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Experiment 2.
Determination of Avogadro’s Number
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Student’s Initials A.M.
Data Tables
Table 1.  Calibration of the Drop Counter
	Data
	Trial 1
	Trial 2

	Initial volume of cyclohexane in the graduated cylinder (mL) 

	5
	6

	Final volume of cyclohexane in the graduated cylinder (mL)

	6
	7

	Volume of cyclohexane added (mL)

	1
	1

	Number of drops of cyclohexane added 

	78
	79

	Volume/drop cyclohexane (mL/drop)


	1.27 x 10-2
	1.27 x 10-2


Observations:
The solution of cyclohexane was clear and homogenous. The odour of the solution was also very strong and putrid. No colour change occurred, as well as no physical or chemical reaction. 
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)

	14.5
	8.00

	Number of drops required to make a monolayer 

 
	13.0
	5.00

	Concentration of stearic acid from bottle (g/mL)


	1.361 x 10-4
	1.361 x 10-4

	Density of stearic acid (g/mL)

	0.847
	0.847

	Volume of solution required to form a monolayer (mL)


	1.65 x 10-1
	                6.37 x 10-2

	Mass of stearic acid in that volume (g)


	2.25 x 10-5
	8.67 x 10-6

	Volume of stearic acid, V (mL)
	2.65 x 10-5
	1.02 x 10-5

	Area of the monolayer, A

(cm2)


	165
	50.2

	Thickness of the monolayer, t (cm)


	1.61 x 10-7
	                  2.04 x 10-7


Observations:

There were tiny bits of dust particles on the dish, even when cleaned with distilled water several times. Once the stearic acid was added to the water, bubbles formed, with little spikes around the bubbles until they disappeared. Later on, the bubble stayed on the surface of the water for more than 30 seconds. 

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)


	8.04 x 10-9
	1.02x 10-8

	Volume of a carbon atom using this diameter (cm3)


	2.72 x 10-25
	5.53 x 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)


	8.04 x 10-9
	1.02 x 10-8

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


	9.81 x 10-9
	1.24 x 10-8

	Volume of a carbon atom using this diameter (cm3)


	4.94 x 10-25
	1.01 x 10-24

	

	Volume per mol of carbon atoms (cm3/mol)


	3.42
	3.42

	Avogadro’s Number from A.
(mol-1)
	1.26 x 1025
	6.18 x 1024

	Percent Error (%)

	1990
	927

	Avogadro’s Number from B.

(mol-1)

	6.92 x 1024
	3.40 x 1024

	Percent Error (%)

	1050
	464



Sample Calculation: Any One Trial ONLY
1. Volume of cyclohexane added:
6 mL-5 mL = 1mL
2. Volume per drop of cyclohexane:

1 mL/78.5. drops =0.012740 mL/drop

                       =1.27 x 10-2 mL/drop

3. Volume of solution required to form a monolayer:

V sol= #drops x volume per drop of cyclohexane

      =13 drops x 0.012740 mL/drop

      =0.1651 mL

      =1.65 x 10-1 mL

4. Mass of stearic acid in that volume:

Mass stearic acid = V sol x Con stearic acid
                      =0.1651 mL x 1.361 x 10-4 g

                      =2.247011 x 10-5 g

                      =2.25 x 10-5 g

5. Volume of stearic acid:

V stearic acid = Mass stearic acid / Density stearic acid
                =2.247011 x 10-5g/ 0.847 g/mL

                =2.6529055 x 10-5 mL

                =2.65 x 10-5 mL

6. Area of the monolayer:

A monolayer= πr2
              =3.14 x (7.25cm) 2
              =165.046 cm2
              =165 cm2
7. Thickness of the monolayer:

t=V stearic acid/A monolayer
 =2.6529055 x 10-5 cm3/165.046 cm2
 =1.6073734 x 10-7 cm

 =1.61 x 10-7 cm

8. Diameter of the carbon atom from A. :

Diameter=t/number of balls

              =1.6073734 x 10-7cm /20

                        =8.03686699 x 10-9 cm
                        =8.04 x 10-9 cm

9.
Volume of the carbon atom from A.  :
          V=4/3 x 3.14 x r3
            =4/3 x 3.14 x (4.018433497 x 10-9)3
            =2.7166815975 x 10-25 cm3
            =2.72 x 10-25 cm3
10.
Avogadro’s number from A.:
         Na= volume / mol
               volume /atom 

            =3.42cm3/mol

       2.7166815975 x 10-25 cm3
            =1.25888878665 x 1025 mol-1
            =1.26 x 1025 mol-1
11.
Percent Error:

         %error= n experimental-n theoretical/ n theoretical x100%

          =1.25888878665 x 1025 mol-1 – 6.022 x 1023 mol-1 / 6.02 x 1023 mol-1 x 100%

                    =1991%

                    =1990%

12.
Value of e from B.:
          e= t/number of balls

            =1.6073734 x 10-7cm /20

            =8.03686699 x 10-9 cm

            =8.04 x 10-9 cm
13.
Diameter of the carbon atom from the value of e from B.:
          d= e/sinθ

            =8.03686699 x 10-9 cm/sin 55°

            =9.81120299 x 10-9 cm
            =9.81 x 10-9 cm

14.
Volume of the carbon atom from B.:
          V=4/3 x 3.14 x r3
            =4/3 x 3.14 x (4.905601497 x 10-9 cm) 3
            =4.94248297 x 10-25 cm3

            =4.94 x 10-25 cm3
15.
Avogadro’s number from B.  :

          Na= volume / mol
                 volume /atom  
              =3.42cm3/mol

            4.94248297 x 10-25 cm3
              =6.919598956 x 1024 mol-1

              =6.92 x 1024 mol-1
16.
Percent Error:
         %error= n experimental-n theoretical/ n theoretical x100%

                    =6.919598956 x 1024 mol-1– 6.02 x 1023 mol-1 / 6.02 x 1023 mol-1 x 100%

                    =1049%

                    =1050%

Discussion: (within space provided)

In the experiment involving the stearic acid, Avogadro’s constant is able to be calculated by using drops of the solution and placing it on water, letting the acid spread and leaving a monolayer as the hexane evaporates. Additional drops then proceeded until the entire water surface was covered. One extra drop caused a second layer on top of the monolayer, to indicate that too much stearic acid was added. We were able to compare our calculated values to the real Avogadro number.
In this event, the percent yields of both trials found yielded a percent yield way over 100. These results indicate that there were sources of error. 

A definite error came from the lack of pristine care to the dish. Even when cleaned several times, the dish had little dust particles forming and other tarnishes. This affected the purity of distilled water, which in turn, afflicted with the amount of stearic acid required to make a single monolayer. 
In addition, the volume of drops used to trials was inaccurate. Even when the pipette was used properly to extract the solutions, it would drip out more liquid than usual at times, causing a wrong count in drops added to either the cyclohexane solution or the distilled water. Proper care to pipettes and replacing these instruments every few times would avoid this mishap. 
To improve results, more than two trials for the cyclohexane and stearic acid experiment should be completed to receive a more accurate answer. It’ll also ensure a more accurate measurement throughout the experiment, since it’s being repeated. 
Conclusion:  (no more than two lines)
The percent yield for trial 1 part A. was 1990% and for part B., 1020%. The percent yield for trial 2 part A. was 947% and for part B., 475%.
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