Determining Reaction Rate, Order of Reaction and Rate Law
Background

The effect of concentration, temperature, and a catalyst on the rate of a reaction can be understood within the framework of the collision theory of reaction rates. Collision theory offers a simple explanation for how fast a reaction will occur - in order for a reaction to occur, reactant molecule must first collide. Not all collisions, however, will lead to products. In order for colliding molecules to produce products, the collision energy must exceed a certain critical energy level called the activation energy, for the reaction. If the activation energy is low, almost all colliding molecules will have sufficient energy to overcome the energy barrier for the reaction. These reactions will occur very fast. In contract, if the activation energy is high, only a small faction of the colliding molecules will have sufficient energy to overcome the energy barrier for the reaction. These reactions will occur much more slowly.  
The rate of a chemical reaction may depend on the concentration of one or more reactants or it may be independent of the concentration of a given reactant. Exactly how the rate depends on reactant concentration is expressed in an equation called the rate law. For a general reaction of the form A+ B ( C the rate law can be written as Rate = k[A]n[B]m  where k is the rate constant, [A] and [B] are the molar concentrations of the reactants, and n and m are exponents that define how the rate depends on the individual reactant concentrations. The values of n and m must be determined by experiment not just by looking at the balanced equation. The rate constant for a reaction is not affected by reactant concentration, but is affected by temperature. The exponents n and m are also referred to as the order of reaction with respect to a particular reactant. In the above example, the reaction is said to be nth order in A and mth order in B. In general, n and m will be positive whole numbers—typical values of n and m are 0, 1, 2. 

The reaction order for each reactant in the rate law determines how the rate changes as the concentration of the reactant changes. If a reactant has an order of zero, the reactant does not appear in the rate law and the rate is independent of it concentration. Increasing or decreasing the concentration of a zero-order reactant does not affect the rate of the reaction. When a reaction is first order for a reactant, the reactant appears in the rate law with an exponent of one—the rate is directly proportional to the reactant concentration. If the concentration of a first-order reactant is doubled, the rate will also double. For a reaction that is second order for a reactant, the reactant concentration appears in the rate law with an exponent of two. If the concentration of a second-order reactant is doubled, the rate of the reaction will increase by a factor of four. 
In this reaction, potassium iodate and sodium metabisulfite react to form iodine. The starch solution serves as an indicator of the end of the reaction by forming a deep-blue colored starch–iodine complex. The reaction time can thus be measured by noting the time until the appearance of the blue color for each trial. The overall reaction occurs in a series of steps, as outlined below. 

Step 1: Formation of iodinate ions (IO3-) and hydrogen sulfite ions (HSO3-) 

Solution A: KIO3(aq) ( IO3-(aq) + K+(aq)
Solution B: H2O(l) + Na2S2O5(s) ( 2HSO3- (aq) + 2Na+(aq)
Step 2: Iodate ions react with hydrogen sulfite ions to produce iodide ions (I-)



IO3- (aq) + 3HSO3- (aq) ( I-(aq)+ 3H+(aq)+ 3SO42-(aq)
Step 3: In the presence of hydrogen ions (H+), the iodide ions react with excess iodate ions to produce iodine (I2). This is the kinetically slow step in the overall reaction.



6H+(aq) + 5I-(aq) + IO3-(aq) ( 3I2(aq) + 3H2O(l)
Step 4: Before the iodine can react with the starch to produce a dark blue colored complex, it immediately reacts with any hydrogen sulfite ions still present to form iodide ions. 



I2(aq) + HSO3- (aq)  + H2O(l)  ( 2I-(aq)+ 3H+(aq)+ SO42-(aq)
Step 5: Once all of the hydrogen sulfite ions have reacted, the iodine is then free to react with the starch to form the familiar dark-blue colored complex.  



I2(aq) + starch ( dark-blue colored complex
Materials

Potassium iodate solution, KIO3, 0.20 M 

Graduated cylinder, 10-mL

Starch solution, 2%




Graduated cylinder, 25-mL

Sodium metabisulfite, Na2S2O5, 3.8 g 

Pipets 



Sulfuric acid solution, H2SO4, 0.1 M 


Hot plate

Water, deionized 




Ice bath

Balance 





Thermometer

Test Tubes, 6 





Timer or stopwatch

Beakers, 50 mL, 6 




Stirring rod
Pre-Lab Calculations

Determine the concentrations (M=mole/L) of both Potassium Iodate and Sodium Metabisulfite in each mixture and record answer in table. M1V1=M2V2  Show your work in calculations section. 

