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Assessment Details

Duration: 45 minutes

Topics Covered:

Instructions to Students:

Total Marks: 60

+ Equilibrium Constants
+ Le Chatelier's Principle
+ Concentration, Temperature, and Pressure Changes

1. Read all questions carefully before attempting.

2. Show all working out - marks are awarded for method.
3. Calculator use is permitted except where stated otherwise.

4. Write your answers in the spaces provided.
5. If you need more space, use the additional pages at the end.

6. Time management is crucial - allocate approximately 1 minute per mark.
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Section A: Multiple Choice Questions [10 marks]

Question 1 [2 marks]

What is the equilibrium constant (Kc) for a reaction?

) B) A measure of the concentration of reactants
A) A measure of the rate of reaction. o
and products at equilibrium.

C) A measure of the energy change in a reaction. D) A measure of the catalyst used in a reaction.

Question 2 [2 marks]

According to Le Chatelier's principle, what happens when the concentration of a reactant is increased in a
system at equilibrium?

A) The equilibrium shifts to the left. B) The equilibrium shifts to the right.

C) The equilibrium remains unchanged. D) The reaction stops.
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Section B: Short Answer Questions [20 marks]

Question 3 [6 marks]

Describe how an increase in temperature affects the equilibrium of an exothermic reaction.

Question 4 [6 marks]

Explain why the equilibrium constant (Kc) is important in understanding chemical reactions.
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Section C: Essay Question [30 marks]

Question 5 [30 marks]

Discuss the effects of changes in concentration, temperature, and pressure on equilibrium systems, using
specific examples to support your explanations.
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Differentiation Options

For students who need extra support:

¢ Use the graphic organizer provided to help structure your answers for short answer questions.
¢ Use the word bank of key vocabulary related to equilibrium and Le Chatelier's principle.

For students working at the expected level:

e Use diagrams and simple equations to explain concepts.
e Use past questions or sample answers for self-assessment.

For students who need a challenge:

¢ Include more complex scenarios in the essay question, such as the application of Le Chatelier's principle
in environmental or industrial contexts.

¢ Design an experiment to demonstrate a shift in equilibrium due to changes in concentration, temperature,
or pressure.
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Marking Guide

Multiple Choice Questions: 10 marks Short Answer Questions: 20 marks

Essay Question: 30 marks Total: 60 marks
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Conclusion

Congratulations on completing this assessment! Please review your answers and make sure you have answered
all the questions to the best of your ability.
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Equilibrium Constants and Le Chatelier's Principle

The equilibrium constant (Kc) is a numerical value that describes the ratio of the concentrations of the products to the concentrations
of the reactants at equilibrium. Le Chatelier's principle states that when a system at equilibrium is subjected to a change in
concentration, temperature, or pressure, the equilibrium will shift in a direction that tends to counteract the effect of the change.

Example: Calculating Kc

For the reaction: 2N0O2(g) = N204(g), the equilibrium constant (Kc) can be calculated using the formula: Kc = [N204] / [NO2]*2. If the
concentration of NO2 is 0.5 M and the concentration of N204 is 0.2 M, what is the value of Kc?

Kc = [N204] / [NO2]*2 = 0.2/ (0.5)*2 = 0.8

Case Study: Industrial Application of Le Chatelier's Principle

The production of ammonia (NH3) is an important industrial process that involves the reaction: N2(g) + 3H2(g) = 2NH3(g). The
equilibrium constant (Kc) for this reaction is 6.0 x 105 at 25°C. If the concentration of N2 is increased, what will happen to the
equilibrium?

Will the equilibrium shift to the left or to the right?

Factors Affecting Equilibrium

The equilibrium of a system can be affected by changes in concentration, temperature, and pressure. An increase in concentration of
a reactant will cause the equilibrium to shift to the right, while an increase in concentration of a product will cause the equilibrium to
shift to the left.

Example: Effect of Concentration on Equilibrium

For the reaction: CO(g) + H20(g) = C02(g) + H2(g), what will happen to the equilibrium if the concentration of CO is increased?

The equilibrium will shift to the right, increasing the concentration of CO2 and H2.
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Case Study: Biological Application of Equilibrium

The binding of oxygen to hemoglobin in the blood is an example of an equilibrium reaction. The equilibrium constant (Kc) for this
reaction is 2.5 x 10”6 at 37°C. If the concentration of oxygen in the blood is increased, what will happen to the equilibrium?

Will the equilibrium shift to the left or to the right?



Le Chatelier's Principle and Chemical Reactions

Le Chatelier's principle can be used to predict the effect of changes in concentration, temperature, and pressure on chemical
reactions. By understanding how these changes affect the equilibrium, chemists can design and optimize reactions to produce the
desired products.

