October 1, 2013
Experiment # 2: Determination of Avogadro’s Constant

Introduction:

In the past, humanity has struggled with measuring quantities; primitive scientists, mathematicians, physicists and even barterers, struggled with keeping track of quantities because some values would be tremendously large. For scientists, some units would be in such extreme ranges that writing down their values were not only tedious, but also inconvenient. Finally, man invented the dozen; a group of twelve. This not only made calculations easier, but also reduced the values to smaller quantities. As useful as the dozen was, there were just some things that could not be counted by twelves. One such thing is the number of entities in a given substance. There can be well over billions of particles in any given substance; the number of entities cannot be counted in twelves, because there can still be more than billions of dozens of entities in a given sample. Thus, Avogadro came up with a constant in order to measure the number of entities within a reasonable range. 

Using 12 g of carbon-12, Avogadro discovered there was 6.022 x 1023 entities. Using this value, Avogadro stated that for every mole of a substance, there will be 6.022 x 1023 entities. Therefore, the idea of the mole is no different than the idea of the dozen; it is merely a unit describing a certain quantity in order to simplify calculations to having values within a reasonable range. This experiment was designed to reproduce Avogadro’s constant, through the calibration of cyclohexane and the formation of a monolayer of stearic acid on a surface of water.

The calibration of the cyclohexane requires calculating the volume per drop. This was done by dropping a certain amount of cyclohexane into a graduated cylinder and measuring the amount of drops it took. Once data was collected, the volume per drop was calculated:
Vper drop = Vcycolhexane added/Ndrops

After the volume per drop was calculated, the average of the two values were calculated. Then, the volume of the solution required to form a monolayer was calculated by multiplying the number of drops added, by the volume/drop:
Vsolution = Xdrops ∙ Vper drop

The mass of the stearic acid was calculated by multiplying the volume required to form a monolayer by the concentration:
mstearic acid = Vsolution ∙ cstearic acid

Finally, the volume of the stearic acid used was calculated by dividing the mass of stearic acid by the density:
Vstearic acid = mstearic acid / Dstearic acid

Then using the area of the monolayer (Amonolayer = πr2), the thickness of the layer was found by dividing the volume by the area:
tmonolayer = Vstearic acid/ Amonolayer

However, there were two major ways to solve for the diameter of the carbon atom. The first, A, was to assume that the chain of carbons in stearic acid was in a linear array, that is, basically a chain of 20 carbon atoms (there are actually 18 carbon atoms in stearic acid, but the 2 extra carbons account for the oxygen and hydrogen atoms). Thus, to find the diameter the thickness of the monolayer was divided by 20:
dcarbon = t/20

The second way, B, was to assume that diameter is a value in relation to the number of carbon atoms and the angles in between those atoms. Thus, by finding the value of “e”, which is equal to t/20, one can find the diameter by creating a triangle:
dcarbon = e/sin θ
where θ is the angle between two carbons.

After finding the value of the diameter, the radius was found (the diameter divided by 2) and used to determine the volume of a carbon atom:
Vcarbon = 4/3πr3

Finally, Avogadro’s number was determined using the equation:
NA = (3.42 cm3/mol)/ Vcarbon

The percent error was then calculated to determine the accuracy of the experimental results in relation to the accepted value:
% Error = (Experimental Value – Accepted Value)/Accepted Value x 100%

Procedure: As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi Venkateswaran, 2013, Exp. 2, p. 13-26).

Observations:

During the calibration of the stearic acid, the cyclohexane smelled of stale fuel. Also, it was observed that the cyclohexane formed a convex meniscus, due to the majority of the nonpolar region.

While dropping the stearic acid into the water, it was observed that the stearic acid takes a couple seconds to dissolve; the dissolution was not immediate. Also, while it was dissolving, the polar attractions could be seen between the stearic acid and water.










