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PLEASE NOTE:
If ANY of the above information is UNCLEAR or not provided, your grade will NOT be recorded!!
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Laboratory Report Form

Experiment 2.
Determination of Avogadro’s Number
Checklist:

· Raw Data Sheet written in pen, signed by TA and attached 

· Report Form completed in pen (or typed) and attached

· Due October 1 2014 @ 12:30 pm LATEST!
Student’s Initials _____
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 

	94
	96

	Volume/drop cyclohexane (mL/drop)


	0.0106
	0.0104

	Average volume/drop cyclohexane (mL/drop)


	0.0105




Observations:
(colourless

(liquids

(strong, unpleasant odour 

(volatile ∴ covered by watch glass

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)

	8.10


	14.00

	Number of drops required to make a monolayer 

 
	n-1 = 6-1

   = 5
	n-1 = 23-1

   = 22

	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)


	0.0525
	0.231

	Mass of stearic acid in that volume (g)


	7.14×10-6
	3.14×10-5

	Volume of stearic acid, V (mL)

	8.43×10-6
	3.71×10-5

	Area of the monolayer, A

(cm2)


	51.5
	154

	Thickness of the monolayer, t (cm) 

	1.64×10-7


	2.41×10-7


Observations:


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)


	8.20×10-9
	1.21×10-8


	Volume of a carbon atom using this diameter (cm3)


	2.89×10-25

	9.28×10-25

	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)


	8.20×10-9
	1.21×10-8

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


	1.00×10-8
	1.47×10-8

	Volume of a carbon atom using this diameter (cm3)


	5.24×10-25
	1.66×10-24

	

	Volume per mol of carbon atoms (cm3/mol)


	3.42
	3.42

	Avogadro’s Number from A.
(mol-1)
	1.18×1025
	3.69×1024

	Percent Error (%)

	1859
	513

	Avogadro’s Number from B.

(mol-1)

	6.53×1024
	2.06×1024

	Percent Error (%)

	984
	242


Sample Calculation: Any One Trial ONLY  *using trial 1 for calculations
1. Volume of cyclohexane added:
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2. Volume per drop of cyclohexane:
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3. Volume of solution required to form a monolayer:
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4. Mass of stearic acid in that volume:
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5. Volume of stearic acid:
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6. Area of the monolayer:
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7. Thickness of the monolayer:
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8. Diameter of the carbon atom from A. :
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9.
Volume of the carbon atom from A.  :
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10.
Avogadro’s number from A. :
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11.
Percent Error:



[image: image12.wmf]%

1859

error

percent 

%

100

10

022

.

6

10

18

.

1

10

022

.

6

%

100

 value

accepted

 value

al

experiment

-

 

 value

accepted

 

error

percent 

A

23

25

23

A

=

´

´

´

-

´

=

´

=

mol

mol

mol


12.
Value of e from B. :
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13.
Diameter of the carbon atom from the value of e from B. :
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 EMBED Equation.3  [image: image15.wmf]
14.
Volume of the carbon atom from B. :
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15.
Avogadro’s number from B.  :
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16.
Percent Error:
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Discussion: (within space provided)

The purpose of this experiment is to derive Avogadro’s constant (NA) by calculating the number of atoms of carbon in a monolayer of stearic acid formed on top of water.  This monolayer is able to form because stearic acid is an amphiphillic compound.  Amphiphillic means that the compound consists of a polar, water-soluble group and a non-polar, water-insoluble hydrocarbon chain. 
The droplet of stearic acid has its polar –COOH groups on the inside, and all of the non-polar hydrocarbon tails on the outside, which is why the drop does not dissolve right away when it comes in contact with the water.  The cyclohexane atoms added to the stearic acid will evaporate first, and then the water will reach the stearic acid.  Once this occurs, the –COOH group of stearic acid dissolves in the water, and the hydrocarbon chain is repelled from the water resulting in a layer of the hydrocarbon chain forming above the water.  By continuously adding drops of the stearic acid to the water, the hydrocarbon chains of each drop will form together creating a monolayer.  The monolayer is complete once no more drops dissolve and connect to the previous hydrocarbon chains; however they rest on top of the monolayer forming a bilayer.
There are several experimental and inherent errors in this experiment.  
Firstly, in this specific experiment it is not possible to be certain whether a monolayer has formed.  An estimate can be made whether a monolayer is complete by observing the droplets to see once one takes a significant amount of time longer to dissolve, thus forming a bilayer.  However, one cannot be certain if a bilayer did or did not form.  A formation of a bilayer will skew the results for the obtained NA by increasing the value since there are truly more moles of the molecule than calculated.

