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Equilibrium: Don’t Stress Me! 

 

Daphane Howard 

 

 

INTRODUCTION 

 

Technology as a Transformational Tool 

 

Science educators who have tested the “technology waters” are becoming convinced that 

technology is one of those rare entities that will have a true transformational impact on 

learning both in and out of the science classroom. Conversations are spontaneously 

springing up about listservs (a program that redistributes electronic mail to names on a 

mailing list), graphing calculators, video-labs, computer-aided labs, and other “techno 

items” regarding ways in which they promote science standards and the restructuring 

impact they have on learning.  

 

Technology in the science classroom can be used as a dynamic, participatory medium 

which promotes a unique style of learning that emphasizes resources, relationships, and 

exploration. It also provides an environment which promotes cooperative learning, 

inquiry, investigations, and the development of higher-order thinking skills. Seen and 

experienced in this light, a technological science classroom truly is becoming one of the 

most exciting places for science educators and students to be. 

 

As an Advanced Placement chemistry teacher, I have chosen chemical equilibrium as 

the curriculum unit to develop in a multi-media format. It is my hope that this unit will 

provide a firm foundation in this area using a lively and dynamic platform. Thus, the 

purpose of this unit is to allow the students to embark on an academic adventure into the 

concepts of chemical equilibrium.  

 

There were two major reasons for choosing this particular topic. First, in dynamic 

equilibrium, chemicals are reacting rapidly at the molecular scale, while their 

concentrations remain constant on the macroscopic scale. Molecular scale reactions are 

difficult for students to visualize in the traditional lecture format so another vehicle such as 

technology is needed.  

 

Secondly, there is a major focus in science education to move students from the shrewd 

and boring memorization of vocabulary and concepts to active participation. All of us 

learn best by “doing.”  In a well-designed science classroom, students work to gather data, 

explore, create, experiment, physically manipulate things and organize information. This 

brings a relevance and connection that is immediate and involves their interest, their 

intellect, and their participation. Technology will help to facilitate this move and bring all 

these areas to reality in the classroom. 
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Thus, students will learn and retain information because of this approach as well as 

engage in a challenging and rewarding learning experience. 

 

 

BACKGROUND INFORMATION 

 

Equilibrium: Don’t Stress Me Out 

 

The concept of equilibrium is fundamental in chemistry. These ideas are not unique to 

chemistry. We participate in a society and live in an economy that function on establishing 

equilibrium. In fact, most of our social situations represent equilibria of competing forces. 

My family arrived at some arrangement that kept our personal relationships running as 

smooth as possible. That is, we achieved equilibrium. Of course, this equilibrium was 

easily upset when a stress was applied such as the addition of a new family member. Thus, 

the cycle begins all over again of establishing equilibrium so that all parties can live exist 

together harmoniously. 

 

Chemical systems are analogous to our social arrangements and chemical systems can 

also be forced to move to a new equilibrium position by outside influences. Most chemical 

reactions are reversible, meaning that they can run in both directions, from reactants to 

products and from products to reactants. When a reaction begins, the forward rate of 

reaction is greater than the reverse rate. Over a period of time, as reactants are depleted 

and products accumulate, the rate of the reverse reaction becomes equal to the rate of the 

forward reaction, meaning that reactants and products are being formed at the same rate. 

When this happens, the reaction is said to be at equilibrium.  

 

An equilibrium unit should explore the consequences of the fact that most chemical 

reactions are reversible, that in closed system a state of equilibrium can eventually be 

achieved between reactants and products, and outside forces can affect equilibrium. 

 

At the end of a unit, the student should be able to describe how a chemical system 

comes to equilibrium at a point determined by the temperature and by the concentration of 

the reactants and products. They should also be able to describe how all chemical and 

phase equilibrium share three characteristics:  

 

1) They are dynamic;  

2) They are reversible; and  

3) Equilibrium positions can be approached from either direction. 

 

LESSON FORMAT 

 

Lesson Format and Multi-Media Components 
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This lesson will be presented in a multi-media format using various forms of technology. 

This format can be used to present any unit in a chemistry curriculum. There are four 

major components. These components are the platforms or format in which the lesson will 

be presented. I have also specified the form of technologies or media that I will use to 

enhance each lesson. I have chosen four components to use in this particular unit. These 

are described in table below.  

 
 

Component 
 

Platform 
 

Description 
 

Suggested Multi-

Media or 

Technology 

 
1 

 
Lecture 

 
Teacher will present concepts or 

calculations to the student in a 

formal setting. Involves very little 

student participation. Students are 

given an outline or lecture notes. 

