An Analogy for an Equilibrium Reaction

C12-4-06


Objectives:

1. To illustrate the experimental conditions necessary to have a system at experimental equilibrium.

2. To illustrate the effect of applying stresses to a system in equilibrium.

3. To illustrate graphically the changes which lead to the establishment of equilibrium.
Materials:

2-25 mL graduated cylinders

2 drinking straws of different diameter

an eyedropper

food coloring

graph paper   

Procedure:  

It is best to do these different parts of the simulation and different points in the unit. Start with Part A at the start of the unit and do the subsequent parts after Le Chatelier’s principle has been addressed.

Part A:  Simulating Equilibrium


1. Label a 25 mL graduated cylinder ”A”. Fill it to the 25.0 mL mark with water.  This is the REACTANTS. Label a second 25 mL graduated cylinder ”B”.  This is the PRODUCTS. This cylinder will begin empty. Why is it empty at this stage?

2. Obtain 2 straws of different diameter.  Label these straws with “A” and “B”.  Be sure to keep straw “A” with cylinder “A” and straw “B” with cylinder ”B”.

3. With a partner, simultaneously lower the straws into each of the graduated cylinders.  When the straws reach the bottom of the cylinder each partner will place an index finger over the opening of the straw and then transfer the contents to the opposite graduated cylinder and allow the water to drain. 

4. Accurately record the volume of water in each of the REACTANTS and PRODUCTS cylinders on the “transfer #1” space in the data table that follows.

*Note that in the first transfer some reactants changed to products but 

no products changed to reactants because there were none available.

5. Repeat steps 3 and 4 until equilibrium is reached.  Note that as some products start to form in the B cylinder they become available for becoming reactants through the reversible reaction. Equilibrium will be reached when 5 successive transfers result in no further change in volume.  (Note:  Always return the same straw to its original graduated cylinder for refilling.)  Even though there is no apparent change there are still changes occurring at the molecular level. Explain.

6. Plot this data on the graph paper provided by your teacher. Place the Volumes of Water in Cylinders “A” and “B” on the y-axis and the Transfer #’s on the x-axis.

Transfer Data Parts A, B and C
	Transfer #
	Volume of H2O in “A” (mL)
	Volume of H2O in “B” (mL)
	Transfer #
	Volume of H2O in “A” (mL)
	Volume of H2O in “B” (mL)

	0
	25.0
	0.0
	31
	
	

	1
	
	
	32
	
	

	2
	
	
	33
	
	

	3
	
	
	34
	
	

	4
	
	
	35
	
	

	5
	
	
	36
	
	

	6
	
	
	37
	
	

	7
	
	
	38
	
	

	8
	
	
	39
	
	

	9
	
	
	40
	
	

	10
	
	
	41
	
	

	11
	
	
	42
	
	

	12
	
	
	43
	
	

	13
	
	
	44
	
	

	14
	
	
	45
	
	

	15
	
	
	46
	
	

	16
	
	
	47
	
	

	17
	
	
	48
	
	

	18
	
	
	49
	
	

	19
	
	
	50
	
	

	20
	
	
	51
	
	

	21
	
	
	52
	
	

	22
	
	
	53
	
	

	23
	
	
	54
	
	

	24
	
	
	55
	
	

	25
	
	
	56
	
	

	26
	
	
	57
	
	

	27
	
	
	58
	
	

	28
	
	
	59
	
	

	29
	
	
	60
	
	

	30
	
	
	61
	
	


Part B;

What would the graphs look like if the straw were diameters changed?

In groups, repeat the simulation but use different diameters.

As examples:

a) Two large straws of the same diameter.
b) Two small straw of the same diameter.
c) One small reactants straw and one large products straw.
d) One large reactants straw and one small reactants straw.
Record your groups results in the space below.

Plot a graph of your results in the space below.

Draw the results from the groups in the space below.

