HOW FAST ARE CHEMICAL REACTIONS?
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THEORY


The study of reaction rates, how fast or how slow a reaction takes place, is known as chemical kinetics. The rate of chemical reactions varies greatly. Some reactions, such as the explosion of an atom bomb are uncontrollable. Reactions like the decay of radioactive carbon (14C) are so slow that it takes centuries to see any noticeable change.  Between the two extremes are reactions that can be measured in the laboratory. 
There are several factors that affect reaction rates. They are listed in the Table 4.
Table 4. Factors that affect reaction rates
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You’ll be studying various aspects of kinetics of three reactions.
A. Reaction between lead nitrate (PbNO3) and potassium chromate (K2CrO4) solutions
B. Reaction between potassium permanganate (KMnO4) and oxalate ion (C2O42-)
C. Iodine clock reaction

A. REACTION BETWEEN LEAD NITRATE AND POTASSIUM CHROMATE SOLUTIONS
Lead nitrate reacts with potassium chromate to form yellow lead chromate precipitate and aqueous potassium nitrate. The formation of a yellow precipitate indicates the completion of the reaction. The reaction is extremely fast.

Pb(NO3)2 (aq)  + K2CrO4 (aq)  →  PbCrO4 (s)  +  KNO3 (aq)
B. REACTION BETWEEN POTASSIUM PERMANGANATE AND OXALATE ION

The reaction between potassium permanganate solution is an example of a redox reaction (oxidation-reduction reaction). The reaction is slow and takes a few minutes to occur. However, in the presence of a catalyst such as manganese(II) sulfate, the reaction occurs rapidly.

2 MnO4-  + 5 C2O42- + 16 H+  
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  2 Mn2+  +  10 CO2 + 8 H2O
C. IODINE CLOCK REACTION

The reaction between iodate ion, IO3- and sulfite ion, SO32- to form iodide ion, I- and sulfate ion, SO42- is known as the iodine clock reaction.
KIO3  +  Na2SO3  (  KI  +  3 Na2SO4
When the sulfite ions are used up, the reaction is over, and the excess  iodate ion, IO3- immediately reacts with the iodide ion, I- to form iodine, I2.

KIO3  +  5 KI  +  3 H2SO4  (  3 I2  +  3 K2SO4  +  3 H2O
A small amount of starch is added which combines with iodine to give an intense blue-black color. The appearance of this color signals even small quantities of iodine. The appearance of iodine gives this reaction a classic color change (colorless → deep blue). The color change is so sharp and dependable like a clock. This reaction is therefore, known as the “iodine clock reaction”. You will investigate the factors that influence the rate of this reaction.  
OBJECTIVES
1. Observe the wide range of differences in the rates of chemical reactions

2. Analyze some factors that affect reaction rates

3. Become familiar with the role of catalysts in chemical reactions
4. Develop competence in performing chemical reactions and interpreting the results.

PROCEDURE
A. REACTION BETWEEN LEAD NITRATE AND POTASSIUM CHROMATE SOLUTIONS

To 2 mL of 0.1 M lead nitrate solution, Pb(NO3)2 in a test tube, add with stirring, 1 mL of 0.1 M potassium chromate, K2CrO4. Note the result, particularly the speed of the reaction. Discard the solution into the appropriate waste container.
B. REACTION BETWEEN POTASSIUM PERMANGANATE AND OXALATE ION

1. To 1 mL of sodium oxalate solution, add with stirring 7 drops of sulfuric acid and then 1 drop of 0.1 M KMnO4. Note the time taken for the solution to turn from purple to brown and then colorless.

2. Mix together 1 mL of 0.1 M sodium oxalate solution and 7 drops of 1 M sulfuric acid in a new test tube. Add 3 drops of manganese (II) sulfate solution, MnSO4. Then add a drop of 0.1 M KMnO4. Note the time taken for the color to disappear.
C. IODINE CLOCK REACTION


KEEP IN MIND THAT MEASUREMENTS HAVE TO BE MADE TO THE NEAREST SECOND. YOU MUST BE ALERT AND ORGANIZED TO CARRY OUT THIS REACTION.

1. Bring to your desk about 100 mL of each of the following and label the solutions A and B.

Solution A
This solution is 0.02 M potassium iodate

Solution B
This solution is 0.01 M sodium sulfite-starch-sulfuric acid mixture
2. Prepare the following mixtures in 400 mL beakers. Repeat mixtures 1-5 two times and calculate the average time in each case.
Standard mixture (Mixture 1)
All other mixtures will be a slight variation of this mixture. Results obtained in all the runs will be compared to this standard mixture.
With a clean 10 mL pipet, measure 10 mL of solution B and transfer the solution into a beaker. Add 80 mL of distilled water, using a graduated cylinder. Stir the solution. Measure 10 mL of solution A and quickly transfer it to the beaker. Stir well. Measure accurately (to the nearest second) the time interval taken for the color change. 
Mixture 2
Add 10 mL of solution A to 20 mL of solution B and 70 mL of water
Mixture 3
Add 10 mL of solution A to 30 mL of solution B and 60 mL of water
Mixture 4
Add 20 mL of solution A to 10 mL of solution B and 70 mL of water
Mixture 5
Add 30 mL of solution A to 10 mL of solution B and 60 mL of water
For mixtures 6, 7 and 8, do not perform duplicate runs.
Mixture 6
Add 10 mL of solution A to 10 mL of solution B and 180 mL of water

Mixture 7
Repeat the standard run. However, before mixing, cool solution A and solution B to 15 (C in an ice-water bath. Immediately after mixing, record the time taken for the color change.
Mixture 8
Repeat the standard run. However, warm the solutions A and B in a water bath to 45 (C before mixing. In this run, the color will change to brown instead of blue-black.

OBSERVATIONS
A. REACTION BETWEEN LEAD NITRATE AND POTASSIUM CHROMATE SOLUTIONS

1. Describe your observations of the reaction.

B. REACTION BETWEEN POTASSIUM PERMANGANATE AND OXALATE ION

1. Identify the catalyst in this experiment. 

2. How long did it take for the color change from purple to colorless in the absence of the catalyst? In the presence of catalyst? 

3. What is the role played by the catalyst?
C. IODINE CLOCK REACTION
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IODINE CLOCK REACTION
1. Which mixture would you compare to determine the effect of the concentration of iodate, IO3-, on the reaction rate? What happens to the reaction rate when you change the concentration of sulfite ion?
2. Which mixture would you compare to determine the effect of the concentration of sulfite ion, SO32-, on the reaction rate? What happens to the reaction rate when you change the concentration of sulfite ion?

3. How did temperature changes affect the rate of the iodine clock reaction?
4. How does the rate of the reaction in mixture 6 compare with the standard run?
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