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The Size of a Molecule


rmine the order of mag

PUIIYOSE: (1) To dete I I (2) To

determine the number of molecules in one mole of a

molecular substance
APPABATUS: Ripple tank, or other large dish;
in alcohol solu-
INTRODUCTION: Molecules are much too small
|tobeobserveddirectly. However,becausesome
moleculeswill formlayers that are one molecule thick


on water, it is possible to determine the order of mag-
nitude of the size of such molecules with ordinary
laboratory equipment.
1


A mole of a molecular substance is the quantity of
I
the substance that is equal to its molecular weight ex-


pressed in grams. The number of molecules in a mole

of a molecular substance is an important physical

constant known as the Avogadro number. Its value is
6.0219 X 1023 moleculesper mole. Inthisexperi-
ment we shall also attempt to verify the Avogadro


number.

SUGGEBTION: Before the laboratory period, the
I _

instructor should prepare a 1:500 solution of oleic
I ~
_,'

acid in denatured alcohol.
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PROCEDURE: Pour water into a ripple tank to a
| |~,

depth of about one centimeter and dust the water sur-
1
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face very lightly with Iycopodium powder or talcum
I
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powder. Usingal-mLpipette,placeonedropof
I
:;-- lE ~ -, ~

oleic acid solution on the water surface as in Figure
l
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19-1. The oleic acid pushes the powder outward so
I
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that the area of the oleic acid layer is visible. Mea-
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sure the diameter of the layer and calculate its area.
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Experimentally determine the number of drops of
Figure 1 9-l B

36 ~ r

[image: image1.jpg]


  [image: image2.jpg]Fowe 1918




.
.
..
. ~
~ 
.

DATA

TRIAL
Diameter
Area
Number of
Volume of

of
of
drops of
one drop of

layer
layer
oleic acid
oleic acid

solution
solution

(cm)
(cm2 )
(per cm3 )
(em3 )

Volume of oleic
Thickness
Volume
Volume of
AvogadroNumber
Relative

acid in one
of layer
of an
one mole of
error

drop of solution
oleic acid
oleic acid
experimental accepted

 molecule

(cm3 )
(cm)
(cm3 )
(cm3 )
(per mole) (per mole)
(%)

oleic acid solution per cubic centimeter. Calculate
attraction, however, and in the acid solution the oleic

the volume of one drop of solution. Record. Using
acid molecule floats on its side. Hence a cylinder is a

the dilution ratio of the solution, 1:500, compute
good approximation of the shape of the molecule.

the volume of oleic acid in the drop of solution used.
Use the thickness of the oleic acid layer on water

This is the volume of the surface layer. Using this
as the height of the cylindrical molecule and the

volume and the area of the layer, calculate its thick-
thickness on the acid solution as the diameter. Cal-

ness. Record.
culate the volume of a single oleic acid molecule using

Repeat the experiment, but this time add 20 mL
the equation

of concentrated hydrochloric acid to the water be-
V= Y. 7r d2 h

fore dusting it with Iycopodium or talcum. Measure

the diameter of the oleic acid layer as before, and
The mass density of oleic acid is 0.895 g/cm3 and

calculate its area, volume, and thickness. Record
one mole has a mass of 282 g. Calculate the volume

all data.
occupied by one mole of oleic acid. From this value

The diameter of the oleic acid layer will be con-
and the volume of an oleic acid molecule, calculate

siderably larger in the acid solution than it is in plain
the number of molecules in a mole of oleic acid.

water. This indicates that the oleic acid molecule is
Compare your results with the accepted value for the

elongated. It floats upright in water because of a
Avogadro number and calculate your relative error.

slight attraction between one end of the oleic acid
Record all data and show your calculations in your

molecule and water. Hydrochloric acid destroys this
report.

OUE8TIONS (Your answers should be complete statements.)

1. What is the ratio of the height of the oleic acid molecule to its diameter?

2. How could you make sure that the oleic acid, and not the alcohol, is pushing the powder aside?

3. What factors determine the precision of this experiment?

4. What properties of oleic acid make it desirable for this experiment?

5. How does the surface tension of water help in this experiment? How does it hinder the experiment?
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