Calculating the thickness of a thin layer of molecules

In a previous experiment, we calculated the thickness of aluminum foil. We did this by using our formula for volume and density. We can do the same for a thin layer of oleic acid. Oil is less dense than water and insoluble in water. If add a little to water, it spreads out into a very thin layer that is one molecule thick.

Objective: Determine the thickness of a thin layer of oleic acid.

Materials: “pizza dish”, 0.1 % oleic acid in alcohol, overhead transparency, graph paper, dropper, 10 ml graduated cylinder

Procedure:

1. Count how many drops of alcohol it takes to fill a graduated cylinder to exactly 3.00 ml. Hold the dropper vertically at all times! Calculate the volume in 1 drop.

2. Fill the pizza dish with water. Sprinkle sulfur powder uniformly on the surface. Don’t add too much.

3. Draw up the 0.1 % Oleic acid solution into your pipette. Hold the pipette vertically. Place the pipette one or two centimeters above the water and squeeze out one drop. 

4. Allow the oil slick to spread out for about 30 sec to 1 min. Trace the outline of the oil slick on to the overhead transparency. 

5. Pour out the water and oleic acid and clean up.

6. Trace the outline from the transparency to the graph paper. Count how many squares are enclosed in the slick. If less than ½ of the square is covered, do NOT count it.

7. Figure out the area of one square in cm2.

Data:

number of squares enclosed by the slick




area of 1 square


                        cm2

area of the slick


                        cm2

concentration of oleic acid solution


             0.1 cm3 / 100 cm3 solution



volume of 1 drop of alcohol


                         cm3

volume of oleic acid in 1 drop = volume of the slick




Thickness of oil slick = 

Volume of slick(cm3) / Area of slick (cm2)

(This is the length of 1 oleic acid molecule)


Conclusions:

1. The accepted value of the length of an oleic acid molecule is 1.12 x 10 –7 cm. Is your calculated value in the 10 –7 cm range? (Remember 9 x 10-8 = 0.9 x 10-7)

2. A piece of paper has a volume of 3.2 x 10 –3 cm and an area of 30.2 cm. Calculate the thickness of the paper.

3. A very thin layer of gold plating is plated on to one side of a rectangular object. The mass of the gold plated on to the rectangle is 5.12 x 10 –2 g. The length of the sides of the rectangle are 25.22 cm and 13.23 cm. Gold has a density of 19.32 g / cm3. Determine the thickness of the layer of gold.