Data:

	Table 1: Calibration of the Drop Counter

	Data
	Trial 1
	Trial 2

	Initial Volume of Cyclohexane in the Graduated Cylinder (mL)
	5.05
	6.00

	Final Volume of Cyclohexane in the Graduated Cylinder (mL)
	6.00
	6.95

	Volume of Cyclohexane Added (mL)
	0.95
	0.95

	Number of Drops of Cyclohexane Added
	83
	85

	Volume/Drop Cyclohexane (mL/drop)
	0.011
	0.011



1) Volume of cyclohexane added:
Vcyclohexane added = 6.00 mL – 5. 05 mL
Vcyclohexane added = 0.95 mL
2) Volume Per Drop of Cyclohexane:
Vper drop = Vcycolhexane added/Ndrops
Vper drop = 0.95 mL/83 drops
Vper drop = 0.011 mL/drop

Vaverage per drop = (Vper drop trial 1 + Vper drop trial 2)/2
Vaverage per drop = (0.011 mL/drop + 0.011 mL/drop)/2
Vaverage per drop = 0.011 mL/drop










	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)
	8.50
	13.50

	Number of Drops required to make the Monolayer
	5.0
	18.0

	Concentration of Stearic Acid (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)
	0.057
	0.20

	Mass of Stearic Acid  in that Volume (g)
	7.7 x 10-6
	2.8 x 10-5

	Volume of Stearic Acid (mL)
	9.1 x 10-6
	3.3 x 10-5

	Area of Monolayer (cm2)
	56.7
	143

	Thickness of the Monolayer (cm)
	1.6 x 10-7
	2.3 x 10-7



3) Volume of solution required to form a monolayer:
Vsolution = Xdrops ∙ Vper drop
Vsolution = (5 drops)(0.011 mL/drop)
Vsolution = 0.057 mL
4) Mass of stearic acid in that volume:
mstearic acid = Vsolution ∙ cstearic acid
mstearic acid = (0.057 mL)( 1.36 x 10-4 g/mL)
mstearic acid = 7.7 x 10-6 g
5) Volume of stearic acid:
Vstearic acid = mstearic acid / Dstearic acid
Vstearic acid = (7.7 x 10-6 g)/(0.847 g/mL)
Vstearic acid = 9.1 x 10-6 mL
6) Area of monolayer:
Amonolayer = πr2
Amonolayer = π(4.25 cm)2
Amonolayer = 56. 7 cm2
7) Thickness of monolayer:
tmonolayer = Vstearic acid/ Amonolayer
tmonolayer = (9.1 x 10-6 mL)( 56. 7 cm2)
tmonolayer = 1.6 x 10-7 cm
	Table 3 :  Calculation of the Volume of a Carbon Atom and Avogadro's Number

	Data
	Trial 1
	Trial 2

	A) Volume of Carbon Atom Based on Linear Array

	Diameter of Carbon Atom (cm)
	8.0 x 10-9
	1.1 x 10-8

	Volume of Carbon Atom (cm3)
	2.7 x 10-25
	7.8 x 10-25

	B) Volume of a Carbon Atom Based On the Actual Bond Angle

	Value of "e" (cm)
	8.0 x 10-9
	1.1 x 10-8

	Diameter of Carbon Atom (cm)
	9.7 x 10-9
	1.4 x 10-8

	Volume of Carbon Atom (cm3)
	4.9 x 10-25
	1.4 x 10-24

	 
	 
	 

	Volume per mol of Carbon Atom (cm3/mol)
	3.42
	3.42

	Avogadro's Number from A) (mol)-1
	1.3 x 1025
	4.4 x 1024

	Percent Error (%)
	2.0 x 103
	630

	Avogadro's Number from B) (mol)-1
	7.0 x 1024
	2.4 x 1024

	Percent Error (%)
	1.1 x 103
	3.0 x 102 



8) Diameter of the carbon atom from A.:
dcarbon = t/20
dcarbon = 1.6 x 10-7 cm/20
dcarbon = 8.0 x 10-9 cm
9) Volume of the carbon atom from A.:
Vcarbon = 4/3πr3
Vcarbon = 4/3π(4.0 x 10-9 cm)3
Vcarbon = 2.7 x 10-25 cm3
10) Avogadro’s number from A.:
NA = (3.42 cm3/mol)/ Vcarbon
NA = (3.42 cm3/mol)/ (2.7 x 10-25 cm3/atom)
NA = 1.3 x 1025 atoms/mol


