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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) 

	5.00mL
	6.00mL

	
Final volume of cyclohexane in the graduated cylinder (mL)

	6.00mL
	7.00mL

	
Volume of cyclohexane added (mL)

	1.00mL

	1.00mL

	
Number of drops of cyclohexane added 

	55
	57

	
Volume/drop cyclohexane (mL/drop)

	0.0182mL/drop
	0.0175mL/drop



Observations:

Drops from the pipette were not identical
When adding the drops of stearic acid to the water, they would form bubbles that would eventually fade away. The first 4 drops for the smaller dish dissipated rapidly, and then the fifth drop of acid stayed on the surface for a short while longer, with the sixth taking over 30 seconds to dissipate. On the larger dish, the first 7 drops dissipated quickly, the 8th drop was a little slower but under 30 seconds, and then the 9th drop took over 30 seconds to disappear. This lead us to believe that 5 drops were needed to form a monolayer on the smaller dish surface, and 8 drops were needed to form a monolayer on the larger dish surface.


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)

	9.00cm
	14.50cm

	
Number of drops required to make a monolayer 
 
	5
	8

	
Concentration of stearic acid from bottle (g/mL)

	1.36*10-4 g/mL
	1.36*10-4 g/mL

	
Density of stearic acid (g/mL)

	
0.847g/mL
	
0.847g/mL

	
Volume of solution required to form a monolayer (mL)

	0.0895mL
	0.143mL

	
Mass of stearic acid in that volume (g)

	1.22*10-5g
	1.94*10-5g

	
Volume of stearic acid, V (mL)
	1.44*10-5mL
	2.29*10-5mL

	
Area of the monolayer, A
(cm2)

	

63.6cm2
	165.cm2

	
Thickness of the monolayer, t (cm)

	2.26*10-7cm
	1.39*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)

	1.13*10-8cm
	6.95*10-9cm

	
Volume of a carbon atom using this diameter (cm3)

	7.55*10-25cm3
	1.76*10-25cm3

	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)

	1.13*10-8cm
	6.95*10-9cm

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

	1.38*10-8cm
	8.48*10-9cm

	
Volume of a carbon atom using this diameter (cm3)

	1.38*10-24cm
	3.19*10-25

	

	
Volume per mol of carbon atoms (cm3/mol)

	
3.42cm3/mol
	
3.42cm3/mol

	
Avogadro’s Number from A.
(mol-1)
	4.53*1024/mol
	1.94*1025/mol


	
Percent Error

	6.52*102%
	3.12*103%

	
Avogadro’s Number from B.
(mol-1)

	2.48*1024/mol
	1.07*1025

	
Percent Error

	3.12*102%
	1.68*103%




Sample Calculation: Trial 1

1. Volume of cyclohexane added:

Vcyclohexane = Vfinal graduated cylinder – VInitial graduated cylinder
= 6.00 mL– 5.00 mL
= 1.00 mL of cyclohexane was added


2. Volume per drop of cyclohexane:

Vper drop of cyclohexane = /2
= ) / 2
=0.0179mL/drop





3. Volume of solution required to form a monolayer:

Vsolution required = Vper drop of cyclohexane * # of drops stearic acid solution
= 0.0179mL * 5
=0.0895mL



4. Mass of stearic acid in that volume:

mstearic acid in that volume = Vsolution required to form monolayer * Cstearic acid
= 0.0895mL * 1.36 ∙ 10-4g/mL
=1.22*10-5g



5. Volume of stearic acid:

Vstearic acid = mstearic acid/densitystearic acid
= 1.22∙10-5g/0.847g/mL
=1.44*10-5 mL
=1.44*10-5 cm3



6. Area of the monolayer:

Amonolayer = πr2
=π(diameter/2)2
=π(9.00cm/2)2
=π(20.25)
=63.6cm2



7. Thickness of the monolayer:

Thickness of monolayer = Vstearic acid / Amonolayer
=1.44∙10-5mL/63.6cm2
=2.26*10-7cm

