Determination of Avogadro’s Number
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Ever since Dalton proposed the atomic theory, attempts to determine the size of atoms and molecules have been made.  There are costly instruments available today that can determine these sizes; but the method developed and used by Langmuir more than half a century ago is beautiful in its simplicity of design and of the equipment with which it can be performed.  This method not only determines the size of the molecules but can be used to count them as well. 
In 1811 Amedeo Avogadro proposed that equal volumes of gases at the same temperature and pressure contain the same number of molecules.  This hypotheses was then used by Cannizzaro in 1832 as the basis for determining the relative atomic weights.  The number, called Avogadro’s number, is the number of molecules in a gram molecular weight of a substance.  This number is also called a mole.  

This activity allows you to make a very good estimate of Avogadro’s number, the number of molecules in a mole, from concrete measurements.  But you must allow for some error due to simplifying assumptions that will be made. 

Certain substances such as sulfuric acid, H2SO4, nitric acid, HNO3 and sodium hydroxide, NaOH, are soluble in water because they have polar groups that resemble those in water (H+ and OH-) causing intermolecular bonding between themselves and water molecules.  Other substances such as hydrocarbons, form non-polar molecules and because of the dissimilarity of their structure compared to water, are insoluble in water.  Hydrocarbons are organic compounds composed of hydrogen and carbon only.  These hydrocarbons containing more than 10 carbons are called paraffin and are usually insoluble in water.  Two common examples of paraffin are kerosene and wax.  

Oleic acid, C17H33COOH,  is an organic acid, or fatty acid since it is derived from a classic group of organic compounds called fats. Oleic acid is a hydrocarbon chain that contains a carboxyl group (-COOH).  The –OH group is polar and is attracted to water molecules (hydrophilic) while the other end of the molecule is hydrophobic.  If Oleic acid is placed on a surface of a pool of water, the molecules will orient themselves with the carboxyl group (hydrophilic end) at the water, parallel to and attracted to one another.  This then gives a layer of acid one molecule thick (a mono-molecular layer) and the thickness of this layer then corresponds to the length of the oleic acid molecule.  
In this experiment you will obtain a sample of oleic acid dissolved in ethanol (95% ethanol by mass).  Having counted the number of drops, the number of grams of oleic acid in one drop of solution can be calculated.   Using the density of oleic acid (0.895 g/cm3); you can find the volume of oleic acid in one drop of solution.  If one drop of the oleic acid ethanol solution is placed on the water that has been dusted with powder, the solution will distribute itself on the surface, in a circle, forcing the powder away.  The ethanol will evaporate, leaving a monomolecular layer of the acid.  If one assumes that the molecules arrange themselves in the shape of a cylinder one molecule thick, the height of the monolayer can be calculated.  The diameter of the molecule can be found by utilizing the ratio of atoms in the chain compared to the number of atoms wide.  We will assume that the  size of C,H and O are the same for this lab.  Once you have determined the radius of a molecule the number of molecules is close at hand. 
Procedure: 
Before Lab: 

1. Write step by step method for calculation to be done.

2. Identify values to be measured and create a data table. 

During Lab

3. Determine the mass of one drop of oleic acid in a 95% ethanol solution.

4. Add water to a Petri dish until the bottom is completely covered. Then, lightly dust some powder onto the surface of the water.  Next, drop one drop of the oleic acid solution  onto the middle of the pan.  As soon as the circular film stops expanding, measure the diameter of the circular film of oleic acid.  Only oleic acid is in the film since the ethanol dissolves in water.  Record the diameter and the radius of the oil drop and repeat this procedure two more times. 
Grading: D, RA, C (data, results and analysis, and conclusion). Remember to use the required layout and fill in appropriate sections.  With the exception of Title, sections not to be graded can be filled in with, “see supporting documents attached.”   Remember to attach this sheet with your typed report.   The lab is due the next class period after the lab is completed. 