 
PowerPoint, 

HyperStudio, 

overhead projector, 

computer, graphing 

calculators 
 
2 

 
Presentations 

 
Student or teacher will present 

concepts or theories with active 

student participation. This will 

involve cooperative groups, hands-

on activities, and student-designed 

products such as concept maps, 

essays, newspapers, commercials, 

etc. 

 
PowerPoint, 

HyperStudio, 

overhead projector, 

computer, Internet 

 
3 

 
Demonstrations 

 
Students will demonstrate a concept 

using laboratory equipment, 

technology, and chemicals. This 

will usually be done in small 

groups.  

 
Graphing 

calculators, video-

labs, computers, 

graphing programs,  

 
4 

 
Laboratory 

Experiment 

 
Students as a class will perform the 

same experiment using the concepts 

presented in the unit. Use of 

technology and comparison of data 

is an integral part of this 

component. 

 
Graphing 

calculators, 

computers, CBL’s, 

LabWorks 

 

Subunits and Corresponding Components    

 

The above components may be performed sequentially or simultaneously within each 

subunit. The actual academic material will have five subunits under the topic of chemical 

equilibrium. At least one of the lesson components will be used in each subunit. I have 

provided suggested platforms for each subunit. These can be adjusted to fit the various 

schedules that are used in secondary schools. The subunit and corresponding component 
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are listed in the table below. 

 
 

Subunit 
 

Component 
 

Multi-

Media/Technology 

 
Suggested Platform 

 
The Nature of 

the 

Equilibrium 

State 

 
1. Lecture 

 
PowerPoint, Internet 

 
Teacher will present 

using a PowerPoint 

presentation. Lecture 

notes can be created 

from the presentation as 

well as an Internet 

demonstration. 
 

The 

Equilibrium 

Constant 

 
1. Lecture 

 

2. Student 

presentations 

 
HyperStudio, 

PowerPoint, Internet 

 
Teacher will introduce 

this concept using 

HyperStudio. The 

student will focus on a 

particular part of this 

subunit and prepare a 

short presentation. 
 

The Reaction 

Quotient 

 
1. Student 

presentations 

  

2. Demonstrations 

 
Overhead projector, 

laboratory equipment, 

graphing calculators, 

video-labs 

 
Students will introduce 

concepts in cooperative 

groups. Students will 

perform a quick 

laboratory 

demonstration to 

illustrate, explain, or 

support this concept. 
 

Equilibrium 

Calculations 

 
1. Lecture 

 

2. Demonstrations 

 
Overhead projector, 

graphing calculators, 

videos, Internet 

 
Teacher will present 

problems and provide 

assistance in answering 

problems using the dry 

erase board and quick 

laboratory 

demonstrations to 

evaluate and explain the 

numerical answers. 
 

External 

Factors 

Affecting 

Equilibrium 

 
1. Student 

presentations 

 

2. Demonstrations 

 

3. Laboratory 

experiment 

 
Laboratory 

equipment, graphing 

calculators, video-

labs 

 
Students will participate 

in a cooperative group 

presentation or activity. 

Afterwards, students 

will perform a 

laboratory experiment 

illustrating this unit’s 

concepts. 
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This curriculum unit will encourage myself as well as my students to explore this topic 

in depth, rather than covering many topics superficially. My classroom will become alive 

with centers where small teams of students locate information, design demonstrations, and 

create simulations. Planning, designing and then presenting projects to illustrate the 

concepts of equilibrium will provide the much-needed break from the traditional and 

formal textbook and lecture format. Communicating, sharing, and problem solving with 

their peers will allow students to explore and develop the skills of group dynamics.  

 

My role as a teacher will easily and naturally change with the use of the medium. At 

moments I will be a lecturer and then transform into a side-by-side learner with my 

students as we use technology in an environment that promotes science exploration. This 

unit will be a wonderful opportunity for me to be creative by designing, encouraging, and 

providing relevant, authentic learning experiences for my students. 

 

STRATEGIES AND CLASSROOM ACTIVITIES 

 

First Subunit: The Nature of the Equilibrium State 

 

The first subunit deals with the nature of the equilibrium state. This lesson can extend over 

several class periods. There are three objectives in this subunit. The first is for each 

student to be able to explain and apply the nature of the equilibrium state in chemical 

reactions. Secondly, the student will be able to compare and contrast the macroscopic and 

submicroscopic definitions of equilibrium. Last, the learner will be able to identify the 

characteristics of chemical reactions that come to equilibrium and discuss the process of 

reaching equilibrium. 

 

This lesson uses the questioning technique to assess learning as well as provide 

opportunities for student participation in a traditional lecture format. The lecture uses a 

PowerPoint slide show and actual demonstrations that center around the vocabulary and 

three important concepts. Lecture handouts are provided to aid the student in keeping up 

with the lecture as well as to provide a place to take organized notes. 