Example: Le Chatelier's Principle in Chemical Synthesis

For the reaction: 2H2(g) + 02(g) = 2H20(g), what will happen to the equilibrium if the temperature is increased?

The equilibrium will shift to the left, decreasing the concentration of H20.

Case Study: Environmental Application of Le Chatelier's Principle

The formation of acid rain is an example of an equilibrium reaction. The equilibrium constant (Kc) for this reaction is 1.3 x 103 at
25°C. If the concentration of sulfur dioxide in the atmosphere is increased, what will happen to the equilibrium?

Will the equilibrium shift to the left or to the right?

Equilibrium and Chemical Kinetics

Equilibrium and chemical kinetics are closely related concepts. The rate of a reaction can affect the equilibrium, and the equilibrium
can affect the rate of the reaction. By understanding the relationship between equilibrium and kinetics, chemists can design and
optimize reactions to produce the desired products.

Example: Effect of Catalysts on Equilibrium

For the reaction: 2NO(g) + 02(g) = 2N02(g), what will happen to the equilibrium if a catalyst is added?

The equilibrium will not be affected, but the rate of the reaction will increase.

Case Study: indusiriai Appiication of Equiiibrium and Kinetics
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The production of polyethylene is an important industrial process that involves the reaction: C2H4(g) = C2H4(n). The equilibrium
constant (Kc) for this reaction is 1.2 x 10%4 at 25°C. If the concentration of C2H4 is increased, what will happen to the equilibrium?

Will the equilibrium shift to the left or to the right?



Conclusion

In conclusion, equilibrium and Le Chatelier's principle are fundamental concepts in chemistry that describe the behavior of chemical
reactions. By understanding these concepts, chemists can design and optimize reactions to produce the desired products. The
examples and case studies presented in this chapter demonstrate the importance of equilibrium and Le Chatelier's principle in
various fields, including industry, biology, and the environment.

Example: Summary of Key Concepts

The key concepts presented in this chapter include:

e Equilibrium constant (Kc)

Le Chatelier's principle

Factors affecting equilibrium (concentration, temperature, pressure)

Relationship between equilibrium and kinetics
Case Study: Future Directions

Future research directions in the field of equilibrium and Le Chatelier's principle include the development of new catalysts and
reaction conditions to improve the efficiency and selectivity of chemical reactions. Additionally, the application of equilibrium and Le
Chatelier's principle to emerging fields such as renewable energy and biotechnology is an area of ongoing research and development.

What are some potential applications of equilibrium and Le Chatelier's principle in the field of renewable energy?
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Instructions to Students:

1. Read all questions carefully before attempting.

2. Show all working out - marks are awarded for method.

3. Calculator use is permitted except where stated otherwise.

4. Write your answers in the spaces provided.

5. If you need more space, use the additional pages at the end.
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Section A: Multiple Choice Questions [10 marks]

Question 1 [2 marks]
What is the equilibrium constant (Kc) for a reaction?

. B) A measure of the concentration of reactants
A) A measure of the rate of reaction. o
and products at equilibrium.

C) A measure of the energy change in a reaction. D) A measure of the catalyst used in a reaction.

Question 2 [2 marks]

According to Le Chatelier's principle, what happens when the concentration of a reactant is increased in a
system at equilibrium?

A) The equilibrium shifts to the left. B) The equilibrium shifts to the right.

C) The equilibrium remains unchanged. D) The reaction stops.
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Section B: Short Answer Questions [20 marks]

Question 3 [6 marks]

Describe how an increase in temperature affects the equilibrium of an exothermic reaction.

Question 4 [6 marks]

Explain why the equilibrium constant (Kc) is important in understanding chemical reactions.
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Section C: Essay Question [30 marks]

Question 5 [30 marks]

Discuss the effects of changes in concentration, temperature, and pressure on equilibrium systems, using
specific examples to support your explanations.
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Differentiation Options

For students who need extra support:

¢ Use the graphic organizer provided to help structure your answers for short answer questions.
e Use the word bank of key vocabulary related to equilibrium and Le Chatelier's principle.

For students working at the expected level:

e Use diagrams and simple equations to explain concepts.
e Use past questions or sample answers for self-assessment.

For students who need a challenge:

¢ Include more complex scenarios in the essay question, such as the application of Le Chatelier's principle
in environmental or industrial contexts.

¢ Design an experiment to demonstrate a shift in equilibrium due to changes in concentration, temperature,
or pressure.
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Marking Guide

Multiple Choice Questions: 10 marks Short Answer Questions: 20 marks

Essay Question: 30 marks Total: 60 marks
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Conclusion

Congratulations on completing this assessment! Please review your answers and make sure you have answered
all the questions to the best of your ability.
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