Procedure
	Solution A
	Beaker 1A
	Beaker 2A
	Beaker 3A
	Beaker 4A
	Beaker 5A
	Beaker 6A

	Potassium Iodate Solution, 0.20 M
	5 mL
	10 mL
	2.5 mL
	5 mL
	5 mL
	5 mL

	Distilled or Deionized Water
	15 mL
	10 mL
	17.5 mL
	15 mL
	15 mL
	14 mL

	Sulfuric Acid Solution, 0.1 M
	0 mL
	0 mL
	0 mL
	0 mL
	0 mL
	1 mL

	Temperature of Solution A
	Room Temp
	Room Temp
	Room Temp
	Room Temp
	Room Temp
	Room Temp


	Solution B
	Test Tube 1B
	Test Tube 2B
	Test Tube 3B
	Test Tube 4B
	Test Tube 5B
	Test Tube 6B

	Sodium Metabisulfite Solution, 0.20 M
	1 mL
	1 mL
	1 mL
	2 mL
	0.5 mL
	1 mL

	Distilled or Deionized Water
	4 mL
	4 mL
	4 mL
	3 mL
	4.5 mL
	4 mL

	Starch Solution
	3 mL
	3 mL
	3 mL
	3 mL
	3 mL
	3 mL

	Temperature of Solution B
	Room Temp
	Room Temp
	Room Temp
	Room Temp
	Room Temp
	Room Temp


1. Control Reaction. Pour Solution 1B into Solution 1A. Stir. Carefully time the reaction with a stopwatch or timer. Record the time from when the two solutions are mixed until the appearance of the blue color. Determine Reaction Rate for Mixture 1. 
2. The Effect of Concentration of Potassium Iodate upon Reaction Rate. Pour Solution 2B into Solution 2A. Record the time from when the two solutions are mixed until the appearance of the blue color. Repeat with Solutions 3B and 3A. Determine Reaction Rate for Mixtures 2 and 3.
3. The Effect of Concentration of Sodium Metabisulfite  upon Reaction Rate. Pour Solution 4B into Solution 4A. Record the time from when the two solutions are mixed until the appearance of the blue color. Repeat with Solutions 5B and 5A. Determine Reaction Rate for Mixtures 4 and 5. 
4. The Effect of a Catalyst on the Reaction Rate. Pour Solution 6B into Solution 6A. Record the time from when the two solutions are mixed until the appearance of the blue color. Note: Sulfuric acid is a catalyst for this reaction.
5. (Only if time allows) The Effect of Temperature on the Reaction Rate. Set up beaker and test tube of solutions like Control Reaction but put them in ice bath or water heated on hot plate before and after mixing. Record temperatures of solutions using thermometer.  Record the time from when the two solutions are mixed until the appearance of the blue color. Determine Reaction Rates. 
Results

	
	Mixture 1
	Mixture 2
	Mixture 3
	Mixture 4
	Mixture 5
	Mixture 6

	Concentration of Potassium Iodate [KIO3] (M)
	
	
	
	
	
	

	Concentration of Sodium Metabisulfite [Na2S2O5] (M)
	
	
	
	
	
	

	Time (sec)

	
	
	
	
	
	

	Reaction Rate (M/sec)

	
	
	
	
	
	


Calculations for Table

Analysis Questions

1. Does the rate depend on [KIO3]? What is the reaction order for KIO3?

2. Does the rate depend on [Na2S2O5]? What is the reaction order for Na2S2O5?

3. What is the rate law for the reaction?
Preparations

1. Prepare 100 mL of a 0.20 M sodium metabisulfite solution by dissolving 3.8 g of sodium metabisulfite in enough distilled

or deionized water to make 100 mL of solution. This solution has a poor shelf life (about 1–2 months) and should be prepared

fresh for the demonstration.

2. Prepare a 2% starch solution by first making a smooth paste with 10 g of soluble (potato) starch and 50 mL of distilled or

deionized water. Pour the starch paste into 500 mL of boiling water while stirring. Stir until dissolved and the solution is clear.

Allow the solution to cool to room temperature before use. Starch solutions have a poor shelf life and will form mold if

kept too long. Fresh solutions work best. Use within one or two months.
