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A Teacher’s Guide for the Oleic Acid Nanolayer Activity
The Nanotechnology Context: This activity provides an opportunity for students to apply an understanding of relationships among area, depth, and volume to calculate the depth of a nanoscale, thin layer of oleic acid. 
The Academic Context: This activity can be integrated into a study of the miscibility of liquids, the characteristics of chemical bonds, and/or organic structures.  
Answers to Questions

· Question 1 : Volume = 0.04 mL (cm3)
· Question 2: Volume = 0.0016 mL (cm3)
· Question 3: Volume = 0.0016 mL / N    For example: If a group determined that 40 drops of the second solution of oleic acid had a volume of 1.0 mL, then the volume of oleic acid in one drop of that solution would be 0.00004 mL.
· Question 4: Area =  3.14 x R2   For example: If that group estimated that radius of their thin film of oleic acid was 7.25 cm, then the area of that film was 165.05 cm2
· Question 5: Depth = Volume / Area   For example: The thickness of that group’s film would be 2.42 x 10-7 cm.  That would also be a thickness of  2.42 x 10-9 m, 2.42 x 10-8 mm, or 2.42 nm)
· Question 6: Centimeters

· Question 7: answers will vary

· Question 8: answers will vary

· Question 9: answers will vary
· Question 10: answers will vary:  An example of a method to answer this question would be as follows: 
Calculate the number of drops of oleic acid in a liter of pure oleic acid.  Set up the proportion: 1.0 drop / 0.00004 ml = x drops / 1000 mL.  For this example group, there would be 25,000,000 (2.5 x 107) drops per liter.  As a result, the area of the thin film would be 2.5 x 107 times larger that the area from the activity.

For this group, 165.05 cm2 x (2.5 x 107) = 4.13 x 109 cm2.  There are 10,000 cm2 (1.0 x 104 )  in a square meter. The area would equal 4.13 x 105 m2.  There are 1 x 106 m2 in a square kilometer.  Therefore, based on this group’s results, the area of a thin film of 1.0 liter of oleic acid would equal 0.413 square kilometers.
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Materials for the Activity

· Denatured methyl or ethyl alcohol is suggested for the activity. Isopropyl alcohol can also be used although it has a slower evaporation rate. Caution should be taken since alcohols are flammable.

· Oleic acid may be purchased from sources that include: Sargent-Welch catalog #WLC94631-06; $14.60 per half liter. 800-727-4368.  http://www.sargentwelch.com/)
· Lycopodium powder was once used for the activity but is not readily available and is an allergen for some students. It can be used to demonstrate grain dust explosions.  
· Chalk dust works equally well.  Pepper can be used if it is ground to a fine powder.

· Circular flat trays that have a diameter of approximately 40 cm are required.   Rigid trays reduce the movement of water affecting the shape of the layer of oleic acid.  

· Pipettes or 10 mL graduated cylinders can be used to measure 1.0 mL of liquid.

· Larger graduated cylinders (e.g., 25 ml) are needed to make solutions.
· Medicine droppers are needed to determine the number of drops of oleic acid solution in 1.0 mL of solution.  

· Medicine dropper bottles can also be used to make and store oleic acid solutions.

Examples of Accompanying Activities

· Some students may benefit from an activity that illustrates relationships among the volume, area, and depth of a substance.  This can be accomplished with a material like pizza dough.

· Soap is made in the saponification process during.  Oils or fat react with sodium hydroxide.  Since this activity requires the use of sulfuric acid as a catalyst as well as a caustic hydroxide, it is recommended for a high school chemistry program.

· Research projects can include an investigation into the impact of thin films on the exchange of gasses between a body of water and the atmosphere.

Web sites that provide information about this oleic acid films include:
· www.chymist.com/size%20fatty%20acid.pdf
· http://www.chemheritage.org/educationalservices/pharm/tg/antibiot/activity/size.htm
· http://www.sargentwelch.com/pdf/opinstr/72701-81.pdf
· http://chem.lapeer.org/Chem1Docs/OleicAcidLab.html
· http://www.gpc.edu/~ddonald/chemlab/oleicavagno.html
Web sites with information about Benjamin Franklin’s observations of a thin film include:

· http://www.nyas.org/ebriefreps/main.asp?intSubsectionID=2071
· www.benfranklin300.com/_etc_pdf/Dutch_Joost_Mertens.pdf
· http://www.oup.com/us/catalog/general/subject/HistoryOther/HistoryofScience/~~/dmlldz11c2EmY2k9OTc4MDE5MjgwNDk0NQ==?view=usa&sf=toc&ci=9780192804945
· http://www.historycarper.com/resources/twobf3/letter3.htm
· http://www1.umn.edu/ships/9-2/membrane.htm
