii) What steps can be taken to minimize errors when preparing pharmaceutical solutions?

5. (i) How does molarity relate to other forms of concentration such as molality or percent 
concentration?

(ii) In what situations would molality be a more appropriate unit of concentration than 
molarity?

(iii) How does temperature affect molarity and how is this compensated for in 
pharmaceutical preparations?

6. (i) How do you verify the concentration of a solution once it is prepared?

(ii) Explain how titration methods could be used to check the molarity of a prepared 
pharmaceutical solution.

(iii) Why is it important to check the molarity of solutions before use in clinical trials?

Section B - Part 1:

1. (i) If a solution contains 10 grams of ibuprofen and the volume of the solution is 250 mL, 
calculate the molarity of the solution.

(ii) How would you adjust the solution if the molarity is too high or too low?

2. (i) A pharmaceutical company needs to prepare 1 L of a 0.5 M ibuprofen solution. How 
many grams of ibuprofen will be required for this preparation?

(ii) How would you handle the preparation of this solution if the drug is in a liquid form 
instead of a solid form?

Section B - Part 2:

1. (i) A solution has a concentration of 2 M, and the desired final volume is 500 mL. How 
would you dilute the solution to achieve this concentration?

(ii) What role does the dilution equation (M₁V₁ = M₂V₂) play in the preparation of solutions?

2. (i) How does the preparation of molar solutions for different pH levels affect their 
chemical properties?

(ii) What is the significance of maintaining the correct pH when preparing pharmaceutical 
solutions?

Radioactivity and Its Applications in Medicine

In medical diagnostics, radioactive isotopes are used for imaging and treatment purposes. 
One such application involves the use of iodine-131 (I-131) to treat thyroid cancer. Medical 
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physicists must calculate the amount of iodine-131 required for a patient based on their 
medical condition.

.      

Section A:

1. (i) How does the concept of half-life apply to the use of radioactive isotopes in medical 
treatments?

(ii) Explain the significance of knowing the half-life of iodine-131 in medical applications.

(iii) Why is it crucial to calculate the exact amount of radioactive material used in a medical 
treatment?

2. (i) How can radioactive decay be monitored to ensure proper dosage in patients receiving 
iodine-131 for thyroid cancer treatment?

(ii) What safety measures are necessary when handling radioactive substances like 
iodine-131?

(iii) How can medical professionals ensure the long-term safety of using radioactive 
isotopes in treatment?

3. (i) Given the half-life of iodine-131 is 8.02 days, how would you calculate the remaining 
amount of iodine-131 after 24 days?

(ii) How does the decay of iodine-131 impact the treatment plan for a patient with thyroid 
cancer?

(iii) Why is it important to calculate the remaining radioactivity of iodine-131 over time?

4. (i) What are the main advantages of using iodine-131 in the treatment of thyroid cancer?

(ii) How does the radiation emitted by iodine-131 help in the targeted treatment of cancer 
cells?
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(iii) How does the energy released by iodine-131 affect healthy tissue compared to 
cancerous cells?

5. (i) How would you explain the principles of radioactivity to a medical professional who is 
new to the use of radioactive isotopes?

(ii) What role does the concept of radioactive decay play in determining the dosing schedule 
for iodine-131?

(iii) Why is it important to understand both the physical and biological effects of radioactive 
isotopes used in treatment?

6. (i) How does the use of iodine-131 compare to other treatment options for thyroid cancer?

(ii) What other radioactive isotopes are commonly used in medical treatments and how do 
they differ from iodine-131?

(iii) Why is it important to monitor the patient’s response to the treatment using iodine-131?

Section B - Part 1:

1. (i) Given that iodine-131 has a half-life of 8.02 days, calculate the remaining amount of 
iodine-131 in a sample after 24 days if the initial amount was 50 mg.

(ii) How would you use this information to plan the administration of iodine-131 for cancer 
treatment?

2. (i) If the initial activity of iodine-131 is 10,000 Bq, calculate the activity after 16 days.

(ii) How does the decay of iodine-131 affect the treatment dose in terms of radiation 
exposure?

Section B - Part 2:

1. (i) You are given a patient’s treatment schedule, and you need to calculate the number of 
iodine-131 doses they will receive over a period of 40 days.

(ii) How would you adjust the treatment schedule if the patient experiences any side effects 
due to radiation exposure

2. (i) Explain how you would calculate the amount of iodine-131 remaining in the body after 
several half-lives have passed.

(ii) Why is this information important for monitoring the treatment’s effectiveness?

Scenario 5: Bonding and Structure in Materials Science
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In materials science, understanding the type of bonding and molecular structure of 
substances is essential for developing new materials with specific properties. One of the 
tasks involves determining the type of bonding in a new polymer used for manufacturing 
medical devices.

 

Section A:

1. (i) What are the main differences between ionic, covalent, and metallic bonding?

(ii) How does the type of bonding affect the properties of a material, such as its strength or 
conductivity?

(iii) How do you determine the bonding type in a material like a polymer?

2. (i) How would you classify the bonding in a substance based on its physical properties 
(e.g., hardness, electrical conductivity)?

(ii) What tests could you perform to determine whether a polymer uses covalent or ionic 
bonding?

(iii) How do polymers with covalent bonding compare to those with metallic bonding in 
terms of thermal conductivity?
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3. (i) What role do metallic bonds play in the conductivity of metals?

(ii) How can ionic bonding be beneficial in the development of new materials for specific 
applications?

(iii) In what ways can you manipulate molecular structure to alter the physical properties of 
materials?

4. (i) How does understanding molecular structure and bonding help in designing medical 
devices?

(ii) What bonding properties would you look for when designing a polymer for use in 
implants?

(iii) How do different bonding types influence the durability and flexibility of polymers?

5. (i) How can the properties of a material be modified by altering the bonding type or 
molecular structure?

(ii) What methods are available for controlling the bonding type in polymer chemistry?

(iii) Why is it important to choose the right bonding type when creating materials for 
sensitive applications like medical implants?

6. (i) How do you determine whether a polymer exhibits ionic or covalent bonding based on 
its melting point?

(ii) What implications does the bonding type have on the polymer’s ability to withstand 
environmental stresses?

(iii) How does the bonding type influence the material’s resistance to corrosion in 
biomedical applications?

Section B - Part 1:

1. (i) A polymer is found to have high electrical conductivity. What type of bonding is most 
likely present in the polymer?

(ii) How would you confirm the bonding type through experimental analysis?

2. (i) If you have a metal like copper, how can you explain its properties using metallic 
bonding?

(ii) How would you test whether the material’s conductivity is due to metallic or covalent 
bonding?

Section B - Part 2:

1. (i) How would you use molecular modeling to predict the properties of a new material?
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(ii) Why is understanding the bonding type crucial for creating advanced materials for 
electronics?

2. (i) Discuss how you would modify a polymer’s structure to improve its tensile strength.

(ii) What changes to bonding might be needed for the polymer to withstand higher 
temperatures?
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