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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) 

	5.00
	5.00

	Final volume of cyclohexane in the graduated cylinder (mL)

	6.00
	6.00

	Volume of cyclohexane added (mL)

	1.00
	1.00

	Number of drops of cyclohexane added 

	81
	79

	Volume/drop cyclohexane (mL/drop)


	0.0123
	0.0126


Observations:
· Each drop added takes about 15-20 seconds to dissolve in water
· Drops dissolve slower as more stearic acid is added
· Final result of 6mL solution does not look any different with stearic acid now added
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)

	9.35
	14.50

	Number of drops required to make a monolayer 

 
	12
	13

	Concentration of stearic acid from bottle (g/mL)


	1.36 x 10-4
	1.36 x 10-4

	Density of stearic acid (g/mL)

	0.847
	0.847

	Volume of solution required to form a monolayer (mL)


	0.148
	0.161

	Mass of stearic acid in that volume (g)


	2.0 x 10-5
	2.2 x 10-5

	Volume of stearic acid, V (mL)
	2.36 x 10-5
	2.59 x 10-5

	Area of the monolayer, A

(cm2)


	68.5
	165.1

	Thickness of the monolayer, t (cm)


	1.6 x 10-3
	1.6 x 10-7


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)


	8.0 x 10-5
	8.0 x 10-9

	Volume of a carbon atom using this diameter (cm3)


	0.0123
	0.0126

	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)


	8.0 x 10-5
	8.0 x 10-9

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


	9.8 x 10-5
	9.8 x 10-9

	Volume of a carbon atom using this diameter (cm3)


	4.9 x 10-13
	4.9 x 10-25

	

	Volume per mol of carbon atoms (cm3/mol)


	3.42
	3.42

	Avogadro’s Number from A.
(mol-1)
	1.26 x 1013
	1.28 x 1025

	Percent Error


	-100
	2018

	Avogadro’s Number from B.

(mol-1)

	6.9 x 1012
	6.9 x 1024

	Percent Error


	-100
	1059


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

(Trial 1)

Vol Cyclohexane added = Vol Final – Vol Initial



   = 6.00 mL – 5.00 mL



   = 1.00 mL
2. Volume per drop of cyclohexane:

(Trial 1)

Vol per drop = VolCyclohexane added / # Drops added


     = 1.00 mL / 81



     = 0.0123 mL

Average Vol per drop = (Trial 1 Vol + Trial 2 Vol) / 2




     = (0.0123 mL + 0.0126 mL) / 2




     = 0.0124 mL
3. Volume of solution required to form a monolayer:

(Trial 1) 

Vol Required = (# of drops) x (Average Vol per drop)


         = 12 x 0.0124 mL


         = 0.148 mL
4. Mass of stearic acid in that volume:

(Trial 1)

Mass stearic acid = (Vol added) x (Conc. of stearic acid)



  = 0.148 mL x (1.36 x 10-4 g/mL)



  = 2.0 x 10-5 g
5. Volume of stearic acid:

(Trial 1)

Vol = Mass of stearic acid / Density of stearic acid

      = (2.0 x 10-5 g) / (0.847 g/mL)

      = 2.36 x 10-5 mL
6. Area of the monolayer:

(Trial 1)

A = πr2

   = π(4.67 cm)2

   = 68.5 cm2
7. Thickness of the monolayer:
(Trial 1) 

t = Vol / Area

   = (2.36 x 10-5 mL) / (68.5 cm2)


   = 1.6 x 10-3 cm
8. Diameter of the carbon atom from A. :
(Trial 1)


Diameter of C atom = thickness of monolayer / 20 atoms





  = (1.6 x 10-3 cm) / 20





  = 8.0 x 10-5 cm

9.
Volume of the carbon atom from A.  :

(Trial 1)

Vol of C atom = (4/3)πr3


          = (4/3)(π)(4.0 x 10-5 cm)3


          = 2.7 x 10-13 cm3
10.
Avogadro’s number from A. :

(Trial 1)

NA = (Vol / Mol of C atoms) / (Vol / Atom)

     = (3.42 cm3/mol) / (2.7 x 10-13 cm3)

     = 1.26 x 1013 per mol
11.
Percent Error:


(Trial 1)

% Error = [(Experimental Value - Theoretical Value) / Theoretical Value] x 100


 = [((1.26 x 1013) – (6.022 x 1023)) / (6.022 x 1023)] x 100


 = -100%
12.
Value of e from B. :


(Trial 1)

e = thickness of monolayer / 20

   = 1.6 x 10-3 cm / 20

   = 8.0 x 10-5 cm
13.
Diameter of the carbon atom from the value of e from B. :


(Trial 1)

D = e / sinθ

   = (8.0 x 10-5 cm) / sin 55o

   = 9.8 x 10-5 cm
14.
Volume of the carbon atom from B. :


(Trial 1)

Vol of C atom = (4/3)πr3



  = (4/3)(π)(4.9 x 10-5)3



  = 4.9 x 10-13 cm3
15.
Avogadro’s number from B.  :

(Trial 1)

NA = (Vol / mol of C atoms) / (Vol / atom)

     = (3.42 cm3/mol) / (4.9 x 10-13 cm3)

     = 6.9 x 1012 per mol
16.
Percent Error:

(Trial 1)


% Error = [(Experimental Value - Theoretical Value) / Theoretical Value] x 100



 = [((6.9 x 1012) – (6.022 x 1023)) / (6.022 x 1023)] x 100



 = -100%

Discussion: (within space provided)


The lab appeared to have been completed smoothly without much obvious errors, as far as following instructions goes. The data for the most part seemed to be as expected, but the time it took for drops to dissolve in the larger dish was surprising. Although it seemed that the lab was completed accurately and was well done, the calculations and results tell otherwise.
Through calculations it is determined that experimentally there was a percent error of -100% (for trial 1) for both A and B, which seems surprising and unreasonable at first, but it understandable given the circumstances of our labs. Although trial 2 yielded better results, with A giving 2018% and B giving 1058% error percentages, meaning our second trial of the lab was probably more accurate and better done in comparison to trial 1.

With the lab equipment used, it is unlikely that we could calculate Avogadro’s number accurately. The completion of the lab must have had several errors and inaccuracies, and using the inaccurate data for calculations explains the odd percent error. 


Examples of the several errors include the sizes of the drops of stearic acid must have been different with each drop. Since there was no way of measuring the volume of each drop accurately while attempting the experiment, surely the drops varied in size. 
There could have been the mistake of counting drops as well. A larger number of drops is what must have made the calculated Avogadro’s number lower than expected, resulting in a negative percent error. There was no way of determining whether the water in which we dropped stearic acid was clean. It is likely that there was dust or some debris in the water altering the speed that the drops dissolve. Along with the clarity of the water, the temperature of the water could have also affected the speed at which the drops dissolved in the water.
Conclusion:  (no more than two lines)
· Both methods (trial 1) give the same percent error of -100%, which is surprising at first but makes sense when taking lab errors into account
· Although trial 2 gave better results, with A yielding 2018% and B yielding 1059%
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