Straw Lab – Introduction to Equilibrium

Background:

Not all chemical reactions go to completion.  Sometimes the products react with each other to reform the reactants. The reaction of the reactants to form the products is called the forward reaction. The reaction of the products to form the reactants is called the reverse reaction. 


Initially in a chemical reaction, the forward reaction rate is high since there is a high concentration of reactant molecules and therefore a greater chance of effective collisions producing products.  As time proceeds, the reactant concentration decreases, and thus the reaction rate decreases with it.  But, as this happens, the products begin reacting to form reactants, and this rate will increase as more products become available to react.   Eventually, the rate of the forward reaction will equal the rate of the reverse reaction. When this occurs, the system is said to be in equilibrium. At this point, the number of molecules changing from reactants to products equals the number changing from products to reactants. At this point there will be no apparent visible (macroscopic) changes but there are still changes occurring at the molecular level, although; they are the same in both directions.

Consider the generic graph below:

The equilibrium process in a dynamic system can be represented graphically, as follows:

In this activity you will create an equilibrium situation in a system which is in an initial unbalanced state. One graduated cylinder will represent the reactants in a closed container. The other graduated cylinder will represent the products in the same closed container.  The amount of water transferred will represent the rate of each of the forward and reverse reactions. The more water you will take out of the cylinder with every transfer, the faster the rate. The less water removed with each transfer the slower the rate.

You and your partner will simultaneously be exchanging water in each graduated cylinder to represent the forward and reverse reactions that occur in a closed system. Once the data has been collected you will be graphing and interpreting the results. 

Purpose: 
In this lab we will be modeling a simple reaction A → B

We will use one graduated cylinder to represent the amount of the reactant A and a second graduated cylinder to represent the amount of the product B.

Many reactions can proceed forward A → B and in reverse B → A

We can write this A ↔ B

We will see how the initial concentrations of the product and reactant and the relative rates of the forward and reverse reactions affect equilibrium

Materials:

2 graduated cylinders, 2 drinking straws with different diameters, water, graph paper or access to Microsoft  Excel (or any graphing program)
Procedures:  Note:  You may have to redo your data tables, so you will have enough space to record data.
Part 1: Forward and reverse reactions
1) Put 50 ml of water in the first graduated cylinder.  Leave the second graduated cylinder empty.  

2) Place a straw in each graduated cylinder.  Make sure the straws are touching the bottoms of the cylinders.  Put your finger over the straw to trap the water.

3) Simultaneously transfer the contents between the two cylinders.

4) Record the new volume in each cylinder, being careful to read the meniscus to the nearest 0.1mL. 

5) Return the straws to their original cylinders and repeat steps 2-5.
6) Repeat steps 2 – 5.
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Part 2: Different initial concentrations
1) Put 15 ml of water in the first graduated cylinder.  Put 35 ml into the second graduated cylinder.

2) Place a straw in each graduated cylinder. 

3) Simultaneously transfer the contents between the two cylinders.

4) Record the new volume in each cylinder, being careful to read the meniscus to the nearest 0.1mL. 

5) Return the straws to their original cylinders and repeat steps 2-5.
6) Repeat steps 2 – 5.
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Part 3: Different rate of forward and reverse reactions
1) Put 50 ml of water in the first graduated cylinder.  Leave the second graduated cylinder empty.  

2) Place two straws in graduated cylinder “A” and one straw in graduated cylinder “B”.  

3) Simultaneously transfer the contents between the two cylinders.  Make sure to always remove two straws from cylinder “A” and one straw from cylinder “B”

4) Record the new volume in each cylinder, being careful to read the meniscus to the nearest 0.1mL. 

5) Return the straws to their original cylinders and repeat steps 2-5.
6) Repeat steps 2 – 5.
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Analysis and Conclusion:

1) Use Excel to make a graph for each experiment.  Time should be on the x-axis and ml of water should be on the y-axis.  There will be two lines on each graph.  One line for the water in cylinder A and one of the water in cylinder B
2) Equilibrium is the point at which no visible or measurable change is occurring in the reactants and products. Where on your graph does equilibrium begin? Identify the area on the graph by labeling it. Why did you choose this point?  
3) How do the initial concentrations of A and B affect the concentrations at equilibrium?
4) How do the rates of the forward and reverse reactions affect the concentration at equilibrium?
5) How can you tell by looking at a graph which reaction (forward or reverse) is favored (faster)?Is it accurate to say that there is no change in a system that has reached equilibrium? Why or why not?

Teacher’s Summary:

Note: On-level students may only be able to do part one while Pre-AP students will complete the entire activity.
In this lab you created an equilibrium situation in a system represented by graduated cylinders of water posing as reactants and products in a closed container.  The amount of water transferred represented the rate of each of the forward and reverse reactions. The more water taken out of the cylinder with every transfer, the faster the rate. The less water removed with each transfer the slower the rate. This was continued until 3 successive transfers resulted in no further change in volume of water which represented a state of “equilibrium”.
The Concept of Equilibrium can be summarized as follows:
As a chemical reaction progresses

· The reactant concentration, [R], decreases to a constant, 

· The product concentration, [P], increases from zero to a constant. 

· When [R] and [P] are constant, equilibrium is achieved. 
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In terms of rates, the forward reaction rate is high initially and then decreases as reactant molecules are being used up.  As the product concentration begins to increase, the reverse reaction rate also increases until the forward and reverse reaction rates are equal and equilibrium is achieved.

Possible Graph to be obtained from part one:
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