Explain the difference among the graphs, especially explaining why some graphs cross over and some do not. Point out the points at which equilibrium is established.
Part B:  Adding More “Reactants” after the Equilibrium is Reached


1. Complete the initial simulation again but after equilibrium has been reached (at, for example, transfer #25), add 5.0 mL of water to the Reactants cylinder, cylinder “A” (using an eyedropper).  Thus, we have increased the concentration of reactants
2. Record the volume of water in each of the cylinders (on the same line as the volumes for transfer # 25, if that is when equilibrium was reached).  Then, when the data is plotted, there will be two points at this transfer #. 

3. Resume the water transfer (#26, 27, 28 etc.) until 5 successive transfers result in no further change in volume. That is, when the equilibrium is established.  Continue to record the volumes of water in cylinders “A” and “B”.

4. Plot these data on your graph as well.

5. Explain the change observed in the graph.

Part C:  Removing “Reactants” after the Equilibrium is Reached


1. Complete the initial simulation again but after equilibrium has been reached (at, for example, transfer #25), add 5.0 mL of water to the Reactants cylinder, cylinder “A” (using an eyedropper).  Thus, we have decreased the concentration of reactants

2. After 5 successive transfers result in no further change in volume, remove 5.0 mL of water from cylinder “A” (using an eyedropper). Thus, we have reduced the concentration of reactants.
3. Record the volumes of water in each of the cylinders (again, on the same line as the last transfer number). 

4. Resume the water transfer until 5 successive transfers result in no further change in volume. Continue to record the volumes of water in cylinders “A” and “B”.

5. Plot these data as well on your graph. The graph should now contain Parts A, B and C on the same graph continuously from transfer #1 to the last transfer from Part C.  

6. Again, explain the change observed in the graph.

Part D:  Adding More “Products” after the Equilibrium is Reached


1. Complete the initial simulation again but after equilibrium has been reached (at, for example, transfer #25), add 5.0 mL of water from the Products  cylinder, cylinder “B” (using an eyedropper).  Thus, we have increased the concentration of products

2. Record the volume of water in each of the cylinders (on the same line as the volumes for transfer # 25, if that is when equilibrium was reached).  Then, when the data is plotted, there will be two points at this transfer #. 

3. Resume the water transfer (#26, 27, 28 etc.) until 5 successive transfers result in no further change in volume. That is, when the equilibrium is established.  Continue to record the volumes of water in cylinders “A” and “B”.

4. Plot these data on your graph as well.

5. Explain the change observed in the graph.

Part E:  Removing “Products” after the Equilibrium is Reached


1. Complete the initial simulation again but after equilibrium has been reached (at, for example, transfer #25), remove 5.0 mL of water from the Products cylinder, cylinder “B” (using an eyedropper).  Thus, we have decreased the concentration of products

2. Record the volumes of water in each of the cylinders (again, on the same line as the last transfer number). 

3. Resume the water transfer until 5 successive transfers result in no further change in volume. Continue to record the volumes of water in cylinders “A” and “B”.

4. Plot these data as well on your graph. The graph should now contain Parts A, B and C on the same graph continuously from transfer #1 to the last transfer from Part C.
5. Again, explain the change observed in the graph.

Part E: Another Equilibrium Simulation


1. Begin this part of the experiment with 15.0 mL of water in cylinder ”A” (reactants) and 15.0 mL of coloured water in cylinder ”B” (products). 


Repeat Part A of the experiment.

2. Record the volumes of water and the relative color in each cylinder after each transfer until equilibrium has been reached.  Use the data table provided.

3. Graph these results on a separate graph.   Place the Volumes of Water in Cylinders “A” and “B” on the y-axis and the Transfer #’s on the x-axis.