 

Since there is little active participation from the students, the lecture is also 

supplemented by a questioning strategy. This improves students’ comprehension of 

content area material. A set of questions is presented about equilibrium on the monitor. 

Working with a partner, each student takes turns reading and discussing each of the 

statements.  

 

The overall goal is to have each student explain and apply the nature of the equilibrium 

state in chemical reactions. There are three important features that we will focus on:  

 

 Chemical reactions are reversible. 

 Chemical reactions are dynamic. 
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 The nature and properties of the equilibrium state are the same, no matter what 

the direction of approach. 

 

I introduce the concept of equilibrium with an egg activity in which two students are 

called as volunteers to participate. One student is assigned the task of taking the eggs 

apart and another, the task of putting them together. One-minute intervals are taken to 

count the number of complete eggs and incomplete eggs. A record is kept on the 

chalkboard how the numbers of incomplete and whole eggs change from one minute to 

another. After several minutes, a condition is reached in which the number of objects in 

each category remain relatively constant. 

 

I relate this to a chemical system reaching equilibrium because under certain 

conditions, the products of a reaction may reform the reactants, which then reform the 

products. In other words, a chemical reaction may proceed in both forward and reverse 

directions at the same time. At some point, the rate at which products are formed is 

exactly equal to the rate at which reactants are formed. The reaction is said to be in 

equilibrium at this point.     

 

We begin the study of equilibrium by examining an equation for a generalized reaction. 

A + B  C + D 

 

In this reaction, molecules of A collide effectively with molecules of B and form molecules 

of C and D. The reaction proceeds at a certain rate, R1. 

 

Now we will assume that the reaction takes place in a closed container. No molecules 

can escape. Then, when C and D molecules begin to form, collisions between them begin 

to occur also. Some of the collisions between C and D molecules will be effective. They 

will have enough energy for a chemical change to occur. These collisions will result in the 

reformation of A and B molecules. The generalized equation for this reverse reaction is: 

C + D  A + B 

 

Let us say that the reverse reaction takes place at rate R2. As more C and D molecules are 

formed, their concentrations will increase. Then more collisions will occur between C and 

D and more of the reverse reaction will take place. After some time, the rate R2 of the 

reverse reaction will become equal to the rate of rate R1 of the forward reaction. A and B 

molecules will now form at the same rate as C and D molecules. When the forward and 

reverse rates are equal, chemical equilibrium has been reached. 

 

We now begin our exploration into the three characteristics of systems at equilibrium. 

The first is reversibility. Understanding of the reversibility of a reaction is based on 

knowing that when a system comes to equilibrium, this does not mean that all reaction 

stops. Instead, when the system is at equilibrium, the forward and reverse reactions 

continue, and they take place at equal rates. This concept is demonstrated by the 
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introductory chemistry experiment with the reaction of aqueous iron (III) ion and aqueous 

thiocyanate ion, SCN
-
. The colorless solutions are mixed to give the red-orange ion 

[Fe(H2O)5(SCN)]
2+

, which is in equilibrium with the reactants. We can prove that the 

forward and reverse reactions do not stop by introducing a drop of an aqueous solution of 

radioactive SCN
-
 ion; you would find the ion incorporated into Fe-SCN

2+
. The only way 

for the radioactive SCN
-
 ion to be incorporated into the red-orange Fe-SCN

-
 ion is if these 

reactions are dynamic and reversible. 

 

The concept of dynamic equilibrium places its focus on the chemicals reacting on the 

molecular scale while the concentrations remain constant on the macroscopic scale. 

Students are given the opportunity to participate actively in three experimental setups 

explaining dynamic equilibrium. The three scenarios involve: 

 

1. In a closed container, gas molecules condense just as fast as liquid molecules 

evaporate. 

2. In a saturated solution, a solid dissolves at the same rate as solute crystallizes. 

3. In a weak electrolyte solution, the ions recombine into molecules just as fast as 

other molecules dissociate into ions. 

 

In all of these chemical and physical processes, the rate in one direction is exactly equal to 

the rate in the other direction. 

 

The third concept is introduced using a questioning technique. Students research this 

concept and find examples to support this particular theory. One of the more popular is 

the reaction to produce hydrogen iodide. The reaction is performed in both directions. 

Students discover that the equilibrium partial pressures are the same no matter which 

direction you have approached the reaction. 

 

In the check for understanding portion of this lesson, a simulation of various systems 

are presented using HyperStudio, such as Alka-Seltzer being placed in water. The student 

identifies factors of equilibrium related to each system. I design questions for each system 

within the presentation. A button is also added whereas the answer can be revealed after 

class discussions with the click of a mouse. I usually guide the students’ thought processes 

in order to get them to answer the questions using previous knowledge. 

