CHEM 251 
Prof. Goldsmith(with great thanks to Dr. Lukacs)

Chemical Kinetics: the Iodine Clock


	This experiment involves the study of the rate properties, or chemical kinetics, of the reaction between iodide ion and persulfate ion
		
		2I- + S2O82-    I2 + 2SO42-	(1)

For this reaction, the rate law takes the form
		
		rate = k[I-]m[S2O82- ]n	(2)	

where k is the rate constant for the reaction and the exponents m and n give the reaction order with respect to iodide ion and persulfate ion.  One of the main purposes of the experiment will be to evaluate the quantities k, m, and n.  We will also investigate the effect of temperature on the reaction rate and evaluate the activation energy for this reaction.

	Why are reaction kinetics studies like this one useful?  The overall order of the reaction (the sum of the exponents m and n in reaction (1)) gives important information about the mechanism of the reaction, the sequence of steps through which reactants are converted into products.  The slowest step in the mechanism is the "rate-controlling step" and has a molecularity (that is, it involves a certain number of reacting species) which must be consistent with the order of the reaction.  Thus, if the molecularity of the rate-controlling step is one, the reaction is first order; if the molecularity is two, the reaction is second order, etc.  Therefore, the order of the reaction provides an important insight into how the rate-controlling step proceeds.  Information like this must be determined experimentally and cannot be deduced from the balanced equation for the overall reaction.  Any reasonable mechanism proposed for reaction (1) would have to yield a rate law identical to the rate law determined by experiment.  It may happen that more than one reasonable mechanism can be proposed for reaction (1), so we will never be certain from kinetics studies alone that we have truly discovered the actual path of the reaction.  Nevertheless, studying the kinetics of this reaction gives clues to what the mechanism may be and allows us to discard many alternatives.  

	The rate of a chemical reaction is an expression of the change in concentration of product(s) or reactant(s) divided by the time interval, ∆t, required for that change.  For reaction (1), the rate expressions are
		
	rate = - = - = = 	(3)

Usually, the rate itself varies as the reaction progresses, making it difficult to evaluate the results of such experiments.  There are several ways to overcome this problem.  The approach we will take is to keep the concentrations of reactants so large that they do not decrease significantly over the short time interval that we observe their reaction.  Thus, the reaction rate remains essentially constant throughout the time interval that we measure.

	As equation (3) indicates, we could measure the rate of reaction (1) by observing the change in product or reactant concentration with time.  For example, we could measure the change in [I2] over some fixed time interval.  Alternatively, if we keep the quantity ∆[I2] fixed, all that is necessary to obtain the rate is to measure the amount of time required for that known concentration of I2 to be produced:

		rate = -∆[I2]/∆t = [I2]produced/∆t  	(4)

It is the latter method which is used in the present experiment.

  	To measure the time required for a fixed concentration of I2 to be produced, we will use what is commonly called a "clock" reaction.  In addition to reaction (1), whose kinetics are of interest, the following instantaneous reaction will be made to occur simultaneously in the reaction flask:
		
		I2 + 2S2O32-    2I- + S4O62-	(5)

At the beginning of the experiment, both starch indicator and a small known amount of S2O32- (thiosulfate) are added to the reaction flask.  As I2 is produced in reaction (1) the thiosulfate reacts completely with it, so that until all the thiosulfate has reacted the concentration of I2 is effectively zero.  When the thiosulfate is completely consumed, the I2 produced by reaction (1) is no longer consumed in reaction (5) and so remains in solution.  Its presence is detected by starch indicator which reacts with even traces of I2 to produce an intense blue color.   Measuring the time elapsed from the moment of mixing all reagents to the appearance of blue color tells us how long it takes for the known amount of thiosulfate to completely react.  Since two moles of thiosulfate are stoichiometrically equivalent to one mole of I2 (see equation (5)), the amount of I2 which must have been produced by reaction (1) when the blue color first appears will be

		[I2]produced = 1/2[S2O32-]initial	(6)


Substitution into equation (4) yields

		rate = 1/2[S2O32-]initial/∆t	(7)

So, in order to calculate the rate of reaction (1), we need only know the initial concentration of thiosulfate (easily calculated from the stock concentration and the dilution factor) and then measure the time interval required for the reaction solution to turn blue.