Transfer Data Part D

	Transfer #
	Volume of H2O in “A” (mL)
	Volume of H2O in “B” (mL)
	Transfer #
	Volume of H2O in “A” (mL)
	Volume of H2O in “B” (mL)

	0
	15.0
	15.0
	11
	
	

	1
	
	
	12
	
	

	2
	
	
	13
	
	

	3
	
	
	14
	
	

	4
	
	
	15
	
	

	5
	
	
	16
	
	

	6
	
	
	17
	
	

	7
	
	
	18
	
	

	8
	
	
	19
	
	

	9
	
	
	20
	
	

	10
	
	
	21
	
	


Analysis:

1. In the transfer of water from cylinder to cylinder, what does the water represent in terms of a real chemical equation?

2. Describe, based on the graph, the changes in volume (analogous to concentration) and corresponding rates that occur in each curve up to the point where the extra 5 mL of water was added.

3. In relation to any of the simulations, what significance can be attributed to:

a) any point where the two curves meet (if they do)? In other

words, what is happening at the molecular level in the 

‘reaction’ when this overlap occurs.

b) the first flat portion of the two curves?


c) the second flat portion of the two curves?

d) the third flat portion of the two curves?

4. What change in the final volume of water in cylinder “B” results from the addition of the 5 mL of water to cylinder “A”?

5. In terms of the reaction, why does this change occur?

6. What is the evidence that equilibrium has been established in part A, B , C, D or E if:



a)
the data for the water transfers are observed?

b) the plotted data are observed?

c) in D the color is observed?

7. Explain what is meant by the term ‘dynamic equilibrium’. Explain this idea at both the molecular and macroscopic (visible) levels.

8. Given that the density of water is 1g/mL, calculate the number of moles of water, and consequently, the number of molecules of water in cylinders “A” and “B” at three different points in the experiment: 

a) at the beginning of the experiment (transfer 0); 

b) just prior to the addition of the 5 mL of water; and 

c) the equilibrium reached after the addition of the 5 mL of water.

Explain how the number of molecules of either A or B present at any given point affects the rate of reaction of A or B.

9. The addition (or removal) of 5 mL of water constitutes a “stress” on this system.

a) What analogous stresses would be involved if the system really represented a chemical reaction in equilibrium?

b) Name two other “stresses” which could be imposed on a chemical system at equilibrium.

10. What factors control the relative volumes of water in each cylinder at equilibrium in this exercise?

11. Consult with other member of the class to see if their graphs are similar to or different from yours. Account for the differences you find.

12. In a real chemical reaction, what factor would control the relative concentration of reactants and products at equilibrium?

Summary:
Many reactions in nature occur in both the forward and reverse directions.  When the rate of the forward reaction equals the rate of the reverse reaction, the reaction is in equilibrium.  If a stress is added to a reaction at equilibrium, the reaction will shift to offset the stress applied.  This is Le Chatelier’s Principle.   Pressure, temperature and concentration changes are all examples of stresses that can affect a system at equilibrium.  In this lab, we simulated concentration changes by adding or removing water from the “reactants”.  This would be analogous to increasing or decreasing the concentration of reactants (i.e., the number of reacting molecules in a real chemical reaction.   When the concentration of a reactant is increased, there are more molecules available for reaction, which increases the rate of the forward reaction causing the reaction to favor the formation of products.  Alternately, when the concentration of a reactant is decreased, there are fewer molecules available for reaction, which decreases the rate of the forward reaction causing the reaction to favor the formation of reactants.  

Introduction:


Most of the reactions you have encountered so far proceed in only one direction. That is, when the reaction has stopped all of the reactants have been converted into products. This type of reaction is said to go to completion. This is not true of all reactions. 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. �At some point in a chemical reaction, 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, albeit they are the same in both directions.�Unless something is done to disturb a system at equilibrium it will remain at equilibrium. Any changes that disturb a system at equilibrium are called stresses. We are often able to predict the outcome of applying a stress to an equilibrium system using Le Chatelier's Principle. It states that when an equilibrium system is disturbed, the system will shift in such a way as to relieve the applied stress. 


In this lab you will simulate an equilibrium system and show the effect of applying stresses to a system at equilibrium. 
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