Investigation 6.3.1: The Iodine Clock Reaction

The rate of a chemical reaction depends on many physical and chemical factors, including temperature, the chemical nature of the reacting species, and the initial concentration of the reactants. In the following experiment, all factors except one are held constant.
The iodine clock reaction is the classic experiment used to investigate rates of reaction. It is called a clock reaction because at first, when two colourless solutions are mixed, no reaction appears to occur. Then, at a specific time, the mixture suddenly changes colour. The reaction under study combines aqueous iodate (IO3– (aq)) and bisulfite (HSO3– (aq)) ions and involves three reactions in sequence.

In the first reaction, aqueous iodate ions are reduced to iodide ions
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In the second reaction, the iodide ion is changed to molecular iodine.
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In the final step, the iodine reacts with starch suspended in solution to form a blue-black complex.

I2(aq)  (  starch  (  blue-black complex

The third reaction is extremely rapid in comparison to the first two, and serves to indicate the time of reaction for those two reactions. The shorter the time required, the greater is the rate of reaction. Because the times of reaction are related to the rates of reaction, we will be able to make rate–concentration comparisons.

Graphical analysis is an efficient way to determine order of reaction for iodate, a, where rate α [IO3((aq)]a. Figure 3 in section 6.3 of the Student Text shows graphs that are characteristic of zeroth order (n ( 0), first order (n ( 1), and second order (n (2) reactions.

Purpose
The purpose of this investigation is to gather and analyze experimental observations to determine the rate dependence of a reactant in a chemical system.
Question
What is the order of reaction with respect to the initial concentration of iodate ions in the iodine clock reaction?
Prediction
(a)
Predict qualitatively what will happen to the time of reaction as the initial concentration of iodate ions is increased. What will happen to the rate of reaction?

Experimental Design
A series of solutions will be prepared in which the only variable is the initial concentration of iodate ions. Equal amounts of starch, sodium bisulfite, and hydrochloric acid will be mixed with each of these solutions, so that the time from mixing to formation of a blue-black product can be timed. The evidence will be analyzed graphically.
(b)
Calculate the initial concentration of the iodate solution in each of the wells in microtray A, based on dilution from the concentration of the stock iodate solution.

Materials
lab apron

eye protection

0.20 mol/L potassium iodate solution (Solution A- 2.14 g of KIO3 in 50 mL of distilled water)
0.00400 mol/L sodium bisulfite/hydrochloric acid/starch solution (Solution B- 1.25 g soluble starch mix into a paste, add to 100 mL of distilled boiling water- boil 2 minutes, add 1.04 g NaHSO3 sodium bisulphite and 1mL of 0.25M. HCl when cool, top to 250 mL)
distilled water

3 plastic micropipets, labelled A, B, and H2O

three 100-mL beakers, labelled A, B, and H2O

2 large-well microtrays or spot plates, labelled A and B

stopwatch
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Figure 2 




Figure 3

Procedure

1.
Place the two microtrays on clean sheets of white paper. For microtray A, using the appropriate micropipets, place 1 drop of Solution A in Well 1, 2 drops of Solution A in Well 2, 3 drops in Well 3, and so on up to 10 drops of Solution A in Well 10.


2.
Also in microtray A, place 9 drops of water in Well 1, 8 drops of water in Well 2, 7 drops in Well 3, and so on down to 1 drop of water in Well 9. There are now 10 drops of solution in each well (Figure 2).


3.
For microtray B, using the appropriate micropipet, put 10 drops of Solution B in each of the first 10 wells.


4.
With stopwatch ready, and using the water micropipet, transfer the contents of Plate A Well 10 to Plate B Well 10. In doing so, insert the tip of the micropipet below the surface of the liquid in Plate B to ensure that the solutions mix thoroughly and keep stirring (Figure 3). Start timing at the moment the micropipet is squeezed and stop when the colour first appears. Record your observations.


5.
Rinse the water micropipet you just used at least twice with water, making sure that no water remains in the micropipet each time.


6.
Repeat Steps 4 and 5 for each of the other pairs of wells, recording your observations.


7.
Dispose of solutions down the drain with lots of running water.

Iodine Clock Lab





Names:

Prediction

(a)
Predict qualitatively what will happen to the time of reaction as the initial concentration of iodate ions is increased. What will happen to the rate of reaction?

(b) Calculate the initial concentration of the iodate solution in each of the wells in microtray A, based on dilution from the concentration of the stock iodate solution.
Analysis
(c)
Calculate the initial concentration of iodate solution in each of the wells at the instant of mixing with an equal volume of Solution B.


(d)
Make a general statement to summarize your qualitative observations.



(e) Make appropriate evidence tables and plot graphs to identify the order of the reaction with respect to concentration of iodate ions.

Observations:  The Effect of Concentration on Rate for the Iodine Clock reaction.

	
	Given
	Calculate
	Calculate

X-axis
	Measure
	Calculate
	Calculate

Y-axis

	Trial/Well #

(# drops of iodate vs #drops of water)
	Concentration of iodate in well before mixing with B
(initial 0.20M)
	[IO3-]i Concentration of Solution A immediately after mixing with solution B*
	Log [IO3-]i
	Time

(seconds for the reaction to happen)
	Rate 

[IO3-]i / Time
	Log ( Rate)

	1 / 9 
	
	
	
	
	
	

	2 / 8
	
	
	
	
	
	

	3 /7 
	
	
	
	
	
	

	4 /6
	
	
	
	
	
	

	5 /5
	
	
	
	
	
	

	6 / 4
	
	
	
	
	
	

	7 / 3
	
	
	
	
	
	

	8 / 2
	
	
	
	
	
	

	9 / 1
	
	
	
	
	
	

	10 /0 
	
	
	
	
	
	


*be careful in this column! The concentration of Solution A is determined by considering both the dilution with water drops and the mixing with solution B

Graphing to Determine the Order of the Reaction

Consider the rate equation:     Rate= k [IO3-]P     Take the log of both sides and you will the equation will take the form y  =  mx  +  b
log (Rate) = log(k [IO3-]P  )   

log (Rate) = log k + p log  [IO3-]  

y     =  b  +  mx
1.  Plot a graph of   log (Rate)  (y axis) vs log [IO3-]  (x axis)  and the slope will be P, the order of the reaction. Indicate coordinates of the two points used to calculate the slope.   P1 (      ,       )    P2   (       ,     )      m= 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2. Use P and one row of the chart to calculate the rate constant, k.  


(f)
Write an expression to answer the Question.

Evaluation
(g)
What other variables, apart from initial bisulfite ion concentration, were controlled in this investigation?



(h)
Evaluate the Experimental Design, your lab skills, and the Evidence. Suggest any ways in which this experiment could be improved.

(i) If you are confident in your Evidence, evaluate the Prediction that you made before starting..

 (j)
Why was it important to add specific volumes of water to the wells in microtray A?

