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Determining the Rate Law and the Activation Energy

for the Iodine Clock Reaction

Purpose:
This kinetics lab will determine the rate law and the activation energy for the reaction between iodate, IO3( and hydrogen sulfite, HSO3(.

Background:

The balanced equation for this reaction is: 

3 IO3( + 8 HSO3( (  I3( + 8 SO42(  +  6 H+  +  H2O

This overall reaction occurs as a sequence of reactions:

(1)
IO3( (aq) + 3 HSO3( (aq) ( I( (aq) + 3 SO42( (aq) + 3 H+(aq)
(2) 
IO3( (aq) + 8 I( (aq) + 6 H+ (aq) ( 3 I3( (aq) + 3 H2O (l)
(3)
I3( (aq) + HSO3( (aq) + H2O (l) ( 3 I( (aq) + SO42( (aq) + 3 H+ (aq)

(4)
Starch + I3( ( “blue” starch(I3( complex
In reaction (1), HSO3( ions reduce IO3( ions to give I( ions.

In reaction (2), the I( ions produced in reaction 1 are oxidized by IO3( to form I3(.

In reaction (4), I3( reacts with starch to form the blue starch(I3( complex.

However, as long as HSO3( ions are present, reaction 3 will continue to take place so that I3( is rapidly reduced to I(, which prevents the formation of the blue starch(I3( complex.

Once all of the HSO3( ions have reacted so that no more are left, then reaction 4 signals the end of the reaction.

The rates for this reaction will be determined this way:

Known amounts of IO3( and HSO3( will be combined at time = 0.  

Concentrations are chosen so that there is a stoichiometric excess of IO3(  ions 

so that eventually all the HSO3( will be reacted.  

You will measure the time it takes for the reaction by timing the reaction from the first mixing to the appearance of the blue starch(I3( complex.  When you see the blue color appear, that signals that all of the HSO3( has been consumed.

The average rate for the reaction over this time period is given by:


Average rate = [HSO3(]/(t


(t is the time between the first mixing of the reagents and the appearance 

of the blue color.

[HSO3(] is the concentration of hydrogen sulfite in the original reaction mixture taking into account the volume of the IO3( solution and the added water.

By varying the temperature, by calculating the value of k, and by using the linear form of the Arrhenius equation:

ln k = 
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we will also determine the activation energy of the reaction.

Materials: 


1 stop watch per group both days


2 10-ml graduated cylinders both days

2 150-mm (20 mL) test tubes per group for day one

8 150-mm  (20 mL) test tubes per group for day two

hot plate – one per group for day two

600-ml beaker per group for day two

3 400-ml beakers per group for day two

1 thermometer per group for day two

Solution A:  0.0100 M NaIO3 or 0.0100 M KIO3 (check with your teacher)

Solution B: 0.00400 M NaHSO3 in a solution containing 2 g soluble starch 

per liter and 0.090 M H2SO4.

Day 1

Procedure:


1.   Prepare two 10-mL graduated cylinders by using masking tape to label the 

                  base of one “A” and the base of the other “B.”


2.   Water may be added to the appropriate graduated cylinder to bring the volume

                  of each up to 10.0 mL.


3.   Prepare two test tubes, one will be Test Tube A and the other will be 

                  Test Tube B.


4.   After the contents of the graduated cylinders have been poured into the test

                  tubes, the graduated cylinders should be dried with a twisted paper towel.  

                  Do NOT rinse them.


5.   For each experiment use the following table to determine the amounts of 

                  reactants and water to put in each test tube.

	
	Test Tube A
	Test Tube B

	Experiment
	Volume of

NaIO3 (aq)
	Volume of Water
	Volume of

NaHSO3 (aq)
	Volume of Water

	1
	8.0 mL
	2.0 mL
	8.0 mL
	2.0 mL

	2
	4.0 mL
	6.0 mL
	8.0 mL
	2.0 mL

	3
	10.0 mL
	-
	8.0 mL
	2.0 mL

	4
	10.0 mL
	-
	4.0 mL
	6.0 mL



6.   When one partner is ready with the stopwatch, the other partner will quickly 

      pour the contents of one test tube into the other, and then quickly back and 

      forth twice more.


7.   As soon as the partner with the stopwatch sees the beginning of the first pour 

                  they will start the stopwatch.