 

The closure portion of the lesson allows the student to take the key vocabulary terms 

from the lesson. The students assemble in groups and create a concept map on butcher 

paper. Each group places their map on the wall. Using a rubric, each concept map is 

evaluated. Several of the best maps are created using the organization feature in 

PowerPoint.  

 

In the assessment portion, students are placed in groups for an inquiry-based activity. 

Each group is given an unopened bottle of soda pop and a worksheet. They answer 
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questions such as “How does this compare to what was happening inside the bottle when 

it was first sealed or if the bottle is opened, why is it no longer considered to be in 

equilibrium?”  Group answers are placed on butcher paper and discussed as a class. 

 

Second Subunit: The Equilibrium Constant 

 

The second subunit uses the inquiry-based technique of teaching. This allows student-led 

instruction and discovery. The content deals with the equilibrium constant. At the end of 

this subunit, students will be able to determine and calculate the equilibrium constant 

expression for any reaction at equilibrium. So far, we have considered equilibrium 

primarily from a qualitative point of view. We have applied the principles that govern 

equilibrium to predict how different conditions will affect the properties of reacting 

substances. We will now focus how attention on equilibrium from a quantitative view 

point. The quantitative approach provides specific information about the concentrations of 

reacting substances and products in equilibrium mixtures. 

 

In the focus activity, students measure the conductivity of two solutions using a hand-

held conductivity apparatus. A 0.1 M solution of sodium hydroxide and a 0.1 M ammonia 

solution are tested for conductivity. The first is a strong conductor and the latter a weak 

conductor. Students will devise reasons for the difference in conductivity. We then begin 

the lesson with the notion of finding the correct answer to this question. 

 

The teaching procedures begins with a HyperStudio presentation focusing on the fact 

that in a chemical reaction, the actual concentrations of the reactants and products, at 

equilibrium, are dependent on the initial concentrations of the reacting mixture. When 

several experiments are performed, they result in equilibrium mixtures with different 

concentrations.  

 

 In the presentation we take advantage of an expression that relates equilibrium 

concentrations of reactants and products at a given temperature. This expression is known 

as the equilibrium constant expression, Keq. In the equilibrium constant expression, the 

product concentrations appear in the numerator and the reactant concentrations in the 

denominator. Each concentration is raised to the power of its stoichiometric coefficient in 

the balanced equation. 

 

Equilibrium constant = K = [C]
c
[D]

d
 

[A]
a
[B]

b 

 

One of the examples used is the formulation of the equilibrium law which can be shown 

using the reaction between hydrogen and chlorine gas to from hydrogen chloride. 

 

H2 (g) + Cl2 (g)  2HCl (g) 

Keq =      [HCl]
2
 _    



 9 

[H2] x [Cl2] 

 

The concentrations are usually given in moles per liter (M). The numerical value of Keq 

indicates whether the products or the reactants are favored when a reaction reaches 

equilibrium. If the value of Keq is greater than one, the concentrations of the products have 

to be greater than the concentrations of the reactants. Furthermore, the larger the value of 

Keq , the more the products are favored at equilibrium. On the other hand, if the value of 

Keq is less than one, the reactants are favored at equilibrium. And, the smaller the value of 

Keq, the smaller the concentrations of the products at equilibrium. In a spontaneous 

reaction, products are formed when reactants are mixed, without any additional assistance. 

We generally begin to define a spontaneous reaction with an equilibrium constant greater 

than 1.00. A reaction with an equilibrium constant less than 1.00 is called a 

nonspontaneous reaction. Students will be asked to focus on comparing the value of two 

reactions to determine which side of the reaction is favored. 

 

In using equilibrium constant expressions, there is an important factor that needs to be 

memorized. The concentrations of pure solids, of pure liquids, and of solvents in dilute 

solutions never appear in equilibrium constant expressions. For example, in the 

decomposition of the following solid metal halide, 

 

AgCl (s) Ag
+
 (aq) + Cl

-
 (aq) 

 

only the concentrations of the silver and chloride ions in solution appear in the equilibrium 

constant expression. 

 

K = [Ag
+ 

(aq)][Cl
-
 (aq)] 

 

Students will be given a brief introduction on finding Keq experimentally also. 

   

At the end of my presentation, they will begin creating PowerPoint presentations using 

a list of questions that the class as a whole creates utilizing the information learned thus far 

in the unit. The major emphasis will be on the equilibrium constant expression and its use. 