In addition, an error greater than 100% means that more than one layer has been formed.  In this experiment all of the errors calculated were significantly greater than 100%, meaning that several layers were formed.

Similarly, an error less than 100% means that there were not enough hydrocarbons to form one monolayer.  The reason for this is because the formation of the monolayer is disrupted by dust particles on the surface of the water, therefore yielding the measured amount of carbon on the surface greater than the actual amount.  

Finally, there are also calculation errors and assumptions made during this experiment.  Firstly, to calculate the required amount of solution to form a monolayer (equation 3) it is assumed that a monolayer is completely established, whereas there is no confirmation.  Additionally, it is assumed that the hydrocarbon molecule is rigid.  In reality, this molecule is not rigid at all, and may take different shapes by curling its tail and bending in different directions.  This property of the hydrocarbon affects the calculated NA by accounting for too great of an amount calculated for the thickness of the monolayer.   This error propagates further through the remaining calculations.  Also, the calculation of the diameter of the carbon atom using “method a” (equation 8) disregards the actual structure of the stearic acid, and assumes it is a linear molecule, resulting in an inaccurate NA value.
Conclusion:  (no more than two lines)
The values for Avogadro’s constant were found to be 1.18×1025 mol-1, 6.53×1024mol-1, 3.69×1024 mol-1 and 2.06×1024 mol-1 using two different methods and two trials.  The respective errors were 1859%, 984%, 513% and 242%.
****PRINT CALCS WITH MOL^-1 AGAIN*****
Note: pipette drops very easily; not a lot of pressure required





Trial 1:


(colourless


(cyclohexane evaporates


(drop of cyclohexane in center moves toward wall of vessel before forming monolayer


(final drop takes much longer (doesn’t form monolayer; sits on top, however you can’t see it after a while because the cyclohexane evaporates








Trial 2:


(colourless


(faster than previous trial


(drop dissociates quickly


(waves form as the drop dissociates


(cyclohexane evaporates ∴ stearic acid can’t be seen





Vf = 6.00 mL


Vi = 5.00 mL





Vadded = 1.00 mL


Number of drops = ndrops = 94 drops


Vdrop,2 = 0.0104 mL





VdropAVG = 0.0105 mL


Number of drops to form one monolayer = nmonolayer = 5 drops





V = 0.0525 mL


Concentration of stearic acid from bottle = C = 1.36×10-4g/mL





m = 7.14×10-6 g


density of stearic acid = d = 0.847 g/mL





Diameter of water surface = d = 8.10 cm





Vstearicacid = 8.43× 10-6 mL


A = 51.5 cm2





t = 1.64×10-7cm





DA = 8.20×10-9 cm





� EMBED Equation.3  ���





VcarbonatomA = 2.89×10-25 cm3





Accepted value = NA = 6.022 ×1023 mol


Experimental value = NAA = 1.18×1025mol





t = 1.64×10-7cm





e = 8.20×10-9cm 





DB = 1.00×10-8cm





� EMBED Equation.3  ���





VcarbonatomB = 5.24×10-25 cm3





Accepted value = NA = 6.022 ×1023 mol


Experimental value = NAB = 6.53×1024mol
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