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Course Information
Course Name: 
IB Chemistry Year 2

Unit Title/Topic: 
Kinetics and Equilibrium

Course Level:
Standard Level (SL)
Higher Level (HL)

Unit Duration:
8 weeks
Instructional Information
Standards
Reactivity 2.2 - How fast? The rate of chemical change
Reactivity 2.3 - How far? The extent of chemical change
Prior Student Knowledge
From Chemistry/Honors Chemistry: Standard SC4.a-d. require students to plan and carry out an investigation to provide evidence of the effects of changing concentration, temperature, and pressure on chemical reactions, construct an argument using collision theory and transition sate theory to explain the role of activation energy in chemical reactions, construct an explanation of the effects of a catalyst on chemical reactions and apply it to everyday examples, and refine the design of a chemical system by altering the conditions that would change forward and reverse reaction rates and the amount of products at equilibrium. Students likely have background knowledge of the following key vocabulary: collision, rate, activation energy, catalyst, forward reaction, reverse reaction, and LeChatelier’s principle.
Statement of Inquiry
Understanding the dynamic nature of chemical reactions through kinetics and equilibrium allows us to develop sustainable technologies and improve industrial processes that address real-world challenges, such as energy efficiency, environmental protection, and pharmaceutical development.
Unit Phenomenon
When a sealed container with a mixture of nitrogen dioxide (NO2) and dinitrogen tetroxide (N2O4) is heated, the brown color deepens; when cooled, it fades. This visible color change reflects a dynamic equilibrium between NO2 and N2O4 that shifts with temperature and pressure. Exploring this system uncovers how molecular collisions, bond energies, and Le Chatelier’s Principle govern both the rate and position of equilibrium in a reversible gas-phase reaction. 
Unit Description and Texts
Chemistry for the IB Diploma Third Edition, Hodder Education
Transfer Goals/Skills
Students will be able to answer the following guiding questions:
· How can the rate of a reaction be controlled?
· How can the extent of a reversible reaction be influenced?
Approaches to Learning
Category
Thinking Skills, Communication Skills, Social Skills, Research Skills, Self-Management Skills
Details
· Students will be continuously challenged to develop higher-order thinking skills as they take prior knowledge, combine it with new content, and synthesize new understandings and connections.
· Students will build social groups through group work and intentional reflection activities.
· Students will communicate their findings to their peers in the form of small-group presentations.
· Students will continue to work on self-management and organization skills.
· Students will complete background research to develop and extend their learning.
Content/Skills/Concepts
Students will know the following content:
· R2.2.1 - The rate of reaction is expressed as the change in concentration of a particular reactant/product per unit time.
· R2.2.2 - Species react as a result of collisions of sufficient energy and proper orientation.
· R2.2.3 - Factors that influence the rate of a reaction include pressure, concentration, surface area, temperature, and the presence of a catalyst.
· R2.2.4 - Activation energy, , is the minimum energy that colliding particles need for a successful collision leading to a reaction.
· R2.2.5 - Catalysts increase the rate of reaction by providing an alternative reaction pathway with lower .
· R2.3.1 - A state of dynamic equilibrium is reached in a closed system when the rates of forward and backward reactions are equal.
· R2.3.2 - The equilibrium law describes how the equilibrium constant, , can be determined from the stoichiometry of a reaction.
· R2.3.3 - The magnitude of the equilibrium constant indicates the extent of a reaction at equilibrium and is temperature dependent.
· R2.3.4 - Le Chatelier’s principle enables the prediction of the qualitative effects of changes in concentration, temperature, and pressure to a system at equilibrium. 
Additional higher level
· R2.2.6 - Many reactions occur in a series of elementary steps. The slowest step determines the rate of the reaction.
· R2.2.7 - Energy profiles can be used to show the activation energy and transition state of the rate-determining step in a multistep reaction. 
· R2.2.8 - The molecularity of an elementary step is the number of reacting particles taking part in that step. 
· R2.2.9 - Rate equations depend of the mechanism of the reaction and can only be determined experimentally.
· R2.2.10 - The order of a reaction with respect to a reactant is the exponent to which the concentration of the reactant is raised in the rate equation.
· R2.2.10 - The order with respect to a reactant can describe the number of particles taking part in the rate-determining step.
· R2.2.10 - The overall reaction order is the sum of the orders with respect to each reactant.
· R2.2.11 - The rate constant, , is temperature dependent and its units are determined from the overall order of the reaction.
· R2.2.12 - The Arrhenius equation uses the temperature dependence of the rate constant to determine the activation energy.
· R2.2.13 - The Arrhenius factor, , takes into account the frequency of collisions with proper orientations.
· R2.3.5 - The reaction quotient, , is calculated using the equilibrium expression with non-equilibrium concentrations of reactants and products. 
· R2.3.6 - The equilibrium law is the basis for quantifying the composition of an equilibrium mixture.
· R2.3.7 - The equilibrium constant and Gibbs energy change, , can both be used to measure the position of an equilibrium reaction.
· Note: Calculations using the equation . The equation is given in the data booklet.
· R1.4.4 - As a reaction approaches equilibrium,  becomes less negative and finally reaches zero.
Students will develop the following skills:
· R2.2.1 - Determine rates of reaction.
· Note: Calculation of reaction rates from tangents of graphs of concentration, volume, or mass against time should be covered.
· R2.2.2 - Explain the relationship between the kinetic energy of the particles and the temperature in kelvin, and the role of collision geometry.
· R2.2.3 - Predict and explain the effects of changing conditions on the rate of a reaction.
· R2.2.4 - Construct Maxwell-Boltzmann energy distribution curves to explain the effect of temperature on the probability of successful collisions. 
· R2.2.5 - Sketch and explain energy profiles with and without catalysts for endothermic and exothermic reactions.
· Note: Biological catalysts are called enzymes.
· Note: The different mechanisms of homogeneous and heterogeneous catalysts will not be assessed. 
· R2.2.5 - Construct Maxwell-Boltzmann energy distribution curves to explain the effect of different values for  on the probability of successful collisions.
· R2.3.1 - Describe the characteristics of a physical and chemical system at equilibrium.
· R2.3.2 - Deduce the equilibrium constant expression from an equation for a homogeneous reaction.
· R2.3.3 - Determine the relationships between  values for reactions that are the reverse of each other at the same temperature.
· Note: Include the extent of reaction for: <<1, <1, =1, >1, >>1.
· R2.3.4 - Apply Le Chatelier’s principle to predict and explain responses to changes of systems at equilibrium.
· Note: Include the effects on the value of  and on the equilibrium composition. 
· Note: Le Chatelier’s principle can be applied to heterogeneous equilibria such as: X(g) X(aq)
Additional higher level
· R2.2.6 - Evaluate proposed reaction mechanisms and recognize reaction intermediates.
· Note: Include examples where the rate-determining step is not the first step.
· Note: Proposed reaction mechanisms must be consistent with kinetic and stoichiometric data.
· R2.2.6 - Distinguish between intermediates and transition states, and recognize both in energy profiles of reactions.
· R2.2.7 - Construct and interpret energy profiles from kinetic data.
· R2.2.8 - Interpret the terms “unimolecular”, “bimolecular”, and “termolecular”.
· R2.2.9 - Deduce the rate equation for a reaction from experimental data.
· R2.2.10 - Sketch, identify, and analyze graphical representations of zero, first, and second order reactions.
· Note: Concentration-time and rate-concentration graphs should be included.
· Note: Only integer values for order of reaction will be assessed.
· R2.2.11 - Solve problems involving the rate equation, including the units of .
· R2.2.12 - Describe the qualitative relationship between temperature and the rate constant.
· R2.2.12 - Analyze graphical representations of the Arrhenius equation, including its linear form.
· Note: The Arrhenius equation and its linear form are given in the data booklet.
· R2.2.13 - Determine the activation energy and the Arrhenius factor from experimental data.
· R2.3.5 - Calculate the reaction quotient  from the concentrations of reactants and products at a particular time, and determine the direction in which the reaction will proceed to reach equilibrium.
· R2.3.6 - Solve problems involving values of  and initial and equilibrium concentrations of the components of an equilibrium mixture.
· Note: The approximation [reactant]initial  [reactant]eqm when  is very small should be understood.
· Note: The use of quadratic equations is not expected. Only homogeneous equilibria will be assessed. 
· R1.4.4 - Perform calculations using the equation  and its application to a system at equilibrium .
· Note: The equations are given in the data booklet.
Tools and Inquiries:
· Tools 1, 3, Inquiry 2 – Concentration changes in reactions are not usually measured directly. What methods are used to povde data to determine the rate of reactions?
· Tool 1 – What experiments measuring reaction rates might use time as i) a dependent variable ii) an independent variable?
· Tool 1 – What variables must be controlled in studying the effect of a factor on the rate of a reaction?
· Nature of science, Tool 3, Inquiry 3 – How can graphs provide evidence of systematic and random error?
Additional higher level
· Tool 1, 3, Inquiry 2 – What measurements are needed to deduce the order of reaction for a specific reactant?
Learning Process
Students will learn through a combination of presentations, small group work, practice problems, and lab work.
Language and Learning
· Activating background knowledge
· Scaffolding for new learning
· Acquisition of new learning through practice
· Demonstrating Proficiency
Details
· Content and vocabulary introduced in previous science courses will be used in this unit.
· Students will use many of the concepts from this unit in future units throughout the two-year course.
· Students will acquire new vocabulary.
· Students will continually demonstrate proficiency with chemistry vocabulary in class discussions and group work.
TOK Connections
· Ways of knowing
Details
TOK knowledge questions will be included as discussion options for each lesson.
CAS connections
· Creativity
Details
Students will be encouraged to consider the creativity involved in scientific experimentation. Students can explore alternative ways (visual, for example) to express and explain this creativity to others.
Common Assessment Tasks
	DP Assessments
	Assessment Objectives
	Formative Assessments
	Summative Assessments

