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A NOTE FOR TEACHERS 

The Applied Practice in AP Chemistry series was designed for use by teachers as an 

instructional supplement to major units in the AP Chemistry curriculum.    

Each unit in the series includes: 

• Teaching Overview and Teaching Guide

• Multiple-choice questions replicating Section I of the AP Chemistry Exam

• Multiple-choice answer keys with explanations

• Free-response questions replicating Section II of the AP Chemistry Exam, with

two scaffolded versions to support students at different levels of understanding

• Free-response scoring guidelines

• Overall Assessment that provides Multiple Choice and Free Response sections

Note: 

1. Applied Practice booklets do not purport to duplicate exactly an Advanced

Placement Examination.  However, questions are modeled on those typically

encountered on these exams.  Students using these materials will become familiar

and comfortable with the format, question types, and terminology of Advanced

Placement Examinations.

2. Each Applied Practice booklet focuses on one topic or set of topics within the AP

Chemistry curriculum. These booklets are excellent resources for teachers and

their students. Their unique format includes questions designed for use during the

initial teaching of the identified topics. Other questions are exceptional for the

review phase of the course as students pull the entire year together leading up to

the AP Chemistry Exam. The AP exam often will require knowledge in multiple

content areas on the same question.

3. The free response questions were created to provide practice questions that are

both similar to those given in Section II of the AP Chemistry Exam, and to

address specific concepts covered over one major topic. On the AP Chemistry

exam, Free Response questions often address multiple topics within the same

question.
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OVERVIEW 

The study of Kinetics is addressed in the AP Chemistry Course and Exam Description guide in 

Unit 5. Each Unit is divided into subsections or Topics. Each Topic is highlighted by one or 

more Enduring Understanding (EU) statements, which are the long-term takeaways related to 

specific big ideas. These are broad ideas that are meant to leave a lasting impression on students. 

Each EU is made up of a series of Learning Objectives (LO), which are comprised of statements 

of essential knowledge (EK). These statements, integrated with science practices (SP), outline 

what the students need to know and describe the skills needed to successfully meet the objectives 

tested on the AP Exam. All questions on the AP Exam are written based on both the content 

designated within the learning objectives and one or more science practice.  

UNIT GUIDE 

To completely cover these topics (including time with students engaged in activities and labs) a 

teacher would likely spend between 14 – 15, 45-minute class periods. Below are the LOs and 

EKs that are addressed in the Course and Exam Description with additional suggestions. The 

following sequence is what is provide in the “CED” and not the typical order textbooks and 

many AP teachers cover kinetics; however, it is an alternative sequence that different 

contributors to this guide have had success with as students can get a better understanding of 

reaction rate before getting caught up analyzing data to determine reaction orders, time, 

calculating rate constants, etc. 

LO: TRA-3.A Explain the relationship between the rate of a chemical reaction and experimental 

parameters. 

TRA-3.A.1: The kinetics of a chemical reaction is defined as the rate at which an amount 

of reactants is converted to products per unit of time. 

TRA-3.A.2: The rates of change of reactant and product concentrations are determined by 

the stoichiometry in the balanced chemical equation. 

TRA-3.A.3: The rate of a reaction is influenced by Reactant concentrations, Temperature, 

Surface area, Catalysts, Other environmental factors 

LO: TRA-4.A Represent an elementary reaction as a rate law expression using stoichiometry 

TRA-4.A.1: The rate law of an elementary reaction can be inferred from the 

stoichiometry of the molecules participating in a collision. 

TRA-4.A.2: Elementary reactions involving the simultaneous collision of three or more 

particles are rare. 

LO: TRA-4.B Explain the relationship between the rate of an elementary reaction and the 

frequency, energy, and orientation of molecular collisions. 

TRA-4.B.1: For an elementary reaction to successfully produce products, reactants must 

successfully collide to initiate bond-breaking and bond-making events. 
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LO: TRA-5.B Identify the rate law for a reaction from a mechanism in which the first step is rate 

limiting. 

TRA-5.B.1: For reaction mechanisms in which each elementary step is irreversible, or in 

which the first step is rate limiting, the rate law of the reaction is set by the molecularity 

of the slowest elementary step (i.e., the rate-limiting step). 

LO: TRA-5.C Identify the rate law for a reaction from a mechanism in which the first step is not 

rate limiting. 

TRA-5.C.1: If the first elementary reaction is not rate limiting, approximations (such as 

steady state) must be made to determine a rate law expression. 

LO: TRA-5.D Represent the activation energy and overall energy change in a multistep reaction 

with a reaction energy profile. 