8. Diameter of the carbon atom from A. =

Diametercarbon atom = thickness of monolayer/# of balls per stearic acid molecule
=2.26*10-7cm/20
=1.13*10-8cm

9.	Volume of the carbon atom from A.  :

Vcarbon atom = (4/3) πr3
= (4/3) π(3
=(4/3) π (1.80362125*10-25)
=
=7.55*10-25cm3



10.	Avogadro’s number from A. :

Avogadro’s number = 

= 3.42/7.55*10-25
=4.53*1024/mol


11.	Percent Error:
Error = 

 
= 6.52*102%




12.	Value of e from B. :

e = thickness of monolayer/number of atoms per length of stearic acid molecule
=2.26*10-7cm/20
=1.13*10-8cm



13.	Diameter of the carbon atom from the value of e from B. :

Diamterof C atom from e = e/sin(θ)
= 1.13*10-8cm / sin (55)
=1.38*10-8cm



14.	Volume of the carbon atom from B. :

Vcarbon atom = (4/3) πr2
= (4/3) π(3
=1.38*10-24cm3




15.	Avogadro’s number from B.  :

Avogadro’s number = 
=3.42/1.38*10-24
=2.48*1024/mol



16.	Percent Error:

Error = 

 
=3.12*10^2%



Discussion: (within space provided)

In this lab we determined avogadro’s constant by combining what we know about the arrangement of carbon atoms in stearic acid and measurements taken from creating a monolayer of stearic acid on top of distilled water in separate dishes. We used two assumptions regarding the arrangement of the carbon atoms, one was that they were in a linear array, and the other was taking into account the bond angles of carbon atoms in stearic acid. Using the linear array assumption our results from the small tray and big tray were the numbers 4.53*1024/mol and 1.94*1025/mol respectively. The results using the bond assumption from the small tray and big tray were 2.48*1024/mol	and 1.07*1025/mol respectively.

The error in this experiment was huge, ranging from 300% to 3000%. The reasoning behind this was the lack of precision due to the nature of the procedure. One source of significant error in this experiment was the inability to make the drops, when calibrating the dropper and adding the stearic acid to the dishes, exactly the same. We attempted to alleviate this error by taking an average of 2 trials when calibrating the dropper but realistically there are so many factors affecting the size of the drop coming out of the tip that even after taking the average, the volume per drop that was calculated was unreliable to give a very precise measurement for the experiment. A second source of error can be found in the nature of cyclohexane. Cyclohexane will evaporate when exposed to air, and because our concentration of cyclohexane was so low, the smallest amount of evaporation of cyclohexane would increase the concentration of the stearic acid in the solution and that would allow us to use fewer drops than we should be able to when creating the monolayer. A third source of error would be the purity of the distilled water in the dish before the solution was added, despite cleaning and care, it would be impossible for us to have cleared the dish entirely of particles and impurities leading to obstruction for the creation of the monolayer. This would cause us to use less drops when creating the layer and therefore give us a smaller diameter of carbon atoms than predicted and skew our results.

This experiment is an excellent demonstration of how we can use chemistry to determine extremely precise and unimaginable numbers such as the colossal avogadro’s constant, through simple means. Though this experiment was unable to give us an accurate result, the experiment has shown us how Avogadro’s constant can be determined, which is important considering that the constant is the basis of stoichiometry and pivotal when dealing with quantities at the atomic scale. 



Conclusion:  (no more than two lines)

Avogadro’s constant (linear array method) was calculated as 4.53*1024/mol when using the small dish and as 1.94*1025/mol when using the large dish with errors of 6.52*102% and 3.12*103% respectively. It was also calculated as 2.48*1024/mol when using the small dish and 1.07*1025/mol when using the big dish with errors of 3.12*102% and 1.68*103% respectively when using bond angles.
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