Each group creates a slide show of five to six slides. The students must end their slide 

show with a slide that has at least four reactions where their classmates can practice 

writing equilibrium constants. This particular requirement of the slide show provides our 

check for understanding portion of the lesson with the students at their desk writing 

equilibrium expressions in pairs. This also provides an opportunity for me as the teacher to 

assess the learning and determine if there is a need for further explanation. Closure is 

similar to this part of the lesson except the students are given a worksheet that must be 

completed individually. The assessment is a quiz on writing equilibrium constant 

expressions given the balanced reactions. 

 

Third Subunit: The Reaction Quotient 
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The third subunit places its focus on the reaction quotient. Now that students can write an 

expression that relates reactant and product concentrations for a reaction that has achieved 

equilibrium, it is worth-while to ask a bit more about the meaning of this expression and 

how the reaction mixture behaves when it is not at equilibrium. Also, its importance in the 

real world is investigated in this unit. Equilibrium determines the yield of products from 

raw materials in chemical industrial processes. Understanding the principles of equilibrium 

enables chemists to increase the usefulness of chemical reactions. 

 

This lesson uses a student-centered approach. All activities are designed to have the 

students actively participating as well provide real-world applications of equilibrium. The 

use of the Internet opens up a world of examples for us to investigate. 

 

We have thoroughly investigated the concept that for a system to be at equilibrium, 

there must be a special relationship between the concentrations of products and reactants. 

The focus activity of this unit begins with an Internet viewing of the Haber process. This 

real-world application is the synthesis of ammonia from nitrogen and hydrogen. 

 

N2 (g) + 3 H2 (g)  2 NH3 (g) 

 

This ammonia, produced by the Haber process, can be added directly to the soil as 

fertilizer. Agricultural use is the largest single application of manufactured NH3. The 

process consists of putting the reactants in a high-pressure tank in the presence of a 

catalyst. Under certain conditions, the two gases react to form ammonia. But the reaction 

does not lead to complete consumption of the N2 and H2. This reaction is reversible; the 

product can react or break down to produce the original reactants. When the forward and 

reverse reactions take place at the same rate, equilibrium is reached. Also, at some point, 

experimentally, the reaction appears to stop, with all three components of the mixture 

present at the same time. We take this knowledge and discuss its relation to equilibrium. 

The student explores the importance of concentration of the starting material as well as 

the concentration of all substances at certain points of time. The students will conduct 

small group discussions about this process and its relation to equilibrium.  

 

This leads us to the point of a simulation of the Haber process using HyperStudio. The 

simulation allows students to change the concentrations of both reactants and products. 

Students at this point will randomly choose values with no logic to their choices. The 

purpose is for students to see that there is a logical and perhaps mathematical and way to 

determine where equilibrium lies and that the concentrations of the reactants and products 

can be found at all times. 

 

After some discussion, I then introduce a ratio called the reaction quotient. It is 

defined as the number obtained by entering all the required concentrations into the 

equilibrium law and calculating the result. The equilibrium constant is the numerical value 
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of K when the reaction is at equilibrium. If the reaction is not at equilibrium, the numerical 

value of the equilibrium law is called the reaction quotient. One of its greatest uses is to 

compare concentrations of products and reactants. The expression for Qc has the 

appearance of the equilibrium expression but Q differs from Keq in that the concentrations 

in the expression are  not necessarily equilibrium concentrations.  

 

Next, we begin to work problems together calculating Q and comparing it to Keq. This 

activity and practice session will allow us to formulate general statements about a quotient 

and its relation to the equilibrium constant. 

 

After extending our classroom lecture and laboratory experiment, we develop the 

following general statements: 

 

1. If Q<K, the system is not at equilibrium.  

The ratio of products to reactants is too small. Reactants must be further to 

products (thus increasing Q) to achieve equilibrium. 

2. If Q = K, the system is at equilibrium. 

3. If Q > K, the system is not at equilibrium. 

The ratio of products to reactants is too large. To reach equilibrium, products 

must be converted to reactants, (thus decreasing the value of Q). 

 

Using these statements and the key concepts from the unit, we can now decide which 

system is at equilibrium. If it is not, we can decide in which direction the reaction will go 

to reach equilibrium. 

 

The check for understanding allows the students to revisit the HyperStudio simulation 

and make reasonable decisions in allowing the reaction to come to equilibrium. In the 

focus activity, students normally make random guesses with no basis for their decisions. 

At the end of the lecture, their thought process should be more organized and sound. 

 

The closure portion of the lesson involves student groups making a diagram of the 

Haber process and describing each part. The students may do this on paper or on the 

computer. 

 

The assessment part of this lesson involves the student groups giving oral 

presentations of the Haber process diagrams. I provide the students with a rubric and 

remind them to focus their presentation on the entire process coming to equilibrium. 