TRA-5.C.1: Knowledge of the energetics of each elementary reaction in a mechanism 

follows for the construction of an energy profile for a multistep reaction. 

LO: ENE-1.A Explain the relationship between the effect of a catalyst on a reaction and changes 

in the reaction mechanism. 

ENE-1.A.1: In order for a catalyst to increase the rate of a reaction, the addition of the 

catalyst must increase the number of effective collisions and/or provide a reaction path 

with a lower activation energy relative to the original reaction coordinate. 

ENE-1.A.2: In a reaction mechanism containing a catalyst, the net concentration of the 

catalyst is constant. However, the catalyst will frequently be consumed in the rate-

determining step of the reaction, only to be regenerated in a subsequent step in the 

mechanism. 

ENE-1.A.3: Some catalysts accelerate a reaction by binding to the reactant(s). The 

reactants are either oriented more favorably or react with lower activation energy. There 

is often a new reaction intermediate in which the catalyst is bound to the reactant(s). 

Many enzymes function in this manner. 

ENE-1.A.4: Some catalysts involve covalent bonding between the catalyst and the 

reactant(s). An example is acid-base catalysis, in which a reactant or intermediate either 

gains or loses a proton. This introduces a new reaction intermediate and new elementary 

reactions involving that intermediate. 

ENE-1.A.4: In surface catalysis, a reactant or intermediate binds to, or forms a covalent 

bond with, the surface. This introduces elementary reactions involving these new bound 

reaction intermediate(s). 

Be sure to provide ample practice for students to: 

• Determine the changes in reaction rates for each species in a reaction given the rate of

formation or depletion of one of the species in the reaction based on the stoichiometry of

the balanced equation. It is important that students infer which species are being reacted

and which are being produced in the process.

© 2019 Applied Practice, Dallas, TX. All rights reserved. 9



• Determine if reaction rates would increase, decrease or remain the same based on

changes in the factors that influence the rate of reaction.

• Experimentally determine the changes in a reaction rate based on Beer’s Law data.

• Compare situations when reactions do and do not occur based on both effective and

ineffective collisions and sufficient and insufficient energy to convert to the activated

complex.

• Draw and label energy profile diagrams for various reactions (stress the identification of

reactants, products, intermediates, activated complex, activation energy and determining

whether the reaction is endo- or exothermic. Students should be able to explain the

function of a catalyst and apply it by drawing or identifying the catalyzed energy profile.

• Draw and label Maxwell-Boltzmann distribution curves for chemical reactions at 2

different temperatures.

• Analyze graphically the effect an increase in temperature has on the activation energy of

a reaction.

• Analyze proposed mechanisms for different reactions and identify intermediates,

catalysts, and the rate determining steps.

• Write the rate law for reactions based on a proposed mechanism using the knowledge

that the slow step is the rate determining step for the overall reaction. Identifying the

order with respect to each reactant as well as identifying the overall order for the reaction

is essential.

• Substitute any intermediates from the rate determining step as they are not a part of the

overall reaction and are thus not a part of the rate expression for the reaction.

• Connect energy profile diagrams to reaction mechanism in terms of the number and rates

of each step and identify that the slow step in the profile must have the greatest

activation energy.

• Determine the overall reaction (and write an overall balanced equation) from a proposed

reaction mechanism and connect the rate law of the slow step to the rate law of the

overall reaction.

• Write a rate law provided the molecularity of the reaction – unimolecular are 1st order,

bi-molecular are 2nd order, and termolecular are very rare and unlikely to occur.

LO: TRA-3.B Represent experimental data with a consistent rate law expression. 

TRA-3.B.1: Experimental methods can be used to monitor the amounts of reactants 

and/or products of a reaction and to determine the rate of the reaction. 

TRA-3.B.2: The rate law expresses the rate of a reaction as proportional to the 

concentration of each reactant raised to a power. 

TRA-3.B.3: The power of each reactant in the rate law is the order of the reaction with 

respect to that reactant. The sum of the powers of the reactant concentrations in the rate 

law is the overall order of the reaction. 
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Factors Affecting Reaction Rates and Collision Theory 

1. A decrease in which of the following will cause the rate of a chemical reaction to increase.

(A) Temperature
(B) Surface area
(C) Concentration
(D) Activation energy

2. In a lab experiment a student mixed aluminum with copper(II) nitrate according to the
equation listed below.

2 Al(s) + 3 Cu(NO3)2(aq) → 2 Al(NO3)3(aq) + 3 Cu(s) 

In trial one a student used pieces of aluminum cut from a strip of aluminum. In trial two the 
student used the same mass but powdered aluminum. No other changes were made to the 
experiment from trial one to trial two. Which of the following correctly provides the trial in 
which the reaction occurred at a faster rate with a correct explanation.  

