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The purpose of this simulation activity is to provide you with an opportunity to understand chemical reaction rates molecularly using labeled tokens to represent ‘reactants’ and ‘products’ reacting in a closed ‘vessel’ – a shoebox.

Introduction:

A chemical reaction is the process in which chemical species react to form new substances, that is, reacting molecules are changing into product molecules.  Not all chemical reactions take place at the same rate.  
When reactant molecules collide, there are effective and ineffective collisions.  The effective collisions produce new products whereas the ineffective collisions cause reactant molecules to remain unchanged. The rate of reaction depends upon the frequency of these collisions and the fractions of those collisions that are effective.

The idea of Reaction Rate is a complex one. Essentially it is a measure of how frequently the molecules are changing from reactant to product. Thus, Reaction Rate is measured as a decrease in the concentration of reactants per unit time or an increase in the concentration of products per unit time.  Units are:  mol/L/s, however other units are possible if properties other than concentration are measured. 
In all cases, a graphical plot of the measured property vs. time will allow determination of the slope of the graph, which will be equal to the average reaction rate. That is, the graph is representing the pace at which these changes are occurring.

Let’s look at an example of the reaction between calcium carbonate and HCl: 
Example:  

    

CaCO3(s)  +     2HCl(aq)  (  CaCl2(aq)  +  H2O(l)  +  CO2(g)  

The average rate of the above reaction can be found by measuring the following properties:

1.  Volume change (as there is a gas produced):
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2.  Mass change ( as the solid calcium carbonate reacts):        
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Sample graphs are shown below for the change in volume and mass for the above reaction:
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In the first graph, CO2 gas is being produced so its volume is increasing.  It increases rapidly at first and then tapers off due to a greater number of collisions of reactant molecules at the beginning of the reaction than at the end.

In the second graph, the mass of CaCO3 decreases quickly initially as the reaction rate is greater at the beginning of the reaction than at the end due to a greater number of collisions of reactant molecules when the reaction is beginning.  As the reactant molecules are used up, the reaction rate decreases and less CaCO3 is used up over time. 

Also, if the instantaneous rate of the reaction at any given point is desired, the slope of the tangent to the curve at any point will be equal to the reaction rate.
In this lab you will be simulating a chemical reaction using a shoe box and tokens with different faces – tape or no tape – representing reactants and products. When the tokens are placed tape side down they represent reactants. Tokens that have flipped over so that their tape side is facing up represent reactants that have undergone a chemical reaction and are now products. Each time the “vessel” or shoe box is shaken, one minute has gone by. You will record the number of reactants remaining and products produced after each shake (i.e. 1 minute interval) and graph the data. 

Purpose:
1. To understand the molecular reasons underlying the decrease in reaction rate over time.

2. To relate the degree of slope of a curve to the rate of a reaction.

3. To calculate instantaneous rate and average rate of a reaction using experimental data.

Materials:

80 Tokens (pennies or bingo chips with masking tape on one side work well)

Shoe Box

Graph Paper

Procedure:

1. Place 80 tokens in a shoe box, tape side down.  These tokens represent the reactants. 

2. Close the lid and shake the shoe box.

3. Open the lid and remove all the tokens that are tape side up, i.e. that have turned into products. Count these tokens and record this number in Data Table 2 in Trial 1.

4. Count the number of tokens that are still in the box and record this number in Data Table 1 in Trial 1. These represent the reactants that have not yet reacted.

5. Close the lid and repeat steps 2-4 for Trials 2-4 until you have collected 4 trials.

Data:

Data Table 1: Tokens Remaining (Reactants)



	Time (min)

(Trial)
	Number of Reactant Tokens remaining in the box
	Change in Number of Reactant Tokens

(∆Tokens)
	Rate of Reactant Disappearance

(∆Tokens/min)

	0
	80
	----
	-----

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Data Table 2: Tokens Removed (Products)

	Time (min)

Trial
	Total Number of Product Tokens produced 
	Change in Number of Product Tokens

(∆Tokens)
	Rate of Reactant Appearance

(∆Tokens/min)

	0
	0
	----
	-----

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Calculations and Analysis:

1. What happens to the number of reactants in the shoe box over time? Why?

2. What happens to the number of products made over time? Why?

3. To calculate the change in tokens (∆Tokens) for each trial use the formula:

∆Tokens = # of Tokens final - # Tokens initial

Calculate this for both Data Table 1 and Data Table 2.

4. Calculate the rate of reactant disappearance for each trial and the rate of product appearance for each trial using the formula:
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5. What happens to the rate of disappearance of reactants over time? Why?

6. What happens to the rate of appearance of products over time? Why is this so?

7. Graph the number of reactant tokens remaining and the total number of token products produced versus time on the same piece of graph paper. Plot time on the x-axis and rate on the y axis.

8. Using the graph, calculate the instantaneous rate of reactant disappearance at time 3.5 minutes.

9. Using the graph, calculate the instantaneous rate of product appearance at time 2.5 minutes.
10. Calculate the average rate of reactant disappearance from 1 minute to 4 minutes.

11. Find the initial rate of the reaction using the reactant curve.

12. Which area of the graph represents the fastest reaction rate? Explain molecularly why the rate is faster at this point.  What can you say about the degree of slope of the curve?

13. Which area on the graph represents the slowest reaction rate? Explain molecularly why the rate is faster at this point.  What can you say about the degree of slope of the curve?

Conclusion:

1. Explain how to calculate and explain what is meant by:
a. An average rate of reaction

b. An instantaneous rate of reaction
2. Explain on a molecular level why the rate of a reaction decreases as time goes by.
3. What relationship is found between the rate of a reaction and the degree of slope found on a graph?

Summary:

In this lab you simulated a chemical reaction using a shoe box and tokens with different faces – tape or no tape – representing reactants and products. When the tokens were placed tape side down, they represented reactants. Tokens that had flipped over so that their tape side was facing up represented reactants that underwent a chemical reaction and were converted to products. Each time the “vessel” or shoe box was shaken, one minute had gone by.  The number of reactants remaining and products produced after each shake (i.e. 1 minute interval) were measured and graphed. 

Chemical reactions involve reacting molecules converting into product molecules at a given rate.  The rate of reaction depends upon how frequently the molecules are changing from reactant to product. Thus, Reaction Rate is measured as a decrease in the concentration of reactants per unit time or an increase in the concentration of products per unit time.  
A graph of the measured property vs. time gives the average reaction rate as the slope of the graph, while the slope of a tangent to the curve at any point gives the instantaneous reaction rate. 
In the graph of product produced vs. time, the rate increases rapidly at first and then tapers off due to a greater number of collisions of reactant molecules at the beginning of the reaction than at the end.

In the graph of reactant consumed, the rate decreases quickly initially as the reaction rate is greater at the beginning of the reaction than at the end due to a greater number of collisions of reactant molecules when the reaction is beginning.  As the reactant molecules are used up, the reaction rate decreases and less reactant is used up over time. 
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