 

Fourth Subunit: Equilibrium Calculations 

 

Our fourth subunit focuses on calculations with the equilibrium constant. This particular 

subunit is devoted to some examples of the calculation of K from experimental 

information and the use of these K values.  
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In a previous lesson, it was shown how the equilibrium constant may be calculated by 

measuring the concentrations of all the molecules in a chemical reaction. I present to the 

students the fact that chemists take advantage of stoichiometric relationships to make 

experiments easier and more reliable. Thus, most equilibrium constants can be found as 

reference information. However, for more complicated experiments, they use a tabular 

system of analysis which allows them to summarize their knowledge and perform 

calculations of considerable sophistication without many years of experience.  

 

I encourage the students to devise a way to organize the data in a logical format so the 

proper conclusions may be drawn. To do this we construct a table of information called an 

equilibrium table. The basic table has five lines: the first line is used for the balanced 

chemical reaction, the next line is used for the initial conditions stated in the problem; the 

third line represents the stoichiometric relationships, showing how the conditions on Line 

2 will change; the fourth line is the sum of the second and the third lines and represents the 

concentrations at equilibrium; and the fifth will show the actual equilibrium amounts, 

calculated by solving the expression on Line 4. An example of this table may be found in 

the appendix. 

 

I calculate a few problems using the overhead or chalkboard with the students’ 

attention focused on me. They are not allowed to write anything. Next, I guide them 

through several calculations involving K. After a quick check for understanding where 

students solve a problem independently, they assemble in groups for the major part of this 

subunit. 

 

In my classroom, I set up eight stations. At each station, students can find a picture or 

article related to the station’s experiment, sample data from the experiment, a graphing 

calculator, and a worksheet. Students are to look over the experiment and data. Next, they 

are to calculate K from the data and solve the problems on the worksheet. Each group is 

given a folder to carry with them from station to station. This folder is used to house their 

worksheets once they are complete and the group is ready to move to the next station. 

 

My hope is for students to see the real world application of equilibrium with these 

eight experiments. This should provide a good foundation for the next subunit which is an 

independent study unit for the most part.  

 

Fifth Subunit: External Factors Affecting Equilibria 

 

The fifth and final subunit’s objective is for each student to be able to discuss the external 

factors that influence chemical and physical equilibria. Students are to focus on four 

factors: temperature, concentration, pressure, and the effect of a catalyst on a chemical 

reaction. 
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Students are given the opportunity to prepare a 15-minute presentation on this topic. 

They are placed in groups with three to four members. Their tasks are to: 

 

 List and explain the two factors that influence equilibria; 

 Use video or Internet demonstrations to explain the conditions surrounding the 

three factors; and 

 Using HyperStudio or PowerPoint, apply the factors in a simulated experiment 

or demonstration. 

 

Students are given a rubric and two class days (total 150 minutes) of class time to 

complete this project. 

 

The variety and creativity used is excellent each time this project is done. However, 

the content does not differ significantly. The minimum content contained in each one 

contains some of the following material. 

 

Le Chatelier’s principle is covered thoroughly. This principle states that a change in 

any of the factors that determine the equilibrium conditions of a system will cause the 

system to change in such a manner as to reduce the effect of the change and reestablish the 

equilibrium state. This means the system may respond with internal physical and chemical 

changes to restore the equilibrium state. Chemical changes involve the addition or removal 

of one or more of the products or reactants. Physical changes include changes in 

temperature, pressure, and volume. An understanding of how these factors affect chemical 

equilibria allows chemists to adjust experimental conditions to maximize the desired 

products and minimize values. 

 

Our first factor involves changing the concentration of any reactant or product. This 

will alter the concentrations of the other chemicals present as the system reacts to 

reestablish equilibrium. Adding a reactant to an equilibrium system disturbs it by raising 

the reactant concentration. This disturbance causes the reaction to produce a greater 

amount of product and to reduce the amount of reactant in order to reestablish 

equilibrium. After careful investigation of this fact, students began to summarize the 

effects of changing concentration. The summary usually involves the following conclusion: 

increasing the concentration of a product will cause an increase in reactant formation 

(reverse reaction). Decreasing the concentration of a reactant will cause more reactant to 

form (reverse reaction) and decreasing the concentration of a product will cause more 

product formation (reverse reaction). 

 

Our next factor to consider is temperature. It is the only experimental value that has 

any effect on the value of the equilibrium constant. Which direction the equilibrium 

constant changes depends on whether the reaction is exothermic or endothermic. An 

exothermic reaction gives off heat to the surroundings, and an endothermic reaction 

absorbs heat from the surroundings. 
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An exothermic reaction may be represented as a reaction in which one of the products 

is heat. 

 

Reactants  Products + Heat 

 

Raising the temperature for this type of reaction is similar to increasing the concentrations 

of the products. As occurs with a chemical change, increasing the product will move the 

reaction toward the left, or reactant side. 