(A) Trial one because the larger pieces of aluminum have a greater surface area to react with
the copper ions.

(B) Trial one because the aluminum pieces also act as a catalyst, lowering the activation
energy.

(C) Trial two because the powdered aluminum has a greater surface area to react with the
copper ions.

(D) Trial two because the powdered aluminum dissolves faster in the water.

3. An increase in which of the following causes a greater number of particles to possess
energies greater than the minimum activation energy, Ea.

(A) Temperature
(B) Surface area
(C) Concentration
(D) Amount of catalyst

A(g) + B(g) ⇄ C(g) 

4. Which of the following would be expected to decrease the rate of the reaction above?

(A) Increasing the volume of the container where a gas phase reaction is occurring
(B) Increasing the pressure
(C) Increasing the amount of reactant, B, in the reaction vessel
(D) Add a catalyst to the reaction mixture
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Factors Affecting Reaction Rates and Collision Theory 
 
1. A decrease in which of the following will cause the rate of a chemical reaction to increase. 
 
 (A) Temperature 
 (B) Surface area 
 (C) Concentration 
 (D) Activation energy 
 
2. In a lab experiment a student mixed aluminum with copper(II) nitrate according to the 

equation listed below. 
 

2 Al(s) + 3 Cu(NO3)2(aq) → 2 Al(NO3)3(aq) + 3 Cu(s) 
 
In trial one a student used pieces of aluminum cut from a strip of aluminum. In trial two the 
student used the same mass but powdered aluminum. No other changes were made to the 
experiment from trial one to trial two. Which of the following correctly provides the trial in 
which the reaction occurred at a faster rate with a correct explanation.  

 
 (A) Trial one because the larger pieces of aluminum have a greater surface area to react with 

the copper ions. 
 (B) Trial one because the aluminum pieces also act as a catalyst, lowering the activation 

energy. 
 (C) Trial two because the powdered aluminum has a greater surface area to react with the 

copper ions. 
 (D) Trial two because the powdered aluminum dissolves faster in the water. 
 
3. An increase in which of the following causes a greater number of particles to possess 

energies greater than the minimum activation energy, Ea. 
 
 (A) Temperature 
 (B) Surface area 
 (C) Concentration 
 (D) Amount of catalyst 
 
 

A(g) + B(g) ⇄ C(g) 
 

4.   Which of the following would be expected to decrease the rate of the reaction above? 
  
 (A) Increasing the volume of the container where a gas phase reaction is occurring 
 (B) Increasing the pressure 
 (C) Increasing the amount of reactant, B, in the reaction vessel 
 (D) Add a catalyst to the reaction mixture 
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Questions 17 – 19 refer to the reaction profile shown below. 
 

X(g) ⇄ Y(g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17. Which letter corresponds to the activation energy for the reverse reaction?  
 
 (A) A 
 (B) B 
 (C) C 
 (D) D 
 
18.Which letter corresponds to the overall energy change for the reaction?  
 
 (A) A 
 (B) B 
 (C) C 
 (D) D 
 
19.Which letter corresponds to the activation energy for the catalyzed forward reaction? 
 
 (A) A 
 (B) B 
 (C) C 
 (D) D 
 
  

X 

Y 

Reaction Progress 

En
er

gy
 

A 
C 

B 

D 
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20. A student performed an experiment to determine rate constant, k, at four different 

temperatures for a first order reaction. The results of the experiment are shown in the data 
table below. 

Temperature 
(K) 

k 
(sec−1) 

408 4.2 × 105 
388 1.5 × 103 
358 3.3 × 102  
328   2.1 × 10−1 

 
The student plotted the results on the axes shown below, labeled W, to determine the 
activation energy, Ea, of the reaction graphically using the Arrhenius equation. 
 

ln 𝑘𝑘 = −𝐸𝐸𝑎𝑎
𝑅𝑅

 1
T

+ ln𝐴𝐴  
 
 
 
 
   

 
 
 
 
 
 
 
 
 
 
 
 
The experiment was repeated at all four temperatures, using a catalyst. The results of the 
catalyzed reaction were graphed on the same plot. Which set of data points best identifies the 
plot of the catalyzed reaction? 

 
 (A) X 
 (B) Y 
 (C) Z 
 (D) X and Y 
 

 
 
 
 
 

1/T 

ln
 k

 

Z 

W 

X 

Y 
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30. Which of the following reaction profiles best corresponds to the suggested mechanism? 
 
