Gateway 125,126, 130
Fall 2006
Studio 11c p1

Studio 11c:  (11/03/06)  OxiClean

Reading: 16.10 p82-807; 17.2 p828-836
Group assignments:  A Recorder;  B Technician; C Leader
RIGHT NOW:   Using tongs, move your sample of OxiClean from the oven to the dessicator for cooling. 
Read the following except from Chemical and Engineering News:
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	BLEACHING
Diverging Trends Drive Percarbonate 

MICHAEL MCCOY, C&EN NORTHEAST NEWS BUREAU

European demand for the laundry bleaching agent sodium percarbonate is being driven by public and government concerns over the boron content of the main competing bleach, sodium perborate.
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U.S. percarbonate demand, on the other hand, is being driven mainly by a TV pitchman named Billy Mays.

Mays is the public face of OxiClean, a stain-removing powder marketed by Orange Glo International, a small but fast-growing cleaning products company that sells its wares partly over the Internet. OxiClean, launched in 1997, is a mixture of sodium percarbonate and sodium carbonate sold in a plastic tub. It's promoted as a household cleaner and laundry detergent booster with amazing stain-destroying properties.

Although chemically simple compared with some of the sophisticated cleaning products marketed by larger companies, OxiClean has been phenomenally successful. Thanks mainly to OxiClean and a line of orange oil-containing spray cleaners, Orange Glo broke $300 million in sales last year and for the past three years has been on Inc. magazine's list of the 10 fastest growing private companies.

In a reversal of the usual evolutionary process, several of the big soapers are responding to Orange Glo with their own products: Clorox Oxygen Action from Clorox, Shout OxyPower from S. C. Johnson, and All Oxi-Active (which contains sodium perborate instead of percarbonate) from Unilever.


Question:  Several different brands of these stain removers use a solid mixture of sodium carbonate (Na2CO3) and sodium percarbonate, 2Na2CO3:3H2O2.  While the label on the Oxi Clean container states that it contains this homogeneous mixture, no actual percentage of each ingredient is listed.  What are the percentages of sodium carbonate and sodium percarbonate in OxiClean?
Data/Fact Gathering

Part 1:  Thermal Decomposition

1) Why did you put your sample of OxiClean in the oven?  When heat is added to sodium percarbonate it forms solid sodium carbonate, water vapor, and oxygen.  Write out a balanced chemical equation:

2)  Is the H of this reaction less than or greater than 0.

Heating in the oven for a week guarantees that this reaction goes to completion and all water and oxygen were driven off.  Letting the remaining sodium carbonate cool in the dessicator prevents it from absorbing any water as it cools.  

3)  Weigh your cooled OxiClean sample.  Assume that all of the weight loss was due to loss of H2O2.  How much water was lost?  
4)  How much oxygen was driven off?

5)  What percentage of OxiClean is sodium percarbonate?
Part 2:  Back Titration

What if “fillers” had been used to augment to mass of the OxiClean?  A filler is: a substance, usually non-reactive added to a product (as to increase bulk, weight, viscosity, opacity, or strength.)  The possibility of fillers would keep you from determining the percentage of sodium carbonate in OxiClean without more information.  An acid-base titration can be used to determine the amount of carbonate in the heated OxiClean sample.
6)  Sodium carbonate reacts with hydrochloric acid to form water and carbon dioxide.  Write out the balanced chemical reaction equation.  
7) How would you set up the titration?

a) What goes in the buret?

b) What goes in the beaker?

c) How would you determine the end-point?
8)  The end-point of this titration is difficult to determine accurately.  Why?

Due to this difficulty in determining the end point, a technique called back titration is used.  An excess of HCl is added to ensure that all sodium carbonate is converted to CO2.  The solution can then be heated to drive off all CO2, leaving water, NaCl, and excess HCl.  (This is key since CO2 is in equilibrium with H2CO3 and thus affects the pH of the solution.)  The amount of excess HCl is then determined by titration with NaOH using phenolphthalein to indicate the end-point.  Phenolphthalein is clear in acidic solutions (excess HCl), but pink in basic (excess NaOH) solutions.  
The volume of NaOH added is used to determine the amount of excess HCl, which in turn allows determination of the amount of HCl which reacted with the sodium carbonate which finally allows determination of the amount of carbonate in the sample.

Experimental outline:

A) Add approximately 1.2 –1.4 grams of the H2O2-free OxiClean sample to a 250 mL Erlenmeyer flask.  

Record the mass of the sample.  ___________

B) Using a properly washed and loaded buret add approximately 40.0 mL of 1.00 M HCl to this flask.  

9) Assuming that the H2O2-free OxiClean sample consists only of sodium carbonate, is this enough HCl to react with it all and leave a titratable amount of excess HCl?  

10) How much excess HCl would there be?

11) Estimate the volume of NaOH needed to complete the titration.  
12) Why is it important to use a buret to add the HCl?

Volume of 1.00 M HCl that was added.  ____________  

C) Stir the sample while the heating with a hot plate until the solution just starts to boil.  

13) What is the purpose of this step?

D) Add three drops of phenolphthalein indicator, and then rinse the inner walls of the flask with about 5 mL of distilled water.  

14)  Will adding more water change your results?  Why/why not?

E) Titrate with 1.00 M NaOH until the pink endpoint is reached.  

Volume of the 1.00 M NaOH.  __________

15)  Calculate the amount of sodium carbonate in your sample.  Were any fillers used?

Part 3  Verifying your work.

Good experimental practice requires chemists to verify their results by carrying out multiple trials or by obtaining the same result using a different technique.  Gravimetric analysis can also be used to determine the amount of sodium carbonate in the H2O2-free OxiClean sample.  Gravimetric analysis is the complete precipitation of an ion of interest out of a solution by adding an ion with which it forms an insoluble salt.  Calcium (in the form of calcium chloride) can be added to precipitate calcium carbonate.  The precipitate can be filtered and weighed to determine the amount of carbonate in the sample.

16)  Calcium carbonate has a Ksp of 3.8 x10-9 .  Why do you need to add excess calcium chloride?  (Use chemical equations to explain.)

Experimental tips:

A)  Dissolve approximately 2.0 g of the heated OxiClean sample in 50 mL of DI water.  

Mass of sample  ___________

B) Dissolve 3.5 g of anhydrous CaCl2 in 50 mL of deionized water. 

17) Is this enough calcium to precipitate out all of the carbonate?  

18) How much excess calcium chloride are you adding assuming that your entire OxiClean sample is sodium carbonate?

C) Mix the two solutions thoroughly and then filter off the white precipitate.

D)  Dry the precipitate in an oven overnight.  Cool in the desiccator.

Mass of the CaCO3.  ___________

Evaluation
19)  Calculate the amount of sodium carbonate in the sample.  Does it agree with your back titration determination?

20)  Is there any carbonate left in solution from the solubility equilibrium?  Is it enough to detect on one of the balances in lab?

For more information on oxygen bleach products, visit http://oxygenbleach.homestead.com/files/
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