 

For an endothermic reaction, increasing the temperature is equivalent to increasing the 

concentration of the reactants. The result is to move the equilibrium toward the product 

side. 

 

Heat + Reactants  Products 

 

 

Third, we consider the effects of pressure on a chemical system. Pressure affects only 

gaseous equilibrium systems. This is because solids and liquids are virtually 

incompressible. As pressure on the gases is increased, the reaction shifts toward the side 

with the least volume. In the Haber process, for example, an increase of pressure would 

shift the equilibrium to the right. In the process of shifting, four particles on the reactant 

side (N2 + 3H2) are converted to two particles of ammonia on the product side. The 

number of particles colliding is reduced, and thus also, the pressure, relieving the stress.  

 

Our next focus is on the effect of a catalyst. The central question that students are 

asked to investigate is, What happens if we add a catalyst to a chemical system that is not 

at equilibrium? A catalyst lowers the activation energy needed for reactants to become 

products. In other words, it permits a reaction to reach equilibrium in a shorter time. A 

catalyst increases the rates at which equilibrium is achieved, but it does not change the 

composition of he equilibrium mixture. In fact, once equilibrium is reached, a catalyst has 

no effect on the reaction any longer. The value of the equilibrium constant for a reaction is 

not affected by the presence of a catalyst. 

 

An additional point that students explore is the fact that some reactions will go to 

completion and not remain in a state of equilibrium. A reversible reaction has two 

directions, forward and reverse. When the products of the forward reaction remain in the 

reaction mixture, they often react to reform the original reactants. However, if a product 

of the forward reaction is removed from the reaction mixture, the forward reaction goes to 

completion. Removing a product prevents it from reacting to reform reactants. There is no 

reverse reaction. There are three common ways that products are removed so that a 

reaction goes to completion: formation of a precipitate, formation of a gas, and formation 

of water. 
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Chemistry is an experimental science. Therefore, this subunit ends with the students 

performing a laboratory experiment to determine the equilibrium constant for a particular 

reaction. All concepts, laws, and theories are directly supported by experimental evidence. 

Correctly designed and performed experiments advance knowledge about chemistry. Thus, 

we chose an experiment that allows the students to see equilibrium at work. It takes 

advantage of the use of computers, scientific calculators and probes in modern science 

laboratories. Safety issues are considered since an essential part of experimental design is 

to assess possible safety hazards from all sources. 

 

This is an important unit for advanced placement students in that they are introduced 

formally to the notion that chemical systems eventually come to equilibrium at a point 

determined by the temperature and by the concentrations of reactants and products. The 

equilibrium constant was determined experimentally and algebraically. We learned that 

equilibrium constants are appropriate only for the temperature at which they are measured 

and for the chemical equation as written. One of the major goals of this unit was to learn 

to carry out calculations involving the use of equilibrium constant expressions. The 

external factors were explored with the use of Le Chatelier’s principle, a change in any of 

the factors that determine the equilibrium point of a system will cause the system to 

change in such a manner as to offset the effect of the change. We learned that the 

concentrations of reactants and products at equilibrium are a measure of the intrinsic 

tendency of chemical reactions to proceed from reactants to products. 
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APPENDIX A: 

 

The Nature of the Equilibrium State 

 

General Instructional  Each student will be able to explain and apply the nature of 

Objective  the equilibrium state in chemical reactions. 

 

Specific Learning  Using paper and pencil, the learner will be able to compare 

Outcomes  and contrast the macroscopic and submicroscopic 

definitions of equilibrium. 

 

Using video and Internet demonstrations, the learner will be 

able to identify the characteristics of chemical reactions that 

come to equilibrium and discuss the process of reaching 

equilibrium. 

 

Instructional Procedures Focus Activity: The Easter Bunnies 

An Easter basket with about 50 plastic eggs will be used.  

The purpose is to show the condition in which the number 

of objects in each category remains relatively constant. 

Teaching Procedures 

Lecture: A PowerPoint lecture will be presented to the 

students 

Questioning: Using appropriate questioning techniques, the 

teacher will conduct a questioning session that presents 

problems that require higher-order thinking and problem 

solving skills. 

Check for Understanding 

The students will identify factors of equilibrium in a 

simulation created in HyperStudio. 

Closure 

Using PowerPoint and organization maps, the students will 

assemble in groups and make a concept map using the 

vocabulary terms for the unit. 

 

Assessment Each student group will be given an unopened bottle of 

soda pop and butcher paper.  They will describe the 

macroscopic and submicroscopic equilibrium of this system. 