	Unit 03 Summative Assessment - Paper 1 and 2 questions modeled after the real IB Exam Papers (2025 syllabus)
	AO1. Demonstrate knowledge of: a. terminology, facts and concepts; b. skills, techniques and methodologies. 

AO2. Understand and apply knowledge of: a. terminology and concepts; b. skills, techniques and methodologies.

AO3. Analyse, evaluate, and synthesize: a. experimental procedures; b. primary and secondary data; c. trends, patterns and predictions.

AO4. Demonstrate the application of skills necessary to carry out insightful and ethical investigations.
	· Daily formative checks through practice problems, openers, and closers
· Laboratory Assignments - assessing Tools and Inquiries practiced in the Unit

	· Unit Exam - Paper 1 and 2 questions modeled after the real IB Exam Papers (2025 syllabus)


Personalized Learning and Differentiation
· Affirm Identity – Build Self-Esteem
· Value Prior Knowledge
· Scaffold Learning
· Extend Learning
· SWD/504 - Accommodations Provided
· ELL – Reading and Vocabulary Support
· Intervention Support
· Extensions – Enrichment Tasks and Projects
Content Resources
· Chemistry for the IB Diploma Third Edition, Hodder Education
· IB Chemistry Guide First Assessment 2025
· InThinking IB subject site for Chemistry
· IB Chemistry Schoology Course
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