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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
	6.00

	
Final volume of cyclohexane in the graduated cylinder (mL)

	6.00
	7.00

	
Volume of cyclohexane added (mL)

	1.00
	1.00

	
Number of drops of cyclohexane added 

	85
	86

	
Volume/drop cyclohexane (mL/drop)

	1.00/85
	1.00/86



Observations:
· cyclohexane: has a clear, water-like appearance; it is colourless and gives off a faint smell of gasoline when wafted.
· steric acid also appeared to be transparent and clear, with no visible difference from the water.
· when pipette was used, air bubbles were made frequently which seemed to affect the amount of drop coming out occasionally.
· when the first few drops of steric acid were added to the surface of water in the petri dish, they appeared bigger and disappeared faster. As the steric acid drops added merged to create a monolayer, the drop would move around on the surface and it's circular frame would get distorted.
· progressively, the steric acid drops appeared smaller when added, and moved less before becoming part of the monolayer.


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)

	8.85
	14.6

	
Number of drops required to make a monolayer 
 
	13
	27

	
Concentration of stearic acid from bottle (g/mL)

	1.36  10-4
	1.36  10-4

	
Density of stearic acid (g/mL)

	
0.847
	
0.847

	
Volume of solution required to form a monolayer (mL)

	0.153
	0.314

	
Mass of stearic acid in that volume (g)

	2.08 10-5‑
	4.2710-5

	
Volume of stearic acid, V (mL)
	2.4610-5
	5.0410-5

	
Area of the monolayer, A
(cm2)

	61.5
	167

	
Thickness of the monolayer, t (cm)

	3.9910-7
	3.0110-7



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)

	2.0010-8
	1.5110-8

	
Volume of a carbon atom using this diameter (cm3)

	4.1610-24
	1.7910-24

	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)

	2.0010-8
	1.5110-8

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

	2.4410-8
	1.8410-8

	
Volume of a carbon atom using this diameter (cm3)

	7.5810-24
	3.2510-24

	

	
Volume per mol of carbon atoms (cm3/mol)

	
3.42
	
3.42

	
Avogadro’s Number from A.
(mol-1)
	8.211023
	1.911024

	
Percent Error

	36.4%
	218%

	
Avogadro’s Number from B.
(mol-1)

	4.511023
	1.051024

	
Percent Error

	-25.0%
	74.7%




Sample Calculation: Any One Trial ONLY: Trial 1

1. Volume of cyclohexane added:
	vol. of cyclohexane added= (final vol. of cyclohexane in graduated cylinder)
                                                               (initial vol. of cyclohexane in graduated cylinder)
					= 6.00mL - 5.00mL
					= 1.00mL

2. Volume per drop of cyclohexane:
	vol. per drop of cyclohexane= 

					    = mL/ drop

3. Volume of solution required to form a monolayer:
	vol. of solution required to form a monolayer= (number of drops added) 
                                                                                      (vol/ drop)
							         = 13.0 drops  
							         = 0.153 mL

4. Mass of stearic acid in that volume:
	mass of stearic acid in that volume 
= (vol. of sol'tn required to form a monolayer)(concen'tn of steric acid sol'tn)
	= (0.153 mL)  (1.3610-4 g/mol)
	= 2.08  10-5 g             

5. Volume of stearic acid:
	vol. of stearic acid = 

			     = (2.0810-5g) /(0.847g/mL)
			     = 2.45  10-5 mL

6. Area of the monolayer:
	A = πr2
	   = π(4.425)2
	    = 61.5 cm2

7. Thickness of the monolayer:
	t= 
	  = (2.45  10-5 mL)/( 61.5 cm2)
	  = 3.99  10-7 cm

8. Diameter of the carbon atom from A. :
	diameter of carbon atom from A= (3.99  10-7)/ (20)
					   = 2.00  10-8cm




9.	Volume of the carbon atom from A.  :
	V= πr3 , and since r is the radius of the carbon atom, r = d/2
								  = (2.00  10-8)/2
								  = 9.98  10-9
	  = π(9.98  10-9)3
	   = 4.16  10-24cm3

10.	Avogadro’s number from A. :
	NA = (3.42cm3/mol)/ (4.1610-24cm3/atom)
	      = 8.21  1023 mol-1

11.	Percent Error:
	% error= 100%

		= {(8.21  1023)-(6.021023)}/(6.021023) 100%
		= 36.4%

12.	Value of e from B. :
	e = (3.99  10-7 cm)

	   = 2.00 10-8cm

13.	Diameter of the carbon atom from the value of e from B. :
	d= 
	  = 
	  = (2.00 10-8)/ (sin 55ᵒ)
	  = 2.44  10-8cm

14.	Volume of the carbon atom from B. :
	V= πr3
	  =  π(1.2210-8)3
	  = 7.58  10-24cm3

15.	Avogadro’s number from B.  :
	NA= (3.42cm3/mol)/ (7.5810-24cm3/atom)
	     = 4.51 1023mol-1

16.	Percent Error:
	% error= 100%

	          = {(4.51 1023)-(6.021023)}/(6.021023) 100%
	 = -25.0%

Discussion: (within space provided)
	In this lab, the inconsistency of the pipette was one of the major sources of error. Since the monolayer being formed with the stearic acid is very thin, every drop is significant towards the outcome of this experiment. However, the pipette being used was not very accurate, giving out the same drop of stearic acid every time. Strength control which caused more/less droplet to fall out would be one of the human error factors. Also, the pipette was not at the exact same angle, vertical to the ground  every time which is a factor for different sized drop to fall into the petri dish, as well as the air bubbles within the pipette which caused a lower amount of stearic acid to fall out. 
	
          During the experiment, when the monolayer was bring formed on top of the water contained within the petri dish, external materials such as dust and other particles kept falling into the dish. These unwanted particles could have intercepted and caused a difference in outcome, even if it was only just a small amount. The measurement of the diameter of the petri dish was inaccurate as well, since it was hard to line the ruler to the center of the petri dish. 
	
	For the first trial, it was observed that when the stearic acid drop, upon falling into the petri dish, many would go in the same direction while reacting to become a monolayer on the surface. Since no tools were used to check the surface of the table and how parallel it is to the floor, it can be assumed that the table might have been slightly tilted. This may affect the experiment, for the surface area of the petri dish available for reaction will be smaller than recorded since the majority of the drops will go in  similar direction.

	In  order to improve the results of this experiment, multiple trials are needed to decrease the error percentage. Since each of the two trials were done using differently sized petri dishes, the multiple trials should use the same-sized dishes. However, the trial 2 which was conducted using a petri dish of bigger surface area has higher error percentage because it requires more values and more stearic acid drop, so more trials which uses a petri dish of higher surface area should be conducted. Also, having the center of the petri dish marked will decrease error because the diameter measurement will be more accurate. 

Conclusion:  (no more than two lines)
	The calculated avogadros number for trial 1 was 8.211023 with 36.4% error when assumed linear and 4.511023 with -25.0% error when assumed to have an angle.
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