AP Lab#6: Kinetics Lab –The Iodination of Acetone 


The rate at which a chemical reaction occurs depends on several factors: the type of reactants, the concentration of reactants, the temperature, and the presence of a catalyst.  This experiment will focus on how concentration affects rate.  For a given reaction, the rate usually increases with an increase in concentration of any reactant.  However some reaction rates are independent of certain reactant concentrations.  These type of reactants are called zero-order.  If the rate increases proportionally with a reactant, then the reactant is said to be first-order.  If the rate increases at an exponential increase that is double that of the reactant, then the reactant is said to be second-order.  In this experiment, acetone is combined with iodine using an acid catalyst.  The acid, though a catalyst, is actually part of the reaction process and is therefore treated a s a reactant.  The reaction is as follows:
 






CH3-C(=O)-CH3 (aq)   +  I2(aq)       +  H+(aq)  (  CH3-C(=O)-CH2I (aq)  +  HI(aq)



Acetone               +  iodine    +  acid   ( iodo-propanone           +  hydroiodic acid


The rate law of this reaction can be written as:
rate  = k [acetone]m [I2]n [H+]p

where   k is the rate constant



and  m , n, and p are the orders of the reactants for this reaction.


The rate can be expressed as the disappearance of one of the reactants.  Since iodine will be the limiting reactant in this experiment, we can express the rate as, rate =  -[I2]/ t.  Creating a data table and analyzing how the rate of the reaction changes with different concentrations will determine the rate law for this equation.  Finally, the rate constant for this reaction will be determined.  Note however, that the rate constant is dependant on temperature, so the rate constant would change at different temperatures.


Determining rate laws can also be useful is finding and proving mechanisms for a reaction.  At the end of this experiment, a mechanism will be proposed and you will have to explain why the proposed mechanism is or is not valid for this reaction. 

Science Practices: [1.B, 3.B, 5.B, 5.C, 5.E, 6.E]

Objective

How can a rate law expression and a rate constant be determined from the collection of reactant concentration data?   What does a rate law tell about a reaction?
Safety

Wear protective glasses at all times.  Iodine solution may stain clothes.

Materials
4.0 M acetone solution

125-mL Erlenmeyer flask

Stopwatch



1.0 M HCl solution


Safety glasses                            
Thermometer        

0.0050 M iodine solution in ethanol
10 mL graduated cylinders

Disposable pipettes

Stir bars



Magnetic stir plate

     25 mL graduated cylinders



Procedure

Note, all of the solutions have been pre-made (Your Welcome!).  Prepare data tables like the ones provided by your teacher. Record all volumes to the nearest 0.01 mL.  

1. Clean four different 10-mL graduated cylinders and four 25-mL graduated cylinders.  Assign 
one for each solution and one for the distilled water. (NOTE: Report what solutions 
where used in your procedure write-up!)
2. Using the reaction rate data table provided in this lab (Experiment #1), add the appropriate 
amounts of each solution to a 125-mL Erlenmeyer flask; however do NOT add the iodine 
solution yet.

3. Using a stopwatch, have one person time the reaction as follows: as soon as one lab partner 
adds the iodine solution to the reaction mixture, start timing the reaction.  The reaction 
will be at an end when no more yellow color is visible in the reaction vessel.  The person 
pouring the iodine solution should continually swirl the Erlenmeyer flask using a 

magnetic stirrer to keep the reaction thoroughly mixed.  The reaction may take up to two minutes.  Record the time that is takes to complete the reaction.

4. Redo each experiment.  Record an average time for each experiment.

5. Repeat procedure steps 2, 3 and 4 for Experiments #2, #3 and #4.
6. Record the temperature of your last reaction mixture (This will be the temperature for our 
experiment and our rate constant).  Note – The temperature will not be needed for any 
calculations, only to report the temperature of our rate constant.

7. Set up a calculations table (as written in this lab) and calculate the reaction concentrations and 
the rate of disappearance of iodine over time.

8. Calculate the orders of each reactant and determine the rate law of this experiment.

9. Calculate the rate constant for this reaction at the temperature you recorded.

Observations        
Note the colors and the color changes.  Also note how time was affected with changing volumes.



Data

REACTION TIME DATA FOR THE IODINATION OF ACETONE

	Exp #
	Volume (mL) 

of 4.0 M 

Acetone
	Volume (mL) 

of 1.0 M     

 HCl
	Volume (mL) of  Distilled Water
	Volume (mL) of 0.0050 M      Iodine
	Time (sec) for reaction Run #1
	Time (sec) for reaction Run #2
	Average Time (sec) for reaction

	1
	10.00
	10.00
	20.00
	10.00
	
	
	

	2
	10.00
	20.00
	10.00
	10.00
	
	
	

	3
	20.00
	20.00
	0.00
	10.00
	
	
	

	4
	10.00
	20.00
	0.00
	20.00
	
	
	


Temperature of reaction ___________oC
Calculations   
	Exp #
	[Acetone]o   (M)
	[HCl] o   (M)
	[Iodine] o   (M)
	Rate = -[I2]/ t   (M/s)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


1.  Show ALL of the calculations for the chart above.  
2.  What is the order for each reaction?  What is the overall reaction order for this reaction?   

Show all your work.

3.  What is the rate law for this expression?  

4.  Calculate k for this reaction at the temperature listed above. (Include units)
Discussion
· Answer the objective questions.  
· Explain what causes the color of the original mixture and why the color disappears.  Restate the rate law expression and the constant for this reaction.  
· State sources of error and ways to improve or further test these laws of kinetics.

Additional Discussion Questions
1.  Based on the rate law of the iodination of acetone, what affect would doubling each reactant 
have on the overall rate of this reaction?

2.  Calculate the rate of the iodination of acetone, given the following initial concentrations:


[Acetone]o   = 0.50 M,  [HCl]o   = 0.6 M,  [Iodine]o   = 0.003 M.

3.  The iodination of acetone was proven to be 1st order in [Acetone].  If we monitored only the 
change in concentration of acetone over time, how could we graphically prove that the 
order for [Acetone] was 1st order?  What information would be obtained from the slope 
of that graph?

4.  Given the following reaction mechanism, explain how that the rate law for the iodination of 
acetone agrees with your proposed rate law equation:

CH3-C(=O)-CH3   +  H+  (      [CH3-C(=OH+)-CH3]            (fast)
[CH3-C(=OH+)-CH3]      (  CH3-C(-OH)=CH2  +  H+            (slow)
CH3-C(-OH)=CH2   +  I2  (  CH3-C(+)(-OH)-CH2I  +  I-            (fast)

CH3-C(+)(-OH)-CH2I  +  I-    (  CH3-C(=O)-CH2I  + HI            (fast)

CH3-C(=O)-CH3   +  I2  +   (H+ catalyst)    (      CH3-C(=O)-CH2I  + HI  +  H+  
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