 

Materials Easter basket Computer PowerPoint 

Lecture notes Butcher paper HyperStudio 

TV monitor Plastic Easter eggs Map color 
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APPENDIX B: 

 

The Equilibrium Constant 

 

General Instructional Each student will be able to determine and calculate the 

Objective equilibrium constant expression for any reaction at 

equilibrium. 

 

Specific Learning Using paper and pencil, the learner will be able to write the 

Outcomes equilibrium constant expression and calculate the constant 

for a reaction. 

 

Instructional Procedures Focus Activity: Is Equilibrium 50/50? 

Students will test two solutions with a conductivity 

apparatus and discuss the differences in conductivity. 

Teaching Procedures 

Lecture: A short HyperStudio presentation will be shown to 

introduce this lesson. 

Student Presentations: Students will focus on a particular 

part of this lesson and prepare a short presentation using 

PowerPoint and the Internet. 

Check for Understanding 

In pairs, students will write equilibrium constant 

expressions. 

Closure 

The students will be given a worksheet for practice on 

writing equilibrium expressions. 

 

Assessment A quiz with 11 reactions will be given.  Students must write 

the equilibrium constant for each. 

 

Materials Laboratory equipment Computer PowerPoint 

 Graphing calculators Focus activity setup HyperStudio 

 TV monitor Worksheets Textbook 
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APPENDIX C: 

 

The Reaction Quotient 

 

General Instructional Each student will be able to determine the location of the 

Objective equilibrium in chemical reactions. 

 

Specific Learning Using paper and pencil, the learner will be able to calculate 

Outcomes the reaction quotient and compare it to the equilibrium 

constant. 

 

Instructional Procedures Focus Activity: Equilibrium is Not 50/50 

Students will dispel the idea that chemical equilibrium 

indicates the same amount of reactant and product with the 

aid of a teacher demonstration. 

Teaching Procedures 

Student Presentations: Students will demonstrate an 

understanding of the Haber process and show an 

understanding of the relationship between the reaction 

quotient and the equilibrium constant. 

Student Demonstrations: Students will perform 

demonstrations to show and understanding of reaction 

equilibrium.  They must use some form of technology. 

Check for Understanding 

The students will take a written quiz. 

Closure 

Using PowerPoint and organization maps, the students will 

assemble in groups and continue to add new vocabulary 

terms to their concept maps. 

 

Assessment A set of problems will be given as an open-notes quiz. 

 

Materials Laboratory equipment Computer PowerPoint 

 Graphing calculators Focus activity setup HyperStudio 

 TV monitor Butcher paper Overhead 
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APPENDIX D: 

 

Equilibrium Calculations 

 

General Instructional Each student will be able to calculate and apply the 

Objective experimental data obtained in equilibrium and its relation to  

chemical reactions. 

 

Specific Learning Using paper and pencil, the learner will be able to calculate  

Outcomes equilibrium constants and concentrations of reactants or 

 products for a reaction. 

 

Instructional Procedures Focus Activity: The Balancing Act 

Students will find Internet sites that explain or are related to 

equilibrium in the real world. 

Teaching Procedures 

Lecture: The teacher will lead the students in problem-

solving techniques for equilibrium concentrations. 

Check for Understanding 

The students will take a short quiz to demonstrate 

understanding. 

Closure 

Students will design an experiment that can be used to 

demonstrate equilibrium. 

 

Assessment Students will be given a test on the material for the unit thus 

far. 

 

Materials Quiz/worksheets Computer PowerPoint 

 Dry erase boards Markers HyperStudio 

 TV monitor Internet Laboratory manuals 
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APPENDIX E: 

 

External Factors Affecting Equilibria 

 

General Instructional Each student will be able to discuss the external factors that 

Objective influence chemical and physical equilibria.  

 

Specific Learning Using multi-media tools, the learner will be able to list and  

Outcomes explain the three factors that influence equilibria. 

 

Using video and Internet demonstrations, the learner will be 

able to explain the conditions surrounding the three factors. 

 

Using HyperStudio or PowerPoint, the learner will be able 

to apply the factors in a simulated experiment or 

demonstration. 

 

Instructional Procedures Focus Activity: The N2O4/NO2 

A simulated experiment involving these two compounds will 

be shown in HyperStudio. 

Teaching Procedures 

Lecture: Students will present their understanding of these 

topics graphically, using the Internet and through a slide 

show presentation. 

Check for Understanding 

The students will discuss each group’s presentation to 

determine its validity. 

Closure 

Students will tie in all activities from the entire unit as a test 

review. 

 

Assessment Students will be able to perform an equilibrium experiment 

to determine the equilibrium constant. 

 

Materials Quiz/worksheets Computer PowerPoint 

 Dry erase boards Markers HyperStudio 

    TV monitor  Internet Laboratory manuals 
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