11) Percent Error:
% Error = (Experimental Value – Accepted Value)/Accepted Value x 100%
% Error = (1.3 x 1025 atoms/mol – 6.022 x 1023 atoms/mol)/ 6.022 x 1023 atoms/mol x 100%
% Error = 2.0 x 103 %
12) Value of “e” from B.:
e = t/20
e = 1.6 x 10-7 cm/20
e = 8.0 x 10-9 cm
13) Diameter of the carbon atom from the value of e from B.:
dcarbon = e/sin θ
dcarbon = 8.0 x 10-9 cm/sin 55°
dcarbon = 9.7 x 10-9 cm
14) Volume of the carbon atom from B.:
Vcarbon = 4/3πr3
Vcarbon = 4/3π(4.9 x 10-9 cm)3
Vcarbon = 4.9 x 10-25 cm3
15) Avogadro’s number from B.:
NA = (3.42 cm3/mol)/ Vcarbon
NA = (3.42 cm3/mol)/ (4.9 x 10-25 cm3)
NA = 7.0 x 1024 atoms/mol
16) Percent Error:
% Error = (Experimental Value – Accepted Value)/Accepted Value x 100%
% Error = (7.0 x 1024 atoms/mol – 6.022 x 1023 atoms/mol)/ 6.022 x 1023 atoms/mol x 100%
% Error = 1.1 x 103 %
Discussion:
During the lab, some techniques were used to get the most accurate results. The pipette was held vertically so as to create uniform drops. Also, the Petri dish was covered when it was not being used to keep dirt particles out. However, the lab results were far from what was expected; that is to say, the lab results were not accurate since they varied extremely far from the accepted value. 
This deviation is definitely caused by error. Despite having kept the station clean, there are still dirt and dust particles that can collect during any motion. These dirt particles may cause the monolayer to be formed with a smaller amount of stearic acid, thus decreasing the thickness which results to a smaller diameter of a carbon atom, which causes Avogadro’s number to be significantly higher than it should be.
Another source of error could be that the drops are not uniform. Humans are not perfect and cannot make completely uniform drops every single time. This may result in a big deviation from the accepted value, in this case, a degree of variation that is much higher than the accepted value. This means that the actual volume used was higher than the recorded value, thus resulting in a smaller diameter and a lot more entities per mole.
To get a sense of reasonability of results, the percent error is a good indicator. In this experiment, the percent error was irregularly high, indicating that these results are not reliable. Since the percent error is positive, this indicates that Avogadro’s number is higher than it should be, thus, more entities per mole were calculated. Another indicator to the reasonability of this experiment is the precision; the proximity of the obtained values from each other. Since these values vary greatly from each other, these values are not precise.
Thus, since the obtained results are neither accurate nor precise, these results are not within reason. The data suggests that there is something wrong with the methods used during experimentation. Perhaps, the next time this experiment is done, the Petri dishes can be rinsed with distilled water just to ensure that no dirt particles reside in the monolayer. Many factors need to be taken into account to obtain reasonable data.
Conclusion:
For trial 1, the values for Avogadro’s number obtained were 1.3 x 1025 atoms/mol, with a percent error of 2.0 x 103 % and 7.0 x 1024, with a percent error of 1.1 x 103 %. For trial 2, the valus for Avogadro’s number obtained were 4.4 x 1024 atoms/mol, with a percent error of 630%, and 2.4 x 1024 atoms/mol, with a percent error of 3.0 x 102 %.
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