Simulating Kinetics: An Introduction
C12-3-01

Introduction: One of the central ideas in chemistry is the concept of kinetics. Essentially, kinetics relates to how fast or the speed of physical and chemical changes. That is, how does the concentration of the reactants and products change over time? Reactions such as explosions are fast reactions as the change from reactants to products is rapid. Rusting, on the other hand, has a slow reaction rate as the change of the concentration of iron to iron oxide is slow. We will be exploring this concept in the investigation that follows.

Equipment:
2-50 or 100 mL cylinders

2 drinking straws of different diameters.

Part A: Understanding Rate of Reaction
1. Place 50 mL of water in a graduated cylinder. This cylinder is your ‘reactants’ cylinder. 

2. Place the other empty cylinder beside the ‘reactants’ cylinder. This empty cylinder is the ‘products’ cylinder.

3. Record the volume of reactants and products in the table on the next page).

4. Note that there is 50 mL of water in the reactants cylinder (mass of 50 g).

Determine:

i) the number of moles of water in this cylinder.

ii) the number of molecules of water in this cylinder.

5. Insert the drinking straw to the bottom of the reactants cylinder in the 50 mL of water and draw the water by placing your finger over the top of the straw. Transfer the contents of one drinking straw from the ‘reactants’ into the ‘products’ cylinder. Record the volume of reactants and products after the transfer in the table below.

6. This transfer time took about 10s. Record this time in the table below.

7. Calculate 
a) the number of moles of water that have changed from “reactants” to “products” based on the mass of water transferred during this 10 seconds.

b) the number of molecules of water that have changed from “reactants” to “products” based on the mass of water transferred during this 10seconds

	Time
	Volume of Reactants (mL)
	Volume of Products

(mL)
	Change in Volume (mL)
	Time
	Volume of Reactants (mL)
	Volume of Products

(mL)
	Change in Volume

(mL)

	0 s
	50mL
	0mL
	NA
	160s
	
	
	

	10 s
	
	
	
	170s
	
	
	

	20 s
	
	
	
	180s
	
	
	

	30s
	
	
	
	
	
	
	

	40s
	
	
	
	
	
	
	

	50s
	
	
	
	
	
	
	

	60s
	
	
	
	
	
	
	

	70s
	
	
	
	
	
	
	

	80s
	
	
	
	
	
	
	

	90s
	
	
	
	
	
	
	

	100s
	
	
	
	
	
	
	

	110s
	
	
	
	
	
	
	

	120s
	
	
	
	
	
	
	

	130s
	
	
	
	
	
	
	

	140s
	
	
	
	
	
	
	

	150s
	
	
	
	
	
	
	


8. Continue this process of transferring reactants to products until the reaction comes to a completion.  Note how the ‘reaction rate’ changes.
9. Determine the volume change of reactants to products for each 10s by completing the chart above.

10. Circle the part of the chart where (1) the volume change is the greatest. This is where the reaction rate is the fastest. In other words it is in this time period that the greatest number of reactant particles is changing to products. That is, the greatest change in concentration per unit of time.
11. Using a different colored pen circle the part of the chart where (2) the volume change is the smallest. This is where the reaction rate is slowest. In other words it is in this time period that the least number of reactant particles is changing to products. That is, the lowest change in concentration per unit of time.
12. Draw a graph with two lines to represent the changing volume of reactants AND products over time on the following page. Ensure you label the graph appropriately.
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


13. Repeat this process but use a straw with a different diameter. Record your results in the data table below. Note that by using a different diameter more or less particles will change from reactant to product: that is, the reaction rate will change.

14. Determine the change in volume for each 10s and graph your results on the same graph above.

	Time
	Volume of Reactants (mL)
	Volume of Products

(mL)
	Change in Volume (mL)
	Time
	Volume of Reactants (mL)
	Volume of Products

(mL)
	Change in Volume

(mL)

	0 s
	50mL
	0mL
	NA
	160s
	
	
	

	10 s
	
	
	
	170s
	
	
	

	20 s
	
	
	
	180s
	
	
	

	30s
	
	
	
	
	
	
	

	40s
	
	
	
	
	
	
	

	50s
	
	
	
	
	
	
	

	60s
	
	
	
	
	
	
	

	70s
	
	
	
	
	
	
	

	80s
	
	
	
	
	
	
	

	90s
	
	
	
	
	
	
	

	100s
	
	
	
	
	
	
	

	110s
	
	
	
	
	
	
	

	120s
	
	
	
	
	
	
	

	130s
	
	
	
	
	
	
	

	140s
	
	
	
	
	
	
	

	150s
	
	
	
	
	
	
	


Analysis: 
1. In our own words describe what each of the two reaction rate graphs (from data table one and table two) represent. Ensure you describe the difference in terms of rate of reaction.

2. Explain with reference to the molecular level why the ‘reactions’ have a different reaction rate.

3. Note that both graphs ‘go to completion’. What does this mean and why does it occur?

4. Give an example from your study of reaction rates or your own experience that this simulation could represent. In other words from your study or knowledge of kinetics what is an example of a reaction that is fast initially and then slows. As well, one in which you made this reaction speed up or slow down to give the graph example shown in the second graph.
5. This activity ‘simulates’ a reaction. What is a simulation? What are some limits of this simulation in capturing reality?

Summary: One central idea in chemistry is the concept of kinetics. Kinetics describes the journey of molecules as they change from reactants to products, and in some cases. Essentially, kinetics relates to how fast or the speed of physical and chemical changes. That is, how does the concentration of the reactants and products change over time? Reactions such as explosions are fast reactions as the change from reactants to products is rapid. Rusting, on the other hand, has a slow reaction rate as the change of the concentration of iron to iron oxide is gradual.
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