Chemical Analysis by Redox Titration
Introduction:
Titration is a common method for determining the amount or concentration of an unknown substance. The method is easy to use if the quantitative relationship between two reacting substances is known. The method is particularly well-suited to acid-base and oxidation-reduction reactions. In this experiment, you will conduct two separate redox titrations using a standardized permanganate solution. In the first titration, you will be trying to find the % hydrogen peroxide in a commercially sold solution.

The permanganate ion is a powerful oxidizing agent, especially in acidic solution, which can be used to analyze (by titration) solutions containing many different species. In these titration reactions, the intensely colored MnO4- ion is reduced to form the colorless Mn2+ ion.

 An advantage of using the permanganate ion in the titration of colorless unknown solutions is that it is "self-indicating". As long as the reducing agent remains present in the sample, the color of MnO4- quickly disappears as it is reduced to Mn2+. However, at the endpoint, all the reducing agent has been used up so the next drop of MnO4- solution is sufficient to cause an easily detected color change, going from colorless to a faint peach/pink color.  When all of the hydrogen peroxide has reacted, the endpoint to the titration has been reached.  Once this color change occurs, we know that the oxidizing agent (MnO4-) and reducing agent (H2O2) have reacted exactly in proportion to their stoichiometry in the balanced redox equation. If we know how much of the oxidizing agent we added, then we can figure out exactly how much reducing agent was present in the unknown!
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	Question 1:
	At the moment when you have added enough permanganate solution to completely oxidize the hydrogen peroxide, what compounds will be present in your beaker and what color will it be?


	Question 2:
	Once you have completely oxidized the hydrogen peroxide, you continue by adding one more drop of permanganate solution.  What compounds are present in your beaker and what color will it be?


Materials:

· analytical balance

· pipette
· 100 mL volumetric flasks

· buret

· 125 mL Erlenmeyer flask

· 50 mL beakers

· buret clamp

· ring stand

· 0.100 M sulfuric acid

· KMnO4
· hydrogen peroxide solution

· distilled water

Procedure:

1. Clean all glassware and rinse with distilled water.
	Question 3:
	How many grams of KMnO4 are in 0.025 moles of KMnO4?


2. Using a 50 mL beaker obtain approximately 0.025 moles of KMnO4.  Record the actual mass with all significant figures.
3. Using a 500 mL volumetric flask, add the KMnO4 measured in step two and enough distilled water to fill the flask to the line.
	Question 4:
	Calculate the concentration of your KMnO4 solution.  Hint: Calculate the number of moles of KMnO4 per liter of solution.  (mol/L)  Remember to use the correct number of significant figures!


4. Rinse the buret with several 5 mL portions of water.  Then rinse with several 5 mL portions of the permanganate solution and then fill the buret with the solution.

5. Using the 5 mL pipette transfer 5.00 mL of hydrogen peroxide solution to the Erlenmeyer flask. Then add approximately 50 mL of distilled water and using the 10 mL graduated cylinder, add approximately 15 mL of sulfuric acid.
	Question 5:
	Why is it important to be as accurate as possible when measuring the hydrogen peroxide but not so important to know exactly how much water or acid has been added to the flask?


6. Titrate the hydrogen peroxide solution until the solution turns a pale pink (Put a piece of white paper underneath).  Release the first five milliliters all at once to get the reaction going.  When the faint-pink color persists for at least 30 seconds you have reached the endpoint. Record all data needed from your titration in a data table.
7. Repeat steps 1-6 for at least two more trials.
8. Calculate the concentration of H2O2 in the unknown solution for each trial.  Your three trials must be within 5% of each other.  If your trials are not in close enough agreement, run additional trials until you have three that are within 5%.
9. Before leaving the laboratory, clean up all materials and wash your hands thoroughly.

 Data: You will need to set up a data table to collect information from your titrations.  You can use the model below as a reference.
	 
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Mass H2O2 (g)
	
	
	
	

	Initial vol. KMnO4 (mL)
	
	
	
	

	Final vol. KMnO4 (mL)
	
	
	
	

	Volume KMnO4 used (mL)
	
	
	
	

	Observations 
	
	
	
	


Calculations: For calculations done on multiple trials, show a sample calculation for the first trial and record all other calculated results in a table like the example below.
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Moles KMnO4 to neutralize
	
	
	
	

	Moles H2O2 neutralized
	
	
	
	

	H2O2 Concentration (mol/L)
	
	
	
	

	% Difference
	
	
	
	


	Question 6:
	Write the balanced net ionic equation for the reaction.  Identify the oxidizing and reducing agents.

	Question 7:
	Determine the concentration (mol/L) of 3% hydrogen peroxide?  Hint: 3% means that there is 3.00 g H2O2 per 100 g solution.  You can treat the solution as if it is pure water (density = 1.00 g/mL).

	Question 8:  
	Determine the moles of permanganate necessary to neutralize the peroxide in each trial.

	Question 9:
	Determine the moles of hydrogen peroxide neutralized in each trial.

	Question 10:
	Determine the concentration (mol/L) of the hydrogen peroxide in each trial. (Remember you started with 5 mL of solution)

	Question 11:
	Determine the average concentration  of hydrogen peroxide (mol/L) for your trials.

	Question 12:
	Determine the percent difference between the concentration of each individual trial and the average concentration.

	Question 13:
	Calculate the percent by mass of H2O2 in the store bought container.

	Question 14:
	How did your answer compare with the label of the bottle?

	Question 15:  
	What were possible sources of error in the laboratory?


Colorless





 Purple








Lab modified from:        W.G. Rushin, http://chem.lapeer.org/Chem2Docs/RedoxTitration.html (accessed 3/17/09) Green, http://www.tvgreen.com/apchapt4/documents/apredox.htm (accessed 3/17/09)


