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LAB – KINETICS: The Clock Reaction
LAB 32
Introduction 
Chemical reactions are affected by changes in the concentration of reactants, changes in temperature and by the addition of a catalyst. According to Collision Theory, these factors will all affect how reactant particles collide. 
In this lab you will investigate how the concentration of reactants affects the speed of a reaction.

You will vary the concentration of the two reacting species.

The reaction to be studied involves three different solutions as described below:

Solution A – 0.20 M potassium iodide, KI (provides I-1).

Solution B – 0.0050 M sodium thiosulfate, Na2S2O3 (provides (S2O32-).

Solution C – 0.10 M ammonium persulfate, (NH4)2S2O8 (provides S2O82-).



Might substitute potassium persulfate, K2S2O8 (provides S2O82-).

We are interested in the reaction between iodide ions, I-1 and persulfate ions S2O8-2 as represented in the equation below

2 I-1 + S2O8-2  (  I2 + 2 SO4-2
 (slow)

reaction (1)
I2 + 2 S2O3-2 ( 2 I-1 + S4O6-2
 (fast)


reaction (2)

In reaction (1), iodine is formed. The iodine then reacts with the thiosulfate (from solution B) in reaction (2). Since reaction (2) is fast the iodine is used up as fast as it is produced. As soon as all of the thiosulfate has been used, the iodine reacts with starch (present in solution B) to form a blue colored substance. This tells you that the reaction is over.

For all mixtures, the concentration of S2O3-2 is kept constant at 10 ml of 0.0050 M Na2S2O3.  The sodium ion is a spectator ion and does not take part in any reaction.
The rate of the reaction can be measure in terms of the time required to consume a fixed amount of S2O3-2. The reaction time will vary as the concentrations of solutions A and C are diluted.
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LAB – KINETICS: The Clock Reaction
LAB 32  PRELAB QUESTIONS
1.
Explain how this experiment relates to what you know about Le Chatelier’s 
principle.

2.
What is the initial concentration of sodium thiosulfate in these reactions ? 

     
(Hint: It is less than 0.005M)

_____________________________________________________________

3.
What does the iodine (I2) react with to form a blue substance  ?

_____________________________________________________________

4.
Describe what a mechanism is when referring to Chemical Kinetics.

5.
Why is it important to know what the slow step and what is the fast step when re

referring to a mechanism ?

PART 1 – The Effect on Concentration

PROCEDURE:

1. 
Add 10 ml of solution B to a 100 ml beaker.

2. 
At time zero, simultaneously add the proper amount of solutions A and 
C to beaker, stir gently using the stirring rod.  Make sure that you 
premix the solutions A and C with water when needed.
3. 
Use a stopwatch or a watch with a second hand to record the time 
elapsed until the mixture turns blue.

4. 
Record this time in the data table.

5. 
Repeat this procedure and record this time in the data table. You 
should obtain results that are within 3 seconds of each other.
6. 
After each experiment rinse out and dry the beaker.

7. 
Complete the data table below by performing the various 
experiments. Note how only one variable is changed in each 
reaction mixture.

TABLE # 1 – Concentration Data
	Mixture
	Solution A (ml) 

(I-1)
	Solution B (ml) (S2O3-2)
	Solution C (ml)   (S2O8-2)
	Time 
(sec)

	1
	20.0
	10.0
	20.0
	

	1a
	20.0
	10.0
	20.0
	

	1b
	20.0
	10.0
	20.0
	

	2
	15.0 + 5 ml water
	10.0
	20.0
	

	3
	10.0 + 10 ml water
	10.0
	20.0
	

	4
	5.0 + 15 ml water
	10.0
	20.0
	

	5
	20.0
	10.0
	15.0 + 5 ml water
	

	6
	20.0
	10.0
	10.0 + 
10 ml water
	

	7
	20.0
	10.0
	5.0 + 15 ml water
	


PART 2 – The Effect of Temperature
PROCEDURE:

In Part 2, 5 combinations of Solutions A, B, and C are made and then reacted at different temperature ranges.

1.
Fill the graduated cylinders with the volumes of solution indicated in Table 2 
below.

TABLE # 2 – Temperature Data
	( All volumes are in mL)

	Mixture
	Soln. A  (I-1)
	Soln. B  (S2O3-2)
	Soln. C (S2O8-2)
	Temp. Range     in °C
	Time 

(in seconds)

	8
	.20
	.10
	.20
	0 to 10 
	

	9
	.20
	.10
	.20
	10 to 20
	

	10
	.20
	.10
	.20
	20 to 30
	

	11
	.20
	.10
	.20
	30 to 40
	

	12
	.20
	.10
	.20
	40 to 50
	


2.
Place the cylinders in the appropriate water baths for 5 minutes to insure that the 
temperature change has taken place to the desired temperature. This is called thermal 
equilibrium.

3.
Place solution B in the beaker which is also in the water bath.
4.
Add Solutions A and C, stir and record the time to the appearance of the blue color.

