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Experiment 2.
Determination of Avogadro’s Number
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Data Tables
Table 1.  Calibration of the Drop Counter
	Data
	Trial 1
	Trial 2

	Initial volume of cyclohexane in the graduated cylinder (mL) 

	
	

	Final volume of cyclohexane in the graduated cylinder (mL)

	
	

	Volume of cyclohexane added (mL)

	
	

	Number of drops of cyclohexane added 

	
	

	Volume/drop cyclohexane (mL/drop)


	
	


Observations:

Table 2.
Calculation of the Length of the Stearic Acid Molecule

	Data
	Trial 1
	Trial 2

	Diameter of the water surface in the dish (cm)

	
	

	Number of drops required to make a monolayer 

 
	
	

	Concentration of stearic acid from bottle (g/mL)


	
	

	Density of stearic acid (g/mL)

	0.847
	0.847

	Volume of solution required to form a monolayer (mL)


	
	

	Mass of stearic acid in that volume (g)


	
	

	Volume of stearic acid, V (mL)
	
	

	Area of the monolayer, A

(cm2)


	
	

	Thickness of the monolayer, t (cm)


	
	


Table 3.
Calculation of the Volume of a Carbon Atom and Avogadro’s Number
	Data
	Trial 1
	Trial 2

	A.  Volume of a Carbon Atom Based Upon a Linear Array

	Diameter of a carbon atom assuming the 20 balls are joined in a straight line (cm)


	
	

	Volume of a carbon atom using this diameter (cm3)


	
	

	B.  Volume of a Carbon Atom Based Upon the Actual Bond Angle

	Value of e from Figure in Step 10 of calculations in Lab 1 (cm)


	
	

	Diameter of a carbon atom using the value of e (cm)


	
	

	Volume of a carbon atom using this diameter (cm3)


	
	

	

	Volume per mol of carbon atoms (cm3/mol)


	3.42
	3.42

	Avogadro’s Number from A.
(mol-1)
	
	

	Percent Error


	
	

	Avogadro’s Number from B.

(mol-1)

	
	

	Percent Error


	
	


Sample Calculation: Any One Trial ONLY
1. Volume of cyclohexane added:

= final volume – initial volume
= 6.00mL – 5.00mL

= 1.00mL
2. Volume per drop of cyclohexane:

= 1.00mL/85drops
= 0.0118mL/drops
3. Volume of solution required to form a monolayer:

= (number of drops)*(Volume per drop)
          = (4 drops)*(0.0118mL/drops)

          = 0.0471mL
4. Mass of stearic acid in that volume:

gSteric acid = CV


    = (1.36*10-4g/mL)(0.0472mL) 

    = 6.40*10-6g
5. Volume of stearic acid:

VSteric acid= msteric acid/dsteric acid

    = (6.42*10-6g)/(0.847g/mL)


    = 7.55*10-6mL
6. Area of the monolayer:

A = πr2
   = π(8.90cm/2)2

   = 62.2cm2
7. Thickness of the monolayer:

t=(Volume of stearic acid)/(area of monolayer)

  = (7.58*10-6mL)/(62.2cm2)

  = (5.44*10-6cm3)/(62.2cm2)

  = 1.21*10-7cm 
8. Diameter of the carbon atom from A. :
= Thickness/20

=1.21*10-7cm/20

=6.00*10-9cm
9.
Volume of the carbon atom from A.  :

Vcarbon atom=4/3πr3


     = 4/3π(6.00*10-9cm/2)3


     = 1.13*10-25cm3


     = 1.13*10-25mL
10.
Avogadro’s number from A. :
          NA= (volume/mol)/(volume/atom)


    = (3.42cm3/mol)/(1.13*10-25mL/atom)


    = 3.02*1025mol/atom
11.
Percent Error:


= ((actual-theoretical)/theoretical)*100
          = ((3.02*1025mol/atom-6.022*1023)/6.022*1023)*100
          = 4910%
12.
Value of e from B. :


= thickness of monolayer / 20

= 1.21*10-7cm /20

          = 6.00*10-9cm
13.
Diameter of the carbon atom from the value of e from B. :


d=e/sinx
            =6.00*10-9cm/sin55


  = 7.00*10-9cm
14.
Volume of the carbon atom from B. :


V=4/3πr3

  = 4/3π(7.00*10-9cm/2)3

  = 1.79*10-25cm3

  = 1.79*10-25mL
15.
Avogadro’s number from B.  :
          NA= (Volume/mol)/(Volume/atom)
              = (3.42cm3/mol)/(1.79*10-25cm3/atom)


    = 1.91*1025mol/atom
16.
Percent Error:
          %error=((actual-theoretical)/theoretical)*100

                  =((1.91*1025-6.022*1023)/6.022*1023)*100

                  = 3070%

Discussion: (within space provided)
The purpose of this lab was to determine the value of Avogadro’s constant through experimentation. The known value of the Avogadro’s constant was 6.022*1023mol/atom.  After calculations, it was determined that Avogadro’s constant, when the volume of the carbon atom was based upon a linear array, was 3.02*1025mol/atom, demonstrating a percent error of 4910%. When the constant was calculated using the volume of carbon based upon the actual bond angle, the calculated value was 1.91*1025mol/atom, giving a percent error of 3070%.  The experiment is very concentration specific; a slight error causes extreme experimental error. Drops must have been precise, ensuring that each dropped contained the same volume. The results calculated were above the accepted value of 6.022*1023, meaning that there were not enough drops of stearic acid added to the water to form the monolayer. This may be explained by the fact that each drop may have released a slightly different volume each time and the total volume released being less than the expected volume. The decreased volume of stearic acid may also be explained by the fact that when stearic acid is placed in contact with water, the solvent evaporates quickly, making the solvent more concentrated, reducing the amount of drops necessary to form the monolayer (Refer to Experiment 2 in Lab manual).

The calculated value for the Avogadro’s constant when the volume used was that of a carbon atom based upon a linear array (A) was greater than that calculated when the volume upon the actual bond angle was used (B). This meant that the Avogadro’s constant from A was farther away from the accepted value than that from B. This was due to the fact that the method used for A was assuming that the carbon atoms were stacked on top of each other, which was not the case. The carbon atoms arrange themselves in a 109° angle, just as shown in B. The carbon atoms in A are close together, although in B, are farther apart, meaning the assumption made in A means the carbon atoms fulfill a smaller volume then B, giving a greater value for the Avogadro’s constant, explaining why the value of B was closer to the accepted value of 6.022*1023. 

The great degree of experimental error was much due to systematic experimental errors. The dropper did not ensure that the there was an equivalent volume for each drop, permitting the volume to be inaccurate. Also the acid used, stearic acid, evaporates quickly, also giving an inaccurate volume of the amount of acid needed to form a monolayer. To obtain the value of the Avogadro’s constant takes a high amount of precision, and a minimal amount of experimental error. To improve the accuracy of this lab, the volume of each drop should be measures, as well an amphipathic solution which does not evaporate when exposed should be used.
Conclusion:  (no more than two lines)
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