	We will make such rate measurements for reaction (1) performed under different concentration conditions.  Measured amounts of iodide ion and persulfate ion will be mixed in the presence of a constant small (why?) amount of thiosulfate ion.  The time it takes for each mixture to turn blue will be measured. By changing the concentration of one reactant and keeping the other concentrations constant, we can investigate how the reaction rate varies with the concentration of that particular reactant and determine the order of the reaction with respect to each reactant. Once the order of the reaction in each reactant is known, the rate constant can be determined.
	In the last part of the experiment, we will investigate how the rate of reaction (1) varies with temperature.  By measuring the rate constant as a function of temperature, we can then determine the activation energy, EA, for reaction (1) using the Arrhenius equation shown below
		
		lnk = (-EA/(RT)) + Constant	(8)








Experimental Procedure

	Measure all volumes with volumetric pipettes where possible and with graduated pipettes when necessary.

Basic procedure:  For each experiment, deliver the specified volumes of KI, KCl, and Na2S2O3 solutions into a clean flask.  In a clean beaker, deliver the specified volumes of (NH4)2S2O8, (NH4)2SO4, and starch indicator solutions.  Pour the solution from the beaker into the flask and  swirl the solution so as to mix thoroughly.  Observe the solution constantly and record the length of time required for the solution to turn blue.  Record the temperature of the solution. If you are going to reuse the glassware, make sure to rinse it well with DI water to remove all chemical and then dry it well.

A.	Dependence of Reaction Rate on Concentration

	Follow the basic procedure described above while varying the concentrations of reactants as outlined below.  These experiments are to be conducted at room temperature.  Repeat as necessary to reproduce the elapsed time in each experiment to within 5 seconds.  The average of the two closest elapsed times is ∆taverage and should be used in your calculations  
   
			                   Volume (in mL)
	REACTANT		Run 1          Run 2	Run 3           Run 4          Run 5      

	0.20M  KI		5.0               7.5                10.0             5.0                5.0

	0.20M  KCl		5.0               2.5                0.0               5.0                5.0

	0.0050M  Na2S2O3	5.0               5.0                5.0              5.0                5.0

	0.10M  (NH4)2S2O8	10.0            10.0               10.0             7.0                3.0

	0.10M  (NH4)2SO4	  0.0               0.0                 0.0             3.0                7.0

	starch indicator	  1.0               1.0                1.0              1.0               1.0

B.	Dependence of Reaction Rate on Temperature

	Follow the basic procedure except vary the reaction temperatures as indicated below.  Use the same reactant concentrations as in Run 2 in Part A for Experiments.  Instead of mixing at room temperature, use a warm water bath (instructions for use will be in lab) or an ice bath to vary the temperature.  Place the flask and beaker (containing the appropriate reagents) in the appropriate bath and allow to heat or cool to the desired temperature.  When both solutions have reached the desired temperature, mix and record the time until the blue color appears. Keep the temp constant by letting the reaction occur in the bath  (Keep the temperature throughout a particular experiment within 2oC of its temperature at the time of mixing.  If the temperature changes more than this, discard the trial.  For these experiments, it is optimal to have two trials within 5 seconds of each other but if time gets short, you can cut back on the number of trials at each temperature. In addition to the trial carried out at room temperature, you should do one at about 10 oC below room temp, 20 oC below room temp, 10 oC above room temp and 20 oC above room temp. Note that while the temperatures do not have to be adjusted to exactly 10 or 20°C above and below room temperature, you must know exactly what temperatures you  do use.

	 




Lab Report
This is  a short lab report that will mostly just have the results from your experiments in it. It should include:
· • A table or tables containing all of the data collected and describing the experimental conditions.
· • The appropriate plots and calculations to determine the order of the reaction in each of the reactants (as well as the results of these calculations). *** Figuring out what the “appropriate plots and calculations” are is one of the main points of this lab. So I want you to really think about how you are going to do this***
· • The calculated rate constant at all temperatures considered 
· • An Arrhenius plot (of eq. 8) that you use to determine EA (carefult of the temperature units) as well as a value for EA
· • Answer the questions below


· What does your rate law tell you about what might be happening in the rate-controlling step of reaction (1)?
· Explain why a relatively small amount of thiosulfate ion (as compared to the amounts of iodide and persulfate used) is employed in the experiment you performed.  
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