5.
Repeat with the other mixtures at the designated temperatures.
PART 3 – The Effect of a Catalyst

PROCEDURE:

1.
For these mixtures; 13 to 17, repeat procedure in Part 2, except add 4 drops 

of 0.010 M CuSO4 to Solution C.

2.
Record reaction times for the mixtures assigned by your instructor.  

TABLE # 3 – Catalyst Data
	Mixture
	Temp. Range in °C
	Time with Catalyst 

(in seconds)
	Time without Catalyst      (in seconds)

	13
	0 to 10 
	
	

	14
	10 to 20
	
	

	15
	20 to 30
	
	

	16
	30 to 40
	
	

	17
	40 to 50
	
	


TABLE # 4 – Summary of  Data
	Mixture
	Vol. of Soln. A 0.20 M KI
	[I​-1]
	Vol. of Soln. C 

0.10 M (NH4)2S2O8
	[S2O8-2]
	Time 

(in sec.)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	17
	
	
	
	
	


QUESTIONS:

1.
Use equation 2 from the first page of the lab (written below) to determine how many 
moles of I2 that will react with 10 mL of 0.00050 M Na2S2O3 .   Show your work.

I2 + 2 S2O3-2 ( 2 I-1 + S4O6-2
 

2.
Plot the initial concentration of moles of I​-1 (mixtures 1 to 4) vs. elapsed time.


Plot time on the x-axis and the iodide conc. on the y-axis.



[image: image1]

3.
Plot the initial concentration of moles of S2O8-2 (mixtures 1,5,6,7) vs. elapsed time.


Plot time on the x-axis and the S2O8-2 conc. on the y-axis.



[image: image2]
4.
How does a change in concentration affect the elapsed time of the reaction ?

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

5.
Suppose you were doing a series of reactions.  If the concentration of A is doubled 
you see a change in the rate.  If the concentration of B is doubled you see a 
change in the rate.   Will the change that you notice in rate necessarily be the same in 
both instances ?   Fully explain your answer.   

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

.________________________________________________________________________

6.
Plot the change in temperature ranges vs. elapsed time.


Plot time on the x-axis and the temp. change on the y-axis.



[image: image3]
7.
What factors must be controlled so that you will get the same time 


  (rate of reaction) in two identical reactions?


________________________________________________________


________________________________________________________

8.
What is the limiting reagent in these reactions?
_______________

9.
How does an increase in the concentration change the time of reaction?


________________________________________________________


________________________________________________________


________________________________________________________


________________________________________________________

10.
How does an increase in temperature affect the reaction rate ?

________________________________________________________


________________________________________________________


________________________________________________________


________________________________________________________

11.
Solve the following:
Reaction Time (40 to 50 degrees)
   




Reaction Time (30 to 40 degrees)

__________




Reaction Time (30 to 40 degrees)
   




Reaction Time (20 to 30 degrees)

__________





Reaction Time (20 to 30 degrees)
   




Reaction Time (10 to 20 degrees)

__________





Reaction Time (10 to 20 degrees)
   




Reaction Time  (0 to 10 degrees)

__________


How does a 10° C change in temperature affect the reaction time ?


________________________________________________________


________________________________________________________


________________________________________________________


________________________________________________________
12.
How does a catalyst affect reaction rate ?


 ________________________________________________________


________________________________________________________


________________________________________________________


________________________________________________________
For this lab you will need to include the following:
· Sources of error

· Summary

· Lab Notes

TEACHER NOTES FOR LAB 32

MATERIALS NEEDED:

· (2)  25 mL graduated cylinders

· (1)  10 mL graduated cylinder

· (3)   stirring rods

· (1)   thermometer

· (1)   100 mL beaker

· (1)   stopwatch or clock with a second hand

Solution A:
0.20 M KI    (potassium iodide)



33.2 grams of KI per liter of solution + 10 mL 3% starch solution per L or KI

Solution B:   
0.0050 M Na2S2O3 · 5 H2O  (sodium thiosulfate pentahydrate)



1.24 grams of  Na2S2O3 · 5 H2O per liter of solution

Solution C:
0.10 M (NH4)2S2O8    (ammonium peroxydisulfate)


22.8 grams of (NH4)2S2O8 per liter of solution
Catalyst:
0.010 M  CuSO4 · 5 H2O    (copper sulfate pentahydrate)



2.5 grams of  CuSO4 · 5 H2O per liter of solution

Starch Soln:
Add a small amount of water to 3 grams of soluble starch to make a paste.  

Add the paste to 100 mL of boiling water.  Stir to dissolve.  




Add 10 mL of starch/Liter of 0.20 M KI
Approximate volumes needed per class 



2 Liters of Solution A and Solution C



1 Liter of Solution B

It is recommended to have pairs of students do 3 mixtures from Part 2 and Part 3.  

When processing the data, use an average of all student’s time for each mixture.
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