8.   When the first blue color appears they will stop the stopwatch.


9.   Record the time.


10. Thoroughly rinse the test tubes and use a twisted paper towel to dry them.


11. Go on to the next set of solutions.

Data

	
	Test Tube A
	Test Tube B
	

	Experiment
	Volume of

NaIO3 (aq)
	Volume of Water
	Volume of

NaHSO3 (aq)
	Volume of Water
	Time to React (in sec)

	1
	8.0 mL
	2.0 mL
	8.0 mL
	2.0 mL
	

	2
	4.0 mL
	6.0 mL
	8.0 mL
	2.0 mL
	

	3
	10.0 mL
	-
	8.0 mL
	2.0 mL
	

	4
	10.0 mL
	-
	4.0 mL
	6.0 mL
	


Calculated Data

	Experiment
	[NaIO3]
	[NaHSO3]
	Rate in 

[HSO3(]/s

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Calculations


1.  Calculate the initial molar concentrations of NaIO3 and NaHSO3 for each 

                 experiment.  Use the dilution equation, V1M1 = V2M2 and solve for M2.  

                V2 is the total volume for each experiment (20.0 mL), V1 is the initial aliquot 

                of NaIO3 or NaHSO3, and M1 is the initial concentration of NaIO3 or NaHSO3.  


2.  Calculate the reaction rate for each experiment by dividing the molar 

                  concentration of hydrogen sulfite by the time.  The units are to be 

                  [HSO3(]/s (M/s).


3.  Determine the rate law for the reaction. The rate law will have the form:  

rate =k[HSO3(]m[IO3(]n.   

Day 2

All experiments will use the following volumes:


Test Tube A: 5.0 ml NaIO3 (aq) + 5.0 mL water

Test Tube B: 5.0 ml NaHSO3 (aq) + 5.0 mL water

Procedure


1.    Set up a hotplate.  Obtain a 600 mL beaker and fill it to about the 400 mL 

                   mark with tap water.  Put it on the hotplate.  As the water is warming up 

                   to about 60 (C go on to step 2.


2.    Obtain three 400 mL beakers.  Label them “1”, “2”, and “3”.  These will be

                   the temperature baths.


3.    In beaker “1”, put a couple of ice cubes and fill it about halfway.


4.    Fill beakers “2” and “3” about halfway full with tap water.

5.    Use the volumes of NaIO3, NaHSO3, and water given above and create four 

       sets of test tubes.  Make sure that you know which ones are “A” and which 

       ones are “B”.

6.    Use water and ice to make the temperature of beaker “1” about 10 (C.

7.    Use the hot water and tap water to make the temperature of beaker “2” about 

       30 (C and the temperature of beaker “3” about 40 (C.

8.    Put one set of test tubes (one “A” and one “B”) in beaker “1”, beaker “2”, 

       and beaker “3”.  Note the time.

9.    Using the procedure you followed yesterday, determine the time to react  

       at room temperature with the set of test tubes you did not place in any of 

       the baths.

10. After the reaction is complete measure the temperature of the reaction 

      mixture.

11. After the test tubes have been in beaker “1” for at least 5 minutes, mix them 

      as you did yesterday.  After the reaction is completed, stop timing, and 

      measure the temperature of the reaction mixture.  

12. Do the same for the test tubes in beakers “2” and “3”.

Calculated Data

	Experiment
	[NaIO3]
	[NaHSO3]
	T

in kelvin
	Rate in

[HSO3(]/s
	k

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Calculations


1.  Calculate the initial molar concentrations of NaIO3 and NaHSO3 for each 

                 experiment.  Use the dilution equation, V1M1 = V2M2 and solve for M2.  

                 V2 is the total volume for each experiment (20.0 mL), V1 is the initial aliquot 

                 of NaIO3 or NaHSO3, and M1 is the initial concentration of NaIO3 or NaHSO3. 

2.  Convert the Celsius temperature to temperature in kelvin. 


3.  Calculate the reaction rate for each of the four temperatures. The units are 

                 to be [HSO3(]/s (M/s).


4.  Use the rate law for the reaction to determine the rate constant, k, at each

                 temperature.  


5.  Use an Excel spreadsheet.  Enter “1/T” as “x” values and ln k as “y” values.


     Use the “slope” function and have it printed in an appropriately labeled cell.

                 Attach a printout of all of this to your lab report.


6. Use the linear form of the Arrhenius equation to calculate the value of Ea.
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