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A Simulation for Teaching Dynamic Equilibrium 
Copyright © 2006 Derek Cheung, Department of Curriculum and Instruction,  
The Chinese University of Hong Kong. 
 
To teach chemical equilibrium effectively, I have recommended the use of the reaction 
quotient and van’t Hoff principle rather than Le Chatelier’s principle to solve equilibrium 
problems (Cheung, 2004). In addition, simulations can be used to improve student learning of 
chemical equilibrium. I love the following simulation which has proved effective to teach the 
concept of dynamic equilibrium in Hong Kong secondary schools. The simulation was 
adapted from Harrison and Buckley (2000), and Wilson (1998). 
 
 
Procedure 
(NOTE: This simulation should be done before the teacher explains dynamic equilibrium by 
lecture. Instructions may be given to students orally.) 
 

1. Divide your class into groups of 2-4 students. 

2. Show the class the following first-order reversible reaction on chalkboard and emphasize 
that not all chemical reactions go to completion. Assume that the rate constant for the 
forward reaction is ½ min-1 while the rate constant for the backward reaction is ¼ min-1. 

A ⇌ B 
3. Let each group write the reversible reaction on a sheet of A4-size paper.  

4. Give each group a box of paper clips (60 clips will be adequate). 

5. Divide each group into team A and team B. Let students know that both teams will 
exchange paper clips. 

6. To start the first simulation, instruct each group to place 40 clips below A to represent 40 
‘A’ molecules and none below B. This is the initial concentration of ‘A’ molecules in the 
chemical system. 
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7. For each transfer, team A hands over half of their clips while team B hands over only a 
quarter of theirs. Round up whenever a half clip is required (e.g., 7.5 becomes 8 but 6.3 
becomes 6). Emphasize that when the rate of forward reaction equals the rate of 
backward reaction, the chemical system has reached equilibrium. Show the table below 
on an overhead projector transparency or a PowerPoint slide to ensure that all students 
understand the rules (Don’t distribute the table as a handout because some students may 
not be willing to participate in the simulation activities). Students will discover that 
equilibrium is reached after 3 transfers. 

 
 

Simulation 1 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 40   0 
1st transfer   20  0   
Outcome 20   20 
2nd transfer         
Outcome     
3rd transfer       
Outcome     
4th transfer        
Outcome     
5th transfer       
Outcome     
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 
 

 

8. Ask students to note that the concentrations of both A and B molecules remain constant 
when the system is at equilibrium. The forward and backward reactions are still taking 
place (i.e., team A and team B can still exchanging clips), but the concentrations of 
reactants and products remain constant. This highlights the dynamic nature of chemical 
equilibrium. 

9. Let students calculate number of B molecules/number of A molecules to the nearest 
integer. This leads to the concept of equilibrium constant. Make sure that each group has 
obtained the correct value (i.e., 27/13 ≈ 2). Stress that the concentration of reactants is 
not always equal to the concentration of products at equilibrium. 

10. Now that your students know how to determine the equilibrium constant. Instruct them 
to begin Simulation #2 by placing 40 clips below A and 20 below B. This is the initial 
concentrations of molecules in the system. Remind students that the rate constant for the 
forward reaction is ½ min-1 while the rate constant for the backward reaction is ¼ min-1. 
Students will realize that chemical equilibrium can be reached from different starting 
points and the value of the equilibrium constant does not change. 
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11. Let students begin Simulation #3 by placing 0 clips below A and 40 below B. Again, 
students will discover that chemical equilibrium can be attained from different starting 
points and the value of the equilibrium constant does not change. Then, ask the question: 
“What would happen if we remove 10 ‘B’ molecules from the equilibrium mixture?” 
This serves as Simulation #4. Students will find that the equilibrium can be reestablished 
after 2 transfers. Finally, ask students to add 5 ‘A’ molecules to the equilibrium mixture 
and predict the outcome. This is Simulation #5. Ask students to report their results. (For 
teacher information, the outcomes of these five simulations are shown on pages 4-7. 
Remember, don’t distribute the tables as student handouts.) 

12. Ask students to synthesize the results of the five simulations and suggest why the 
equilibrium constants are the same. Some students may realize that the equilibrium 
constant is equal to the rate constant of forward reaction/rate constant of backward 
reaction (0.5/0.25 = 2), indicating that only temperature can change the value of 
equilibrium constant. 
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Simulation 1 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 40   0 
1st transfer   20  0  
Outcome 20   20 
2nd transfer   10  5  
Outcome 15   25 
3rd transfer   7.5 ≈ 8  6.3 ≈ 6  
Outcome 13   27 
4th transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 
5th transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 27/13 ≈ 2 
 
 
 
 
Simulation 2 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 40   20 
1st transfer   20  5  
Outcome 25   35 
2nd transfer   12.5 ≈ 13  8.8 ≈ 9  
Outcome 21   39 
3rd transfer   10.5 ≈ 11  9.8 ≈ 10  
Outcome 20   40 
4th transfer   10  10  
Outcome 20   40 
5th transfer   10  10  
Outcome 20   40 
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 40/20 = 2 
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Simulation 3 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 0   40 
1st transfer   0  10  
Outcome 10   30 
2nd transfer   5  7.5 ≈ 8  
Outcome 13   27 
3rd transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 
4th transfer      
Outcome     
5th transfer      
Outcome     
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 27 /13 ≈ 2 
 
 
 
What would happen if we remove 10 ‘B’ molecules from the equilibrium mixture? 
 
Simulation 4 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 0   40 
1st transfer   0  10  
Outcome 10   30 
2nd transfer   5  7.5 ≈ 8  
Outcome 13   27 
3rd transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 – 10 = 17 
4th transfer      
Outcome     
5th transfer      
Outcome     
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = ? 
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Simulation 4 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 0   40 
1st transfer   0  10  
Outcome 10   30 
2nd transfer   5  7.5 ≈ 8  
Outcome 13   27 
3rd transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 – 10 = 17 
4th transfer   6.5 ≈ 7  4.25 ≈ 4  
Outcome 10   20 
5th transfer   5  5  
Outcome 10   20 
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 20/10 = 2 
 
 
 
What would happen if we add 5 ‘A’ molecules to the equilibrium mixture? 
 
Simulation 5 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 0   40 
1st transfer   0  10  
Outcome 10   30 
2nd transfer   5  7.5 ≈ 8  
Outcome 13   27 
3rd transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 – 10 = 17 
4th transfer   6.5 ≈ 7  4.25 ≈ 4  
Outcome 10   20 
5th transfer   5  5  
Outcome 10 + 5 = 15   20 
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = ? 
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Simulation 5 
     
 A B 
 No. of clips No. transferred No. transferred No. of clips 
Initial 0   40 
1st transfer   0  10  
Outcome 10   30 
2nd transfer   5  7.5 ≈ 8  
Outcome 13   27 
3rd transfer   6.5 ≈ 7  6.8 ≈ 7  
Outcome 13   27 – 10 = 17 
4th transfer   6.5 ≈ 7  4.25 ≈ 4  
Outcome 10   20 
5th transfer   5  5  
Outcome 10 + 5 = 15   20 
6th transfer   7.5 ≈ 8  5  
Outcome 12   23 
7th transfer   6  5.75 ≈ 6  
Outcome 12   23 
 
When A and B have reached dynamic equilibrium, calculate the following ratio: 
 

number of B / number of A = 23/12 ≈ 2 
 
 
 