 (A)   (B)    
 
 
 
 
 
 
 
 
 
 

(C)   (D)  
 
 
 
 
 
 
 
 
 
 
 
 
 
Questions 31 and 32 refer to the proposed mechanism for the reaction between nitrogen dioxide 
and carbon monoxide at very high temperatures. The process occurs via a one-step mechanism as 
shown below 

NO2 + CO → NO + CO2   ∆H = −226 kJ mol−1 
 
 
31. Which of the following is the most correct? 
 
 (A) Rate = k [NO2] [CO] and the process is unimolecular 
 (B) Rate = k [NO2] [CO] and the process is bimolecular 
 (C) Rate = k [NO2]2[CO] and the process is unimolecular 
 (D) Rate = k [NO2]2[CO] and the process is bimolecular 
 
 
 
 
 
 
 

Reaction Progress 

En
er

gy
 

Reaction Progress 

En
er

gy
 

Reaction Progress 

En
er

gy
 

Reaction Progress 

En
er

gy
 

 

© 2018 Applied Practice, Dallas, TX. All rights reserved. 27



MEGA – FREE RESPONSE A 

REINFORCEMENT 

 (20 Points) 

 

1. A student performed an experiment by mixing bromate ions, bromide ions, and hydrogen 

ions according to the reaction below, at 298 K.  

 

BrO3
−(aq) + 5 Br−(aq) + 6 H+(aq) → 3 Br2(aq) + 3 H2O(l) 

 

 The initial concentrations of the reactants are provided in the table below. 

 

[BrO3
−]  

mol L-1 

[Br−]  

mol L-1 

[H+]  

mol L-1 

0.0100 0.0100 0.10 

 

 The concentration of Br2(aq) produced was measured over 100 minutes and plotted on the 

graph below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

(a) On the graph, draw the curve representing the disappearance of both BrO3
− ions and Br− 

ions for this reaction. 
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(b) Students were asked to repeat the experiment with the same concentrations of reactants, 

but at a higher temperature, 325 K. The graph below shows the production of Br2(aq) at 

298 K. On the same graph draw the expected curve for the production of Br2(aq) at  

325 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) The graph below shows the distribution of the collision energies for the original reaction 

at 298 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) On the graph, shade in the area that represents particles with enough energy to 

react and form products. 
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(ii) The data was plotted on the axes shown below. Describe how the activation 

energy can be determined graphically, using the Arrhenius equation;  

ln 𝑘 = −
𝐸𝑎

𝑅
 
1

T
+ ln 𝐴 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) On the graph above draw a straight line representing a reaction with a greater 

activation energy than the one shown on the graph.  Justify your answer. 

 

 

1/T 

ln
 k
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MEGA – FREE RESPONSE A Level 1 

REINFORCEMENT 

 (20 Points) 

 

1. A student performed an experiment by mixing bromate ions, bromide ions, and hydrogen 

ions according to the reaction below, at 298 K.  

 

BrO3
−(aq) + 5 Br−(aq) + 6 H+(aq) → 3 Br2(aq) + 3 H2O(l) 

 

 The initial concentrations of the reactants are provided in the table below. 

 

[BrO3
−]  

mol L-1 

[Br−]  

mol L-1 

[H+]  

mol L-1 

0.0100 0.0100 0.10 

 

 The concentration of Br2(aq) produced was measured over 100 minutes and plotted on the 

graph below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

(a) On the graph, draw the curve representing the disappearance of both BrO3
− ions and Br− 

ions for this reaction. 
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(b) Students were asked to repeat the experiment with the same concentrations of reactants, 

but at a higher temperature, 325 K. The graph below shows the production of Br2(aq) at 

298 K. On the same graph draw the expected curve for the production of Br2(aq) at  

325 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) The graph below shows the distribution of the collision energies for the original reaction 

at 298 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) On the graph, shade in the area that represents particles with enough energy to 

react and form products. 
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(ii) On the graph, draw a second curve that represents the distribution of the collision 

energies for the reaction at 325K.  

 

 

 

 

 

 

 

 

(d) An energy profile diagram for both the catalyzed and uncatalyzed reaction is shown 

below. Label the activation energy for the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) uncatalyzed reaction. 

 

 

(ii) catalyzed reaction. 

 

 

(iii) Indicate whether you agree or disagree with the statement in the box below. 

Justify your choice. 

 

 

 

 

 

 

 

On reaction profiles think: 

what does Ea mean? is the 

reaction endo- or 

exothermic? how to label 

H? # of “humps” = # of 

elementary steps (and the 

tallest “hump” is the rate 

determining step!) 

The catalyst increases the rate of the reaction by lowering 

the activation energy of the reaction. 
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